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Abstract: Sustainable development is a key task for governments that should end poverty, ensure
prosperity, create better conditions for health, education or social needs. The set of indicators
to be monitored for evaluation of successes or failures of the sustainable development varies by
intergovernmental organizations like OECD or EU. To discover the status and dynamics of variables
which are part of the sustainable development goals of the OECD countries is the main aim of
the presented analysis. To measure the convergence of socio-economic indicators the coefficient of
variation was used. The Pearson’s correlations coefficient and regression analysis were applied to
detect the linear relationship between a pair of variables. The OECD countries were compared not
only by using univariate statistical methods but also by applying a multivariate approach. The cluster
analysis and principal component analysis were used for a set of indicators to monitor the countries
from a wider perspective. The analyzed indicators GDP per capita or real change in GDP per capita
belong to variables of economic activity. Variables of life expectancy at birth, standardized death rates
for noncommunicable diseases belong to indicators of health. Altogether fifteen selected indicators
were used for a multivariate analysis of OECD countries in two periods of time.

Keywords: expenditure on health per capita; gross domestic product; life expectancy; death rates;
convergence; cluster analysis; sustainability; OECD countries

1. Introduction

The sustainable development belongs to the main goals and policies of societies all over the world.
The 2030 Agenda for Sustainable Development that was adopted by the international community in
September 2015 represents a set of goals to end poverty, protect the planet and ensure prosperity for
all [1,2].

For the United Nations and the countries, it took several decades to reach this new and very
ambitious Agenda 2030. In 1992 at the Earth Summit, Agenda 21 was adopted. Agenda 21, the Rio
Declaration on Environment and Development, is a comprehensive plan of action to be taken in
every area in which human impacts on the environment. It is a global partnership for sustainable
development to improve human lives and protect the environment [3]. In the same year the
Commission on Sustainable Development (SD) was established to monitor, report and ensure the
implementation of the agreements of the Rio Declaration.

The new Millennium brings new pretentious aims for the UN countries. The aims were
summarized in the Millennium Declaration that the Member States adopted in the year 2000.
The eight Millennium Development Goals include targets for: Reduction of extreme poverty and
hunger, achievements of universal primary education, promotion of gender equality, reduction
of children mortality, improvement of maternal health, halting the spread of HIV/AIDS, malaria
and other diseases, ensuring environmental sustainability and securing global partnership for
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development by 2015 [4]. Ten years after the Rio Earth Summit the World Summit on SD held
in Johannesburg in 2002 reaffirmed the commitments to the reduction of poverty and environment
protection. The Johannesburg Summit 2002 brought attention and action toward improving people’s
lives, protecting natural resources in a world with a growing population [5].

The UN Member States decided to launch a process to develop a set of Sustainable Development
Goals (SDGs) in Rio in 2012, during the Conference on SD (Rio+20 conference). In Rio the Member
States renewed the commitment to SD and guaranteed promotion of an economically, socially and
environmentally sustainable future for the planet and for the present and future generations in the
Resolution: “The future we want” [6]. In 2013 an Open Working Group was set up by the General
Assembly with an ambitious objective to develop a proposal on the SDGs. The SDGs were built upon
the Millennium Goals. The negotiation process on the post-2015 development agenda culminated
in the adoption of the 2030 Agenda for Sustainable Development with 17 SDGs and 169 associated
targets at the United Nations SD Summit in September 2015 in New York [1,2].

The implementation of the 2030 Agenda brings benefits for all, for today’s generation and for
future generations, for planet and prosperity, it seeks to strengthen peace and freedom. The benefits
from the performance of the SDGs over the next fifteen years should be notable for [1]:

• People through ending poverty and hunger;
• Planet by protecting the planet from degradation, sustainable management of its natural resources

and by taking urgent actions on climate change;
• Prosperity by ensuring of prosperous and fulfilling lives for all human beings;
• Peace by determining to foster peaceful, just and inclusive societies free from fear and violence;
• Partnership by finding the means required to implement the Agenda through Global Partnership

for SD.

The core of the 2030 Agenda are the seventeen Sustainable Development Goals (SDGs) and
associated targets to be achieved over the next 15 years. The SDGs are the most salient points
for understanding and achieving environmental and human development ambitions up to the
year 2030 [7], they recognize that ending poverty must be associate with strategies for sustainable
economic growth, for including wide range of social needs, like health, education, social protection,
job opportunities, protection of environment and tackling climate change [2,3].The SDGs are not legally
binding, but the governments are expected to take ownership and establish national frameworks for
the achievement of the following seventeen goals [8]:

1. No poverty;
2. Zero hunger;
3. Good health and well-being;
4. Quality education;
5. Gender equality;
6. Clean water and sanitation;
7. Affordable and clean energy;
8. Decent work and economic growth;
9. Industry, innovation and infrastructure;
10. Reduced inequalities;
11. Sustainable cities and communities;
12. Responsible consumption and production;
13. Climate action;
14. Life bellow water;
15. Life on land;
16. Peace, justice and strong institutions;
17. Partnership for the goals.
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As the SDGs are universally applicable to all countries the EU, OECD and other international
organizations are committed to being the frontrunners in implement the SDGs into their policies [9,10].
OECD and also the EU developed a special indicator set to monitor the SDGs in the OECD
framework [11] and the EU framework [12–14]. OECD will support countries for identification
of the current stand in relation to the SDGs and it will propose sustainable pathways based on
evidence [15]. Among the strategies of the OECD toward the 2030 Agenda is the improving policy
coherence through a variety of projects and initiatives. Promoting investment in SD will be the next
ambitious strategy, new resources should be established for ensuring long term development and
improvement of investment conditions. The next initiative should ensure the planet’s sustainability
and create a balance between socio-economic progress and the ecosystems [15,16].

The SDGs feature in 10 European Commission’s priorities [17,18]: Jobs, growth and investment;
digital single market; energy union and climate; internal market; a deeper and fairer economic
and monetary union; a balanced and progressive trade policy to harness globalization; justice and
fundamental rights; migration; a stronger global actor; democratic change. The strategies, instruments
and actions contributing to the SDGs within the EU are in details presented in the Communication from
the Commission: European action for sustainability [19]. The implementation and progress toward the
SDGs are in the interest not only of the United Nations or other intergovernmental organizations, but it
is in the interest of researchers all over the globe. Some very interesting research was conducted in the
field of academic accounting and its role in furthering achievement of the SDGs through enhanced
understanding, critiquing and advancing of accounting policy, practice and theorizing [7], while some
other researchers analyzed the differences between the traditionally discrete domains of financial
reporting and sustainability reporting [20], they discussed the adoption of corporate governance,
environmental and social practices in order to react to unexpected shocks, while preserving business
sustainability [21]. The last but not the least, was the original research on evaluation of the quality
of non-financial information in two selected EU Member States before the implementation of the EU
Non-financial reporting Directive that should increase the quality of sustainability reporting of the
companies [22]. Further research on implementation and achievements in the field of the 2030 Agenda
is very needed and perspective.

