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Abstract
Introduction: The issue of evaluating the efficiency of health systems has been elaborated upon frequently. Since 
“health” is a multi-faceted concept, many variables of different measurement units must be included in its analysis; 
consequently, this presents a great obstacle for researchers to overcome.
Materials and Methods: A novel statistical approach for evaluating the efficiency of organizational units is here pro-
posed, which can also be easily applied to the health sector. For these purposes, the health status of the 27 countries be-
longing to the European Union has been examined by employing a statistical Ivanovic-Jeremic Distance Based Analysis 
(DBA) on various health indicators. 
Results: The subsequent outcome of the Distance Based Analysis has shown that Cyprus and Ireland have a most ef-
ficient health system sectors. Greece also has exceptional indicators of health service, yet health on the individual level 
is not comparable.
Limitations: Since it synthesizes many variables into an efficiency score, a DBA can be easily applied to other regions/
countries. However, the choice of input and output variables can be considered to be potential limitations since a differ-
ent choice of variables may cause different efficiency scores for the countries selected.  
Conclusions: A DBA approach contributes significantly to the efficiency in the field of research measurement. This 
analysis can be additionally performed alongside DEA and SFA methods, as a new measure of efficiency. Hippokratia. 
2012; 16 (2): 170-174
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Evaluating the efficiency of organizational units has 
always represented quite a challenge for researchers. 
Many papers are particularly focused on evaluating the 
socio-economic efficiency of countries/regions1. Since 
health is considered to be a fundamental contributor to 
the welfare of every country2, the performance of a coun-
try’s health system must be thoroughly evaluated3-7. In 
order to rank countries, researchers often have used their 
mortality rates as an indicator of their health system per-
formance8. However, this approach assumes that health 
is a one-dimensional concept which is not precisely ac-
curate. Indeed, the definition of health by the WHO sug-
gests that it is a multi-faceted concept2.

In order to evaluate health system efficiency, WHO 
health indicators must be divided into two groups: input 
and output. Input indicators represent health services 
such as the number of physicians per 10,000 inhabit-
ants, a government’s per capita expenditure on health, 
etc… Conversely, output indicators represent the health 
of individuals, such as mortality rate(s), life expectancy, 
HALE. The aim of this study is to present the Ivanovic-
Jeremic Distance Based Analysis (DBA) as a new mea-

sure of efficiency. Utilizing this distance based method 
shall allow for the implementation of a large number of 
input and output variables in the actual analysis, and shall 
determine which countries make appropriate use of their 
health service resources.

Materials and Methods
Quite often, the ranking of specific marks is done in 

such a way that it can seriously affect the process of tak-
ing exams, sport competitions, UN participation, Univer-
sity ranking, medicine selection, and many others aspects 
reliant upon their  rankings9-13.

I-distance is a metric distance in an n-dimensional 
space. It was first proposed and defined by B. Ivanovic, 
and has appeared in various publications since 196314. 
Ivanovic devised this method to rank countries according 
to their level of development on the basis of several in-
dicators. Many socio-economic development indicators 
were originally considered and the problem was how to 
use all of them in order to calculate a single synthetic 
indicator which would thereafter represent the rank.
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For a selected set of variables XT= (X1, X2, … Xk) chosen 
to characterize the entities, the I-distance between the two 
entities er = (x1r,x2r,…,xkr) and es = (x1s,x2s,…,xks) is defined as

		

where di(r,s) is the distance between the values of vari-
able Xi for er and es, e.g. the discriminate effect,
		

di(r,s) = xir – xis ,               i∈{1, ... , k}          (2)

σi the standard deviation of Xi, and rji.12..j-1 is a partial coef-
ficient of the correlation between Xi and Xj, (j<i),9,12.

The construction of the I-distance is iterative; it is calcu-
lated through the following steps:

Calculate the value of the discriminate effect of the 	
variable X1 (the most significant variable, that which 
provides the largest amount of information on the 
phenomena that are to be ranked)
Add the value of the discriminate effect of X	 2  which 
is not covered by X1
Add the value of the discriminate effect of X	 3 which 
is not covered by X1 and X2
Repeat the procedure for all variables	 15-18.

In order to rank the entities (in this case, countries), 
it is necessary to have one entity fixed as a referent in the 
observing set using the I-distance methodology. The entity 
with the minimal value for each indicator, a fictive maxi-
mal, or an average value entity can be set up as the referent 
entity. The ranking of entities in the set is there based on 
the calculated distance from the referent entity19.

