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Abstract
This dissertation thesis is a collection of three applied economics essays and a comprehensive discussion and policy assessment based on the results of the essays and other
early work of the author. The topics analyzed were motivated by recent Czech healthcare reforms that address the recommendations raised by the OECD. Firstly, efficiency of
Czech general hospitals is analyzed stressing the need for a well-functioning DRG system.
Secondly, inpatient user charges which were introduced in 2008 and abolished shortly after, are analyzed as a tool which increases private participation on healthcare expenses
and thus may boost healthcare efficiency both through additional resources and reduction of excess demand for healthcare services. Thirdly, personal savings, pre–retirement
savings in particular, are viewed as another private source which could ease the tight
public healthcare and pension budgets. It is proved that health status is a positive determinant for pre–retirement liquid savings, thus preventive health programs should be
given a priority within the Czech healthcare system.
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Abstrakt
Tato disertačnı́ práce je souborem třı́ esejı́ zabývajı́cı́ch se ekonomiı́ zdravotnictvı́ v České
republice. Součástı́ je také esej, která shrnuje jejich výsledky do doporučenı́ pro zdravotnı́
politiku České republiky. Výběr témat obsažených v této disertačnı́ práci byl motivován
doporučenı́mi OECD v oblasti zdravotnictvı́. Prvnı́ esej analyzuje efektivitu všeobecných
nemocnic v ČR a zdůrazňuje nezbytnost dobře fungujı́cı́ho systému DRG. Poplatky za
pobyt v nemocnici, tj. za lůžkovou péči, které byly zavedeny v roce 2008 a krátce poté
byly opět zrušeny, jsou analyzovány jako nástroj, který zvyšuje spoluúčast pacientů a
může tedy učinně zvýšit efektivitu zdravotnı́ho systému prostřednictvı́m dodatečných
zdrojů financı́ a redukcı́ nadměrné poptávky po zdravotnı́ch službách. Osobnı́ úspory,
zvláště osob v před-důchodovém věku, jsou v disertaci chápány jako dalšı́ soukromý zdroj
vstupujı́cı́ do veřejného systému, který může ulevit napjatému rozpočtu zdravotnictvı́ a
důchodového systému. Bylo zjištěno, že zdravotnı́ stav obyvatel v před-důchodovém věku
má pozitivnı́ vliv na výši likvidnı́ch úspor tohoto segmentu obyvatel.

Klı́čová slova:
Zdravotnictvı́, lůžková péče, efektivita, poplatky ve zdravotnictvı́, před-důchodový věk.
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Žı́lová and Camilla Mastromarco, Ph.D. for their comments and inputs to our work.
I also greatly benefited from numerous discussions with my colleagues from the Institute
of Economic Studies as well as the participants at various seminars, conferences and
summer schools.
Financial support of the grants received throughout my studies is highly appreciated,
namely, GAUK 910 915 (Chapters 1 and 2), GAUK 336 215 (Chapter 3), Grant Agency
of the Czech Republic No. P402/12/G097, TAČR Omega TD03000209 and financial
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Introduction
The Czech healthcare system is a statutory health insurance system with obligatory wagebased contributions. Private participation is minimal. The system has been undergoing
moderate reforms, including corporatization of hospitals, user-charge introduction, and
electronization of the system. Given population aging, the system is expected to be under
increasing fiscal pressure overtime.
This dissertation thesis consists of four essays, three of which empirically analyze
the segments of the Czech healthcare system which have been reformed lately or which
still wait to be improved. The last essay, discusses the results of this dissertation thesis
and provides a comprehensive policy assessment that summarizes policy implications
arising from my research both within and beyond this dissertation thesis. The thesis is
directly motivated by the recent health policy reform attempts of the Czech government,
which responded to the recommendations of the OECD (OECD, 2011, 2014). Results of
the research lead to policy implications that broadly correspond with the recent policy
recommendations of the OECD (2018).
The OECD (2018) stresses that the Czech Republic should be more financially sustainable. In other to reach this ultimate goal, the OECD (2018) recommends that the
Czech Republic should (1) deal with the challenge of aging population, (2) improve hospital management, (3) make availability and quality of care more equal across regions, (4)
reimburse hospitals based on performance rather based on a flat rate and (5) strengthen
the role of prevention and the role of General Practitioners in the care for the chronically
ill.
The financial sustainability recommendation penetrates into the implications of my
entire research within and beyond this thesis. We suggest that more efficient hospital
management and effective use of the DRG will save resources on inpatient care (Chapter 1. If private participation on healthcare expenses increases, both through individual
savings and copayments, the public budget should be more financially sustainable, the
more so in the view of population aging (Chapater 2 and Chapter 3). Chapter 3 deals
with the pre-retirement segment of population exclusively and points out to the the important role of prevention finding out that health status is a positive determinant of
pre-retirement savings. Thus, consistent with the OECD (2018) recommendation we
argue that prevention should be given a priority within the Czech healthcare system.
13

Introduction
The thesis is structured into four chapters three of which correspond to the empirical
essays. Chapter 4 discusses and connects the results of this dissertation research and
includes policy assessment of the results within and beyond this thesis. The references
from all chapters are grouped into a single list at the end of the dissertation thesis. Most
of the essays have already been published, with the exception of Chapter 2. Among
others, the policy impact of our research has been recognized by OECD (2018) who cited
our previous work (Votápková & Žı́lová, 2012, 2016b; Alexa et al., 2015) which is beyond
the scope of this dissertation thesis.
Chapter 1 analyzes efficiency of Czech general hospitals applying the conditional efficiency approach. The essay was published as Mastromarco, C., Šťastná, L & Votápková,
J. (2019) Efficiency of hospitals in the Czech Republic: conditional efficiency approach,
Journal of Productivity Analysis, 51, 73-79 (The article was edited by William H. Greene,
NYU). It is a follow-up research to my master thesis which was published as Votápková,
J. & Šťastná, L. (2013) Efficiency of hospitals in the Czech Republic, Prague Economic
Papers, 4. Even though the observations overlap between the studies, the time period
is different and Mastromarco et al. (2019) uses an improved list of variables (DRG and
publication outputs) which were found desirable but missing in the former. Consistent
with OECD (2018) it was found that the DRG, even though not yet optimally designed,
significantly improves benchmarking of hospitals. The DRG is still only a performance
measure, not yet the reimbursement mechanism in the Czech Republic - historical prices
(flat rate) are still used as the reimbursement mechanism instead. We believe that implementation of the DRG into the reimbursement system for inpatient care will very much
improve efficiency of this sector.
The essay is co-authored by Camilla Mastromarco (5%) who revised the methodological section for the final submission to the Journal of Productivity Analysis; and Lenka
Šťastná (10%) who revised the text throughout the process of writing and provided comments on my intended further steps from the beginning to the end. The essay is identical
with the published paper.
Chapter 2 analyzes the effect of inpatient user charges on the number of inpatient care
provided. The essay exploits the dataset of Mastromarco et al. (2019) and Votápková &
Šťastná (2013) analyzing inpatient user charges from the supply side perspective. It is
assumed that hospitals respond to fixed demand from the community rather than they
endogeneously determine the demand. The introduction of user charges in 2008 is in
line with the financial sustainability recommendation which has been long stated by the
OECD. However, after vivid political discussions, regions governed by Social Democracy
started to reimburse patients for user charges in hospitals with their major political
influence in 2009. These included regional joint-stock companies and some municipal
nonprofit and for-profit hospitals. Such a set-up enables a natural experiment. In the
essay, I apply the difference-in-differences approach testing whether after the ‘abolition’ of
user charges for inpatient care in regional hospitals, the number of inpatient days in these
14
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hospitals increased. Only a marginal and unstable effect was found, consistent with the
findings in other Czech research analyzing the effect of user charges, although mostly in
different healthcare sectors (Kalousová, 2014; Votápková & Žı́lová, 2016a; Hromádková,
2016; Zápal, 2010). Chapter 2 is a sole work of mine. The essay will shortly be submitted
to the IES Working Papers series. Chapter 2 is a follow-up research of the effect of user
charges which started with the analysis of outpatient care in Votápková & Žı́lová (2016a)
which was published in Health Economics Review.
Chapter 3 investigates whether health status is a determinant for pre-retirement liquid savings. We exploit Wave 5 of the SHARE dataset, in particular its pre-retirement
segment. The essay addresses the aging of population and financial sustainability challenges raised by OECD (2018). By 2050, the share of 65+ is expected to rise from 18 %
to 30 %. And healthcare expenses devoted to this segment of population is expected to
rise from 45 % to 75 % (OECD, 2018). In order for the Czech healthcare system to be
financially sustainable in the future, private participation on healthcare expenses should
most probably increase since current private participation on healthcare expenses in the
Czech Republic is among the lowest. Large-scale public financing of healthcare expenses
may otherwise put the public healthcare (but also pension) system at stake very soon.
The elderly will thus have to secure themselves for their expenses for retirement.
We used a 2SLS methodology with liquid savings being the exogenous variable and
health status being endogenous. A Wu Hausman test was applied to test endogeneity
within the model which proved 2SLS as appropriate as oposed to the OLS. In addition
we proved endogeneity of health status with respect to saving and exogeneity of savings
with respect to health status by extracting residuals from each reduced form equation
and plugging them into the other structural equation.
We found that health status determines the level of pre-retirement liquid savings. The
government should thus give priority to preventive health programs. Not only is prevention cheaper than treatment per se, but well–targeted prevention decreases the number
of acute admissions, decreases the length of stay, decreases rate of re–hospitalization and
thus improves efficiency of hospitals and the overall healthcare system. In addition, a
higher savings rate has macroeconomic implications for investments and growth.
The essay was published as Votápková, J. & Žı́lová, P. (2018) Health status as a
determinant for pre-retirement liquid savings, IES Working Papers 10/2018. No major
changes have occurred since then. It is co-authored by Pavlı́na Žı́lová whose contribution
was approx. 10 %. She participated on variable definition and data extraction. She also
revised and edited the text.
Chapter 4 is a comprehensive discussion and policy assessment essay. It summarizes
policy implications of the research within this dissertation thesis and also our closely
related research not cover in the thesis. Most of the recommendations are in line with
OECD (2018). Having introduced stylized facts that put the Czech health sector into
the international context, we summarize implications for the Czech inpatient sector. Sec15
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tion 4.1, compares two sets of results of our research, specifically Votápková & Šťastná
(2013) and Mastromarco et al. (2019). The comparison suggests that the management
and reimbursement structure of Czech hospitals should be improved. We showed that the
DRG system is extremely beneficial for hospital benchmarking. In Section 4.1, potentials of the new CZ-DRG system as a reimbursement mechanism are highlighted. Once
the DRG enters the reimbursement system, the current flat rate reimbursement should
be abandoned and efficiency of the inpatient sector is expected to increase. We argue
that the DRG reimbursement system will improve also efficiency of capital investments
of hospitals. Section 4.2 summarizes implications resulting from our research dealing
with increased private participation on healthcare expenses in Chapters 2 and 3 and
Votápková & Žı́lová (2016a). Section 4.2 also highlights the need for a strenghtened role
of prevention resulting from our research in Chapter 3.
Chapter 4 is based on Votápková, J. & Žı́lová, P. (2015) Healthcare efficiency in
the Czech Republic - evidence for inpatient care IES Occassional Papers no. 2 but was
significantly modified. Stylized bacts were shortened and moved to the Appendix of
Chapter 4, Section 4.1 was edited because the paper Mastromarco et al. (2019) was
accepted into the Journal of Productivity Analysis only in January 2019 being under
revisions there from 2014. As the conditional efficiency analysis changed since Votápková
& Žı́lová (2015), so did the discussion in Section 4.1. Section 4.1 was edited so that it
includes the latest information about the DRG which has changed since 2015. Additional
recommendations resulting from our research carried out since 2015 were added. Section
on efficiency of capital investment was incorporated into Section 4.1 and section analyzing
short-term hospitalizations and day cases was excluded from the dissertation thesis.
The IES OP 2/2015 was co-authored by Pavlı́na Žı́lová, whose contribution to it was
approx 15 %. Her main role was in expert methodological consultations and text revisions
and provided the view of the Ministry of Health, particularly in Section 4.1. She also
provided access to some unique sets of data.
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Chapter 1

Efficiency of hospitals in the
Czech Republic:
Conditional efficiency approach
Inpatient care consumes the majority of hospital resources (Yong & Harris, 1999). For
Czech hospitals, inpatient costs represent around 50% of total costs on average. Outpatient care accounts for 15–20% of total costs, the rest is taken up by transportation costs
and non-medical expenses.
The aim of this essay is to evaluate the efficiency of hospitals in the Czech Republic
during 2006–2010 and explain differences in efficiency based on several hospitals’ characteristics. Measuring the efficiency of hospitals has become widespread within individual
countries in the last decades. Recent evidence is available from Portugal (Ferreira &
Marques, 2016; Ferreira et al., 2018), Germany (Tiemann & Schreyögg, 2012), Greece
(Halkos & Tzeremes, 2011), Netherlands (Blank & Valdmanis, 2010), Nordic countries
(Linna et al., 2010). Varabyova et al. (2017) compare efficiency of hospitals in Italy and
Germany. Efficiency is assessed also for hospitals in the U.S. (Bates et al., 2006; Clement
et al., 2008; Nayar & Ozcan, 2008), Sweden (Janlöv, 2007), Switzerland (Farsi & Filippini, 2006), Austria (Hofmarcher et al., 2002), or Great Britain (Jacobs, 2001). More
examples can be found in a recent overview of studies by Kohl et al. (2018) and in earlier
works by Hollingsworth (2008) or Worthington (2004).
The efficiency of hospitals—the way they transform inputs into outputs—may be
affected by environmental factors, which are beyond the scope of hospital management.
Operating in a good/bad environment increases/decreases a hospital’s efficiency. Hence,
environmental factors should be taken into account in the efficiency estimation (Blank &
Valdmanis, 2010).
In non-parametric estimations, there are several ways to account for environmental
variables (see e.g. Fried et al., 2008). As is shown in Simar & Wilson (2007), traditional

17

Efficiency of hospitals in the Czech Republic: Conditional efficiency approach
two-stage approaches suffer from several problems (see for example Matranga et al. (2014),
Tiemann & Schreyögg (2012) for applications of two-stage approaches in health care).
Even though Simar & Wilson (2007) propose a method to overcome complications of
two-stage approaches (for example Araújo et al. (2014) analyzing Brazilian hospitals
follow their approach), we recognize merits of a one-stage conditional efficiency approach
(originally developed by Cazals et al. (2002), extended by Daraio & Simar (2005, 2007))
most suitable to account for environmental variables in the efficiency analysis of Czech
hospitals. We follow the conditional efficiency model that allows us to distinguish between
continuous and discrete environmental variables and, at the same time, does not require
separability between the environmental and input-output spaces.
In the sphere of healthcare, analyses applying the conditional-efficiency approach are
rare. Halkos & Tzeremes (2011) apply conditional efficiency to healthcare provision in
Greek regions, Cordero et al. (2015) analyze primary care providers using a conditional
approach, Varabyova et al. (2017) use a conditional approach to compare efficiency in
Italian and German hospitals. Hence, this paper is among a few healthcare studies
applying a conditional efficiency model. In addition, the paper extends previous research
on Czech hospitals—non-parametric analyses in Dlouhý et al. (2007) and Novosádová &
Dlouhý (2007) who did not account for environments at all, and a parametric analysis
in Votápková & Šťastná (2013)—by using the most appropriate non-parametric method
and by covering more recent and better data on outputs not available before (DiagnosticRelated-Groups, DRG, reflecting the severity of treated patients, which is currently being
developed in the Czech Republic).
In this essay, we focus on inpatient care and evaluate how the total inpatient costs
are transformed into outputs which include the total number of patients treated at acute
wards weighted by the DRG case-mix index, patients treated at nursing wards, and the
number of nurses per one bed which represents a qualitative indicator of treatment. On
top of that, we include the number of weighted publications similar to Linna & Häkkinen
(1998) and Linna (1998) to reflect not only research production, but also involvement in
teaching, especially when university hospitals with higher inpatient costs support research
activities.
We aim to explain differences in efficiency using a set of environmental variables, such
as nonprofit ownership, presence of highly specialized centers, teaching status (university
hospital), occupancy rate or specific time effects. A non-parametric significance test and
partial regression plots are employed to uncover the significance and the direction of
the effect of these variables. We find that nonprofit hospitals, university hospitals, and
hospitals with specialized centers have generally lower efficiency. Additionally, efficiency
worsens in the years 2009–2010 since additional revenues received in the form of user
charges directly from patients allowed hospitals to spend more and loosen their budget
constraints—the effect was strong particularly for nonprofit hospitals.
This essay is organized as follows. Section 1.1 provides the theoretical background for
18
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conditional efficiency analysis and describes the methodology of the non-parametric significance test and partial regression plots. Section 1.2 presents the dataset and introduces
the variables employed. Section 1.3 presents the results and Section 1.4 concludes.