The main aim of the presented article and analysis is to discover the status and developments
of the selected indicators in the OECD countries. The indicators are part of the SDGs. Using suitable
statistical techniques (one-dimensional or multivariate approaches of analysis) it was possible to follow
the changes of a solo indicator or to look at more than one variable and so to describe the status of the
OECD countries.

2. Materials and Methods

The socio-economic indicators used for analyses of the status and development of the 35 OECD
countries were downloaded from the OECD.Stat database [23]. The database is freely accessible and
includes data and metadata for all OECD countries and also for some non-member economies.

For analysis of a solo indicator the univariate statistical approach was chosen [24,25]. A variable
was characterized by its average level, minimum, maximum, standard deviation, median, first and
third quartile. The analysis focused on the variability of the analyzed indicators. To compare the
changes of variability in selected indicators the range is not always suitable because it measures the
variability only through the maximal and the minimal values of an indicator. Much more suitable for
comparison of a convergence in case of variability is a relative measure of variability, for example the
coefficient of variation. The coefficient of variation (CV) belongs to the so-called sigma convergence
coefficients [26,27] used to measure the convergence process of selected socio-economic variables.
Convergence is an often-discussed issue not only on the country level but also on the regional
levels [28–30]. To detect the linear relationship between a pair of indicators the correlation and
regression analysis were used [24,25].
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Besides a univariate statistical analytical approach, the contribution is devoted to the application
of multidimensional methods in assessing the state of OECD countries. Among the multivariate
statistical method, the cluster analysis and the principal component analysis were applied to a set of
selected socio-economic indicators. The indicators used for multivariate or univariate analysis are part
of the SDGs of the OECD countries. Cluster analysis is a very useful tool that tries to identify structures
within the selected dataset. For grouping objects of similar kind into categories different algorithms
and methods are used. These methods are often called a segmentation analysis that organizes selected
data into meaningful structures, these methods do not make any distinction between independent or
dependent variables [31,32]. Cluster analysis (CA) tries to sort different objects (in our case different
OECD countries). CA identifies homogenous groups of objects in a way, that the objects are similar to
one another within the same cluster and dissimilar to the objects in other clusters. It means that we can
expect that the degree of association between two objects is maximal if they belong to the same group
and minimal otherwise [31–33]. Cluster analysis is a very useful technique that helps to organize
observed date or cases into two or more homogenous groups and an advantage of this analysis is that
it doesn’t require any prior knowledge of which object belongs to which clusters. Different measures
have been used to measure the distance for different data types and several different hierarchical
or non-hierarchical methods are used to determine which clusters should be joined at each stage,
for example nearest neighbor method, furthest neighbor method, average linkage method, centroid
method, Ward’s method, k-means clustering method [34,35].

For cluster analysis 35 OECD Member States were used as objects and a few socio-economic
variables as indicators. The data for analysis comes from the OECD.Stat database [23]. The problem of
data collinearity is a usual problem of multivariate statistical analysis. It is necessary to think about
the best way how to solve the problem if the selected variables will be strongly correlated with each
other. For this reason, a principal component analysis should be taken into consideration. Principal
component analysis (PCA) belongs to a group of techniques that creates a smaller number of linear
combinations of analyzed variables. The reduced “new” variables should account for and explain
most of the variance in correlation matrix pattern [36,37]. PCA is a dimensionality reduction method.
PCA helps the determine a minimum number of factors that will account for the maximum variance
in the dataset in use. It means, that principal component analysis is a dimension-reduction tool that
can be used to reduce a large set of variables to a smaller set of uncorrelated variables called principal
components. PCA creates the same number of components as is the number of analyzed original
variables but usually only a few of them are used for the next analysis, for example in our study for the
cluster analysis technique. The first principal component accounts for the highest variability in the data
and each subsequent component account for as much of the remaining variability as possible [37–39].
For the next analysis it is useful to take only the first m eigenvectors which explain a predetermined
threshold of the total variability, for example the first m eigenvectors should in common explain at
least 80% of the total variability of the original dataset. The next way is to check the scree plot of
the PCA, which plots the variance explained by each of the components. The number of components
to be used in the next analysis can be assessed from the scree plot by the inflection point of the
principal components.

The principal component analysis is a very useful analytical technique for the reduction of the
original dataset dimensions and for the creation of uncorrelated “new” dataset for the subsequent
multivariate analysis.

3. Results

Gross domestic product is a measure for the economic activity, it measures the value of the total
final output of goods and services produced by an economy within a certain period of time [40]. It is
also used as a proxy for the development of a country’s material living standards. GDP per capita
is calculated as the ratio of GDP to the average population, it can be expressed in purchasing power
parities (PPP), which represents a common currency that eliminates the differences in price an enables
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a meaningful comparison of the GDP [40]. The limitations of the GDP are, that it does not monitor the
environmental or social effects of economic activity [41].

GDP is in the interest of the Agenda 2030. The change in real GDP per capita belong to the Goal
8—Promote sustained, inclusive and sustainable economic growth, full and productive employment
and decent work for all, while GDP per capita in PPP is a part of the EU indicators of the Goal
10—Reduce inequality within and among countries [12,13].

Not only the economic activity is in the focus of OECD countries. Health is in point of view of the
population in each country. Health is the main aim of the Goal 3—Ensure healthy lives and promote
well-being for all at all ages [1,2,8]. In the interest of the Goal 3 is the life expectancies at birth and the
death rates of population. The selected indicators analyzed in the presented paper are a part of The
Agenda 2030 for Sustainable Development.

