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The EU Member States’ national healthcare systems 
compared using the single synthetic index1

Maciej Jankowiak2

Abstract : Implementation of health protection requires effective quantitative methods 
of its evaluation. Assessment could be based on usage of synthetic indices which ag-
gregate couple input variables into a single measure. In this paper, the exploitation of 
a new synthetic index (by the author called HAI—the Healthcare Aggregated Index) 
was proposed with the aim of the assessment and long-term interstate comparisons of 
healthcare systems of the EU countries. Using taxonomic methodology, HAI involves 
three variables: the number of hospital beds, the number of physicians and the pub-
lic expenditures on healthcare. HAI utilisation includes dynamic interstate compari-
sons of national healthcare systems of the different exploitations of human, physical 
and financial resources. The HAI application to assessment of twenty European Union 
Member States’ healthcare systems revealed an effect of substitution between health-
care resources within the slight international differentiation of the health protection 
level and the minor dynamic of changes in time series.

Keywords : comparisons of healthcare; healthcare systems in EU, quantitative assess-
ment of healthcare, aggregated index of healthcare, HAI index, numerical taxonomy.

JEL codes : I14, I18, C55.

Introduction

International quantitative and comparative studies have been becoming an 
important part of area of international economics and entrepreneurship re-
search (Głodowska, 2019; Manera, Navinés, & Franconneti, 2017; Pera, 2016). 
In the same way evaluation of healthcare systems plays an increasing role in 
the field of health protection and healthcare management. Especially the as-
sessment based on quantitative methods of data analysis is useful for planning 
and managing healthcare and for international comparisons of healthcare sys-

 1 Article received 19 December 2020, accepted 25 June 2021.
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tems (Schenkman & Bousquat, 2021). There are lots of simple indicators quan-
titatively describing narrow aspects of healthcare (Zahid, Poulsen, Sharma, & 
Wingreen, 2021; van Biesen et al., 2021; Mousa, 2018). Simple indicators could 
cover the area of health infrastructure (such as the number of hospital beds, 
number of medical professionals), financing of healthcare (such as expendi-
tures on healthcare) or health status of population (such as life expectancy, 
mortality rates, incidence of some diseases). Nevertheless the real challenge is 
to propose a practical tool for the assessment of this simple indicators multi-
plicity (Gerrits, Kringos, van den Berg, & Klazinga, 2018). The solution could 
be a single aggregated index which enables the inclusion of a wide range of 
information originating from a variety of simple indicators in one grouping. 
Synthetic indexes based on the methodology of the numerical taxonomy could 
be used in order to obtain an aggregated information from different sources 
among others (Leuschner, 1991; Rothenberg et al., 2015; Fagigh & Sazegar, 
2019). Synthetic indexes might be employed in international comparisons of 
healthcare systems as well (Jankowiak, 2011).

In this paper, a new kind of a synthetic index (named by the author HAI—the 
Healthcare Aggregated Index) is used in order to fulfil the aim of the research: 
the quantitative longitudinal assessment and comparison of infrastructure 
and financing of national healthcare systems of European Union countries. In 
Section 1 data derived from Eurostat and OECD databases are presented and 
the exact methodology of HAI calculation is described. HAI values in time se-
ries for each of the twenty EU Member States included in the research are given 
in Section 2. This section provides graphical representation of HAI dynamics 
as well. That is a starting point for international comparisons and the analysis 
of differences set out in the subsequent part of the paper. Proposals of further 
investigations and summarizing conclusions are listed at the end of the paper.