1.1

Methodology

Consider a production technology with a set of all feasible input x ∈ Rp+ and output
y ∈ Rq+ and denote Z ∈ Rd+ several environmental factors exogenous to the production
process itself, but which may explain a part of it. Following Cazals et al. (2002) and Daraio
& Simar (2005), the unconditional (marginal) attainable set of feasible combinations
of inputs and outputs, Ψ = {(x, y) ∈ Rp+q
+ |x can produce y} can be characterized by
Ψ = {(x, y)|HX,Y (x, y) > 0}, where HX,Y (x, y) = Prob(X ≤ x, Y ≥ y). So Ψ is the
support of the joint random variable (X, Y ). The best practice frontier follows from
Ψ, which is freely disposable, but unknown in reality, and has to be estimated from a
random sample. Let N = (1, . . . , n) be the set of decision-making units (DMUs) in the
dataset. We analyze the problem from the input-oriented perspective, because hospital
management has greater control over inputs than outputs.
From the frontier literature it is known that, assuming free disposability of inputs and
outputs, the unconditional (marginal) input oriented Farrell-Debreu technical efficiency
of a production plan (x, y), may be defined as:
θ(x, y) = inf{θ|(θx, y) ∈ Ψ} = inf{θ|SX|Y (θx|y) > 0},

(1.1)

where SX|Y (x|y) = Prob(X ≤ x|Y ≥ y) is the nonstandard conditional survival function
of X given that Y ≥ y.
For conditional efficiency measures we define the attainable set Ψz ⊂ Rp+q
as the
+
support of the conditional probability:
HX,Y |Z (x, y|z) = Prob (X ≤ x, Y ≥ y | Z = z) .
Accordingly, the conditional input oriented technical efficiency of a production plan
(x, y) ∈ Ψz , facing conditions z, is defined in Daraio & Simar (2005) as:
θ (x, y|z) = inf {θ|(θx, y) ∈ Ψz } = inf{θ|SX|Y,Z (θx|y, z) > 0},

(1.2)

where SX|Y,Z (x|y, z) = Prob(X ≤ x|Y ≥ y, Z = z) .
Nonparametric estimators of the attainable sets can be obtained by plugging nonparametric estimators of the survivor functions in the definitions above. Plugging the
empirical version of SX|Y,Z in (1.2) provides the popular FDH (Free Disposal Hull) estimator of Ψ. A nonparametric estimator of the conditional survival function SX|Y,Z (x|y, z)
could be obtained by using standard smoothing methods where a bandwidth h has to be
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determined for each component of (Z).
Daraio & Simar (2005, 2007) and Bădin et al. (2010) discuss in detail how to choose
the appropriate bandwidths. They are determined by the estimation of conditional distributions SX|Y,Z (x|y, z), where we condition on Y ≥ y and a particular value of Z = z and
here standard tools from Hall et al. (2004) and Li & Racine (2008) can be adapted. Of
course here only the variables (z) require smoothing and appropriate bandwidths, since
we have:

Pn
SbX|Y,Z (x|y, z) =

1

≤ x, yi ≥ y)Khz (zi )
,
1(yi ≥ y)Khz (zi )

(x
i=1
Pn i
i=1

(1.3)

where the functions Khz (zi ) are kernels (see Bădin et al. (2010) for technical details).1
In order to estimate the conditional distributions in (1.3), we redefine the components
of the multivariate Z to include discrete variables (Bădin et al., 2010, 2012), such that
zi = (zic , ziu ), i = 1, . . . , n, where zic ∈ Rv is a vector of continuous environmental variables, and ziu ∈ Rw is a vector of unordered discrete variables.2 The generalized product
kernel function is obtained as a multiplication of the standard multivariate product kernel
functions of each of the groups of variables, such that:
Khz (zi ) =

r
Y

c
)
Khc cs (zsc − zis

r+w
Y

u
)
Khuus (zsu , zis

(1.4)

s=r+1

s=1

where Khc cs (·) and Khuus (·) are univariate kernel functions and hcs and hus are bandwidths for
continuous and unordered discrete environmental variables, respectively. For continuous
c)=0
variables, we use Epanechnikov kernel which has a compact support, i.e. Khc cs (zsc −zis

if |z| ≥ 1 and Aitchison & Aitken (1976) is used for discrete univariate kernel functions for
unordered discrete variables. As a method of bandwidth selection for both continuous and
discrete variables, we apply the least squares cross-validation method (Bădin et al., 2010,
2012) based on the closely related conditional probability density functions as suggested
by Li & Racine (2008) and developed by Hall et al. (2004).3
These nonparametric estimators are consistent with rate n1/(p+1) and Weibull limiting
distribution for the unconditional FDH (see Park et al., 2000). For the conditional case,
we have similar results where n is replaced by nhd where d is the dimension of all the
conditioning variables (Z), so d = r + p + 2 (see Jeong et al., 2010). So the rates of
convergence of the conditional estimators are deteriorated by the dimension d.
In applied studies, the application of these nonparametric techniques may be problematic because the presence of outliers or extreme data points in real data samples,
which fully determine the estimated frontier and the measurement of inefficiencies, are
totally unrealistic. To solve this problem, approaches have been proposed in the frontier
1

Optimal bandwidths can be selected by Least Squares Cross-Validation (LSCV) or by Maximum
Likelihood Cross-Validation, which are asymptotically equivalent, see e.g. Li & Racine (2007).
2
The model may be extended to also include ordered discrete variables (DeWitte & Kortelainen, 2013).
3
The bandwidth refers to vector of bandwidths containing individual bandwidths for each variable.
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literature (Cazals et al., 2002; Daouia & Simar, 2007) to keep all the observations in the
sample but to replace the frontier of the empirical distribution by (conditional) quantiles
or by the expectation of the minimum (or maximum) of a subsample of the data. This
latter method defines the order-m frontier that we will use here.
To be short, the partial output-frontier of order-m is defined for any integer m and
for an output y, as the expected value of the minimum of the input of m units drawn at
random from the populations of firms producing more output than y. Formally:
(

"
θm (x, y) = E min

1,...,m

max

j=1,...,p

Xij
xj

!)#
,

(1.5)

where the X j are independently distributed as SX|Y (·|Y ≥ y). The same applies for the
conditional order-m frontier where the X j are distributed as SX|Y,Z (·|Y ≥ y, Z = z).
Nonparametric estimators are obtained by plugging the nonparametric estimators of the
survival functions in (1.5).
Cazals et al. (2002) shows that, when m increases and converges to ∞, the order-m
frontier and its estimator converge to the full frontier. For a finite m, the frontier will
not envelop all the data points and so is much more robust than the FDH to outliers and
extreme data points.4 Another advantage of these estimators is that they achieve the
√
parametric rate of convergence n and that they have a normal limiting distribution.

1.1.1

Impact of environmental variables on the production process

To find out the influence of environmental variables on the production process, we follow the procedure described in Bădin et al. (2012) and we will compare estimates of
θm (x, y|z) with those of θm (x, y), i.e. using ’conditional’ and ’unconditional’ efficiency
scores. The procedure allows disentangling the potential effects of environmental variables on the boundary (shift of the frontier) and on the distribution of the inefficiencies
(see Bădin et al., 2012; Mastromarco & Simar, 2015). The first effect can be investigated
by considering the ratios of conditional to unconditional efficiency measures, which are
measures relative to the full frontier of the conditional and the unconditional attainable
sets respectively. As illustrated in Daraio and Simar (2007), some extreme or outlying
data points may hide the real effect of Z, so it is suggested to do the analysis with order-m
frontier, with large values of m to get robust estimates of the full frontier. In this case,
the ratios to be analyzed are given by:
R̂iz =

θ̂m (xi , yi |zi )
θ̂m (xi , yi )

(1.6)

As stated in Bădin et al. (2012), the full frontier ratios, or their robust version with
large values of m, indicate only the influence of Z on the shape of the frontier, whereas
4

Daouia & Gijbels (2011) analyze these estimators from a theory of robustness perspective.
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the partial frontiers for small values of m, characterizes the behavior of the shift more
in the center of the distribution of efficiencies, inside the attainable sets.5 A tendency
of the ratios to decrease with the conditioning variables indicates a favorable effect of
these variables on the distribution of the efficiencies and the opposite in the case of an
unfavorable effect.6
We have a sample of n pairs (zi , R̂(xi , yi |zi )), i = 1, . . . n, in the nonparametric model,
we estimate the local average of R̂(xi , yi |zi ), the localization of which is determined by
the bandwidth h (see Bădin et al., 2014). Following Racine & Li (2004) and Daraio &
Simar (2014) we use kernel weighted local linear least squares, a non-parametric regression technique which smoothes both continuous and discrete variables without sample
splitting.7
The following local linear least squares minimization problem has to be solved:
min

n
X

α̂,β̂ i=1

(R̂iz − α̂(zi ) − β̂(zi ))2 Khz (zi ),

(1.7)

where α̂ and β̂ are local linear estimators to be obtained, such that α̂ = α̂(z) and β̂ = β̂(z)
are consistent estimators of the true conditional mean function f (z) = E(Qz |z) and the
gradient β(z) =

∂E(Qz |z)
.
∂z

Additionally, Khz (·) is the generalized product kernel function

as in (1.4) and hz is the bandwidth vector again estimated by the least-squares crossvalidation method (Li & Racine, 2004).
Then we test significance of each continuous and discrete variable (Racine, 1997;
Racine et al., 2006).

1.1.2

Partial Regression Plots

We follow Daraio & Simar (2005, 2007) and visualize the effects of Z in partial regression
plots. In our multivariate setting, we plot R̂iz against one variable fixing all other variables
(at the median).
The interpretation of the regression line (in case of input orientation) is the following:
(i) If the regression line is increasing, vector Z is detrimental (unfavorable) to efficiency.
According to Daraio & Simar (2005), the environmental variable here acts like
‘extra’ undesired output requiring more inputs in the production activity, hence Z
exerts a negative effect on the production process. Unconditional efficiency is lower
for larger values of Z—hence, R̂iz will increase on average with Z.
5

For instance if m = 1, the order-m frontier turns out to be an average production function and the
ratios (1.6) would analyze the shift of the mean of the distribution of the inefficiencies.
6
As explained in Bădin et al. (2012), the ratios are not bounded by 1, because the order-m efficiency
scores are not bounded by 1.
7
Note that Li et al. (2016) propose a complete smoothing technique which allows for different bandwidth parameters for continuous variables in different categories of the discrete variables.
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(ii) If the regression line is decreasing, then Z is conducive (favorable) to efficiency.
Here, the environmental variable works as a ‘substitutive’ input to the production
process, allowing the DMU to save inputs in the production process, i.e. environmental factors inherently reduce the amount of inputs hospitals require to treat
their patient base. Unconditional efficiency is greater for larger values of Z—hence,
Riz will decrease when Z increases.

1.2

Data

Data on 81 general hospitals for the period 2006–2010 was analyzed. From the total
number of Czech general hospitals, 36% were excluded for various reasons: some of the
hospitals were closed, incorporated into larger entities, or did not report data. Outlierdetection analysis as of Wilson (1993) and careful visual inspection of the data excluded
an additional 17 observations.8 The final unbalanced panel consists of 389 observations.
The number of observations in each cross-section varies from 75 in 2007 and 2008 to 81
in 2010. Most of the hospitals treat up to 20,000 patients a year on average. There are
two very big hospitals in the sample treating more than 70,000 patients a year. The third
biggest hospital treats only 59,000 patients a year. The distribution of hospitals in terms
of average size is depicted in Figure 1.1.
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Figure 1.1. Distribution of hospitals by size

Data on individual hospitals was obtained from multiple sources,9 data expressed
in monetary terms, i.e. costs and salaries, was adjusted for inflation using an annual
8

Three observations would have significantly distorted the frontier and the remaining hospitals revealed
inconsistency in operating–cost reporting in the period examined.
9
Most of the data was obtained from the Institute of Health Information and Statistics of the Czech
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growth rate of inflation with base year 2006. Results were estimated with R 2.14.0 (R
Development Core Team, 2006).

1.2.1

Input and output variables

The analysis focuses on the cost efficiency of inpatient care in hospitals. The only input
variable in the analysis is total operating costs (costs) which comprise all inpatient costs
excluding capital costs. It was calculated as the multiplication of operating costs per
inpatient day, the number of admissions, and the average length of stay (all publicly
available from UZIS). UZIS calculates operating costs per inpatient day, C, as:
C = CIn ×

1+

CT +CO +CN
CIn +COut

D

,

where CIn are costs for inpatient care, CT costs for medical transport, CO costs for other
medical care, CN costs for non-medical procedures, COut outpatient costs and D number
of inpatient days.
The most important output for hospital efficiency analysis is the number of patients
(only inpatients in our case, not outpatients) which is often used in the literature and
which is preferred to inpatient days that may bias the results due to possible endogeneity
born by the length of stay (see Zuckerman et al., 1994; Farsi & Filippini, 2006; Hofmarcher
et al., 2002).
Prior to the analysis, we first divided the number of patients into acute care and
nursing care, because costs on acute care and nursing care significantly differ.
Cases within nursing care are rather homogeneous, but within acute care some hospitalizations are more expensive than others. Not accounting for this may lead to bias
in efficiency measurement (Ferreira & Marques, 2016; Bruning & Register, 1989; Burgess
& Wilson, 1995). Weighting outputs according to case-mix has been acknowledged as
vital, particularly when the sample consists of hospitals of different sizes, or university
hospitals together with other acute hospitals, to minimize intra-hospital as well as interhospital differences (Chowdhury et al., 2014; Rosko & Chilingerian, 1999; Valdmanis,
1992; Hofmarcher et al., 2002).
Case-mix adjustment has to capture essential structural differences between hospitals (Anthun et al., 2017). Different case-mix criteria appear in the literature, such as
diagnostic-related groupings (Chowdhury & Zelenyuk, 2016; Hofmarcher et al., 2002; Vitaliano & Toren, 1996; Magnussen, 1996); service-mix index (Ferreira & Marques, 2016)
which is similar to the case-mix index but easier to compute; the types of patients treated
(Kooreman, 1994), or country-specific weights (Chowdhury et al., 2014).
Republic ( ‘UZIS’)10 ; Narodni referencni centrum (‘NRC’) provided us with data on Diagnostic-Related
Groups (‘DRG’); the Web of Science was used to retrieve data on publications affiliated to the particular
hospital. Data on environmental characteristics was obtained from the Czech Statistical Office, Registry
of Companies of the Czech Republic, and the Ministry of Health.
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Often case-mix is used as a weighting device, but sometimes case-mix is used as a
separate output (Grosskopf & Valdmanis, 1993; Kooreman, 1994; Rosko & Chilingerian,
1999). Note that the choice of weighting criteria influences the distribution of efficiency
scores (Anthun et al., 2017; Magnussen, 1996; Chowdhury et al., 2014) or may shift the
frontier per se (Ferreira & Marques, 2016). Different methods in case-mix adjustment
were tested on Portuguese hospitals in Ferreira & Marques (2016), including case-mix adjustment and service-mix adjustment. Interestingly, Ferreira & Marques (2016) finds out
that proper environmental correction may strongly substitute for case-mix adjustment,
but obviously at higher costs for the researcher. Case-mix adjustment of patients proved
vital even when the efficiency of a specific treatment (lung cancer) was compared among
hospitals in Beck et al. (2018).
Case-mix is used as a weighting device of acute inpatient care in this essay. We end up
with two outputs related directly to inpatient care: (i) the number of acute care patients
weighted for the DRG case-mix index (acute DRG), and (ii) the number of patients in
nursing care (nursing).
The more nurses attend one bed per day, the higher the quality of care is expected.
The number of nurses per available bed (nurse bed ) thus represents a qualitative indicator
which is used as a separate output in the analysis, similar to Frohloff (2007). We are
aware of the potential bias when the number of nurses is excessively large, driving the
value-added on quality of the additional nurse to zero. This is not the case of Czech
hospitals, which more often face shortages of nurses.
University hospitals incur additional costs for inpatient care because of teaching and
research. Not only is the presence of students costly, but university hospitals are usually
pioneers of new, but expensive technologies, to be able to teach their students the latest
progress in medicine. Oftentimes, there are professors who, besides working as doctors,
teach and are involved in research.
Data on the number of students/graduates affiliated with a particular university hospital could reflect the demanding nature of teaching, but unfortunately it is not available.
Hence, we focus on research activity and include a variable accounting for publications
by a hospital. Assuming that primarily big and university hospitals carry out research,
publication output should improve low relative efficiency scores of a group of big and
university hospitals found in Votápková & Šťastná (2013).
There has been a wide discussion in the literature whether to include a “teaching
variable” among outputs or among environmental variables (e.g. Vitaliano & Toren, 1996;
Rosko & Chilingerian, 1999; Rosko, 2001, etc.). Since hospitals themselves decide how
much they will be involved in research activities, publications will be included among
outputs similar to Linna (1998) and Linna et al. (1998) to reflect another kind of output
which a hospital can control and which cannot be captured by the volume and case-mix
variables (Vitaliano & Toren, 1996).
The fourth output variable (publish) is obtained as the first principal component of the
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data retrieved from the Web of Science database where inputs to the principal component
analysis11 are (i) articles, (ii) meeting abstracts, (iii) letters, reviews, proceedings papers,
all weighted by the share of domestic authors affiliated to the particular hospital.12
We applied the positive affine transformation to avoid negative values and the minimum was added to all observations in the sample. The first principal component explains
64.45% of information in the publication data, while weights assigned to journal articles
and monographs are almost the same. Table 1.1 presents the outcome of the principal
component analysis.
Table 1.1. Principal component analysis

Eigenvalue
Proportion
Cumulative

PC1

PC2

PC3

1.934
0.645
0.645

0.994
0.331
0.976

0.072
0.024
1.000

0.706
0.698
0.120

0.021
0.149
−0.989

0.708
−0.700
−0.091

Components’ loadings
Journal articles
Monographs
Other publications

Notes: Components’ loadings of each variable explains the correlation between
the particular component and the variable. Squared loading of each variable is
then the proportion of the variance of the variable explained by the particular
component.