3.1. Gross Domestic Product and Current Expenditure on Health per Capita

In OECD countries the living standard increased steadily. The GDP per capita in PPP current
prices jumped from an average level of USD 23,616.5 to USD 42,429.2 (see Table 1). In 2000 only five
Member States had the GDP per capita lower than $10,000, namely Latvia ($8013), Estonia ($9385),
Turkey ($9426), Chile ($9524) and Mexico ($9974). On the other hand, in the same year the per capita
GDP was higher than $30,000 in Ireland, the Netherland, Switzerland, the United States, Norway and
in Luxembourg ($55,221). The average GDP per capita increased to approximately $42,429 in 2016.
Mexico had in 2016 according to the GDP per capita figures ($18,583) the lowest living standard
between the OECD Member States. Extremely high GDP per capita was typical for Switzerland
($62,898), Ireland ($72,772) and again Luxembourg ($105,768). Although the standard deviation of the
GDP per capita increased from 2000 till 2016, the convergence of countries from the GDP per capita
point of view should be measured using a relative rate of variability. The coefficient of variation (CV) is
a suitable relative measure of a convergence process of living standard across countries [42,43]. The CV
decreased from a level of 43% in 2000 to 38.8% in 2016. The decreasing relative variability is a good
signal of a convergence process of the GDP per capita of the OECD population.

Table 1. GDP per capita in OECD countries (purchasing power parities (PPP), current prices).
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In OECD countries the relative measure of variability of per capita expenditure on health (in PPP,
current prices) is higher compared to the CV of GDP/capita. In 2000 the CV of current expenditures on
health per capita was as high as 55%. Also, in this case the variability began to decline after 2000 and
the CV reached 50.7% in 2016. The average amount spent on health per capita increased from $1788 in
2000 to $3997 in 2016 (see Table 2). The health expenditure (HE) per capita in 2000 was lower than
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USD 600 altogether in five countries, namely in Turkey ($425), Latvia ($437), Mexico ($484), Estonia
($486) and Poland ($564). In the same year, very high expenditure on health per capita was typical for
countries which faced also a very high level of GDP per capita. So, for example in Switzerland the
expenditure on health per capita stood at $3332, in Luxembourg $3405 and the United States $4559.

The ranking of the countries with the lowest or the highest HE per capita did not change a lot
till 2016. Again, the highest expenses on health were reached in Luxembourg ($7463), Switzerland
($7919) and the United States. In the USA the expenditure on health per capita reached almost $10,000.
Compared with other OECD countries it is an extremely high level of HE per capita. On the opposite
side are the countries with the lowest expenses on health per capita in 2016, like Mexico ($1080),
Turkey ($1088), Latvia ($1466), Poland ($1798).

Table 2. Current expenditure on health per capita in OECD countries (PPP, current prices).
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According to the finding that countries have a similar ranking position by both variables (GDP
per capita and health expenditures per capita) makes it possible to thing about a linear relationship
between these characteristics. In Figure 1 the association of these variables is presented. In 2016
the Pearson’s correlation coefficient between both variables was very high and positive (rxy = 0.83).
It means that in countries with high GDP per capita we can expect a high level of expenditure per capita
and vice versa. From the lowest values of both characteristics till a level of about $5600 in the case of
HE and about $60,000 in the case of GDP per capita the countries tightly copy the linear regression line,
but from these levels the deviation of the countries from the theoretical regression line is rifer, in 2016 it
was the case of Ireland, Luxembourg, Switzerland and the United States. For Luxembourg, we would
according to the regression line expect due to a very high GDP per capita level a higher per capita
expenditure on health, and in the case of the USA, a lower health expenditure is expected according to
the GDP figures. The high correlation coefficient and also the high determination index (R2 = 0.69)
between both variables indicate a strong linear association between expenditure on health and GDP
per capita in OECD countries.

The next assumption was that the GDP per capita, as a very rough estimate of the overall country’s
productivity, will grow more strongly than the expenditure on health per capita. The expectation that
productivity generates the growth of expenditure on health has not been confirmed. Almost in all
OECD countries the increase of real GDP per capita was lower than the real change in HE per capita
between 2000 and 2016 (see Figure 2). Most notable was the difference between both characteristics in
Korea and Chile. In Korea the real GDP per capita increased in the selected time span by 69.7%, but the
real expenditure on health per capita grow by 222.9% and so the difference between both growth rates
hit 153.3 percentage points (p.p.). In Chile the gap was as high as 108.7 p.p. In six OECD countries the
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difference between growth rates was higher than 50 p.p. but lower than 100 p.p., namely in United
Kingdom (74 p.p.), Sweden (62.6 p.p.), Japan (58.4 p.p.), the Netherlands (55.2 p.p.), Slovakia (55 p.p.)
and Estonia (51.4 p.p.). In only two countries the real GDP per capita growth trespassed the real
health expenses per capita changes. In Iceland the GDP per capita increased by 32% while the health
expenditures per capita increased more moderately by 27.5%, in Turkey the changes reached 76.4%
and 68.2% respectively. Even in countries most affected by the economic crisis the health expenses per
capita grows moderately. For example, in Greece where the real GDP per capita between 2000 and
2016 declined by 2.7% the health expenses increased by 9.7%. In Italy the decline of GDP per capita
was more significant, it dropped by 5.3%, but the real health expenses per capita changed oppositely
and grow by 11.6%.Sustainability 2018, 10, x FOR PEER REVIEW  7 of 23 
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Figure 1. Association of expenditure on health per capita and GDP per capita in OECD countries
in 2016 (per capita in PPP, USD, current prices, 2016). Source: OECD.Stat database [23]—own
calculations based on OECD database. Country codes: AUS—Australia, AUT—Austria, BEL—Belgium,
CAN—Canada, CHL—Chile, CZE—Czech Republic, DNK—Denmark, EST—Estonia, FIN—Finland,
FRA—France, DEU—Germany, GRC—Greece, HUN—Hungary, ISL—Iceland, IRL—Ireland,
IST—Israel, ITA—Italy, JPN—Japan, SO—Korea, LVA—Latvia, LUX—Luxembourg, MEX—Mexico,
NLD—Netherlands, NZL—New Zealand, NOR—Norway, POL—Poland, PRT—Portugal, SVK—Slovakia,
SVN—Slovenia, ESP—Spain, SWE—Sweden, CHE—Switzerland, TUR—Turkey, GBR—United Kingdom,
USA—United States.