The basic idea of this paper is to present a novel 
DBA approach as a new measure of efficiency. In that, 
the I-distance method shall be applied to several Input 
indicators and their I distanceinput−  values calculated. 
The same approach shall be applied to Output indica-
tors and I distanceoutput− values will be calculated 
as well. The obtained values are to be brought to 0-1 
level by implementing a L∞ norm. The efficiency of a 
country’s health system will be then calculated as the

I distance
Ef=

I distance
output

input

−

−
. Any health system with an effi-

ciency ratio of at least 1 is to be considered as efficient. 
As an example dataset, attention shall be focused on eval-
uating the health status of countries within the European 
Union.

Results
The selection of indicators has been done in order to 

reflect the health of individuals, as well as the quality of 
health services. Variables representing the quality of health 

services are the input variables by all means, while the 
health of the individual represents the output variables. 
Those variables representing the indicators of health ser-
vices (Input) used in this study are: (I1) the number of 
dentists per 10,000 people, (I2) the number of nurses per 
10,000 people, (I3) the number of physicians per 10,000 
people, (I4) the number of pharmacists per 10,000 people, 
(I5) the number of hospital beds per 10,000 people, (I6) 
per capita government expenditure on healthcare (PPP int. 
$), and (I7) per capita total expenditure on health (PPP int. 
$). On the other hand, the health of the individual (Output) 
is represented by the following variables: (O1) healthy life 
expectancy, (O2) life expectancy at birth, (O3) the mortal-
ity rate in adults, (O4) the under-5 mortality rate, (O5) the 
infant mortality rate, and (O6) the mortality rate in moth-
ers. In line with previous research on the subject of evalu-
ating a nation’s health status2,18, data from the Statistical 
Information System of the World Health Organization20 
has also been included in this evaluation.

The results achieved through the use of the I-distance 
ranking method for the Input variables are presented in 
Table 1.

Table 1: The Results of the I-distance Method, I-dis-
tance Values and Rank for Input Variables (Indicators of 
Health Services).

Rank Country I-distance
1 Greece 10.691
2 Belgium 9.999
3 Luxembourg 9.321
4 France 9.030
5 Malta 9.004
6 Germany 8.999
7 Finland 8.750
8 Sweden 8.570
9 Austria 8.199
10 The Czech Republic 7.872
11 Lithuania 7.858
12 Ireland 7.823
13 Denmark 7.726
14 The Netherlands 7.273
15 Italy 6.676
16 Estonia 6.484
17 The United Kingdom 6.160
18 Latvia 6.141
19 Bulgaria 6.116
20 Hungary 5.993
21 Portugal 5.754
22 Spain 5.532
23 Slovakia 5.321
24 Slovenia 4.470
25 Cyprus 3.834
26 Poland 2.195
27 Romania 1.372
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where di(r,s) is the distance between the values of variable Xi for er and es, e.g. the 
discriminate effect, 
   

di(r,s) = xir – xis ,               i1, ... , k          (2) 

 
σi the standard deviation of Xi, and rji.12..j-1 is a partial coefficient of the correlation 
between Xi and Xj, (j<i),9,12. 
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As shown in Table 1, Greece ranks first among EU 
countries, while  Belgium and Luxembourg are placed 
slightly lower. From all ranked EU countries, these invest 
the most in their respective health sectors and have the larg-
est number of physicians per 10,000 inhabitants.  Converse-
ly, Poland and Romania are at the bottom of the list. In order 
to fully understand these rankings, it is essential to clarify 
which input variables are the most important when evalu-
ating a country’s health service. Hence, the data set was 
further examined, and a correlation coefficient of each vari-
able with its I-distance value was determined. The results of 
this further analysis show that the most significant variable 
for evaluating a country’s health service performance is its 
number of physicians per 10,000 inhabitants, with r=.769, 
p<.01. This finding is in accordance with previous research 
which establishes a country’s number of physicians as being 
a crucial health system performance indicator21.

After applying the I-distance method to the Input vari-
ables, the same procedure was then performed on a set of 
Output variables that represent health indicators of individ-
ual health and the I-distance values for the Output variables 
were calculated. These results are presented in Table 2.

Table 2: The Results of the I-distance Method, I-distance 
Values and the Rank for Output Variables (Indicators of 
Health of the Individual).

Rank Country I-distance
1 Ireland 7.720
2 Sweden 5.609
3 Italy 5.609
4 Spain 5.159
5 Greece 5.151
6 Denmark 4.850
7 Austria 4.816
8 Germany 4.594
9 Finland 4.478

10 Cyprus 4.400
11 France 4.373
12 The Netherlands 4.318
13 Luxembourg 4.233
14 Portugal 3.888
15 Slovenia 3.847
16 The Czech Republic 3.845
17 Belgium 3.781
18 Malta 3.724
19 The United Kingdom 3.619
20 Poland 2.065
21 Slovakia 1.840
22 Hungary 1.577
23 Estonia 1.203
24 Bulgaria 0.989
25 Romania 0.660
26 Latvia 0.490
27 Lithuania 0.469