1.2.2

Environmental characteristics

The environment in which hospitals operate may influence their efficiency. Hospitals
may be managed differently when they are joint-stock companies instead of nonprofit
institutions; university hospitals provide a different structure of services; hospitals with
highly specialized treatment may incur higher costs in general.
In 2004, a process of corporatization of Czech hospitals started, the main purpose of
which was to allocate resources more efficiently. Many hospitals were transformed from
nonprofit institutions into joint-stock companies.
However, even corporatized hospitals are effectively under the public control since
regions, district or municipalities are their major shareholders. Having carefully examined
11
Principal component analysis (PCA) transforms a large set of variables into a lower set of linearly
uncorrelated values called principal components which best explain the variance in the data (Pearson,
1901).
12
We performed the analysis also for different specifications of publication output. We first considered
only journal articles from the Web of Science database, however some hospitals were found to produce
more proceedings papers and their publication output would be then undervalued. In addition, we took
into account publications from Czech research and innovations databases, however data is available only
for university hospitals and hospitals receiving a grant from the Czech Ministry of Education.
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individual hospitals, it has been found that only 5% of for-profit hospitals in the sample
are owned by a private entity. Hence, it is hard to control for the effect of hospital’s
ownership (private versus public) with only a few observations of private ownership.
Therefore, we consider only the nonprofit status (nonprofit) using a dummy variable
taking the value of 1 when a hospital is public nonprofit and 0 otherwise.
We expect nonprofit hospitals to be less efficient than for-profit hospitals since the
objective of for-profit hospitals in the Czech Republic is (i) to control financial flows and
not to create losses due to stricter budget constraints (nevertheless, for-profit hospitals
with a public authority as a major shareholder may ask for easing their debt under
certain circumstances). Another objective of for-profit hospitals should be to (ii) increase
technical efficiency. Thus, wards with low occupancy are often closed down. On the
contrary, smaller public nonprofit hospitals more often keep wards that are not fully
used to guarantee access of care. In the Czech environment, however, specialized and
teaching hospitals belong to nonprofit hospitals to guarantee them some sort of assurance
of stability, but specialization and teaching variables are controlled for in the analysis.
We include a dummy variable for the presence of a specialized center (specialization)
in a hospital, as of a list obtained from the Czech Ministry of Health.13 Highly specialized
treatment may be on one hand connected with increased costs (not entirely captured by
DRG adjusted output), which would decrease relative efficiency. On the other hand,
doctors involved in specialized treatment may have higher publication activity, which
would increase relative efficiency. The effect of this variable on efficiency will depend on
which of these two directions are overweight. There are 26 hospitals (corresponding to
114 observations in the pooled panel) with a specialized center in our sample.
Besides publishing results of research (captured in outputs), university hospitals reveal a different structure of services providing less basic and more highly-specialized care,
management, and organization of resources (Vitaliano & Toren, 1996). Costs of university hospitals are often higher than costs in other hospitals (Grosskopf et al., 2001b).
University hospitals also suffer from congestion, i.e. excess use by residents. Grosskopf
et al. (2001b) discovered that about 20 % of inefficiency of university hospitals is caused
by congestion. Grosskopf et al. (2001a) carries out a comparison of the technical efficiency of university and non-university hospitals finding out that “only about 10 % of
university hospitals can effectively compete with other hospitals based on provision of
patients’ services.”
University status (university) included among determinants in this essay captures how
the ‘historic mission’ affects a hospital’s position vis-a-vis the best practice production
frontier. The status of university hospital is assumed to exert a negative pressures on
efficiency.
Occupancy rate (occupancy) defined as the ratio of the actual inpatient days to the
13

Examples include Oncology centres, rheumatology centres, ophthalmology centres, etc.
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maximum inpatient days possible, captures whether the hospital operates below its potential capacity. Higher occupancy rate is expected to exert a positive effect on efficiency
because hospitals face fixed costs connected with each bed available.
Out of the covered period 2006–2010, the efficiency of the last two years 2009 and
2010 could be influenced by two factors. The more important is the legislative change
which came into force in 2008 introducing user charges for each inpatient day in a hospital
and for outpatient visits, both regular and emergency.14 Higher revenues soften budget
constraints for a hospital, which may then afford higher operating costs. In such a case,
we would expect a decrease of efficiency in these two years.
On the contrary, fiscal stress that spread due to the world financial crisis is assumed
to work mostly in the opposite direction. Hospitals as well as other public and private
institutions are forced to save money, hence their costs should be lower (efficiency for
given outputs should increase). These two contradictory effects may also balance out
resulting in no special effect upon efficiency.
We include a dummy variable taking the value of 1 for 2009 or 2010, and zero otherwise
(2009 2010 ). The effect of the dummy will show whether hospitals were affected by the
fiscal crisis, or whether user charges made up for the shortage of finances.
Additionally, we test whether nonprofit and university hospitals behave differently in
years 2009 and 2010. In two robustness checks we include the interaction of the dummy for
2009 2010 and nonprofit status (2009 2010 × nonprofit); and 2009 2010 and university
status (2009 2010 × university). Descriptive statistics of all variables is provided in
Table 1.2.
Table 1.2. Descriptive statistics

14

Mean

Median

Min

Max

St.Dev.

Costs (thousands CZK)
Acute DRG
Nursing
Nurse bed
Publish

629,000
21,755.10
249.867
0.522
0.480

338,000
12,426.28
175.356
0.504
0

61,900
1730.26
0
0.271
0

3,840,000
126,906.80
1177.914
1.291
9.878

788,000
25,155.90
276.308
0.112
1.384

Nonprofit
Specialization
University
Occupancy
2009 2010
2009 2010 × University
2009 2010 × Nonprofit

0.545
0.293
0.141
0.713
0.411
0.057
0.221

1
0
0
0.709
0
0
0

0
0
0
0.495
0
0
0

1
1
1
0.897
1
1
1

0.498
0.455
0.348
0.076
0.492
0.231
0.415

We assume that the effect of 2008 user charges is delayed to 2009.
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1.3

Empirical results

In this section, we present and discuss the empirical results of the analysis of Czech hospitals. We perform unconditional and conditional order-m analyses. In the conditional
analysis, we account for environmental characteristics in which hospitals operate, hence
compared to the unconditional efficiency score, the conditional efficiency score of a particular hospital is lower/higher if the hospital operates in favorable/detrimental environments. Therefore, conditional analysis reveals whether an environmental characteristic
has a positive or a negative effect on efficiency.
We analyze the pooled dataset, i.e. a single frontier is constructed and hospitals are
simultaneously compared among one another and across time. To check the poolability
of the panel (to test whether the frontier is stable over time), we carry out preliminary
unconditional efficiency analyses for each year and for a pooled dataset, and compute the
Spearman’s rank correlation coefficient between single year scores and the scores from
the pooled dataset. Correlations vary from 0.87 in 2007 to 0.73 in 2010 and reveal a
considerable time stability except for the years 2009 and 2010 (coefficients 0.76 and 0.73,
respectively), which will be accounted for in the analysis.
Every non-parametric efficiency analysis is highly sensitive to outliers. Holding m =
100 to obtain the order-m scores, each observation out of 389 is compared to a random
set of 100 observations.15 The excessively large efficiency value above 1 would suggest
that an observation lies far above the frontier, hence may be an outlier. As Table 1.4
shows, we do not detect any significant outliers in the sample (the maximum efficiency
score is 1.32 and 1.04 in unconditional and conditional analysis, respectively).
Firstly, we present the results of the conditional analysis controlling for several environmental variables which may be beyond the scope of hospital management. Hence,
even when they are not direct outputs of a hospital, they affect the way costs are transformed to outputs and should be taken into account. To uncover whether the variables
have significant effect upon efficiency, we perform a non-parametric significance test. The
direction of influence is retrieved from partial regression plots (see Figures A1 and A2 in
the Appendix, plots for other model specifications are available upon request from the
authors).
We estimate several specifications: (1) In the top panel, all specifications of Table 1.3 include all outputs (acute patients weighted by the DRG index, nursing patients,
nurse/bed ratio and publications), while the bottom panel serves as a robustness check
when a publication output is dropped. Effects of variables are robust across the two
panels.
15

The optimal value of m was set when the percentage of points lying above the frontier stabilized.
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Table 1.3. Effects of environmental variables: whole sample
Publications
output

(1)
(2)
P-value
+/− P-value

Nonprofit
Specialization
University
2009 2010
Occupancy
2009 2010 × Nonprofit
2009 2010 × University

0.052
0.066
0.034
0.110
0.046

No publications
output

(1)
(2)
P-value
+/− P-value

Nonprofit
Specialization
University
2009 2010
Occupancy
2009 2010 × Nonprofit
2009 2010 × University

0.026
0.096
0.078
0.082
0.024

∗
∗
∗∗
†
∗∗

∗∗
∗
∗
∗
∗∗

−
−
−
−
+

−
−
NA
−
+

0.012
0.016
0.108
0.048
0.034
<2e-16
0.262

0.010
0.056
0.090
0.126
0.016
<2e-16
0.778

∗∗
∗∗
†
∗∗
∗∗
∗∗∗

∗∗∗
∗
∗
†
∗
∗∗∗

(3)
+/− P-value
−
−
−
−
+
−
−

0.040
0.028
0.018
0.062
0.284
<2e-16

∗∗
∗∗
∗∗
∗

∗∗∗

(3)
+/− P-value
−
−
NA
−
+
−
NA

0.014
0.056
0.064
0.094
0.002
0.004

∗∗
∗
∗
∗
∗∗∗
∗∗∗

+/−
−
−
NA
−
+
−

+/−
−
−
−
−
+
−

Notes: N=389; signif. codes – 0.01 ’∗∗∗ ’ 0.05 ’∗∗ ’ 0.1 ’∗ ’, one-tail ’†’; effects of the respective variables evaluated when all other exogenous variables are kept at the median;
NA denotes an effect that is hardly recognizable at the median, +/− denotes the favorable/detrimental effect of an environmental variable upon efficiency; bandwidths
used to smooth the kernel function are available upon request.

We found that public nonprofit hospitals tend to be less efficient than the for-profit
ones, consistent with Dormont & Milcent (2012) or Czypionka et al. (2014). However
others (Choi et al., 2017; Zuckerman et al., 1994; Rosko & Chilingerian, 1999; Rosko, 2001;
Frohloff, 2007; Daidone & D’Amico, 2009) came to the opposite conclusion. International
comparison of the effect of ownership structure on efficiency has to consider differences
in the financing structure and institutional characteristics.
Regardless of ownership and legal form, all Czech hospitals are financed primarily
through reimbursements from health insurance funds. Besides this, government subsidies may be provided to both nonprofit and corporatized hospitals based on the regional
authority’s obligation to guarantee accessibility of care in the area. Thus, the lower efficiency of nonprofit hospitals is explained by their different management structure. The
result is consistent with Tiemann & Schreyögg (2012) who found that that the corporatization of German hospitals increased efficiency, even though temporarily, whereas
privatization was associated with permanent increase in efficiency. The results show that
the corporatization which started in 2003 was the right way to increase efficiency of re30
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gional nonprofit hospitals. Whether the effect is permanent or only temporary is subject
to further research.
We observe hospitals with specialized centers to be less efficient than other units,
consistent with Daidone & D’Amico (2009). Hospitals with specialized centers treat
more complicated cases (average DRG index is 1.41 compared to 0.87 in non-specialized
hospitals) and are more involved in research activities (average publication output 1.59
compared to 0.02). Having controlled for publications and case-mix among outputs, the
fact that specialization dummy is significant suggests that the DRG case-mix index does
not reflect the severity of cases properly. Indeed, the Czech DRG system was introduced
as a payment mechanism in 2007 and was abandoned shortly after due to a number of
drawbacks. Currently, there is a new initiative called “DRG Restart”, the goal of which
is to implement a new functioning DRG system until 2020. Even though not optimal,
however, the DRG case mix index still decreases variation across efficiency scores of Czech
hospitals when results with and without case-mix adjustment are compared.
Despite the fact that university hospitals are more involved in research reporting more
publications (publication output 3.03 on average compared to 0.06 for non-university
hospitals), which represents their comparative advantage relative to other hospitals in
the sample, they are found to be less efficient than other hospitals. A different structure
of services (more costly treatments), and management and organization of resources drive
their efficiency down. Hence, even the introduction of publication output is not sufficient
to make university hospitals comparable to other hospitals. The result is consistent with
Rosko (2001), Grosskopf et al. (2001a) or Choi et al. (2017).
Our results thus suggest that there may be other factors specific to university hospitals
and specialized centers which drive their efficiency down (e.g. they run costly research
experiments, doctors’ salaries may be extremely high, number of doctors may be relatively
large, quality of treatment is not properly measured).
The joint dummy variable for years 2009 and 2010 reflects the introduction of user
charges for each inpatient day which increased hospitals’ revenues on one hand, and
potential fiscal stress due to the financial crisis on the other hand. The results indicate
that hospitals were not under fiscal stress that would force them to undertake restrictive
measures, as the efficiency of hospitals is lower in years 2009 and 2010. Additional
revenues from user charges seem to influence costs, but do not translate to outputs of our
analysis. We, however, cannot say that hospitals waste more money, as these financial
resources may contribute to outputs not measured in our analysis.
Occupancy rate reflects the utilization of potential capacity in a hospital. In the short
term, the number of beds is given and a hospital has fixed costs related to its capacity; if
the number of patients is far below a hospital’s capacity, the hospital is expected to be less
efficient as proved for an occupancy rate below 0.7. For rates above 0.7, the effect is not
clear anymore (see the partial regression plot in Figure A1 in the Appendix) suggesting
that hospitals may target some below its potential capacity to accommodate fluctuations
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in emergency admissions (Jacobs & Dawson, 2003).16
In models (2) and model (3), we additionally test for the specific behavior of university and nonprofit hospitals in years 2009 and 2010. On one hand, we do not find
any significant effect for university hospitals. On the other hand, the effect for nonprofit
hospitals is significantly negative. Hence, the efficiency of nonprofit hospitals decreases
in years 2009 and 2010 even more relative to other hospitals and the misuse of additional
financial resources in nonprofit hospitals is even more alarming.
Table 1.4 provides summary statistics of efficiency scores for the conditional efficiency
model (θ(x, y|z)) and unconditional model (θ(x, y)).17 The mean of both unconditional
and conditional efficiencies of the whole sample is considerably high, reaching 0.933 and
0.939, respectively. Hence, a hospital can save on average 6.7% of its costs. Constrained
by the operating environment, an average hospital can save only around 6.1%.
Conditional efficiency analysis controls for other aspects affecting the production process and increases/decreases efficiency of a unit operating in detrimental/favorable environment, thus the standard deviation of efficiency scores for the conditional model
naturally decreases.
Table 1.4. Summary of efficiency scores

Mean
Median
Min
Max
St.dev.
Efficiency ≥ 1
Efficiency ≥ 1.1
No. obs

Whole sample
θ(x, y) θ(x, y|z)

Small and medium
θ(x, y)
θ(x, y|z)

θ(x, y)

Big
θ(x, y|z)

0.933
1.000
0.408
1.323
0.151

0.939
1.000
0.391
1.043
0.110

0.922
0.987
0.408
1.323
0.168

0.925
1.000
0.391
1.043
0.123

0.955
1.000
0.544
1.101
0.101

0.970
1.000
0.673
1.006
0.063

211
24
389

210
0
389

130
23
266

126
0
266

81
1
123

84
0
123

Note: One benchmark for the whole sample and also for the size groups.
Efficiency scores may be > 1 as given by the definition of the order-m Free
Disposable Hull.