Strong increases of the health expenditures are visible also through an increase of the current health
expenditures as a percent of GDP (see Figure 3). In the time span of selected years (2000 and 2016) the
health expenditures as a share of GDP increased most significantly in the USA by 4.7 p.p. The USA
had reached the highest shares of the health expenses between the OECD countries with 12.5% in 2000
and 17.2% in 2016. On the other hand, the smallest share was achieved in Turkey with a starting level
of 4.6% in 2000 and with an ending ratio of 4.3% in 2016. The range between maximum and minimum
increased from 8.5 p.p. in 2000 to 12.9 p.p. in 2016. While in 2000 only in one country (USA) the total
health expenditures as a percent of GDP was higher than 10%, in 2016 it was a reality in 12 countries:
Canada, Denmark, Austria, Belgium, Norway, the Netherlands, Japan, France, Sweden, Germany,
Switzerland and USA. The threshold of 10% was overpassed in most developed OECD countries with
a high living standard, high levels of GDP per capita, high life expectancies at birth.
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Figure 2. Real change in Expenditure on health per capita and GDP per capita in OECD countries between
2000 and 2016 in %. Source: OECD.Stat database [23]—own calculations based on OECD database.
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Figure 3. Current expenditure on health as a share of GDP in 2016 (in %). Source: OECD.Stat
database [23]—own calculations based on OECD database.

Strong real growth of HE should positively affect the health outcome of the population in OECD
countries. To discover the expected positive changes in health the following characteristics were
chosen: Life expectancy (at birth and at the age 65), standardized death rates of noncommunicable
diseases. Moreover, these variables were included in the multivariate analysis.

3.2. Life Expectancy at Birth and at Age 65

Life expectancy (LE) at birth refers to the mean number of years a new-born child can expect to
live assuming that current mortality levels remain throughout his or her life constant [40]. LE at birth
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belongs to the indicators of EU SDG indicator set for Goal 3 [12,13]. Live expectancies are very often
used for international comparison of living standards, economic development in selected countries,
they are used as an indicator of public health condition and status, they can explain the relation
between the LE and pollution in selected areas [44,45]. Live expectancy (LE) is also calculated for
specific ages and characterize the average number of years that a person at that age can be expected
to live. To measure the success in declining mortality usually LE at a certain age is a very useful toll
how to identify the progress of improved health care, changing living standards. For this purpose,
the age 65 is a boundary that is generally accepted. LE at age 65 is the average number of years still to
be lived by a person who has reached the age 65, if subjected throughout the rest of his or her life to
the age-specific probabilities of dying [40].

Life expectancy at birth increased progressively in the OECD countries. The average LE for
females was 73 years in 1970 and jumped to 83.2 in 2015. The LE for males was lower by 6.3 years
compared to the life expectancies women in 1970 and stood at 66.7 years. The gap of LE at birth
between both sexes is closing. In 2015 the difference between the average levels of LE between men and
women was 5.2 years, the LE for men increased to 77.9 in 2015 (see Table 3). The correlation between
LE for males and females is strong a positive. The box plot presentation of the women’s LE at birth in
Figure 4 identified four extreme values of LE for Turkey (56.3 years), Mexico (63.2), Chile (65.4) and
Korea (65.8) in 1970. It is necessary to mention that in this year the data for Canada, Israel, Italy and
Latvia were not available. Moreover, in the next decades one country had extremely low LE for women
at birth, but positively can be considered the elimination of the extreme values. In 2015 no extreme LE
for females was discovered. Not only women’s LE at birth were, in some countries, extremely low,
but the situation was, in some patterns, similar also for men. In 1970 altogether four countries had
extremely low LE at birth for men: Turkey (52 years), Mexico (58.5), Korea (58.7), Chile (59.1). It is
again necessary to mention that Canada, Israel, Italy and Latvia did not have any available data of
LE for this period. In 2015 still in one country the LE at birth for men was extremely low compared
to other OECD member states (Latvia; 69.7 years). While the minimum of LE at birth for females
was typical for Turkey and Mexico (2015), the lowest LE at birth for men was only at the beginning
reached in Turkey, later on the lowest values were typical for the former communist countries, Estonia
and Latvia.

Table 3. Selected characteristics of life expectancy (LE) at birth in OECD countries.
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A very positive development was discovered for the LE at age 65. While the average LE at birth
for women increased by about 14% and for man by 16.8%, the LE at age 65 increased more rapidly.
Women in OECD countries at age 65 could expect to live another 21.1 years in 2015 compared with
15.6 years in 1970, which consists of an overall increase by about 35%. Men’s LE at 65 in the same
time span jumped by more than 40% from 12.7 years in 1970 to 17.9 years in 2015. One of the reasons
for increasing spending on health per capita can be the increasing life expectancy, especially the LE
at higher ages. The aging of the population is nowadays an issue that is often discussed from the
perspective of the economic aspects of aging, the health care system, the expenditures for health care,
and the sociological or psychological problems of the elderly population. Extreme values of LE at
age 65 were not detected (see Figure 5) as often as in the case of the LE at birth. The lowest levels
were typical for Turkey and Hungary in the case of women and in Korea or some former communist
countries like the Czech Republic, Estonia, Latvia for men (see Table 4). On the other hand, high LE at
age 65 was achieved for women in very developed countries like Sweden, Iceland, France, Japan and
for men in Greece, Iceland, Switzerland and Australia.

Table 4. Selected characteristics of LE at age 65 in OECD countries.
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3.3. Clusters of OECD Countries

Multivariate analysis of the EU countries allows to include in the analysis not only a solo indicator
but to select a few variables and to make an analysis with a group of the selected indicators. The first
important issue is to appoint the set of variables. The researchers should pay enough attention to
the selection procedure, as the outcome of the multivariate analysis will depend on the originally
analyzed dataset. The main aim of a multivariate analysis was the creation of relatively good isolated
groups of OECD countries, where the countries, characterized as objects, within a specific cluster are
similar to each other and are dissimilar to the objects in different clusters. The multivariate analysis
was carried out by professional statistical software SAS Enterprise Guide 6.1. For analytical purpose,
some socio-economic indicators were chosen, some of the indicators are part of the new sustainability
effort of the EU or the OECD [12,13,46]. The variables are taken for the latest available period, some of
the indicators are available already for the year 2016, but some of them only for years 2013 or 2015.
Some variables are identified separately for males and/or females and some variables are commonly
used for the CA classified as total (standardized death rates). The commonly used indicators are also
the expenditures for health care per inhabitant in PPS and the ratio of the total health care expenditures
to GDP in percent, between some indicators we expect a strong linear association [47].