1. Materials and methods

In this research three simple indicators of healthcare systems (treated as raw 
variables X1, X2 and X3) are used in the construction of the synthetic index. Two 
of them describe the infrastructure of healthcare, these are: the number of hos-
pital beds per 100,000 inhabitants (X1) and the number of practising physicians 
per 100,000 inhabitants (X2). The third indicator used in this research is the 
public healthcare expenditures (governmental and compulsory contributory 
health care financing schemes) as a percentage of the gross domestic product 
(X3). These three indicators were arbitrarily chosen because they cover both 
infrastructural and financial perspectives of the healthcare supply reflecting 
three basic resources: physical, human and financial capital. A good interna-
tional availability of these indicators was important as well. Data originated 
from EUROSTAT and OECD databases were obtained in September, 2020. The 
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time series cover the period 2013–2017 as since 2018 there have been too many 
data gaps in time series. The research contains the European Union Member 
States but countries for which there was lack of complete data in the examined 
period were excluded which finally resulted in twenty EU Member States being 
considered in this research. The list of the included countries and raw values 
of the healthcare indicators are presented in Table 1.

The aggregated synthetic index of healthcare (named in this paper HAI—
the Healthcare Aggregated Index) applied in this research was calculated with 
the usage of the numerical taxonomy methodology. The general formula of 
calculation is given below:

 HAIk = Σ(Zik · wi)  and   Σwi = 1 (1)

where:
HAIk — value of the aggregated synthetic index of healthcare for the k EU 

Member State,
Zik — normalised value of the i variable for the k EU Member State,
wi — weight for the i variable.
In this research the system of equal weights was adopted so for the three 

variables considered (simple indicators) the value of each wi is ⅓ and the for-
mula (1) takes the form:

 HAIk = ⅓ Σ Zik,   for i = 1, 2, 3 (2)

where:
HAIk, Zik—symbols as above.
Variables X1, X2 and X3 have been treated as “stimulants”. It means that the 

increasing value of each variables is related with better healthcare resources. 
Normalisation of “stimulants” X1, X2 and X3 was calculated using the follow-
ing formula:

 Zik = Xik / Xi mean,   for i = 1, 2, 3 (3)

where:
Zik — normalised value of the i variable for the k EU Member State,
Xik — raw value of the i variable for the k EU Member State:
X1k — the number of hospital beds per 100,000 inhabitants in the k EU 

Member State,
X2k — the number of practising physicians per 100,000 inhabitants in the 

k EU Member State,
X3k — the public healthcare expenditures (governmental and compulsory 

contributory health care financing schemes) in percentage of gross 
domestic product in the k EU Member State,
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Xi mean — mean value of the i variable for the all included EU Member 
State.

Normalised values of variables Z1k, Z2k, Z3k were used in the calculation of 
HAI upon formula (2).

2. Results

Normalised values of the variables (Z1, Z2, Z3) are presented in Table 2. In order 
to assess the differentiation of normalised variables among the EU countries 
the standard deviation was used directly because the mean value of the each 
normalised variable is always 1.00. Based on the value of the standard deviation 
of the normalised variables the differentiation among the EU Member States 
of the number of hospital beds and the public expenditures on healthcare is 
similar and rather high (the standard deviation about 0.33—0.34). The differ-
entiation of the number of physicians is lower (the standard deviation about 
0.18—0.20) and slightly decreasing during the evaluated period. Values of the 
normalised variables were used in order to calculate the aggregated synthetic 
index of healthcare (HAI) upon the formula (2).

The values and the standard deviations of HAI in the time series are presented 
in Table 3. The standard deviation of HAI stands between 0.174 and 0.178, and 
shows a minor increasing tendency during the research period. Similarly as in 
case of normalised single variables the mean value of HAI is always 1.00. On 
the other hand the standard deviation of HAI is visibly lower than the stand-
ard deviations of each single variable used in construction of HAI that prob-
ably reflects an effect of substitution between different healthcare resources.

Setting two limits: the lower limit standing at the HAI mean value minus its 
standard deviation and the upper limit standing at the HAI mean value plus its 
standard deviation it is possible to establish three intervals of the HAI value. 
The first interval below the lower limit, the second between the lower and the 
upper limits and the third above the upper limit. Values of both limits change 
during subsequent years of the research, following alterations in HAI standard 
deviations and they are presented in Table 3.