We disaggregate the sample of hospitals according to size to uncover different patterns
of efficiency for small and medium, and big hospitals; big hospitals treat more than 20,000
16
The essay presents only the final models which have the best fit. We also tested the effect of the
number of beds, however, it was not significant. Moreover, the number of beds is highly correlated with
the number of patients adjusted for DRG (correlation 0.94). We then tested the effect of cost conditions
(average gross salary) on hospitals’ efficiency, but no significant result was found either. All the tested
specifications are available upon request.
17
Efficiency scores for alternative specifications of the conditional model (1), (2) and (3) are very similar
(Spearman’s correlation coefficients vary from 0.97 to 0.988 (and are around 0.864) within (across) models
with and without publications), hence we present summary of scores only from the preferred model (3)
with the publication output.
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patients a year on average. Unconditional and conditional mean efficiencies are lower for
small and medium hospitals, however the efficiency of small and medium hospitals varies
a lot. On one hand, there are several small and medium hospitals with very low scores
far below the least efficient big hospital. On the other hand, there are some medium and
small hospitals with higher efficiency than the most efficient big hospital. When moving
from unconditional to conditional analysis, we can observe much larger improvements
in scores for big hospitals than for other units. It is because big hospitals are often
nonprofit university hospitals with specialized centers and all these factors were found to
be detrimental to efficiency.
To uncover whether the effects of environmental variables are specific to the size of a
hospital and to provide a robustness check of the results, we carry out separate conditional
analyses for two more homogeneous groups: (i) big hospitals and (ii) small and medium
hospitals.
Concerning small and medium hospitals, effects in Table 1.5 are consistent with the
aggregate results. The only difference is the insignificance of the joint year dummy for
the specification with the full list of outputs, but it becomes significant when publication
output is dropped. Hence, when small and medium hospitals are considered, additional
revenues from user charges in 2009 and 2010 could have been spent on research activity,
as the production of publication for some of these hospitals increased (average publication
output increased from 0.033 to 0.056 between periods 2006–2008 and 2009–2010). Nevertheless, nonprofit small and medium hospitals seem to increase their spending without
increasing outputs measured in this analysis as they become more inefficient in 2009 and
2010.
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Table 1.5. Effects of environmental variables: big, small and medium hospitals
Full list of outputs
Small and medium
hospitals, N = 266
Nonprofit
Specialization
Occupancy rate
2009 2010
2009 2010 × Nonprofit
Big hospitals
N = 123
Nonprofit
Specialization
2009 2010
University
Occupancy rate
2009 2010 × Nonprofit
2009 2010 × University

No publication output

(1)
(2)
(1)
(2)
P-value
+/− P-value +/− P-value +/− P-value
+/−
0.034
0.072
0.068
0.358

∗∗
∗
∗

−
−
+
NA

0.016 ∗∗
0.054 ∗
0.038 ∗∗
0.248
0.108 †

−
−
+
−
−

0.052 ∗
0.022 ∗∗
0.030 ∗∗
0.112 †

−
−
+
−

<2e-16 ∗∗∗
0.038 ∗∗
0.070 ∗
0.062 ∗
<2e-16 ∗∗∗

−
−
+
−
−

(1)
(2)
(1)
(2)
P-value
+/− P-value +/− P-value +/− P-value
+/−
0.052 ∗ +
0.360
−
0.862
−
0.060 ∗ +
0.006 ∗∗∗ mixed

0.106 † +
0.470
+
0.632
−
0.148 † +
0.028 ∗∗ mixed
0.878
−
0.180 † +

0.344
+
0.082 ∗ −
0.730
NA
0.132 † +
0.196 †mixed

0.320
+
0.090 ∗ −
0.572
−
0.196 † +
0.356 mixed
0.864
+
0.796
+

Notes: Signif. codes – 0.01 ’∗∗∗ ’ 0.05 ’∗∗ ’ 0.1 ’∗ ’, one-tail ’†’; effects of the respective variables evaluated when all other exogenous variables are kept at the median; NA denotes
an effect that is hardly recognizable at the median, +/− denotes favorable/detrimental
effect of an environmental variable upon efficiency; bandwidths used to smooth the
kernel function are available upon request.

Results for big hospitals show a slightly different pattern. Contrary to the aggregate
analysis, nonprofit and university hospitals tend to be more efficient within the group of
big hospitals, although the effects are very weak and not significant for all specifications
(under a stricter confidence level, the effect would be insignificant). It seems that these
hospitals tend to have more publications (effects are more significant when publication
output is included in the analysis) than other big hospitals (for example, university hospitals have publication output on average around 3.05, while other big hospitals’ average
is around 0.28).
We cannot observe a significant effect of specialized centers when publications are
considered among outputs. But hospitals with specialized centers become less efficient
when publications are dropped from the list of outputs, i.e. research activity is a relevant
output requiring additional costs in these hospitals. Surprisingly, we do not find any significant effect of joint year dummy 2009 and 2010. Hence, it seems that two contradictory
pressures (increase in revenues due to introduction of user charges and fiscal stress in the
financial crisis) balance resulting in no specific effect. A weak effect upon efficiency can
only be observed for university hospitals, revealing some minimal cost-saving measures
when university hospitals are compared to other big hospitals.
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1.4

Conclusion

This essay analyzed the cost efficiency of 81 hospitals in the Czech Republic during the
period 2006–2010. We assessed how the operating costs, the only input in the analysis,
translated to the following outputs: acute care patients adjusted for the DRG-case-mix
index, nursing patients, the nurse/bed ratio, and publications reflecting research activity
of a hospital.
We employed the non-parametric conditional order-m analysis. The conditional orderm approach overcomes drawbacks of the one-stage and two-stage approaches, namely separability conditions, parametric assumptions, assumptions of free disposability or convexity of the attainable set, all of which are quite restrictive (for more discussion see Bădin
et al., 2014).
Regarding environmental variables, we controlled for nonprofit status, the presence
of a specialized center in a hospital, teaching status, and occupancy rate. We also tested
whether efficiency increased or decreased in the years 2009 and 2010, when there was an
important legislative change giving hospitals additional revenues through user charges.
This period was, however, marked also by the financial crisis putting hospitals under
fiscal stress. Additionally we include interaction terms that control for the effect financial
pressures may have on nonprofit and teaching hospitals.
To uncover whether effects of environmental variables were specific to the size of
a hospital and to provide a robustness check of the results, we carried out a separate
conditional analysis for big hospitals and small and medium hospitals.
The mean of both unconditional and conditional efficiencies of the whole sample is
considerably high, reaching around 0.935. Hence, a hospital can save on average around
6.5% of its costs. We observed that the differences of efficiency scores within the group
of big hospitals are much lower than in the other group.
We found that the nonprofit hospitals tend to be less efficient than their for-profit
counterparts due to a different management structure. This finding contributes to the
current political discussions concerning the restructuring of nonprofit hospitals. We also
uncovered that hospitals with specialized centers tend to be less efficient. There are two
explanations at stake: (i) DRG case-mix index does not reflect the severity of treatments
properly, and (ii) there are other specific factors which reduce efficiency of these hospitals
(e.g. costly experiments, many doctors, high salaries of leading professionals in the field).
University hospitals were found to be comparatively less efficient. The complexity
of cases and management structure reduces their efficiency even when controlling for
publication output, which is much larger for university hospitals than in other units.
However, university hospitals are more efficient relative to the sample of big hospitals.
Concerning the effect of years 2009 and 2010, we did not find that hospitals were
under fiscal stress and were forced to save. On the contrary, due to the introduction
of user charges, revenues and spending increased, but outputs did not increase equiva35
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lently, making hospitals less efficient in this period. Potential waste of this additional
financial resources was even more alarming in nonprofit hospitals. Within the group of
big hospitals, however, university hospitals were found to become more efficient in this
period.
There are several lessons for policy-makers arising from this analysis: (i) Czech hospitals form a rather heterogenous group and when assessing their efficiency, big hospitals
should be treated separately from other hospitals as their efficiency follows a different
pattern; (ii) the structure of management in nonprofit hospitals reduces their efficiency;
(iii) hospitals with specialized centers and university hospitals have specific characteristics
which generally deter their efficiency and hence deserve special attention.
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Appendix
Figure A1. Partial regression plots: whole sample
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Figure A2. Partial regression plots: small and medium vs. big hospitals
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Chapter 2

The effect of inpatient user
charges on inpatient care
Cost–sharing of any form in health care has been a controversial and vivid issue in all
developed countries over the last two decades. Within the last 20 years cost-sharing
arrangements have been changing rapidly. Specific definition of user charges differs across
countries.1 Within the EU, the reliance on patient cost-sharing has been increasing both
in terms of scope and amount (Tambor et al., 2010). A strong justification for user
charges comes from fiscal pressures. Given aging population which results in increasing
demand for healthcare services and escalating costs, co-payments should bring additional
revenues to the system and curb the avoidable demand for healthcare services. To avoid
adverse effect on the most vulnerable groups, there is a broad equity protection in place,
including ceilings or exemptions.
We may observe a correlation between patient cost–sharing arrangements and specific
characteristics of the health–care and political systems (Tambor et al., 2010). These
include cultural values deeply rooted in the societies which causes that some nations
view free healthcare as their utmost right which results in the lack of public acceptance
of user charges which either restrains policy-makers from introducing user charges or
results in their abolition. In countries with strong public opposition of user charges in
healthcare, the attempts to introduce them depends on political representation. Their
introduction is often temporary and serves the purposes of a political cycle.
Being a matter of a controversial political debate, co-payments in the Czech Republic
were introduced in January 2008. Co-payments were charged for an outpatient visit
during which a clinical examination was carried out (CZK 30/1.2 EUR), for a drug on a
prescription (CZK 30/1.2 EUR)2 , for an inpatient day (CZK 60/2.4 EUR)3 and for an
1

An overview of the latest developments and a cross-country comparison is available from the HSPM
Network (https://www.hspm.org/mainpage.aspx).
2
In January 2012, a single co-payment for a prescription regardless of the number of items was introduced.
3
In December 2011, the fee increased to CZK 100/4 EUR.
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emergency visit (CZK 90/3.6 EUR). In February 2009, regions under the control of the
Social Democratic Party (CSSD) started to reimbursed patients for co-payments for care
in hospitals owned by the regions. These benefits ceased in the middle of 2010, the exact
date of cessation differed by regions.
The effect of co-payments in the empirical literature has been mixed. At one end,
co-payments indeed curb demand which is in line with its primary purpose. Winkelmann
(2003) found that in Germany co–payments reduced the number of doctor visits by about
10% on average. An experiment conducted in the U.S.A. by Cherkin et al. (1990) showed
that co–payments of approximately 5 USD decrease physical examinations by 14 %.
According to Scitovsky & McCall (1977) the introduction of a 25 % co-insurance provision
lead to approximately 24 % fewer physical visits one year later.
Some studies found that co-payments decrease demand only of certain groups of population. When estimating the effect of increased co-payments for ambulatory care among
the elderly, Trivedi et al. (2010) found that people in low–income and low–educated areas
forgone outpatient visits most. These findings are consistent with Gruber (2006) who
uncovered the same phenomenon. Beck & Horne (1980) found similar effect on the elderly and low–income individuals in Canada. In Sweden, Elofsson et al. (1998) claim
that costs appeared to be the main reason to forgo doctor’s visiting for 22 % of the respondents in a random sample of 17–year–olds and older. The authors link this fact to
their poor economic conditions since they found the probability of forgoing care to be 10
times higher among those who assessed their situation as poor than among those who
considered it fairly good. It suggests that the demand for healthcare of these groups is
very price–elastic. The amount of co-payments is thus crucial.
Other studies found only a temporary effect, which was sometimes offset by an increase
in the level of other types of treatment, thus suggesting that there is some substitution
effect at play. Roemer et al. (1975) showed that user charges of USD 1 for the first
two doctor visits in the U.S.A. initially reduced demand for physician services, but then
lead to more visits over the long–term, even more than in the control group, thus no
savings resulted. Manning (1987) showed that a reduction in the physician services can
be accompanied by increased treatment intensity in the form of longer and more expensive
treatment episodes.
Some studies did not find any effect of co-payment at all, such as Schreyögg & Grabka
(2008), Augurzky et al. (2006) or Votápková & Žı́lová (2016a), all of whom estimated
the effect of co-payments for ambulatory services. Given different institutional contexts,
Saltman & Figueras (1997) and Tambor et al. (2010) argue that the effect of user charges
is country–specific. A good example of the effect of user charges in one country is likely
not to prove efficient in another country.
Most studies assess the effect of drug co-payments. A nice overview can be found
in Gemmill et al. (2008). The effect of user charges for outpatient care estimated for
example Farbmacher (2009), Schreyögg & Grabka (2008). Inpatient care was assessed,
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for instance, in Helms et al. (1978).
In order to assess the effect of the mechanism, many studies exploit the fact that there
are usually some exceptions from co-payments. The first studies, such as O’Brien (1989),
employed a system of equations, taking advantage of Seemingly Unrelated Regressions.
One of his equations estimated chargeable prescriptions as the dependent variable; exempt prescriptions was the dependent variable in the second regression. Some of the later
studies use the difference–in–differences methodology (DiD). Examples include Winkelmann (2003), or Schreyögg & Grabka (2008) for Germany, Helms et al. (1978) for the
U.S.A. or Zhang (2007) in Hangzhou city, China.
Czech studies analyzing the effect of user charges include Zápal (2010), who estimated
the effect of user charges on children’s physician visits. Physician visits are proxied by
the number of drug prescriptions under the assumption that there is a fixed probability
of issuing a prescription during a visit. Zápal (2010) finds a positive effect of user charges
only if a one-month-period prior to the abolition of user charges (reform) is used as
a pre-reform period. The results prove a timing effect, i.e. postponement of care for
the period after the reform. Kalousová (2014) estimates the effect of user charges on
health service consumption among the elderly taking advantage of the SHARE database.
Kalousová (2014) discovered a significant decrease in the use of outpatient care but the
effect on inpatient care was insignificant. Using EU-SILC survey data, Votápková &
Žı́lová (2016a) estimated the effect of user charges on outpatient visits finding out no
significant effect. A natural experiment was used in which the abolition of user charges for
children represented the reform. Finally, Hromádková (2016) dealt with the effect of copayments on prescriptions. Hromádková (2016) finds out that the number of prescriptions
filled decreased by 29% with the introduction of user charges. However, the effect was only
temporary. The total expenditure on prescription drugs dropped only in the first quarter
of the post-introduction period and then returned to the same level. A significant role
played also a subsequent reform which allowed more packages and a different composition
of drugs to be filled out on a single prescription, i.e. for a single co-payment. Besides,
Hromádková (2016) analysed behavioral responses of individuals to the partial reversal of
the co-payment policy, under which patients were offered reimbursement for co-payments
for drug prescription but only in region-owned pharmacies. Hromádková (2016) finds a
significant preference for reimbursing pharmacies identifying also the main drivers of the
preference, which include monetary costs, type of physician and distance as a proxy for
opportunity costs.
We will contribute to this stream of research and will use the difference–in–differences
approach to assess the effect of co–payments charged for an inpatient day on the amount
of hospital care provided, i.e. the number of inpatient days. The advantage of the DiD
is that it removes biases that could result from either permanent differences between the
treatment and control groups, or shared trends.
As opposed to any other analysis of co-payments carried out in the Czech Republic
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which used patient-level data, a hospital will be the unit of observation in our analysis.
The problem will thus be analysed from the supply side. Given the Czech institutional
setting, Czech hospitals satisfy the demand from the community rather than they would
themselves decide how much care they provide. Similar to Hromádková (2016), we will
take advantage of the partial reimbursement of co-payments. Regional hospitals where
patients could be reimbursed for user charges in 2009 represent the treatment group,
hospitals without the possibility of reimbursement constitute the control group. We
control for other explanatory variables, which includes characteristics of the hospital,
characteristics of the region where the hospital is situated, as well as a dummy variable
acknowledging that the hospital is situated in the region where there is at least one
hospital where patients could get reimbursement to account for a substitution effect.
We will answer the following questions:
1. Did the abolition of user charges for an inpatient day increase consumption of
inpatient hospital care?
2. What other exogenous variables play a role in determining the number of patient
days?
If the dependent variable, i.e. the number of patient days, increases after the reform,
we can conclude that the introduction of co-payments had the desired effect of reducing
excess demand. Our results correspond with the mixed results of other studies carried out
in the Czech Republic finding out a marginal positive effect of co-payments. Specifically,
after co-payments were reimbursed in regional hospitals, the number of inpatient days
in these hospitals increased between 2.7 % and 4.1 % having controlled for exogenous
hospital and regional characteristics.
The essay is organized as follows: Section 2.1 theoretically explains the methodology used, Section 2.2 introduces the dataset, Section 2.3 reports empirical results and
Section 2.4 discusses the results and concludes the essay.

2.1

Methodology

We will estimate whether the reimbursement of co-payments charged on an inpatient
day had an effect on the number of patient days hospitals report using a difference–in–
differences approach.
In economics, difference–in–differences approach was fist applied in 1980s. Ashenfelter
& Card (1985) is considered a pioneering work. The simplest difference–in–differences
setup is explained in Figure 2.1. The outcomes are observed for two groups of observations
for two years. One group (treatment group) is subject to the treatment in the second
period, but not in the first one. The other group is not exposed to any treatment during
any period. The average increase in y in the control group is then subtracted from the
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average increase in y in the treatment group. This reduces bias that would otherwise
result due to intrinsic differences when treatment and control groups were compared in
the second period only, or that would result due to trends when outcomes of the treatment
group were compared overtime.