The OECD countries were grouped into clusters based on their similarity in two periods of time.
For classification altogether 15 characteristics were used: Some indicators of economic situation in
the countries, indicators of health expenditures, life expectancy at birth and standardized death rates
of noncommunicable diseases. In the case of strong correlations between the selected indicators the
most important principal components were used to carry out the CA instead of the original strongly
correlated dataset. The principal components are linearly independent and so, they are suitable as
input data for the cluster analysis method. Only the “most important” principle components were
chosen to form the mutually isolated clusters of OECD countries; the optimal number of clusters was
determined, using more ways of deciding [48–50].

The list of selected indicators used for the cluster analysis is as follows:

x1 GDP per capita, in PPP, current prices,
x2 Real change in GDP per capita in PPP,
x3 Current expenditure on health per capita (all functions), in PPP, current prices,
x4 Real change in Health expenditure per capita in PPP,
x5 Health expenditures as % of GDP,
x6 Government expenditure on health (compulsory schemes) as % of the current expenditure

on health,
x7 Household out-of-pocket payments on health as % of current expenditure on health,
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x8 Life expectancy at birth—females,
x9 Life expectancy at birth—males,
x10 Standardized death rates—malignant neoplasms (MN),
x11 Standardized death rates—diabetes mellitus (DM),
x12 Standardized death rates—mental and behavioral disorders (MBD),
x13 Standardized death rates—diseases of the nervous system (NS),
x14 Standardized death rates—diseases of the circulatory system (CS),
x15 Standardized death rates—diseases of the respiratory system (RS).

3.3.1. Cluster Analysis—First Period

In the first period of cluster analysis the variables x1, x3, x5–x15 represents the data from the
beginning of the analyzed period, for year the 2000. To include the dynamics of GDP per capita and
health expenditures per capita, the indicators x2 and x4 indicate the real change in both indicators
between 2000 and 2008. Due to a strong correlation between some pairs of the variables presented in
Table 5 the PCA was used for calculation of uncorrelated principals.

Table 5. Pearson’s correlation coefficients (first period).
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For CA only the first five most important principals were used, these five principal components
explain about 84% (see Figure 6) of the variation of the original dataset.Sustainability 2018, 10, x FOR PEER REVIEW  13 of 23 
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In the first period of CA according to the cluster tree (Figure 7) the 35 OECD countries were
split into five relatively isolated clusters. The created clusters separated 15 most developed countries
into one larger cluster and another smaller cluster with eight countries. On the other hand, the less
developed OECD countries were classified into a cluster with four objects, the East-European (former
communist countries) were separated into a cluster with six objects. One cluster content only two
countries (Ireland and the United Kingdom), these countries are similar not only due to the analyzed
indicators but are also geographically very closely located.
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Figure 7. Tree of cluster analysis (dendrogram)—first period. Source: OECD.Stat database [23]—own
calculations based on OECD database.

The main features of the clusters are presented by the cluster centroids in Table 6.
Cluster 1 (15 countries—Australia, Italy, New Zealand, Spain, Sweden, Japan, Belgium,

the Netherlands, Denmark, Austria, Germany, Greece, Slovenia, Israel, Portugal).
Countries in these clusters are “middle”, meaning they include some characteristics, like GDP or

expenditures on health per capita, standardized death rates (SDR) of malignant neoplasms, of diseases
of the NS, CS and RS. The real change in GDP per capita was the smallest between 2000 and 2008
(14.2%) while the expenditures on health per capita jumped more intensively in the same time span
(by 30.7%). Health expenditure as the share of GDP was quite high in these countries and high was
also the contribution of their governments on current health expenditures. The LE for women and
men was as high as in the countries in Cluster 3, but one very significant difference can be visible
between Clusters 1 and 3. The very high life expectancies at birth were achieved with much lower
current expenditures on health per capita. The countries in this cluster can be positively rated due to
low levels of SDR of mental and behavioral disorders, but negatively evaluated through very high
SDR for diabetes mellitus.

Cluster 2 (two countries—Ireland, United Kingdom).
In this cluster only two countries were placed, both are geographically very closely located, and

both are island lying. These countries have a higher GDP per capita compared to Cluster 1 with a
higher increase in this indicator (16.3%). At the beginning of the analyzed period Ireland and GBR
were in the “middle” of clusters based on health expenditures per capita, which were combined
with a bit very high increase of these expenditures by nearly 64%. These strong increase of current
expenditure on health per capita compared with the moderate change in GDP per capita caused the



Sustainability 2018, 10, 4554 14 of 22

highest gap between both real change indicators which stood at 47.3 p.p. Governments’ expenditure
on health as % of total health expenditures was the highest with a level of 78.4%. Positively can be
rated the countries in this cluster due to a very low SDR for diabetes mellitus, but the standardized
death rates for other illnesses were quite high. Cluster 2 had the second worst position based on
SDR for malignant neoplasms, diseases of the nervous system and of the circulatory system. But the
worst is their position from the point of view of SDR related to the diseases of the respiratory system.
Household out-of-pocket payments on health (11.8%) was the lowest one among all of the clusters.

Cluster 3 (eight countries—Canada, Iceland, France, Luxembourg, Norway, Switzerland, Finland,
United States).

These countries had the highest average level of GDP per capita and health expenditures per
capita. The health expenditures (HE) per capita increased more rapidly compared to the changes of
GDP/capita. Due to the very high current expenditure on health per capita the indicator of HE as
% of GDP (8.6%) was the highest among all of the clusters. Government expenditure on health as %
of the total HE was only 70.5% especially due to a very low rate in the USA (44.2%). Specific for the
countries in Cluster 3 was the highest LE for females and males. Positively can be rated the cluster for
lower levels of SDR for malignant neoplasms, diseases of the CS or RS. On the other hand, the very
high LE in these eight countries can be the main reason for the highest SDR for mental and behavioral
disorders and highest levels of SDR for diseases of the nervous system.

Custer 4 (four countries—Chile, South Korea, Turkey, Mexico).
The emerging and the least developed countries of the OECD were joined together into Cluster 4.