As shown in Table 2, Ireland tops the list of “healthi-
est countries” in the EU. Sweden and Italy are tied close-
ly behind in second and third place, respectively. On the 
other hand, Bulgaria, Romania, Latvia and Lithuania are 
placed lowest. In order to better understand these rank-
ings, it is essential to determine the most important vari-
ables in evaluating the health of the individual. Thus, this 
data set was further examined and a correlation coeffi-
cient of each variable with its I-distance value was deter-
mined. As it appears, the most significant variables in de-
termining a country’s health status are Life Expectancy at 
Birth and Healthy Life Expectancy (HALE), with r=.922, 
p<.01 and r=.872, p<.01, respectively. This result is far 
from surprising: various papers have elaborated on the 
importance of life expectancy and HALE in determining 
a country’s health system performance22,23.

Nonetheless, a crucial point of this paper is to evalu-
ate the efficiency of a country’s health system.  In order to 
do so, each country’s Output I-distance value was divided 
by its Input I-distance value (values are first corrected 
with a L∞ norm); the results of which are presented in 
Table 3.

Table 3: The Efficiency of Health Systems among EU 
Countries.

Rank Country Efficiency score
1 Cyprus 1.589
2 Ireland 1.367
3 Poland 1.303
4 Spain 1.291
5 Slovenia 1.192
6 Italy 1.163
7 Portugal 0.936
8 Sweden 0.906
9 Denmark 0.869
10 The Netherlands 0.822
11 The United Kingdom 0.814
12 Austria 0.813
13 Finland 0.709
14 Germany 0.707
15 The Czech Republic 0.676
16 France 0.670
17 Greece 0.667
18 Romania 0.666
19 Luxembourg 0.629
20 Malta 0.573
21 Belgium 0.524
22 Slovakia 0.479
23 Hungary 0.364
24 Estonia 0.257
25 Bulgaria 0.224
26 Latvia 0.110
27 Lithuania 0.083
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As can be observed, Cyprus ranks as the most effi-
cient country in terms of its health system. The principal 
reason behind this ranking lies in the fact that Cyprus has 
very poor health service indicators (ranked at 25th), as well 
as a quite high rank for health of the individual (ranked 
at 10th). It is evident that with poor health service indica-
tors - such as 23 physicians per 10,000 inhabitants (the 
EU average is 33) - Cyprus has tried its best. Particularly 
interesting is the finding that Cyprus has exceptionally 
long life expectancy, something which has mostly been 
attributed to its Mediterranean diet24. Still, Cyprus has to 
dramatically improve its health service indicators25. In 
opposition to Cyprus, Belgium has a quite low efficiency 
value in comparison to its astonishing input variables: its 
health service indicators are ranked 2nd; yet, its output is 
low, as the health of the individual is ranked 17th. As a 
possibility to improve their efficiency, the authors of this 
paper would like to note the need for Belgium to improve 
their IT systems, especially in regard to their general hos-
pitals26.

Conclusion
In this paper, the aim has been to evaluate the health 

system performances of European Union countries by 
applying an Ivanovic-Jeremic distance based analysis. 
The results have clearly shown a great disparity between 
EU members. Indeed, Scandinavian and Western Europe 
countries lead the way in health service indicators, but 
fail to transpose them into an adequate level of health on 
the level of the individual. On the other hand, newly inte-
grated members from Eastern and South-eastern Europe 
have huge problems in reaching the high EU standards of 
health service indicators. 

There are several contributions which must be sin-
gled out: 

First of all, by utilizing the approach presented in this 
work, it is possible to evaluate every country’s health sys-
tem performance. Moreover, not only is a ranking pro-
vided, but so is the difference between countries. A large 
number of variables can be included in the analysis, gen-
erating one aggregated quantitative indicator. In addition 
to the above mentioned contributions, it should be noted 
that DBA has provided information as to which input 
variables are crucial for determining a country’s health 
system performance. Thus, each country can re-evaluate 
its health system performance and try to improve its rank-
ing by further developing the most significant indicators 
of its own health status.

Finally, a completely new model for evaluating the 
efficiency of any organizational unit has been presented 
in this paper. This model has many advantages, but its 
primary is the possibility to implement a large number 
of variables that are of various units of measure. Therein, 
this model can significantly contribute to the field of ef-
ficiency measurement. Currently, the majority of research 
papers employ DEA and SFA as efficiency measurement 
methods27-30. However, DBA possesses numerous advan-
tages over these two methods, as it does not place any 

weighting factor on variables (DEA) or is based on dis-
similar assumptions about the distribution of the ineffi-
ciency term u. 

It is hoped that this paper shall contribute to the grow-
ing studies of evaluating health system performance31 and 
provide a foundation in the integration of the DBA ap-
proach into DEA and SFA methodology.
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