The first HAI interval (below the lower limit) defines countries of less than 
average value of the HAI index. Initially this category consisted of only one 
country—Cyprus, but during the research period two more countries joined 
this category—Ireland and Luxembourg (the last one dropped slightly be-
low the lower limit). The second HAI interval (between the lower and upper 
limits) indicates the category of countries where the level of the HAI index is 
average. This category consists of the majority of the examined countries: ini-
tially it was sixteen EU Member States (Belgium, Bulgaria, Denmark, Estonia, 
Ireland, Spain, Croatia, Italy, Latvia, Lithuania, Luxembourg, Hungary, 
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Poland, Romania, Slovenia and Sweden) but during the research period two 
of them (Ireland and Luxembourg) fell into the lower category. The third 
HAI interval (above the upper limit) defines countries of a more than av-
erage value of the HAI index. This category is the most stable: during the 

Table 3. Values of the aggregated synthetic index of healthcare (HAI), the 
standard deviation of HAI, the lower and the upper limits of the HAI intervals

Country / Year 2013 2014 2015 2016 2017

Belgium 1.104 1.093 1.101 1.091 1.089

Bulgaria 1.040 1.081 1.077 1.081 1.102

Denmark 1.043 1.016 1.018 1.014 1.021

Germany 1.421d 1.426d 1.437d 1.433d 1.442d

Estonia 0.889 0.893 0.909 0.901 0.893

Ireland 0.827 0.832 0.778c 0.786c 0.782c

Spain 0.915 0.906 0.921 0.904 0.901

France 1.177d 1.179d 1.180d 1.212d 1.205d

Croatia 0.969 0.981 0.971 0.967 0.978

Italy 0.957 0.946 0.938 0.933 0.929

Cyprus 0.703c 0.706c 0.720c 0.727c 0.730c

Latvia 0.854 0.845 0.852 0.858 0.844

Lithuania 1.100 1.103 1.099 1.091 1.079

Luxembourg 0.854 0.846 0.838 0.818c 0.820c

Hungary 1.021 1.022 1.005 1.014 1.019

Austria 1.387d 1.387d 1.394d 1.380d 1.378d

Poland 0.881 0.883 0.891 0.903 0.897

Romania 0.903 0.901 0.910 0.920 0.938

Slovenia 0.887 0.887 0.899 0.912 0.905

Sweden 1.065 1.065 1.062 1.054 1.046

Standard deviationa 0.174 0.176 0.178 0.177 0.178

Lower limitb 0.826 0.824 0.822 0.823 0.822

Upper limitb 1.174 1.176 1.178 1.177 1.178

Notes:  a—standard deviation of HAI;  
b—explanation in the text;  
c—the HAI value below the lower limit;  
d—the HAI value above the upper limit.

Source: Author’s calculation based on Eurostat and OECD data.
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whole research period it consisted of three countries: Germany, Austria and 
France (the last country initially was slightly above the upper limit but later 
it strengthened its position).

Changes of HAI values for each of the twenty EU countries during the re-
search period of five years are presented at Figure 1. Based on dynamic chang-
es of HAI over time it is possible to identify three groups of countries: the first 
group of the almost stable HAI value, the second—of the decreasing HAI value 
and the third—of the increasing HAI value. The first group (of almost constant Figure 1. Changes of the HAI values for twenty EU member states during the period of the research

(2013 - 2017)

Source: Author’s calculation based on Eurostat and OECD data.
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Figure 1. Changes of the HAI values for twenty EU Member States during the 
period of research (2013–2017)

Source: Author’s calculation based on Eurostat and OECD data.
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HAI value) consists of eight EU countries (Austria, Belgium, Croatia, Estonia, 
Hungary, Latvia, Slovenia and Spain). In this group there is no evident ten-
dency despite the slight fluctuation of the HAI values. The second group of 
the decreasing HAI value consists of six countries (Denmark, Italy, Ireland, 
Lithuania, Luxembourg and Sweden). Decline in HAI value was not great and 
its maximum was less than 6% of initial value (in case of Ireland). Most of these 
countries have reduced the number of hospital beds, except Ireland (steep fall 
in public expenditures for healthcare) and Italy (decrease both in hospital beds 
and health expenditures). The third group of increasing HAI value comprises 
six countries: Bulgaria, Cyprus, France, Germany, Poland and Romania. The 
increasing dynamics of HAI were mild—maximum (almost 6% of initial value) 
was noticed in the case of Bulgaria. In this group the rising tendency of HAI 
was mostly due to a relative3 increase in the number of hospital beds (Bulgaria, 
Poland and Romania), in the number of physicians (Cyprus and Romania) and 
in public expenditures for healthcare (France and Germany).