Typical for these countries are very low levels of GDP per capita combined with the lowest current
health expenses on health. The growth rate of health expenditures per capita reached an extremely
high level of 61.2% and so the gap between the real changes of indicators x2 and x4 was as high
as 33.6%. These countries had the lowest health expenditures share of GDP (4.9%), the lowest
government expenditure on health as % of health expenses (53%) and surprisingly the highest
household out-of-pocket payments on health (41.9%). The high household out-of-pocket payments
in less developed countries is a risky condition for the overall health of the population, a danger of
public health issues because the health expenses can be financed only by richer persons while the
poorer population can be at risk of health and health care. According to the SDR data for malignant
neoplasms and diseases of the circulatory system these countries achieved the lowest average levels
among all five clusters. Very negatively should be rated the highest SDR for diabetes mellitus that
averaged at 62 deaths per 100,000 population, with an extreme for Mexico at 121 deaths per 100,000.
Not only the SDR for diabetes were high but also for diseases of the RS was the second highest between
the analyzed clusters.

Cluster 5 (six countries—Czech Republic, Slovakia, Estonia, Poland, Hungary, Latvia).
The former communist countries created the last Cluster 5. These countries are similar not only

due to their former communist regimes, due to their common entry into the European Union in 2004,
due to their territory closeness, but also due to the chosen indicators. On average for the countries is
typical the lowest GDP per capita level and second lower HE per capita. On the other side they reached
the highest real GDP growth that averaged at 54.6% and the highest real change in the expenditures on
health (75.8%). The health expenditures as % of GDP stood at 5.6%, but due to a strong increase of HE
per capita the percentage can grow in the future. As a surprise of these East European countries is a
quite high share of household out-of-pocket payments on health expenditure, that was with 24.6% the
second largest. This cluster achieved the lowest levels of LE for women (77.1) and men (68.0). The low
LE can be a result of an extremely high SDR for diseases of the CS (more than 770 deaths per 100,000)
and the highest SDR for malignant neoplasms. Good results can be seen in the lowest SDR for mental
and behavioral disorders, diseases of the nervous system and RS. These countries should focus on
better national screening programs for early detection of initial cancer stages that could be treated with
more successful results.
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HExpend. (government 
compulsory of total, %) in 2000 73.6 78.4 70.5 53.0 74.2
HExpend., Out of pocket 
pamynets (% of total) in 2000 19.9 11.8 18.4 41.9 24.6

LE_females (2000) 81.4 79.8 81.5 77.2 77.1

LE_males (2000) 75.6 74.8 75.7 71.4 68.0

SDR _MN (2000) 231.8 257.7 226.0 169.9 278.4

SDR_DM (2000) 23.6 13.1 17.7 62.1 15.9

SDR_MBD (2000) 17.8 21.4 31.5 23.0 4.3
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3.3.2. Cluster Analysis—Second Period

For the second period of cluster analysis the variables used to create the homogenous clusters
have been taken from the most recent period according to the availability of the concrete indicator.
Variables x1, x3, x5, x6 represents the data from the end of the analyzed period, from the year 2016.
Unfortunately, not all of the characteristics were available for most actual period, so for example the
life expectancy for females (x8) and also males (x9) cover the year 2015, variables of mortality x10–x15

are calculated for 2013 and the real indices of GDP per capita and health expenditures per capita
(indicators x2 and x4) represent the real change in both indicators between 2009 and 2016. For cluster
analysis six first most important principal components were used which explained more than 85%
(see Figure 8) of the variation of the original dataset. The PCA was used due to a strong association
between some pairs of the selected variables, the correlation coefficients can be found in Table 7.
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In the second period of CA the 35 OECD countries were split into six relatively isolated clusters
(see the cluster tree—Figure 9). The created clusters separated 17 most developed countries into one
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large cluster. One cluster consists of Switzerland and the United Stated, the countries with a very high
percentage of HE to GDP. Cluster three is created by countries with a very low real change in GDP.
Clusters 4 and 6 consists of the less developed countries of the OECD. In the second period of CA also
one cluster with only one object was created, Mexico was the only country that is not similar to any
OECD countries according to used indicators for the analysis.

Table 7. Pearson’s correlation coefficients (second period).
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The main features of the clusters are presented by the cluster centroids in Table 8.
Cluster 1 (17 countries—Australia, Austria, France, Sweden, Belgium, Canada, Germany,

New Zealand, the Netherland, Norway, Japan, Denmark, United Kingdom, Ireland Finland,
Iceland Luxembourg).

The first cluster joined together countries with a very high living standard. The average GDP
per capita and HE per capita are the second highest between the clusters with a real growth between
2009 and 2016 by about 10% in the case of GDP per capita and by 12% for HE per capita. In these
countries the government expenditures on health reached a maximal level of 78.9% while the household
out-of-pocked was minimal (14.6%). The high living standard has been manifested in a very high LE
for women (84.0) and men (79.7). Very positively should be rated the lowest SDR for diabetes mellitus,
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and diseases of the CS. The high LE can be the reason for higher SDR for diseases of the nervous
system and SDR for MBD.

Cluster 2 (two countries—Switzerland, United States).
Cluster 2 contains only two countries. For both countries are typically extremely high levels of

GDP per capita ($60,112) and expenditure on health per capita ($8906). The GDP per capita increased
in the time span from 2009 till 2016 in real terms only moderately by 6.9%, but the HE per capita
increased by 20% which was the second highest growth among the clusters. The difference between
both real changes ended with the highest value of 13.1 p.p. Health expenditure as % of GDP stood
at 14.8%, this was the maximal ratio of all clusters. The LE at birth for females and males was in the
“middle” of the clusters, not the best, but not the worst. According to the health expenditures per
capita it was expected that these countries will achieve better results in the case of LE at birth for both
sexes and also in the case of the standardized death rates. Between all clusters, Cluster 2 had the
highest levels of SDR for MBD and SDR for the NS, third worst SDR for malignant neoplasms. On the
other side positively can be rated the low death rates for diseases for RS, CS and diabetes mellitus.

Cluster 3 (six countries—Greece, Israel, Italy, Spain, Portugal, Slovenia).
In this cluster interestingly were joined together the most problematic countries of the EU,

the so-called PIGS countries: Portugal, Italy, Greece, Spain with Slovenia and Israel. The GDP per
capita and HE per capita of this cluster are in the “middle” of the clusters, but both characteristics
between 2008 and 2016 did not change very positively. The real GDP per capita on average for this
cluster stayed unchanged and the HE per capita in real terms declined by about 3%. The average
decline for this cluster was very negatively influenced by strong declines especially in Greece. The LE
at birth for females was the highest one (84.5) while for men the second highest (79.2). The high LE
was reached also due to relatively lower SDR for diseases for the RS, NS, or CS. A bit worse were the
SDR for malignant neoplasm.