Figure 2.1. Difference–in–differences

Our Difference–in–Difference model will take the following form (Blundell & Dias,
2008; Wooldridge, 2002):
yit = β0 + β1 wi + β2 zt + β3 (wi × zt ) + β4 Xit + it

(2.1)

where yit is the outcome variable, wi is the treatment vector indicating whether
patients of the hospital i may be reimbursed for co-payments in 2009, taking the value
of 1 where reimbursement was possible; zt is a vector denoting the co-payment period,
thus it takes value of 1 for 2009. The interaction term (wi × zt ) denotes utilization in
hospitals in which patients could ask reimbursement in 2009. Xit represents a matrix of
exogenous characteristics of the hospital and region that we control for.
That is, a vector of dummies, wi , captures the possible difference between the treatment and control groups before the possibility of reimbursement in regional hospitals.
A vector of dummies zt captures the aggregate factors that would cause changes in y
even without a policy change. The coefficient of interest is β3 which measures the multiplicative effect. If patients in a hospital could ask for reimbursement and the year of
observation is 2009, the (wi × zt ) = 1.
The conditional difference–in-differences estimate, which will be obtained using the
OLS is then:
βˆ3 = (ȳT 2 − ȳT 1 ) − (ȳC2 − ȳC1 )
where C denotes control group and T denotes treatment group.

43

(2.2)

The effect of inpatient user charges on inpatient care
If β̂3 is positive and significant, the reimbursement of user charges caused an increase
of patient days in these hospitals. Put inversely, a positive coefficient suggests that an
introduction of user charges decreases the number of inpatient days in hospitals, i.e.
it reduces moral hazard and demand for inpatient hospital care. If insignificant, the
introduction of user charges on inpatient day had a purely funding effect as found for
example in Schreyögg & Grabka (2008) or Beck & Horne (1980).
Hospitals where patients had no choice but to pay the co-payments will constitute a
control group. Regional hospitals where reimbursement was available will be our treatment group. At the same time, in regions with possible exemptions, we will assume that
if one’s price elasticity of demand is high, one will take advantage of care offered by
regional hospitals where one receives reimbursement.

2.2

Data

The essay analyses a two year panel of 76 Czech general hospitals observed for the period
2008-2009.4 The data comes from the Institute of Health Information and Statistics of the
Czech Republic,5 , Národnı́ referenčnı́ centrum, thereafter NRC, Czech Statistical Office,
thereafter CZSO, and the Registry of Companies in the Czech Republic Additional data
is publicly available information of individual hospitals.
Since the Zlin region offered reimbursement only for certain population groups (under
18 and above 70), we decided to exclude these hospitals from the main analysis and use
them for a robustness check only. In the robustness check of the results, we include 51 %
of patient days of the Zlinsky region hospitals6 which offered reimbursement to selected
population groups. This share represents the non-reimbursed share of patient days and
thus these observations represent additional members of the control group. Based on
Trivedi et al. (2010) and Gruber (2006) we assume that children and the elderly have
higher price elasticity of demand for health care services and thus are more likely to ask
for reimbursement if they have a choice.
Total inpatient days will constitute our dependent variable and will be obtained by
multiplying the number of patients by the average length of stay in the particular hospital.
Besides the set of dummies introduced above to account for the treatment effect, we
employ a set of exogenous variables which are expected to effect the number of patient
days of a hospital. The DRG case–mix index accounts for the fact that people with
more demanding diagnoses aim at centres which deal with more complicated cases even
4

Year 2010 was initially considered, but it was excluded due to methodological reasons. Specifically,
since reimbursement stopped in June 2010, we cannot infer anything about the effect of co-payments in
that year.
5
Specifically from the following set of publications: ‘Healthcare - Regions and the Czech Republic’
(‘Zdravotnictvı́ kraje + ČR’) for individual years
6
The overall patient days in the Zlin region was be divided according to the shares of healthcare
provided to groups 0-18 and 70+ as of UZIS (2008–2009), Table 2.13.3, Inpatients treated in the Zlin by
age structure.
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if outside their catchment area. The DRG case-mix index is expected to increase the
number of patient days reported.
Teaching status is a dummy variable taking the value of 1 for a university hospital.
University hospitals are very specific in nature. Besides treatment, their teaching and
research mission is expected to increase the number of patient days they report.
Not profit characterizes a hospital in terms of ownership status. During the process
of corporatization which started in 2004, many Czech hospitals were transformed from
nonprofit institutions into joint–stock companies in order to increase their efficiency.
However, even the corporatized joint–stock companies are effectively under the control
of districts, regions or municipalities which are their major shareholders. Only a minority of Czech hospitals is in purely private hands thus we cannot control for private vs.
public ownership. The variable not profit takes the value 1 when a hospital is public nonprofit and 0 otherwise, i.e. publicly controlled joint–stock company or a privately owned
hospital.

7

Efficiency scores of individual hospitals obtained in Mastromarco et al. (2019) was
applied in alternative model specifications. The variable unc eff2019 represents efficiency
scores without inefficiency determinants and c eff2019 are efficiency scores with efficiency
conditioned on determinants. These variables are tested as robustness checks replacing
the variable DRG. If patients perceive efficiency of the individual hospitals, the number
of patient days will increase with efficiency. Otherwise, inefficient hospitals are expected
to report more patient days.
Population in the municipality where the hospital is situated characterizes the area.
Besides, it is correlated with the size of the hospital since bigger hospitals are often
situated in bigger cities. The population of Prague was divided into core catchment areas
of individual hospitals not to bias the results. Since hospitals situated in bigger cities
serve more people, the number of patient days provided is expected to increase with
population.8
The variable Presence takes the value 1 if there is at least one other hospital in
the region where patients could ask for reimbursement of the user charge. It represents
competitive pressures in the region. We assume that patients with a sufficiently high price
elasticity choose a hospital where reimbursement is offered. The variable is expected to
be negative if the patients are price-elastic.
All variables, except for dummies, were logarithmized due to distributional properties.
Descriptive stastistics of the variables is provided in Table 2.1 and a correlation matrix
7

In the analysis, we tested also a dummy for the presence of a specialized centre as defined by the
Ministry of Health and a dummy reflecting whether a hospital is situated in Prague. Neither of these
variables significantly increased the explanatory power of the model and both of them correlated with
the variable DRG. Another hospital characteristics tested was the share of doctors striking in the protest
“Dekujeme, odchazime“ for a wage increase in spring 2010. The variable was insignificant causing a strong
heteroscedasticity of the errors.
8
Share of the elderly in the municipality was also tested with no significant improvement of the model.
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Table 2.1. Descriptive statistics

mean
median
minimum
maximum
st.dev.

TREAT

POST

presence

days

DRG

teaching

population

not profit

unc eff2019

c eff2019

0.413
0
0
1
0.492

0.507
1
0
1
0.500

0.753
1
0
1
0.431

130310
92503
26785
544025
111000

1.014
0.875
0.650
4.220
0.400

0.147
0
0
1
0.354

71606
24864
3604
371399
99779

0.567
1
0
1
0.496

0.929
1
0.449
1.262
0.151

0.944
1
0.500
1.011
0.103

is in Table B1.

2.3

Empirical results

The main results of the analysis of the effect of co-payments on inpatient care are provided
in Table 2.2. Results of the models where DRG scores are replaced with efficiency scores
are provided in Table 2.3. Robustness checks are provided in Table B3 and Table B4.
All models were tested for normality (graphically, Jarque Bera test), the presence of
homoscedasticity (Breush-Pagan test) and absence of autocorrelation of residuals (DurbinWatson test). The test results are provided in Table B2. All models reveal autocorrelation
of residuals. The main analyses with efficiency scores further report heteroscedastic errors. In addition to OLS standard errors, cluster-robust standard errors which overcome
these ills are therefore reported.
The results of model 1 in Table 2.2 suggest that the interaction term is marginally
significant, i.e. on 10 % significance level when heteroscedasticity and autocorrelation of
residuals is got rid of. The coefficient suggests that the reimbursement of co-payments
increased the number of patient days in these hospitals by 2.7% reflecting differences
between treatment and control hospitals, treatment and control periods and exogenous
hospital and regional characteristics. The model explains as much as 76.7 % of the data.
Teaching and non-profit hospitals report significantly more patient days and so do
hospitals in bigger cities. The presence of another hospital in the region which offers reimbursement does not play a role when heteroscedasticity and autocorrelation is controlled
for, even though the coefficient sign is as expected. Given the results of Hromádková
(2016) who found that the distance is a significant determinant of pharmacy choice if reimbursement is offered, we asume that the costs connected to the distance to the nearest
hospital where user charges are reimbursed probably overweight the benefits of reimbursement.
When log(DRG) is added into model 2 in Table 2.2, the explanatory power of the
model increases and so does the effect of reimbursement, however, staying significant
only at 10% level when heteroscedasticity and autocorrelation of residuals is accounted
for. Hospitals with more complicated cases report significantly more patient days than
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hospitals with less complicated cases. The signs and significance of other of hospital and
regional characteristics are consistent with model 1.
Table 2.2. Main results
Model 1
Coefficient
Intercept
TREAT
POST
teaching
log(population)
presence
log(DRG)
not profit
INTERACTION
adjusted R2
F-Statistics

P-value
Cluster–robust SE

8.8687
0.6425
-0.0224
1.0690
0.2137
-0.2780

0.00E+00
1.69E-12
1.93E+00
1.83E-05
9.79E-04
1.98E+00

***
***

0.3416
0.0272

4.76E-03
8.84E-02

***
*

***
***

Model 2
Coefficient

OLS

1.52E-52
4.14E-11
7.62E-01
1.45E-18
3.55E-09
6.04E-04

***
***

8.33E-07
8.13E-01

***

***
***
***

0.7676
< 2.2e-16
142 DF

9.1464
0.6360
-0.0212
0.9809
0.1875
-0.2452
0.3111
0.3327
0.0395

P-value
Cluster–robust SE
0.00E+00
2.53E-13
1.82E+00
5.41E-06
2.39E-03
1.95E+00
9.83E-02
6.17E-03
4.16E-02

***
***
***
**
*
**
*

OLS

1.61E-51
3.93E-11
7.71E-01
4.79E-15
5.31E-07
2.52E-03
3.31E-02
1.21E-06
7.28E-01

***
***
***
***
***
**
***

0.7734
< 2.2e-16
141 DF

Note: Significance codes: 0.01 ***, 0,05 **, 0.1*

In models 3 and 4 in Table 2.3, log(DRG) was replaces with log(unc eff2019) and
log(c eff2019), respectively. The explanatory power of the models is unchanged, but
none of these variables proved significant. The marginal significance of the reform which
was proved in models 1 and 2 in Table 2.2 disappeared and the interaction term turned
insignificant. The effects of exogeneous characteristics stayed consistent with the main
results. The results suggest that the people do not consider efficiency to be a determining
factor when choosing a hospital.
Table 2.3. Results with efficiency scores
Model 3
Coefficient
Intercept
TREAT
POST
teaching
log(population)
presence
not profit
log(unc eff2019)
log(c eff2019)
INTERACTION
adjusted R2
F-Statistics

P-value
Cluster–robust SE

8.8292
0.6381
-0.0127
1.0563
0.2180
-0.2705
0.3388
0.1486

0.00E+00
1.62E-10
1.39E+00
1.57E-05
1.76E-03
1.96E+00
1.18E-02
5.54E-01

0.0350

1.32E-01

***
***
***
***
**

4.20E-51
1.39E-10
8.66E-01
1.02E-17
3.13E-09
1.04E-03
1.59E-06
3.47E-01
7.64E-01

0.7669
< 2.2e-16
139 DF

Model 4
Coefficient

OLS
***
***
***
***
***
***

P-value
Cluster–robust SE

8.8576
0.6283
-0.0210
1.0613
0.2163
-0.2719
0.3314

0.00E+00
5.85E-11
1.819
3.11E-05
2.20E-03
1.96E+00
1.48E-02

0.2041
0.0452

5.98E-01
1.30E-01

***
***
***
***
***

1.52E-51
2.79E-10
7.79E-01
5.93E-18
3.51E-09
9.73E-04
2.66E-06
3.83E-01
7.00E-01

0.7667
< 2.2e-16
139 DF

Significance codes: 0.01 ***, 0,05 **, 0.1*

Robustness checks of the results with non-reimbursed shares of patient days of Zlin
hospitals which enrich the control group are provided in Table B3 and Table B4 The
effect of the reform proved significant in all models except for model 1 where it turned
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insignificant from being previously significant at 10% level only in the main analysis.
In other words, even though the efficiency scores stay insignificant in models 3 and 4,
the effect of co-payments turned marginally significant even when efficiency scores were
included (at 10 % significance level). In model 3, log(DRG) turned insignificant from
being previously significant at 10 % level. The results suggests that the effect of copayments is not stable. Rather, the effect is marginal which is likely to be caused by a
low absolute amount of co-payments.

2.3.1

Validity tests of the DiD methodology

The validity of the DiD methodology was tested. The parallel trend assumption was
visually inspected. Figure 2.2 proves that the parallel trend assumption between the
treatment and control groups is valied. Both treatment and control groups reveal the
same trend of development prior to the examined period, i.e. 2005–2007. A slight difference occurs in the period 2003–2005 in which the number of patient days in the control
group rise more relative to the treatment group. Such a development is most probably
attributable to the process of corporatization of Czech hospitals and is unrelated to our
purposes.

Figure 2.2. Parallel trend assumption - patient days

Assuming random or exogenous assignment to treatment and control groups, the estimate of the treatment effect is more efficient with additional exogenous controls because
these controls reduce the error variance. However, if the assignment is random, then
including additional covariates should have a negligible effect on the estimated treatment
effect. Thus, results for the treatment effect were compared for a model with additional
controls and without them. The results are provided in Table 2.4. Comparing the results
of the main analysis for the treatment effect, the assumption of randomness is confirmed
since the effect on the interaction term when observables are dropped is only marginally
different from the main analysis when observables are included. The model without observables however, does not have any explanatory power which justifies incorporation of
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the covariates into the regression.
Table 2.4. Random assignment test

Coefficient
Intercept
TREAT
POST
INTERACTION

11.5358
-0.0621
-0.0365
0.0473

Adjusted R2
F statistics

-0.0194

P-values
Cluster-robust SE
0.00E+00
1.30E+00
1.75E+00
1.81E-01

***

OLS

4.80E-139
7.17E-01
8.14E-01
8.44E-01

***

0.9838
146 DF

Significance codes: 0.01 ***, 0,05 **, 0.1*

The fact that observables are desirable in the model however suggest that the treatment and control group may not be balanced. Since the groups differ along observables,
there is a change that they also differ along unobservables (Constatinides et al., 2012), a
regression of the treatment indicator on observables (a binomial logit regression) was carried out. All observables (in all models) report insignificant effect on treatment. Results
are upon request from the author.
Finally a falsification test was carried out (Constatinides et al., 2012). It was falsely
assumed that the treatment occurred in 2006, i.e. the observed period was 2005–2006.
The falsification test was carried out for model 1 (see Table 2.2) due to data availability
and the fact that the treatment effect was marginally significant only in models 1 and
2 in Table 2.2. Since the variable presence has no meaning in the falsification test and
was insignificant in Table 2.2, it was excluded for the falsification test. The results
of the falsification test are provided in Table 2.5. The estimated treatment effect is
statistically indistinguishable from zero, thus the observed change in 2009 happens due
to the treatment rather than other alternative forces, even though at marginal levels.
The size and direction of the effect of observables in the falsification test resembles the
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results of Model 1 in Table 2.2.
Table 2.5. Falsification test - Difference-in-differences

Coefficient
Intercept
TREAT
POST
teaching
log(population)
not profit
INTERACTION

8.2005
0.4539
0.0112
1.0102
0.2706
0.3312
0.0687

Adjusted R2
F-statistics

0.7652

P-value
Cluster-robust SE
0.00E+00
6.67E-07
1.10E+00
4.74E-12
4.60E-08
4.84E-07
5.16E-01