3. Discussion

Integrated quantitative evaluation of healthcare systems is a difficult issue. 
There are lots of simple indicators that reflect specific and narrow features of 
healthcare. In the labyrinth of the variety of these indicators it is a challenge 
to find a wider perspective. The solution could be an aggregation of some 
simple indicators into a single synthetic index. The implementation of syn-
thetic indices to an evaluation of multidimensional phenomena (including 
the field of health status and healthcare) is recommended in literature (e.g. 
Leuschner, 1991; Jankowiak, 2011; Rothenberg et al., 2015; Fagigh & Sazegar, 
2019; Jankowiak & Rój, 2020).

The synthetic HAI index proposed in this paper combines three simple in-
dicators describing different aspects of a healthcare system. Two indicators: 
the number of practising physicians and the number of hospital beds, reflect 
a broadly understood healthcare infrastructure. The third indicator (the public 
expenditures on healthcare) is related to financial conditions of a healthcare 
system. In this way the abovementioned indicators could be perceived as esti-
mators of three basic (not only in the field of health protection) resources: hu-
man, physical and financial capital. These three indicators were chosen due to 
their suitability for a reliable assessment of healthcare systems proven in many 
publications and official documents (e.g. European Commission, 2019; OECD / 
European Union, 2020), and their easy accessibility for a majority of EU coun-
tries. Aggregation of these indicators to the one synthetic index creates a use-

 3 In relation to the mean value for all countries in the given year. More information on “rela-
tive” meaning is available in Section 3.
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ful tool for simultaneous evaluation of three different perspectives (related to 
human, physical and financial resources) in a single measure.

Simple indicators aggregated in this research quantitatively describe input 
outlays used in health protection. It means that HAI is a strictly quantitative 
index of resources. There are many other indicators (such as life expectancy, 
mortality rates, incidences of particular diseases) which reflect the outcomes 
of the functioning of a healthcare system. Although they do not explain how 
particular results of a healthcare system were achieved they could be perceived 
in a model as dependent variables of output. In further research it will be possi-
ble to expand the proposed model and to compare the index of input resources 
with outcomes measured by chosen quantitative indicators.

In this research the usage of the aggregation procedure is based on the as-
sumption that under real conditions a substitution mechanism between different 
healthcare resources occurs. Three initial indicators: the number of physicians, 
the number of hospital beds and the public expenditures on health could be 
considered as estimators of human, physical and financial capital respectively. 
A country which structures its healthcare based mostly on one type of capital 
could be compared with another using different mixture of resources. For ex-
ample, Poland has a healthcare system with relatively high number of hospi-
tal beds, low number of medical professionals and low public expenditures on 
health. But the value of the HAI index for Poland is in the middle range due 
to arithmetical substitution between considered resources. Additionally the 
standard deviation of the HAI index is substantially lower than standard de-
viations of each of the initial indicators which could be evidence of resources’ 
substitution as well. There are some theoretical and observational prerequi-
sites that such substitution really occurs. For example medical professionals 
better equipped with physical capital are able to work more efficiently, higher 
expenditure on health could lead to better usage of human and physical re-
sources (in extra paid working hours), excessive employment in healthcare 
allows a compensation for insufficient equipment or low financing by having 
an additional workforce. In this light a lower standard deviation of HAI than 
standard deviations of each of the simple indicators probably reflects not only 
arithmetical but also a real substitution of resources. This phenomenon surely 
needs further investigation, for example, with usage of HAI compared with the 
above mentioned quantitative indicators of a healthcare system’s outcomes. It 
will allow the establishment of real resources’ substitution rates which could 
be integrated into the system of weights in the aggregation formula of HAI 
and the discovery of more than three relevant initial indicators which might 
be used to extend the aggregation model.