Cluster 4 (three countries—Chile, South Korea, Turkey).
The emerging countries of the OECD merged together into Cluster 4. Only Mexico as another

emerging country created a separate, solo cluster. These countries had a lower GDP per capita and,
HE per capita than the former communist countries joined together in Cluster 6. Positively should be
rated the highest average real increase of GDP per capita by almost 30% and real growth of HE per
capita by 37.3%. The LE at birth was higher in this cluster compared with Clusters 5 and 6. Low were
the SDR for malignant neoplasms and SDR for MBD. On the other hand, higher were the death rates
for DM, in the case of other selected SDR the result of Cluster 4 can be rated as “middle”.

Custer 5 (one country—Mexico).
In both periods of cluster analysis only one single—solo cluster was created. It means that

according to the analyzed indicators Mexico is not similar to any other OECD country at all. Mexico
can be considered as an “extreme country”. The main reason for the separation are some extremely
low or extremely high levels of selected indicators. For example, the GDP per capita ($18,583) and
the HE per capita ($1080) were at extremely low levels. The real changes of both characteristics are
moderate, so the assumption is not very positive for a greater growth in the nearest future. The health
expenditures as a percent of GDP were minimal and as low as 5.8%. The lowest was the government
expenditure on health (53%) but the household out-of-pocket payments on health were extremely
high (41.9%). So, high household out-of-pocket payments are dangerous in an emerging country like
Mexico. The health can be a luxury product-service for a lot of ordinary people. In Mexico, the SDR
for DM, and diseases of the RS and CS, were the highest among the clusters. The lowest SDR were
achieved in the case of SDR for MN, MBD, or diseases of the NS.

Cluster 6 (six countries—Czech Republic, Slovakia, Estonia, Poland, Hungary, Latvia).
The former communist countries joined again together into one separate cluster. These six countries

created together a cluster also in the first period of the analysis, fortunately with much better results
in the second period. For example, their average GDP per capita in the first period ($11,227) was the
lowest one, it jumped to $29,202 in the second period, with a much better position between the clusters.
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The HE per capita reached $2003. In these group of countries, the increase of the GDP per capita was
higher than the increase of HE per capita. The LE at birth was the second lowest for females and also for
males. The lower LE at birth is associated with the extremely high SDR for diseases of the circulatory
system and malignant neoplasms. Positively should be rated the lowest SDR for diseases of the RS.

Table 8. Cluster centroids of OECD countries—second period.
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Number of countries 17 2 6 3 1 6
GDP per capita
(PPP, curr. p.) in 2016 52 025 60 112 33 757 28 011 18 583 29 202
Real growth rate, GDP per capita, 
(2009 - 2016) 1.099 1.069 0.998 1.294 1.143 1.210
HExpend. per capita
(PPP, curr. P.) in 2016 5 060 8 906 2 862 1 931 1 080 2 003
Real growth rate, Hexpend. per 
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HExpend. (government 
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HExpend., Out of pocket 
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LE_males (2015) 79.7 78.6 79.2 76.9 72.3 72.9

SDR _MN (2013) 202.9 182.7 203.2 180.4 113.1 247.3

SDR_DM (2013) 15.3 18.9 22.5 34.1 143.0 20.1

SDR_MBD (2013) 35.1 49.1 15.3 12.3 6.6 14.0

SDR_NS (2013) 38.8 41.1 23.7 34.0 14.3 17.8

SDR_CS (2013) 230.1 234.2 244.4 264.7 269.7 545.0

SDR_RS (2013) 66.1 63.0 64.8 85.5 93.0 53.0

Source: OECD.Stat database [23]—own calculations based on OECD database.

4. Discussion

The GDP per capita in PPP current prices jumped from an average level of USD 23,616.5 to USD
42,429.2. This variable belongs to the indicators of SD Goal 10 and the increase of the GDP per capita
in OECD can be rated positively. In 2016 Mexico had the lowest while Luxembourg the highest living
standard between the OECD Member States. The convergence of OECD countries from the GDP per
capita point of view developed positively, the coefficient of variation decreased from a level of 43% in
2000 to 38.8% in 2016. It is a good signal of a convergence process of the GDP per capita of the OECD
population. The average amount spent on health per capita increased from $1788 in 2000 to $3997
in 2016. The relative variability of HE per capita is higher compared to the CV of GDP/capita. In 2000
the CV of current expenditures on health per capita was as high as 55% and declined to 50.7% in 2016.
High expenditure on health per capita was typical for countries which faced also a very high level of GDP
per capita. The highest HE per capita in 2016 was reached in the United States ($9892). The assumption
that between GDP and HE per capita exists a positive association was fulfilled. In 2016 the Pearson’s
correlation coefficient between both variables was very high and positive (rxy = 0.83) and it means that in
countries with high GDP per capita we can expect a high level of HE per capita and vice versa.

One of the assumptions was not fulfilled. The assumption was that the GDP per capita, as a
very rough estimate of the of overall country’s productivity, will grow more strongly than the HE
per capita. The expectation that the productivity generates the growth of HE has not been confirmed.
The real change GDP per capita belongs to the indicators of SD Goal 8. Almost in all OECD countries
the increase of real GDP per capita was lower than the real change in HE per capita between 2000
and 2016. Most notable was the difference between both characteristics in Korea where the real GDP
per capita increased in the selected time span by 69.7%, but the real HE per capita grow by 222.9%.
In only two countries the real GDP per capita growth trespassed the real health expenses per capita
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changes (Iceland, Turkey). Even in countries most affected by the economic crisis the HE per capita
grows moderately. For example, in Greece where the real GDP per capita between 2000 and 2016
declined by 2.7% the HE increased by 9.7% and in Italy the GDP per capita dropped by 5.3%, but the
real HE per capita changed oppositely and grow by 11.6%.

The strong growth of HE should positively affect the health outcome of the population in OECD
countries. That is why selected indicators of public health were chosen for analysis, these indicators
belong to the SD Goal 3. According to the expectation the LE at birth or at age 65 should increase and
on the other hand the standardized death rates of some diseases should decline. LE at birth increased
progressively in the OECD countries. The average LE for females was 73 years in 1970 and jumped
to 83.2 in 2015 while for males the average value increased from 66.7 years to 77.9 years respectively.
The LE for males was lower by 6.3 years compared to women’s life expectancies in 1970 but the gap
is closing. A very positive development was discovered for the LE at age 65. While the average LE
at birth for women increased by about 14% and for man by 16.8%, the LE at age 65 increased more
rapidly. For women the growth reached 35% and for men the increase achieved 40%.