***
***
***
***
***

3.42E-46
1.66E-06
8.87E-01
7.39E-16
1.86E-11
1.52E-05
5.77E-01

OLS
***
***
***
***
***

¡ 2.2e-16
131 DF

Significance codes: 0.01 ***, 0,05 **, 0.1*

2.4

Conclusion

The essay estimated the effect of the reimbursement of inpatient user charges on the
amount of inpatient care provided. The number of inpatient days represented the dependent variable. The analysis was carried out from the supply side perspective, assuming
that hospitals response to the demand from the community rather than they would themselves decide on the amount of care they provide to the population.
The difference-in-differences methodology was applied. The decision of the social
democratic regional governments of 2009 under which they decided to reimburse user
charges in all hospitals under their control was unrelated to any hospital characteristics.
Such a decision thus allowed a natural experiment. The assumption of the DiD were
tested in subsection 2.3.1
As many as 76 general hospitals were observed in the period 2008-2009. The year 2008
represented the period prior to the reform, ie. control period, when all patients had to pay
co-payments, and the year 2009 represented the period after the reform, i.e. treatment
period in which some of the patients could be exempted from user charge payments.
Hospitals under the control of the social democratic regional government represented the
treatment group.
It was assumed that if the patients are price-elastic, they opted for user-charge reimbursement if they had a chance. It is further assumed that if the number of patient days
increases after the governmental decision to reimburse user charges, i.e. the coefficient
of the interaction term denoting the treatment group in the treatment period is positive,
the opposite may be inferred about the introduction of user charges. In other words, if
the people increase their consumption of inpatient care once user charges are abolished,
they should decrease their consumption when user charges are introduced. In addition, it
is believed, the given the context of very low private participation on healthcare expenses
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in the Czech Republic, there is a over-consumption of healthcare. Private participation
on healthcare in the Czech Republic reached 14.3% in 2014 which is far below the European area average (WHO, 2003–2012). The number of inpatient discharges was over 21
cases per 100 inhabitants in 2016 which exceeded the Visegrad and any EU average. The
number of doctor consultations exceeded 11 consultations per capita in 2013 which again
significantly exceeds the EU average(OECD, 2000–2012). A reduction of the consumption
is thus not deemed harmful, but rather as a decrease of over-consumption.
A number of specifications of the model were tested. Besides the set of treatment
dummies, we controlled for exogenous characteristics of the hospital and the region where
the hospital is situated. Alternative specifications with the DRG case mix index and
efficiency scores obtained in Mastromarco et al. (2019) were tested. A robustness check
with an enhanced control group was carried out.
The alternative results are consistent as to the effect of most exogenous variables
on the number of inpatient days. Teaching hospitals, non-profit hospitals and hospitals in larger cities report more inpatient days. The effect of the DRG case-mix index
is marginally positive being significant at 10 % level in the main analysis but turning
insignificant in the robustness check.
Having tested different model specifications, the effect of co-payments is not convincing and straightforward at all. The significance of the effect varies with model specification
being either marginally significant or not significant at all. The direction of the effect
stays consistent across models. The magnitude of the effect when significant varies from
2.7% to 4.1%.
The results are consistent with existing empirical Czech literature which also moves
from one side to the other regarding the significance of the effect of co-payments. On
one hand, Hromádková (2016) discovered a positive effect of reimbursement in regional
hospitals, but dealing with prescriptions, on the other hand Kalousová (2014) did not find
out any significant effect of co-payments on inpatient care using individual SILC data.
Note that CZK 60/EUR 2.4 is a very small amount though larger than CZK 30/1.2
EUR which was charged for and outpatient visit during which an examination was carried
out. Votápková & Žı́lová (2016a) assumed that the reason for the insignificance of the
co-payment on outpatient care might be the low magnitude of the user charge. The
marginal positive effect of co-payments on the number of inpatient days discovered in
this analysis proved the assumption of Votápková & Žı́lová (2016a). It is thus expected
that if the amount of co-payment had been even higher, the positive effect of user charges
would have been more profound.
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Appendix
Table B1. Correlation matrix
TREAT
1
-0.011
0.480
-0.185
-0.307
-0.348
-0.396
-0.359
-0.132
-0.085

TREAT
POST
PRESENCE
DAYS
DRG
teaching
population
not profit
unc eff2019
c eff2019

POST

PRESENCE

DAYS

DRG

teaching

population

not profit

unc eff2019

c eff2019

1
-0.008
-0.009
0.007
-0.006
0.000
-0.002
-0.178
-0.115

1
-0.282
-0.375
-0.287
-0.283
-0.376
-0.129
-0.160

1
0.534
0.856
0.629
0.429
0.113
0.166

1
0.530
0.445
0.329
0.134
0.158

1
0.634
0.363
0.112
0.133

1
0.392
0.003
0.041

1
0.017
0.129

1
0.761

1

Table B2. Model tests
Main analysis
Model
Normality
graphically
Jacque Bera test
model
model
model
model

1
2
3
4

accept
accept
accept
accept

accept ** P=
accept * P =
accept*** P =
accept *** P =

0.082
0.047
0.114
0.134

Robustness check
Model
Normality
graphically
Jacque Bera test
model
model
model
model

1
2
3
4

accept
accept
accept
accept

accept ** P = 0.073
accept * P = 0.03602
accept *** P = 0.100
accept ***P = 0.1115

52

Homoscedasticity
Breush-Pagan test
accept *
accept *
reject
reject

P
P
P
P

=
=
=
=

No autocorrelation
Durbin–Watson test

0.015
0.016
0.004
0.001

reject P = 2.99e-09
reject P = 1.624e-09
reject P = 4.447e-09
reject P = 4.353e-09

Homoscedasticity
Breush-Pagan test

No autocorrelation
Durbin–Watson test

accept * P= 0.02478
accept * P = 0.023
accept * P = 0.020
accept at * P = 0.012

reject P = 2.272e-10
reject P = 1.313e-10
reject P = 2.926e-10
reject P = 3.17e-10
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Table B3. Robustness results: Model 1 & Model 2
Model 1 plain
Coefficient
(Intercept)
TREAT
POST
teaching
log(population)
presence
log(DRG)
not profit
INTERACTION
adjusted R2
F-Statistics

P-value
Cluster–robust SE

8.9043
0.6128
-0.0221
1.0693
0.2084
-0.2740

0.00E+00
8.46E-13
1.91E+00
9.73E-06
1.12E-03
1.97E+00

***
***

0.3693
0.0277

1.63E-03
1.06E-01

**

***
**

Model 2 - DRG
Cluster–robust SE

OLS

1.73E-53
2.49E-10
7.72E-01
4.41E-18
9.10E-09
1.00E-03

***
***

1.44E-07
8.08E-01

***

9.1696
0.6061
-0.0210
0.9908
0.1832
-0.2445
0.2836
0.3623
0.0389

***
***
**

0.7487
< 2.2e-16
150 DF

P-value
OLS

0.00E+00
2.46E-13
1.82E+00
3.15E-06
3.49E-03
1.95E+00
1.31E-01
2.21E-03
4.10E-02

***
***
***
**

**
**

7.45E-52
2.81E-10
7.81E-01
7.97E-15
1.34E-06
3.49E-03
5.69E-02
1.98E-07
7.32E-01

0.7531
< 2.2e-16
149 DF

Table B4. Robustness results: Model 3 & Model 4
Model 3
Coefficient
(Intercept)
TREAT
POST
teaching
log(population)
presence
not profit
log(unc eff2019)
log(c eff2019)
INTERACTION
adjusted R2
F-Statistics

P-value
Cluster–robust SE

8.8836
0.6064
-0.0158
1.0622
0.2108
-0.2697
0.3660
0.0968

0.00E+00
2.00E-11
1.49E+00
5.55E-06
8.68E-04
1.98E+00
2.37E-03
6.98E-01

***
***
***
***

0.0348

8.06E-02

*

**

3.45E-52
8.73E-10
8.39E-01
2.22E-17
9.93E-09
1.49E-03
3.30E-07
5.48E-01
7.64E-01

0.747
< 2.2e-16
147 df

Model 4
Coefficient

OLS
***
***
***
***
***
***

8.9010
0.6000
-0.0212
1.0648
0.2098
-0.2701
0.3608

0.00E+00
9.50E-11
1.84E+00
2.83E-05
1.90E-03
1.96E+00
5.76E-03

0.1446
0.0416

6.91E-01
9.70E-02

0.747
< 2.2e-16
147 DF
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P-value
Cluster–robust SE
***
***

OLS

***

1.56E-52
1.43E-09
7.84E-01
1.46E-17
1.02E-08
1.44E-03
4.59E-07

*

5.43E-01
7.22E-01

***
***

***
***
***
***
***
***

***
***
***
***
**
*
***

Chapter 3

Health status as a determinant for
pre–retirement savings
Consistent with life-cycle optimization behavior, individual savings should reach their
maxima at the point of retirement (Curtis et al., 2015). Earlier in life individuals usually
support dependent children and thus do not save much. Later in life, savings are already
being used up in retirement to cover individual´s expenses. The pre-retirement cohort
however increasingly suffers from health issues too and their health expenses escalate
(Mana & Kalnicka, 2016). The effect of health status on savings thus should prove the
strongest in the pre-retirement cohort.
The relationship between health and wealth accumulation/savings among the elderly
has been widely analyzed in the literature. Smith (1999) analyzed a panel of individuals
and proxied health by self-reported general health status finding out that in middle and
older ages new health events significantly affect household income and wealth. Adams
et al. (2003) analyzed a US panel of individuals aged 70+ and proxied health by a dummy
variable indicating whether a doctor has ever told the respondent, one suffered from a
particular illness. Health conditions were found to be associated with increased dissaving from liquid wealth. Ricketts et al. (2013) carried out a 2SLS model analyzing the
relationship between health outcomes and the willingness to save on a cross–section of
individual data. They find that health outcomes are positively related to the individuals’
willingness to save.1
In addition, Pang & Warshawsky’s (2010) results show that health spending risk
drives household portfolios to shift from risky equities to safer assets and enhances the
demand for annuities due to their increasing-with-age superiority over bonds in hedging
against life-contingent health spending and longevity risks. Atella et al. (2012) suggests
1

The relationship between health status and savings has been analyzed also at the macroeconomic
level. See for example Junji (2003) who found out that an increase in life expectancy has a positive effect
on various saving rates. Sheshinski (2009) proved that increased longevity increases aggregates savings,
but only in in countries with universal pension coverage and retirement incentives. The effect was found
to disappear in countries with pay-as-you-go systems and high replacement rates.
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however that health risks affect portfolio choices only in countries without a protective
full-coverage of the National Health Systems (NHS) suggesting that NHS act as a shelter
preventing shifts to safe investments due to individual’s health issues arising in older ages.
As the literature suggests, it is rather unlikely that specific health outcomes are exogenous to savings. The simultaneous relationship has be taken into account for instance in
Adams et al. (2003), Meer et al. (2003), Salm (2010), Ricketts et al. (2013) or Michaud &
van Soest (2004). Meer et al. (2003) applied an instrumental variable regression instead.
Even though the literature on the relationship between health and savings is quite
extensive, it is missing for the Czech Republic. We will contribute to this stream of
missing research by the analysis of the savings behavior of the Czech population aged
50–60, taking into account their health status, as well as other demographic, health
and economic characteristics to account for heterogeneity in a considerably homogeneous
sample. In the Czech Republic, this age cohort usually does not retire before the age of 60
although early retirement is also possible. A cross-section of Czech data of the SHARE
(Survey of Health, Ageing and Retirement in Europe) database, Wave 5, is analyzed.
Household savings data is normalized to individual level (divided by 2 for cohabitating
partners).
The essay aims to investigate whether health status has an effect on the accumulation
of quite liquid financial assets (current amount on bank accounts, the current amount
saved in bonds, stocks and mutual funds and savings for long-term investment) at a
certain point of time of the pre–retirement segment of the population who are assumed
to be significantly concerned with savings for the years to come. At the same time, we
assume that everyone wants to save some portion of their work–life income for retirement
to optimize their life–time consumption behavior, consistent with the macroeconomic
life–time optimization models. A 2SLS methodology is applied.
In the essay, we also test for the endogeneity problem between health and the level
of pre–retirement savings among the Czech population. On one end, we assume that
people with a high level of quite liquid financial assets are risk averse. Risk aversion
characterizes their behavior and they are thus also sensitive to health risks. They invest
into preventive health programs, go to the gym, eat healthy food, etc. which in the
end increases their health status. On the other end, sicker people spend a lot of money
on their health and thus save less because their primary goal is to get well now. If
healthy, these consumers invest into other forms of consumption and wealth rather than
health. The latter relationship has been empirically confirmed by Fu et al. (1999) who
found that individuals who are not chronically ill are less willing to pay for low pesticide
products in Taiwan compared to individuals who are chronically ill. Explanation of the
endogenous relationship with income was rejected based on an insignificant correlation
with the endogenous variables. This analysis uses income as an exogenous variable in a
2SLS similar to Ricketts et al. (2013).
We will answer the following questions:
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• Does health play a role in explaining the level of savings in the pre-retirement
segment of the population?
• Is there an endogenous relationship between health and savings at a micro-level?
• What other characteristics play a role in explaining the level of financial assets
accumulated in the pre-retirement age cohort?
The essay is organized as follows: Section 3.1 theoretically explains the methodology used, Section 3.2 introduces the dataset, Section 3.3 reports empirical results and
Section 3.4 discusses and concludes.

3.1

Methodology

To account for the bi–directional relationship between health outcomes and savings, we
use the Two-Stage model (Greene, 2002). This approach ensures that error terms in the
dependent variables are uncorrelated with the independent variables. A similar approach
was taken by Meer et al. (2003) or Ricketts et al. (2013).
A two–stage model rests on the idea that first, two reduced form equations are estimated, such that each endogenous variable is expressed as a function of only exogenous
variables (instruments). Fitted values of the endogenous variables (health outcomes,
savings) are obtained, and consequently plugged into the structural equations. For a
two-stage least squares estimation, consider the following model:

y1 = α1 y2 +

k
X

βi xi + u

(3.1)

i=1

where y2 is an endogenous variable of a structural equation for y1 , x1 . . . xk are exogenous independent variables and α1 and β1 , βk are coefficients to be estimated. In addition,
there is a vector of instruments z = (1, x1 , . . . xk , z1 . . . zm ) that are correlated with endogenous y2 . In other words, vector z covers both exogenous independent variables and
instruments. For illustration, the reduced form equation for y2 takes:
y2 = δ0 +

k
X

δ i xi +

i=1

m
X

γi z i + 

(3.2)

i=1

thus we get
y2 = yˆ2 + ,

(3.3)

where yˆ2 is a linear projection of y2 with all exogeneous variables that are not correlated with u in Equation 3.1. The projection yˆ2 is thus not correlated with with u, and
 takes up all the correlation with u. In a two-step estimation, yˆ2 is then plugged into
equation 3.1. However, in such a two-stage procedure where predicted variables are used,
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standard errors are usually smaller than if estimated in a single step. We thus consider
only vectors x and z and estimate all in one step.
In order for the structural equations to be identified, exclusion restriction has to be
satisfied (Greene, 2002), i.e. at least one variable has to be excluded from each structural
equation to be identified.

3.2

Data

The dataset used for the analysis was retrieved from the SHARE database, Wave 5. It
comprises only the Czech part of the survey of individuals aged 50-60, i.e. those born
after 1951. Only individuals living with a partner are covered, i.e. single households are
excluded due to homogeneity of the sample. The final dataset used for the main analysis
covers 1,405 observations. A robustness check restricts the dataset to 920 observations.
Variables used in the model shall be divided into endogenous variables and exogenous
variables, the latter of which includes demographic factors, health factors and economic
factors. If available, imputed variables were preferred (Börsch-Supan, 2016) due to a
large number of missing observations in the original dataset.

3.2.1

Endogenous variables

Household gross financial assets (‘SG ’) represents the dependent variable of the
model. Is is obtained as a sum of the current amount on bank accounts, the current
amount saved in bonds, stocks and mutual funds and savings for long-term investment,
all for both co–habitating partners together. The resulting sum is normalized to an individual level since co–habitating partners share the costs of living and make investment
decisions jointly. Household net financial assets (‘SN ’) normalized for an individual
level was tested as an alternative dependent variable. It was obtained as household gross
financial assets net of liabilities.
Self-perceived health status (‘HP HS ’) is an endogenous variable proxying health.
It takes on values 0-5, with 0 being the worst and 5 being the best. It is assumed that
if sick, one saves less, because she wants to get better as soon as possible and thus
invests in her health. If healthy, individuals have a wide choice to invest in other forms
of consumption and wealth/savings. It is further assumed that in the pre-retirement
cohort, preference should be given to liquid financial assets, thus a positive relationship
is expected similar to Ricketts et al. (2013). Long–term illness (‘HL−T I ’) represents an
alternative proxy for health status. It is a dummy variables taking value of 1 if present,
and zero otherwise. Long–term illness may be chronic or may limit an individual in
certain activities, including labor market activities, for a longer period of time. Similar
as above, a presence of a long-term illness and thus worse health status is expected to
decrease one’s pre-retirement savings.
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3.2.2

Exogenous variables

Education of the respondent (‘edu’) in years is an ordered variable representing the
level of education, i.e. human capital one has accumulated. It is assumed that more
educated individuals are more concerned with their health and have a positive attitude
towards savings, thus increasing both.
Income (‘income’) represents a sum of an average monthly income of a household
in the year prior to the interview and an average monthly income from rents on real
estate in the last year. It expresses heterogeneity in the earning capacity that influences
how much money can be substituted between savings and other investment/consumption
having satisfied basic needs. We assume that income has a positive effect on savings as
found by Ricketts et al. (2013) or Fioroni (2010).
Assets (‘assets’) represents household’s real assets. It was obtained as a sum of the
value of main residence owned, value of own business, value of cars owned, value of other
real estate, net of mortgages. Real assets represent another dimension of savings which
suggests a that a negative effect will result. In other words, if sold, the money would
probably be saved, thus subsequently increasing liquid savings. If, however, preferences
to hold different kinds of assets do not differ much, suggesting their complementarity
rather then substitutability, the resulting effect of real assets on liquid financial assets
will be positive. Note also that in the pre–retirement age, many people invest in their
homes not to have to do so when old. Even though primary residence and secondary
real estates and cars are expected to behave differently from the economic point of view,
such that the former is a necessity, while the latter is a luxury goods, aggregation is not
considered to hamper the relationship anyhow.
Perceived life–expectancy (‘lifex’) expresses respondent’s probability of living in
10 years. It is assumed that a higher probability of living in 10 years increases current
savings one has accumulated.
Partner’s education (‘edu p’) in years is included under the assumption that the
level of education is a proxy for a certain type of human (economic) behavior and that
partners usually influence each other’s behavior.
Age (‘age’) is assumed to decrease health outcomes but the effect on savings is not expected to play a significant role due to a very homogenous cohort as to savings behavior.
Preliminary analysis excluded also partner’s age as unimportant due to sample homogeneity. In other words, partners are usually of a similar age in this cohort (women may
be a few years younger than men). Outliers characterized by enormous age differences
between partners do not represent distributional issues for the analysis.
As found by Borchers & Gershwin (2012), and Whitaker et al. (2012) or Knolll et al.
(2012) individual’s savings plan tend to be influenced by gender. On the other hand,
Ricketts et al. (2013) find that there is not a significant difference between males and
females. Our preliminary results also suggested an insignificant effect. A variable SEX
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Table 3.1. Descriptive statistics

HP HS
HL−T I
SG
SN
age
gender
edu
income
bmi
lifesat
assets
lifex
edu p

n

mean

median

min

max

sd

1405
1403
1405
1405
1405
1405
1405
1405
1405
1405
1405
1405
1405

2.90
0.41
9574
8951
55.97
1.43
12.37
13109
27.89
7.31
91777
55.57
12.50

3
0
4995
4524
57
1
12
11757
27.25
8
60322
50
12

1
0
0
-13448
26
1
1
0
15.88
0
-13852
0
1

5
1
159365
159365
61
2
25
52330
71.75
10
835390
100
25

1.07
0.49
12476
12663
4.39
0.49
2.97
8039
4.97
1.93
104502
29.28
2.96

(‘SEX’) thus will be included only in the health equation.
Body mass index (‘bmi’) is an indicator reducing/increasing health, rather than an
indicator of poor self–control which would reduce savings (such an effect is assumed to be
rather rare in the Czech context). It will thus be included only in the ‘health’ equation.
Life–satisfaction (‘lifesat’) is used similar to Ricketts et al. (2013) who included job
satisfaction under the assumption that psychological factors also determine ones health.
It takes value 0-10, with 0 being absolutely dissatisfied and 10 being absolutely satisfied
and happy. This variable enters only the ‘health’ equation.
Table 3.1 reports descriptive statistics, correlation matrix is provided in Table C1.
The model was estimated in the econometric software R (R Development Core Team,
2006), packages IVREG and SYSTEMFIT and the econometric software STATA.