Application of the HAI index to assess twenty EU Member States’ healthcare 
systems enables both the analysis of a single country healthcare level over time 
and comparisons among countries as well. The standard deviation of the HAI 
index is at a minor level (about 17.5% of the mean value) that indicates mild 
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differences among the examined countries in health protection. An analysis 
of the HAI standard deviation in consecutive years shows slightly increasing 
variation. It could be evidence of rising interstate disparities in healthcare. This 
finding is unexpected because there is a mechanism of soft co-ordination in the 
field of health protection in the European Union and earlier research showed an 
opposite effect of healthcare convergence (Jankowiak, 2010, 2011). Suspicions 
of a declining level of interstate healthcare convergence in the European Union 
surely needs further investigation including application of the HAI index pre-
sented here to their methodology.

The ranking of countries with regard to their values of the HAI index shows 
relative interstate differences in the level of health protection. A healthcare 
system of a country with higher value of the HAI index could be perceived as 
a better provider of health protection compared to a country with a lower val-
ue of HAI. Nevertheless the HAI index is not suitable for the assessment of an 
absolute level of health protection. The adopted formula of the raw variables’ 
normalisation referring to their mean value in each of research periods leads to 
changes in normalised variables and HAI values according to the shift in raw 
variables’ mean values in consecutive years. It means that a HAI value reflects 
the relative healthcare level of a given country in relation to other countries in 
a particular year. This model of normalisation was applied because it does not 
change the values of standard deviations between series of raw and normalised 
variables which allows the protection of the original variability among coun-
tries. Additionally the normalisation procedure in each of the evaluated years 
is based on data originating from only a given year and it does not require the 
establishment of a constant base of normalisation in the past, which reduces 
the vulnerability of this method to changes in a methodology of collection of 
raw variables by the European Union statistical system.

Analysis of HAI changes over time shows three different paths of develop-
ment among the EU countries. Eight countries (Austria, Belgium, Estonia, 
Hungary, Latvia, Slovenia, Spain and Croatia) reveal almost constant values 
of HAI in time series. It means that their relative positions to an average level 
of health protection (determined by mean values of component simple indica-
tors) remain stable. It does not show that in these countries that there were no 
changes in healthcare at all but it means that these changes followed the aver-
age (for all examined EU countries) alterations of health protection. The in-
creasing HAI indicates countries: Bulgaria, Cyprus, France, Germany, Poland 
and Romania in which the development of healthcare resources (some or all 
of them) is faster than EU average. Very interesting is the path of decreasing 
HAI. Here are countries (Denmark, Italy, Ireland, Lithuania, Luxembourg and 
Sweden) in which healthcare resources rise more slowly than the average or 
even decline. The strength of the HAI index is a presentation of relative changes 
referred to an EU average level of healthcare which makes international com-
parisons much easier.
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Conclusions

The aggregated synthetic index of healthcare (HAI) proposed in this paper 
joins three different perspectives of health protection in a single measure. It 
allows the comparison of national healthcare systems exploiting a different 
mixture of key resources: human, physical and financial. The dynamic in time 
series comparisons of countries’ positions in a peer ranking is possible as well.

Analysis of twenty EU countries with the use of HAI reveals that the major-
ity of them provides at least the average level of healthcare. At the beginning of 
the research only one country (Cyprus) had HAI below the average level but 
during five years’ observation two others (Ireland and Luxembourg) joined this 
category. Assessment of HAI dynamics shows that except countries of stable 
and rising values HAI six of them presented a decreasing path of development. 
These countries are at risk of a fall in health protection to below the average 
level or the preservation of the low status.

The methodology of HAI is based on the assumption of a substitution be-
tween resources employed in providing health protection. In this research equal 
rates of resource substitution were adopted but further investigations might be 
helpful to establish what a real substitution level occurs in healthcare systems. 
Additionally the HAI aggregation model is flexible and could be extended to 
other initial variables suitable in particular implementations of the HAI index.
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