
 

 

  
Abstract— This paper presents an example of application of the 

Bayesian analysis to estimate health care expenses by health 
insurance companies. In particular, the Bühlmann-Straub model is 
applied onto real data from three insurance companies in Slovakia in 
order to calculate the credible health care costs per person and the 
corresponding credibility factors for each company. The results show 
that while the largest insurance company can reliably predict the 
health care costs for the subsequent time period based on its own 
statistical data, the smaller companies are unable obtain meaningful 
predictions without involving the data from the whole marked. The 
presented case study shows that the Bayesian analysis is a useful tool 
for calculations in the field of health insurance.  
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I. INTRODUCTION 
OWADAYS, questions related to funding of the health care 
in post-communist countries are discussed. All residents 

of Slovakia, including foreigners living or being employed in 
Slovakia, have to pay insurance premium as a contribution to 
the public health insurance. Thanks to health insurance system 
there is availability of health care for all the insured persons, 
regardless of the height of their payments.  

There are three health insurance companies in Slovakia - 
Všeobecná zdravotná poisťovna, Dôvera zdravotná poisťovňa, 
and Union poisťovňa. 

Figure 1 presents the number of insured persons in the time 
period 2010-2014 for each Slovakian health insurance 
company. Evidently, Všeobecná zdravotná poisťovňa insures 
major part of Slovakian population, the number of persons it 
insures is even higher than sum of persons insured by both 
other health insurance companies. During the considered time 
period the number of persons insured by Všeobecná zdravotná 
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poisťovna decreases moderately, especially between 2011 and 
2012. 

To be able to ensure financial means, every health insurance 
company needs to appraise health care expenses for the 
subsequent time period. It is appropriate to use information 
about health care expenses based on the data from all the 
health care insurance companies in the country. For this 
purpose, it is necessary to estimate these expenses by applying 
mathematical and probabilistic models, for example those 
based on Bayesian analysis. Other possibilities of using 
Bayesian estimates in insurance are discussed in [2]-[6]. 

The time series of the total health care expenses and number 
of insured persons are the basis for estimates the expenses of 
the health insurance companies in Slovakia. Data from all 
three Slovakian health insurance companies covering time 
period 2010-2014 are used for computation in this paper. 
Bühlmann-Straub model is applied to estimate the health care 
costs per person for the subsequent time period. Estimation of 
the health care costs for each health insurance company is a 
linear combination of estimated costs based on inner historical 
data of this insurance company and estimations based on outer 
information related to health care costs from all insurance 
companies. This approach, taking both own and the 
undertaken information into account, guaranties objective 
estimates of the health care costs.  

 
Fig. 1 Number of insurered persons 
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II. DATA AND METHODOLOGY 
The health care insurance in Slovakia is provided by three 

health insurance companies. Computations presented in this 
paper are based on data extracted from their yearbooks 
covering time period 2010-2014, available on websites [9]-
[11].  

Bühlmann-Straub model used in this paper follows here. 
Let the insurance company, for which the estimates of health 

care expenses (resp. net insurance premium) are computed, is 
one of N insurance companies. Total expenses in previous n 
years are known for all these insurance companies. 

Let Yij is a variable, describing total health care costs of the 
i-th health insurance company in Slovakia (i = 1, …, N = 3) in 
the j-th year (j = 1, …, n = 5). 

Let Pij stands for the number of insured person for each 
health insurance company i = 1, …, 3 and each year j = 1, …, 
5.  

According to [7], standardized health care costs Xij = Yij / 
Pij, satisfy the following conditions: 

• For every i = 1, …, N the distribution of variable Xij 
depends on an unknown parameter iθ , equal for all 
the years j = 1, …, n. 

• For every j = 1, …, n the variables ,/1 iiX θ  

iinii XX θθ / ..., ,/2 are independent, but not 
necessarily identically distributed. 

Then, two functions depending on j can be defined as: 
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The above mentioned relations express conditions satisfied 
for every risk i = 1, …, N. Relationships between risks are 
described by the following conditions: 

• Parameters of risks Nθθ ,...,1  are random variables, 
which are independent and identically distributed. 

• For ki ≠  are ( )iji X,θ  and ( )kmk X,θ  independent. 

Because parameters of risk Nθθ ,...,1  are identically 

distributed, values ( )( ) ( )( ) ( )( )iii sEmDmE θθθ 2  ,  ,  are 
independent on i and can be denote as 

( )( ) ( )( ) ( )( )θθθ 2  ,  , sEmDmE . 
Following formulas are used to simplify the calculation: 
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Then according to [1], the rules for estimating the 
parameters ( )( ) ( )( ) ( )( )θθθ 2 , , sEmDmE  are: 
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Credibility factor for the i-th risk is calculated in form 

))((
))(( 2

θ
θ

mD
sEP

P
Z

i

i
i

+
=           (13) 

 
The value of credibility factor shows the rate of reliability of 

own data for every health insurance company. 
Estimates of parameters ( )( ) ( )( ) ( )( )θθθ 2 , , sEmDmE  are 

the same for all the insurance companies. Credibility factor Zi 
differs for each company. The higher is the value of risk rate 
Pi, the higher is the value of credibility factor Zi. 