The increasing life expectancy, especially the LE at higher ages belongs to the main reasons for
increases of the HE per capita. The aging of the population is nowadays an issue that is often discussed
from the perspective of the economic aspects of aging

For the multivariate analysis the PCA and cluster analysis were used. In the case of a strong linear
association between the indicators the most important principal components were used instead of the
original strongly correlated dataset. The OECD countries were grouped into clusters based on their
similarity. For classification 15 indicators were used: Some indicators of the economic situation in the
countries, indicators of health expenditures, life expectancy at birth and standardized death rates of
noncommunicable diseases. The selected variables are part of the SD goals 3, 8 and 10.

In the first period of CA the 35 OECD countries were split into five clusters. The created clusters
separated the most developed countries into two clusters, one cluster with 15 objects and one with
eight objects. On the other hand, the less developed OECD countries were classified into a cluster with
four objects, the former communist countries were separated into a cluster with six objects. One cluster
content only two countries (Ireland and the United Kingdom). The 15 very developed OECD countries
in Cluster 1 can be rated as “middle” regarding some characteristics, like GDP or expenditures on
health per capita. The LE for women and men was as high as in the countries in Cluster 3, but one
very significant difference can be visible between Clusters 1 and 3. The very high life expectancies at
birth in Cluster 1 were achieved with much lower current expenditures on health per capita. In the
second cluster, only two countries were placed, both are geographically very closely located, and both
are island lying (Ireland, United Kingdom). Their governments’ expenditure on health as % of total
health expenditures was the highest while household out-of-pocket payments on health (11.8%) was
the lowest one among all clusters. Cluster 2 had the worst position for SDR related to the diseases of
the respiratory system. In the third cluster, the LE for females and males was the highest and this can
be the reason for the highest SDR for mental and behavioral disorders and highest levels of SDR for
diseases of the NS. In Cluster 4, the emerging and the least developed countries of the OECD were
joined together. Typical for these countries are very low levels of GDP per capita combined with the
lowest HE per capita. These countries had the lowest government expenditure on health as % of health
expenses (53%) and surprisingly the highest household out-of-pocket payments on health (41.9%).
The high household out-of-pocket payments in less developed countries is a risky condition for the
overall health of the population. The health expenses can be financed only by richer persons while the
poorer population can be at risk of health and health care. Very negatively should be rated the highest
SDR for diabetes mellitus (especially in Mexico). In the last cluster the former communist countries
joined together. These countries are similar not only due to their former communist regimes, due to
their territory closeness, but also due to the chosen indicators. These countries had in the first period
the lowest GDP per capita level and second lower HE per capita. The low levels were combined with
the highest real GDP growth that averaged at 54.6% and the highest real change in the HE per capita
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(75.8%). Former communist countries had the lowest levels of LE for women (77.1) and men (68.0).
The low LE can be a result of an extremely high SDR for diseases of the CS (more than 770 deaths
per 100,000) and the highest SDR for malignant neoplasms. These countries should focus on better
national screening programs for early detection of initial cancer stages that could be treated with a
more successful result.

In the second period of CA the OECD countries were split into six relatively isolated clusters.
Seventeen most developed countries created one large cluster—Cluster 1. These countries with a
very high living standard had the highest government expenditures on health (78.9. The high living
standard has been manifested in a very high LE for women (84.0) and men (79.7) and the lowest
SDR for diabetes mellitus, and diseases of the CS. The second cluster consists of Switzerland and the
United Stated. For both countries are typically extremely high GDP per capita ($60,112) and HE per
capita ($8906). The GDP per capita increased in the time span from 2009 till 2016 in real terms only
moderately by 6.9%, but the HE per capita increased by 20%. HE as % of GDP stood at 14.8%, this was
the maximal ratio of all clusters. According to the extremely high HE per capita it was expected that
these countries will achieve better results in the case of LE and SDR for noncommunicable diseases.
The PIGS countries (Portugal, Italy, Greece, Spain) together with Slovenia and Israel joined together
into Cluster 3. The GDP per capita and HE per capita of this cluster are in the “middle” of the clusters,
but the growth rates of both characteristics between 2008 and 2016 were not very positive. The real
GDP per capita on average for this cluster stayed unchanged and the HE per capita in real terms
declined by about 3% mainly as a result of a strong decline in Greece. The LE at birth for females
was the highest one (84.5) while for men the second highest (79.2). Clusters 4 and 6 consists of the
less developed countries of the OECD. The emerging countries of the OECD merged together into
Cluster 4 (except Mexico that created solo cluster). These countries had a lower GDP per capita and,
HE per capita than the former communist countries joined together in Cluster 6. Positively should be
rated the highest average real increase of GDP per capita by almost 30% and real growth of HE per
capita by 37.3%. Cluster 5 is a solo cluster that includes only one object—Mexico. Mexico is, according
to the used data set, not similar to any other OECD country, therefore Mexico can be considered as an
“extreme country”. The main reason for the separation are extremely low or extremely high levels of
selected variables. The GDP per capita ($18,583) and the HE per capita ($1080) were extremely low.
The HE as a percent of GDP were minimal and as low as 5.8%, lowest were also the government
expenditures on health (53%), but the household out-of-pocket payments on health were extremely
high (41.9%). This very high household out-of-pocket payments are dangerous in an emerging country,
like Mexico. Health care can be a luxury product-service for a lot of ordinary people. This may be this
is the reason for the highest SDR for DM, and diseases of the RS. The former communist countries
joined again together into one cluster, Cluster 6. The same six countries created a cluster that was also
in the first period of the CA. In the second period they reached much better results compared with
the first period. Their average GDP per capita in the first period ($11,227) was the lowest one and it
jumped to $29,202 in the second period. In these countries the increase of the GDP per capita was
higher than the increase of HE per capita. The LE at birth was the second lowest for females and males.
The lower LE at birth is associated with the extremely high SDR for diseases of the CS and MN.

The analyses of status and development of indicators that are part of the SDGs are very important
for achieving better results for sustainable growth. These analyses could help governments find
weaknesses, react, and find the best solutions to reach the goals of Agenda 2030.
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