3.3

Empirical results

To satisfy the exclusion restriction, from each structural equation, we exclude variables,
which are only indirectly related to the particular equation, similar to Ricketts et al.
(2013).
The structural equations take the following form:

S = β0 + α1 Ĥ + β1 edu + β2 income + β3 assets + β4 lifex + β5 edu p + u

(3.4)

H = β0 + α1 Ŝ + β1 age + β2 gender + β3 edu + β4 income + β5 bmi + β6 lifesat + u (3.5)
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where H defines a dependent variable representing health (perceived health status,
or alternatively presence of a long–term illness), S denotes gross financial assets, or
alternatively net financial assets attributable to an individual. Parameter u denotes the
error term.
All of the independent variables from equation 3.4 and equation 3.5 serve as instruments in the reduced form equations for health and savings.
Results of the four alternative specification of equation 3.4 are provided in Table 3.2
and Table 3.3.2
Model 1 and model 3 use gross savings (SG ) as a dependent variable, whereas model
2 and model 4 employ net savings (SN ) as a dependent variable, i.e. gross savings net of
household debt. Perceived health status (HP HS ) is an instrumented variable in models 1
and 2, while a presence of a long-term illness (HL−T I ) stands for a health status variable
in models 3 and 4.
All four models reveal consistent results as to the direction and significance of exogenous variables. Sizes of the effect of the exogenous variables are not very different across
models either, suggesting that selected alternative dependent and instrumented variables
may be used as robust substitutes.
Additional years of education of both partners in the household increase the level
of financial assets. Income has also a positive effect on financial assets accumulated as
expected. Possession of real assets complements accumulation of financial assets rather
than it would substitute it. That is, individuals who own real assets have also accumulated liquid financial assets which points out to their risk-aversion. Life expectation,
i.e. one’s probability of living in 10 years, decreases the level of current financial assets
already accumulated. If one expects to stay alive during these 10 coming years, she probably believes that she will stay in the labor market for some more time and be able to
accumulate additional financial assets for retirement.
Better health, as expressed either by self-perceived health status or by the presence of
a long-term illness, increases current financial assets as initially expected. Note that signs
of the coefficient of these two variables differ because of opposite interpretation of the
variables. A higher value of self-perceived health status denotes better health, whereas
the presence of a long-term illness takes the value 1, while absence of a long-term illness
is denoted by 0. A similar apporach was taken for example by Ricketts et al. (2013).
R-squared in Table 3.2 and Table 3.3, by definition, does not bring much information
for the 2SLS model. All consistency tests necessary for the 2SLS model are reported
in Table 3.4. To test endogeneity we applied the Wu-Hausman test which in all cases
rejected the null hypothesis that OLS and 2SLS are equally consistent. Thus 2SLS
here is consistent and OLS is not, therefore 2SLS is preferred. Note that if OLS is
2

Other specifications of the model were also tested due to a large choice of exogenous variables available
from the SHARE dataset. The selected specification was chosen as the most appropriate reflecting
parsimonious and efficiency principle.
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coef
2233.22
337.7014
.3727432
.0113795
-48.79993
564.6936
-11351.45

st. Error
969.4397
133.2966
.0433988
.0032223
13.78197
121.9206
1957.987

p-value
0.021
0.011
0.000
0.000
0.000
0.000
0.000
*
*
***
***
***
***
***

Wald chi2(6) = 323.14
Prob > chi2 = 0.0000
R-squared = 0.1512
Root MSE = 11490
No. obs = 1405

Note: Signif. codes: 0 ‘***’ 0.01 ‘**’ 0.05 ‘*’ 0.1 ‘.’

dependent var: SG

HP HS
edu
income
assets
lifex
edu p
cons

Model 1

st. Error
1098.996
140.7427
.0522707
.0036723
14.49788
132.6152
1986.84

Robust
p-value
0.042
0.016
0.000
0.002
0.001
0.000
0.000
*
*
***
**
**
***
***

Wald chi2(6) = 268.95
Prob > chi2 = 0.0000
R-squared = 0.1512
Root MSE = 11490
No. obs = 1405

Table 3.2. Instrumental variables (2SLS) regression: Model 1 and model 2

dependent var: SN

coef
2673.099
355.094
.3517675
.0128469
-52.12735
586.4932
-13410.88

Wald chi2(6) = 331.24
Prob > chi2 = 0.0000
R-squared = 0.1461
Root MSE = 11697
No. obs = 1405

Model 2

st. Error
986.9043
135.698
.0441806
.0032804
14.03026
124.117
1993.261

p-value
0.007
0.009
0.000
0.000
0.000
0.000
0.000

**
**
***
***
***
***
***

st. Error
1136.927
143.0458
.0535569
.0037148
14.82062
135.796
2071.158

Robust
p-value
0.019
0.013
0.000
0.001
0.000
0.000
0.000

*
*
***
**
***
***
***

Wald chi2(6) = 274.80
Prob > chi2 = 0.0000
R-squared = 0.1461
Root MSE = 11697
No. obs = 1405
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dependent var: SG

coef
-7291.776
319.49
.3980163
.0118187
-50.85521
582.5412
-2107.362

st. Error
3336.63
142.1404
.0427107
.0032794
15.33122
125.3112
3535.153

p-value
0.029
0.025
0.000
0.000
0.001
0.000
0.551
*
*
***
***
**
***

Wald chi2(6) = 303.91
Prob > chi2 = 0.0000
R-squared = 0.0938
Root MSE = 11878
No. obs = 1403

Note: Signif. codes: 0 ‘***’ 0.01 ‘**’ 0.05 ‘*’ 0.1 ‘.’

HL−T I
edu
income
assets
lifex
edu p
cons

Model 3

st. Error
3627.334
151.8232
.0501341
.0037391
15.75123
134.0191
3943.12

Robust
p-value
0.044
0.035
0.000
0.002
0.001
0.000
0.593
*
*
***
**
**
***

Wald chi2(6) = 250.58
Prob > chi2 = 0.0000
R-squared = 0.0938
Root MSE = 11878
No. obs = 1403

Table 3.3. Instrumental variables (2SLS) regression: Model 3 and model 4

dependent var: SN

coef
-8335.151
341.6254
.3816994
.0134814
-53.51938
608.3647
-2685.307

Model 4

st. Error
3412.349
145.3661
.0436799
.0033538
15.67914
128.1549
3615.377

p-value
0.015
0.019
0.000
0.000
0.001
0.000
0.458

*
*
***
***
**
***

Wald chi2(6) = 307.87
Prob > chi2 = 0.0000
R-squared = 0.0799
Root MSE = 12148
No. obs = 1403

st. Error
3779.036
155.3176
.0511477
.0037989
16.20761
137.4332
4077.081

Robust
p-value
0.027
0.028
0.000
0.000
0.001
0.000
0.510

*
*
***
***
**
***

Wald chi2(6) = 253.95
Prob > chi2 = 0.0000
R-squared = 0.0799
Root MSE = 12148
No. obs = 1403
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BLUE, 2SLS has larger standard errors for the coefficient estimates. Additionally, we
extracted residuals from each reduced form equation. A residual from a reduced form
health equation was plugged into a structural savings equation and a residual from a
reduced form savings equation was plugged into a structural health equation. If the
residual is significant, the variable from which reduced form equation was extracted is
endogenous. Table 3.4 reveals that health is endogenous with respect to savings which
confirms the results of the Wu-Hausman test.
Weak instrument test and an F-test for a joint significance of instruments which was
applied on reduced form equations consistently reject the null hypothesis that the
instrument is weak, i.e. jointly 0. In other words, results reveal that the instruments
selected are sufficiently correlated to the endogenous variable.
Sargan test and the LM overidentification test confirm that all exogenous instruments are exogenous and thus uncorrelated with the model residuals. Specifically, the
Sargan test here accepts the null hypothesis that the model is not overidentified. To carry
out the LM test, we regress residuals extracted from the structural savings equation on
all instruments. Since the null hypothesis is accepted, the model is not overidentified.3
A test for heteroscedasticity is essential for the 2SLS model. The Breush-Pagan
test for heteroscedasticity rejects homoscedasticity at a border level for all four models.
The White test rejects homoscedasticty for model 3 and model 4 completely. Since robust
standard errors are appropriate even under homoscedasticity, Table 3.2 and Table 3.3 report also heteroscedasticity-robust standard errors. Since homoscedasticity was rejected
at a border level only, robust standard errors do not differ much from the heteroscedasticity non-adjusted robust standard errors.
Model 2 was subject to an additional robustness check where the behavior of only
household heads was analyzed. Such an approach reduces the sample to 920 observations, but gets rid of the potential bias which may result from normalization of financial
assets accumulated to an individual level. Thus, the same amount of financial assets
accumulated does not appear twice in the analysis if partners live together. Only model
2 was selected since it analyzes net financial asssets (without liabilities) and uses selfperceived health status (which is not a dummy) as an instrumented variable. Results of
the robustness check are reported in Table 3.5. The direction of the effect of the explanatory variables confirm the results of the main analysis. However, years of own education
loses significance completely and the amount of real assets accumulated is less significant
than before.
Consistency tests for a robustness check in Table 3.6 confirm that a 2SLS methodology is appropriate. Perceived health status remains endogenous to the current level
of financial assets accumulated and it is appropriately instrumented within the model.
Homoscedasticity is now accepted both through Breush-Pagan and White tests. Still,
3

An R-squared insignificantly different from 0 and an F test already reveals the like, however, they
assume normality. Thus the LM test is more appropriate.
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1398
1402

6
2

1395

1392
1393
1393
NA
1396
1400

1

4
9
9
3
6
2

df2

1395
1395
1395
NA

3
9
9
3

df1

1397

df2

1

df1

2.732
1.988

10.990
18.01
38.3
3.607

6.955

statistic

2.367
3.881

43.067
50.1
38.11
3.498

8.388

statistic

Note: Signif. codes: 0 ‘***’ 0.01 ‘**’ 0.05 ‘*’ 0.1 ‘.’

Wu-Hausman
Endogeneity test
Endogeneity test
Weak instrument test
F-test joint sign. Instr.
F-test joint sign. Instr.
Sargan
LM overident. test
Breush-Pagan heterosc. Test
White homosced. Test

Model 3

Wu-Hausman
Endogeneity test
Endogeneity test
Weak instrument test
F-test joint sign. Instr.
F-test joint sign. Instr.
Sargan
LM overident. test
Breush-Pagan heterosc. Test
White homosced. Test

Model 1

Table 3.4. 2SLS consistency tests

0.00845
0.324332
0.0311
8.92e-09
< 2.2e-16
< 2.2e-16
0.30712
0.9753524
0.01214
0.1373

p-value

0.00384
0.70523
0.003837
< 2e-16
< 2.2e-16
< 2.2e-16
0.32106
0.967176
0.02799
0.02085

p-value

*

*
***
***
***

**

*
*

**
***
***
***

**

health
savings

health
savings

health
savings

health
savings

6
2

3
9
9
3

1

df1

Model 4

6
2

4
9
9
3

1

df1

Model 2

1396
1400

1393
1393
1393
NA

1395

df2

1398
1402

1394
1395
1395
NA

1397

df2

2.646
1.451

14.250
18.01
40.24
6.777

8.667

statistic

2.201
3.302

32.301
50.1
40.07
7.908

10.574

statistic

0.00329
0.355105
0.003293
3.78e-09
< 2.2e-16
< 2.2e-16
0.07937
0.7463513
0.01481
0.2347

p-value

0.00117
0.79605
0.001299
< 2.2e-16
< 2.2e-16
< 2.2e-16
0.04794
0.7530647
0.04053
0.03711

p-value

*

**
***
***
***
.

**

*
*

**
***
***
***
*

**

health
savings

health
savings

health
savings

health
savings

Health status as a determinant for pre–retirement savings

Health status as a determinant for pre–retirement savings
Table 3.5. Instrumental variables (2SLS) regression: Robustness check model 2

PHS
edu
income
assets
lifex
edu p
cons

Wald chi2(6) = 192.60

Wald chi2(6) = 166.94

Prob >chi2 = 0.0000
R-squared = 0.0934
Root MSE = 12431
No. Obs = 920

Prob > chi2 = 0.0000
R-squared = 0.0934
Root MSE = 12431
No. Obs = 920

coef
3629.984
272.5381
.3438024
.0110207
-62.71932
596.18
-14346.32

st. Error
1248.938
176.4413
.0572063
.0043727
17.40387
158.2233
2653.517

p-value
0.004
0.122
0.000
0.012
0.000
0.000
0.000

**
***
*
***
***
***

Robust
st. Error
1385.762
185.7433
.059625
.00486
17.04647
176.6748
2679.206

p-value
0.009
0.142
0.000
0.023
0.000
0.001
0.000

*
***
*
***
**
***

dependent var: SN
Note: Signif. codes: 0 ‘***’ 0.01 ‘**’ 0.05 ‘*’ 0.1 ‘.’

Table 3.6. 2SLS consistency tests - robustness check model 2

Wu-Hausman
Endogeneity test
Endogeneity test
Weak instrument test
F-test joint sign. Instr.
F-test joint sign. Instr.
Sargan
LM overident. test
Breush-Pagan heterosc. Test
White homosced. Test

df1

df2

statistic

p-value

1

912

12.89

0.000347
0.9888
0.000357
< 2e-16
< 2.2e-16
< 2.2e-16
0.510540
0.9951037
0.2504
0.2672

4
9
9
3

909
910
910
NA

23.96
33.27
24.01
2.31

6
2

913
917

1.309
1.322

**
**
***
***
***

health
savings
health
savings

Table 3.5 reports also heteroscedasticity-robust standard errors.