Then, according to [8], for the estimation of credible health 
care for the i-th risk, the following formula is used. 
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Fig. 2 Health care costs 
 

III. RESULTS 
Bühlmann-Straub model was applied to compute credible 

net premium, here used as health care cost per person. The 
computation was based on a set of real data published in 
yearbooks of Slovakian health insurance companies.  

The basis for the computation of credible health care costs 
per person according to formula (14) was the data from all 
Slovakian health insurance companies in years 2010-2014, 
namely total health care costs paid by particular health 
insurance company (Yij) and amount of persons insured by 
particular health insurance company (Pij). These values are 
shown in Fig. 1 and Fig. 2. Amount of insured persons in each 
health insurance company and each year presents the rate of 
insurance risk. 

Total amount of insured persons Pi insured by each 
insurance company i in the whole period, total costs Yi paid by 
each insurance company in the whole period, and average 
insurance costs per person in the whole period iX  for each 
insurance company were computed according to (3), (5) and 
(7). 

Results of computation of these characteristics are presented 
in Table I. 

 
Table I Chosen characteristics 
  iP   iY  iX  
VšZP 16 995 530 12 111 980 900 712.66 
Dôvera 7 220 865 4 093 000 000 566.83 
Union 2 034 385 1 029 760 630 506.18 

Source: own calculation 
 
Then, following values are computed: 
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Then values of 
ij

ij
ij P

Y
X = , representing standardized health 

care costs per person in each year and each insurance company 
(in €). These values are then used to estimate parameters of the 
model according to (10)-(12). 
 

( )( ) 54.656=θmestE  

( )( ) 93186442262 =θsestE  
( )( ) 25.10607=θmestD  

 
According to (13), values of credibility factors Zi are 

computed for every health insurance company. It is necessary 
to find these values to be able to compute credible estimations 
of net insurance costs per person according to (14). Values of 
credibility factors and credible health care costs are presented 
in Table II. The value of credibility factor Zi shows the effect 
of inner data from the particular insurance company on the 
value of the credible health care costs per person. (1-Zi) shows 
the same effect for the outer data from all the insurance 
companies.  

Values of credible estimates of the health care costs per 
person can be used for appraising net insurance premium for 
the following year in every insurance company. Since the data 
used for computations covers period 2010-2014, computed 
values of credible estimates of average costs are estimates of 
net health care costs per person for each insurance company in 
2015. 

 
Table II Credibility factors Zi and credible health care costs 

per person (in €) 
  iZ  Credible health care 

costs 
VšZP 0.9508 709.90 
Dôvera 0.8915 576.56 
Union 0.6984 551.53 

Source: own calculation 
 

Table II shows the differences in values of credibility 
factors Zi among the Slovakian health insurance companies, 
and subsequently big differences in estimates of net insurance 
costs per person in Euros. Value Zi = 0.9508 for major 
Slovakian insurer VšZP shows, that this health insurance 
company can rely from 95.08 % on its own. The second major 
insurer Dôvera has the credibility factor 0.8915. This 
insurance company can rely from 89.15 % on its own data and 
from 10.85 % on the information from all the insurance 
companies. Even greater effect of outer data on credible health 
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care costs is evident at the smallest health insurer Union. 
Health insurance company Union have to rely on outer data 
from more than 30 %. 

Estimated values of net insurance costs show big differences 
between the three insurance companies. The origin of these 
differences falls beyond the scope of this paper. 

IV. CONCLUSION 
Every health insurance company needs to appraise its costs 

for following time period. Estimates of these costs can be 
computed by applying Bayesian analysis, especially Bayesian 
models of credibility. Results obtained by applying Bühlmann-
Straub model on real data published by Slovakian health 
insurance companies, namely height of health insurance costs 
paid by insurance companies and amount of persons insured 
by these companies in years 2010-2014, show differences in 
estimations of health care costs per person among the 
insurance companies. Applying Bühlmann-Straub model on 
considered data, values of credibility factor are computed for 
each Slovakian health insurance company. These values show 
the effect of the inner data from particular insurance 
companies on the value of credible health care costs per 
person. All insurance companies should bother both inner and 
outer data, however, the majority effect on the results relates to 
the inner data of particular health insurance company. 

The computed values of the regional credible health care 
costs can be used to estimate the real health care costs for the 
following time period in every insurance company. This 
information is very important for estimating financial means. 
Using the Bayesian analysis seems to be useful for 
computations in the field of the health insurance. 
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