3.4

Conclusion

The essay investigated the relationship between the level of short-term liquid financial
assets and a health status of the pre-retirement age cohort in the Czech Republic. A
SHARE Wave 5 dataset of 1,405 individuals aged 50-60 was analyzed using a 2SLS
methodology because the relationship between health and savings proved endogenous.
The effect of other socio-demographic and economic factors was considered. This essay
is the first attempt to analyze savings behavior of the pre-retirement segment of the
population in the Czech Republic.
Additional education and income were found to increase savings. Possession of real
assets apparently complements the accumulation of short-term financial assets rather
than it would substitute it. In other words, it appears that the people who own real
assets always want to own a proportionate level of liquid financial assets as well. Lifeexpectation, i.e. one’s perceived probability of living in 10 years decreases the current
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level of financial assets. If one believes in an optimistic outlook of one’s own life, she
probably believes that she will accumulate additional financial assets, and not yet retire.
In this respect, a lagged variable may uncover additional information.
Most importantly, we find that a better health status significantly increases the level
of current liquid financial assets one has accumulated in the years prior to retirement.
Our micro-economic analysis should thus motivate policy-makers to give priority and
carefully design preventive health programs because healthy individuals could financially
secure themselves for retirement.
Consistent with increasing life expectancy and the demographic prediction which will
be expensive for the pension system, upon our scenario where preventive health programs
increase personal savings, a well-designed reform of the pension system which increases
private participation, should ease the currently tight public pension system
The healthcare system would also benefit from well-designed preventive health programs because prevention is cheaper than treatment. In addition, if the individuals save,
interest rates fall, investments rise which stimulates economic growth in aggregate.
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L-TI
income
assets
SG
SN
edu
edu p
HP HS
lifex
age
gender
bmi
lifesat

1
-0.09742
-0.09404
-0.03629
-0.04888
-0.14387
-0.10825
-0.55342
-0.22226
0.101011
0.008037
0.127183
-0.24484

L-TI

1
0.316886
0.332513
0.329878
0.240699
0.2398
0.205275
0.03737
-0.06709
0.077258
-0.02981
0.168106

income

assets

1
0.23379
0.247973
0.246961
0.235191
0.185073
0.067821
0.014708
0.013739
-0.05825
0.142043

Table C1. Correlation matrix

Appendix

1
0.986019
0.25676
0.281393
0.111498
0.003043
0.003318
0.028136
-0.0615
0.132785

SG

1
0.261065
0.290403
0.127488
0.00553
0.016518
0.022075
-0.06561
0.158292

SN

1
0.483456
0.222599
0.071144
-0.0407
0.067245
-0.10678
0.17714

edu

1
0.195149
0.061609
-0.02587
-0.05318
-0.08731
0.150547

edu p

1
0.282725
-0.12612
-0.05241
-0.16233
0.353913

HP HS

1
-0.00519
-0.03792
-0.11188
0.236461

lifex

1
0.141093
0.053831
0.02196

age

1
0.063578
0.026689

gender

1
-0.02679

bmi

1

lifesat
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Chapter 4

Discussion and implications for
health policy
Although the quality of the Czech healthcare has long been recognized as very high in
the international comparison as measured by different indicators, such as life expectancy
at birth, survival rates of various forms of cancer and other illnesses, mortality rates at
birth and until the age of 5, the Czech Republic lacks behind other EU countries in many
key efficiency and financial characteristics, including expenses to healthcare as the share
of GDP, low private participation on healthcare expenses, excessive number of patient
days, long inpatient length of stay, low number of day-care interventions, etc.1
In order to reach the ultimate goal of increased financial sustainability of the Czech
healthcare system, OECD (2018) recommends that the Czech Republic should, among
others (1) combat the challenge of ageing population; (2) improve hospital management;
(3) reimburse hospitals based on performance rather than a flat rate; (4) strengthen the
role of general practitioners in the care for chronically ill; and (5) equalize availability
and quality of care across the country.
This chapter connects and discusses the results of the three preceding analytical essays
that assessed specific areas of the Czech healthcare sector which either have been reformed
lately or which are still worth targeting. The analytical research in this dissertation
thesis, as well as, our other research have a direct implication for health policy too. The
implications are in line with the OECD (2018) recommendations which sets increased
financial sustainability as the ultimate goal for the Czech healthcare system. Each section
of this chapter discusses a particular policy implication and puts our analytical research
into the context of health policy. Our five implications provide empirical evidence to the
OECD (2018) recommendations.
Section 4.1, stresses the need for increased inpatient care efficiency. These may increase mainly through efficient hospital management and the use DRG as a performance
1

A thorough discussion of stylized facts and international comparison of the Czech healthcare system
is provided in the Appendix.
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measure and reimbursement mechanism. We compare the results of our previous research in Votápková & Šťastná (2013) on efficiency of Czech general hospitals using the
Stochastic Frontier Analysis (SFA) and the results of Mastromarco et al. (2019), that
is, Chapter 1 of this dissertation thesis, which assesses efficiency of Czech general hospitals using a conditional FDH approach and uses an enhanced list of output variables.
We shed light on inefficiency determinants and point to specific areas which need to be
targeted to increase efficiency of Czech general hospitals. We suggest that specialized
and university hospitals should be financed according to a separate or adjusted scheme
because they provide a different service structure, both in terms of severity and spectrum
of care provided, than other hospitals.
We suggest that besides fair financing, an effective DRG reimbursement mechanism
which replaces a flat rate and phases out investment and operational subsidies, will increase efficiency of capital investments of hospitals.
Section 4.2 suggests that in order for the Czech healthcare system to be more financially sustainable, private participation on healthcare expenses should increase. It
compares the results of Votápková & Žı́lová (2016a) and Chapter 2 which analyze the
effect of the introduction and subsequent abolition of user charges, suggesting that user
charges in the Czech healthcare system were too low to show any profound effect on
the consumption of healthcare. We add the results of Chapter 3 suggesting that private
savings may be viewed as another form of private financing of healthcare. Since health
status is a positive determinant of liquid savings, particularly in the pre-retirement cohort, the Czech Republic should strengthen the role of prevention. We argue that effective
preventive programs should be in place before above-marginal levels of user charges are
introduced, otherwise adverse effects of avoiding healthcare due to financial reasons, thus
deteriorated health status of the population, or financial difficulties of the sick and the
most vulnerable may result. At the same time, the information about the inevitability
of increased private participation has to be shared with the public in a way they accept
it. Simultaneously, financial literacy should increase so that the people understand the
necessity of precautionary savings.

4.1

Inpatient care efficiency

This section compares and reviews findings reached by two recent cost efficiency studies of
Czech general hospitals, i.e. Votápková & Šťastná (2013) and Mastromarco et al. (2019),
and applies these findings for policy purposes focusing primarily on the potential of the
DRG case–mix index as a performance measure. Besides, we discuss also differences in
the management structure of hospitals of different forms.
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Lessons 1 and 2: Apply DRG as a performance measure and increase
efficiency of hospital management
Both Votápková & Šťastná (2013) and Votápková (2019) analyzed a panel of Czech
general hospitals. The period of observation and sample size differed due to given constraints - some hospitals merged into larger entities, others did not provide reliable data.
Votápková & Šťastná (2013) measured cost efficiency of a panel of 99 Czech general
hospitals in the period 2001-2008, while Mastromarco et al. (2019) analyzed a panel of
81 hospitals in the more recent period 2006–2010. As many as 78 units overlap across
studies.
Both studies use frontier methods, but particular models in each of the studies differ.
The variety is in line with theoretical literature that suggests that different models should
be used to complement each other.
Inputs to both analyses represent total operating costs, excluding capital costs and
outpatient costs of hospitals. The vector of variables used as hospital output is however
different in the two studies. Votápková & Šťastná (2013) used inpatient days disaggregated into acute and nursing care and did not account for the DRG case-mix index to
capture severity of acute care cases which was being developed at the time when the
analysis was carried out. Mastromarco et al. (2019) adjusts acute care admissions for the
hospital DRG–case–mix index which takes into account severity of cases treated in each
hospital. In addition, Mastromarco et al. (2019) includes a variable representing publications among outputs to account for the fact that big and teaching hospitals devote some
of their productive time to research and teaching rather than just treatment.
Both of the essays explained reasons for inefficiency or pointed at areas which should
be targeted for efficiency to increase. However, the set of determinants of inefficiency
is different in the two studies. The adjusted vector of output variables in the latter
canceled the effect of some of the environmental variables previously used. Similarities
and difference between the two studies referenced are summarized in Table 4.1, a detailed
variable description is provided in Table D1 and Table D2.
When comparing inputs (overall costs) to outputs, including acute days, nursing days,
doctor/bed and nurse/bed ratios, in Votápková & Šťastná (2013) an average hospital
produced very inefficiently (mean efficiency of 0.411) as Table 4.2 reveals. When
searching for reasons of such low efficiency scores, Votápková & Šťastná (2013) discovered
that if a hospital is either larger (both in terms of the number of beds and the number
of patients treated), it is nonprofit, it is situated in a municipality with a larger share of
the elderly or is a university hospital, it tends to be less efficient. On the other hand,
hospitals situated in bigger municipalities and in regions where also other general hospitals
operate, are more efficient. Mean efficiency, when accounting for environmental
variables, reached 0.866. Note that when determinants were included into the model,
the scores became more homogeneous, i.e. standard deviation decreased.
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Table 4.1. Differences between Votápková & Šťastná (2013) and Mastromarco et al. (2019)

Votápková & Šťastná (2013):
Efficiency of hospitals in the Czech Republic
Prague Economic Papers 4, 2013

Mastromarco et al. (2019):
Efficiency of hospitals in the Czech Republic
- conditional efficiency approach
JPA 51(1), 2019

panel of 99 hospitals

panel of 81 hospitals
(78 hospitals overlap)
2001–2008
2006–2010
parametric frontier
non–parametric frontier
inputs = overall inpatient costs
vector of outputs
acute days
acute patients adjusted for the DRG–case–mix index
nursing days
nursing patients
nurse–bed ratio
nurse–bed ratio
doctor–bed ratio
publish
vector of determinants
size
specialization
nonprofit
nonprofit
university
university
share of the elderly in a municipality
year 2009 or 2010
competition
occupancy rate
population in the municipality
year 2009 or 2010 × university
year 2009 or 2010 × nonprofit

The results of Mastromarco et al. (2019) discovered average

efficiency of a

sample of 81 general Czech hospitals to be 0.934 and 0.940 for the unconditional
and a conditional models, respectively. Conditioning the efficiency scores on the
effect of environmental variables decreased standard deviation of scores, making them
again more homogeneous across the overall sample.
The adjustment for the DRG case-mix index (Kožený et al., 2010) and
incorporation of publications among outputs increased the average efficiency
scores remarkably, increased homogeneity of the results and turned most of the
environmental variables used in Votápková & Šťastná (2013) unimportant. Size of
the hospital, size of the municipality where the hospital is situated, share of the elderly,
neither the number of general hospitals providing care in the same area played a role
anymore.
Obviously, the level of the DRG case–mix index to some extent correlates
with specific demographic and hospital characteristics. For instance, the DRG
case–mix index of the group of big hospitals, which are usually situated in significantly
larger municipalities with more competing general hospitals2 , strongly exceeds the DRG
2

The share of the elderly in the municipality is comparable across hospitals in the sample.
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case–mix index of hospitals of other sizes. The difference in the DRG case-mix among
hospitals is caused both by the different DRG base, i.e. different hospitals tend to treat
different types of cases, and differences within DRG groups, i.e. the cases hospitals treat
differ also in severity, not only in the main diagnosis. For instance, heart transplant is
carried out only in specialized centers/teaching hospitals, not in small hospitals. Hernia
surgery is carried out carried out both in big and small hospitals, but teaching hospitals
report more complicated cases of hernia as opposed to small hospitals which treat just the
simple ones. An alternative to the well-functioning DRG mechanism would thus
look at local demographics, size, mission of the institution but at significantly
higher costs than the DRG system.
Unfortunately, the Czech DRG system does not reflect the severity of cases optimally
yet. Indeed, the Czech DRG system was introduced as a payment mechanism in 2007
and was abandoned shortly after due to a number of drawbacks. Currently, there is a
new initiative called “DRG Restart”, the goal of which is to implement a new functioning
DRG system until 2020.
Despite the fact that hospitals with specialized centers treat more complicated cases
(average DRG index is 1.41 compared to 0.87 in non-specialized hospitals) and are more
involved in research activities (average publication output 1.59 compared to 0.02) both
of which is captured among outputs, the presence of a specialized center used as a determinant in Mastromarco et al. (2019) is detrimental to efficiency. Similarly, the effect
of university status on efficiency is negative both in Votápková & Šťastná (2013) and
Mastromarco et al. (2019) despite controlling for severity of cases and publications both
of which are significantly higher for university hospitals compared to other hospitals.
University hospitals and hospitals with specialized centers may be however also characterized by a different service and management structure. There are likely to work
other factors driving efficiency of these hospitals down, e.g. they run costly research
experiments, doctors’ salaries may be extremely high, the number of doctors may be relatively large, quality of treatment is not properly measured, etc. A different management
structure is also responsible for the negative effect of the nonprofit ownership status.
Besides, Mastromarco et al. (2019) found that the more a hospital approaches its
full capacity, the more efficient it is. The negative effects of the financial crisis of 2009
overweighted the positive effect of additional resources obtained from the introduction of
user charges which were still partly in place in 2009 and 2010. This negative effect proved
strong particularly for nonprofit hospitals. The results support the finding of our other
research in Votápková & Žı́lová (2012), which found the user charge of CZK 30 (EUR
1.2) on outpatient visits to be fully insignificant, and Votápková (2019) which found a
marginal significance of CZK 100 (EUR 2.6) on inpatient care.
Size revealed a strong and significant effect on efficiency scores in Votápková
& Šťastná (2013). It was found that the bigger the hospital is, the lower is its
efficiency score are both when determinants were accounted for and without
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determinants (Table 4.2). In the baseline model - the scores ranged from 0.55 for small
hospitals to 0.24 for big hospital for the baseline model; the model with determinants
reported average efficiency scores of 0.95 for small hospitals and 0.72 for big hospitals.
When the resulting efficiency scores were divided into size groups, standard deviation
in all groups decreased with respect to the overall sample, suggesting homogeneity
within size groups. For the group of small and medium hospitals, standard deviation of
efficiency scores decreased remarkably when determinants were included. The group of
big hospitals, including also a11 teaching hospitals, reported the lowest within
group variation in the baseline model (0.077), but the largest variation in the
model with determinants (0.121) across groups. Note also that as opposed to the
group of small and medium hospitals, standard deviation increased when determinants
were included. The results, on one hand, suggest that it would be a mistake not to account
for environmental variables responsible for/justifying inefficiency. On the other hand, the
rise in the standard deviation among efficiency scores within the group of big hospitals
in the model with determinants reveals that there are likely to be other environmental
variables justifying/causing low efficiency scores which need to be searched for. Note also
that the large dispersion of efficiency scores among big hospitals in the environmental
model is caused by the fact that all 11 teaching hospitals belong to this group and
reach the lowest efficiency scores, not exceeding 0.7 which is the mean for the
group of big hospitals with determinants.
In Mastromarco et al. (2019), even though not strongly, one also observes a pattern when efficiency scores are divided into size group. However, here efficiency scores
increase with an increase in size both for conditional and unconditional models which is attributed to the incorporation of the DRG–case–mix index and
publications among variables, the lack of which previously disadvantaged bigger hospitals (Table 4.2). For the group of small hospitals, both mean and median efficiency
is lower than the scores for the overall sample. The group of medium hospitals reaches
the mean efficiency of the overall sample but below median scores of the overall sample.
Only the group of big hospitals exceeds both mean and the median efficiency scores of
the overall sample.
Standard deviation between unconditional and conditional models decreased for all
size groups, consistent with the overall sample. The most homogeneous results were
found in the group of big hospitals, both for the conditional and unconditional
models contrary to the models in Votápková & Šťastná (2013) in which the group of
big hospitals revealed the largest standard deviation across groups in the model with
determinants and the lowest standard deviation in the baseline model due to, primarily,
the presence of teaching hospitals. On the other hand, Mastromarco et al. (2019) observe the largest standard deviation of scores for the group of small hospitals,
for both conditional and unconditional models, again contrary to Votápková & Šťastná
(2013) which reported the lowest standard deviation for small hospitals in the model with
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determinants and the highest standard deviation in the baseline model.
The remarkable increase in average efficiency scores for big hospitals is explained by
the improved vector of outputs in Mastromarco et al. (2019). It suggests that big and
teaching hospitals indeed tend to treat more complicated cases and carry out
research besides treatment, which is the main function of hospitals. Also other
hospitals (small and medium ones) that do research and publish their findings differentiate
from those that just treat, which is supported by the large standard deviation of efficiency
scores among the group of small hospitals in Mastromarco et al. (2019).
A robustness check in Mastromarco et al. (2019), where the sample was divided into
two subgroups, i.e. big hospitals; and small and medium hospitals, confirms the results
of the main analysis with some exceptions. Concerning small and medium hospitals
the only difference is the insignificance of the joint year dummy for the specification
with publication output, but it becomes marginally significant when publication output
is dropped. It suggests that research activity of small and medium hospitals in 2009
and 2010 is responsible for additional costs (average publication output of small and
medium hospitals increased from 0.033 to 0.056 between periods 2006-2008 and 20092010). Nonprofit small and medium hospitals increased their spending without increasing
outputs in 2009 and 2010 rather than taking cost-saving measures.
Contrary to the aggregate analysis, nonprofit and university hospitals tend to
be more efficient within the group of big hospitals when publication output
is included confirming that indeed university hospitals report more publications that
other hospitals (3.05 for university hospitals vs. 0.28 for other big hospitals). Big hospitals
with specialized centers become less efficient when publications are droped as an output
confirming that publications is a relevant output that justifies additional costs.
Contrary to small and medium hospitals and other big hospitals, university hospitals
reveal some minimal cost-saving measures in 2009 and 2010

Lesson 3: Apply DRG as a reimbursement mechanism with some specifics
Research on the DRG started in the second half of 1990s, advanced substantially with
the foundation of the National Reference Center (NRC) in 2003, however, the system was
not implemented as a payment mechanism until 2007.
After a short period of partial reimbursement of inpatient care through the DRG, in
2014, the DRG became again a measure of performance only and payments were based on
historical prices due to multiple drawbacks of the DRG system. Currently, if a hospital
fulfills certain production criteria, e.g. 97 % of inpatient production of the reference year
measured through the DRG, it receives approx. 111.2 % of the budget of the reference
year. (The percentages are defined in the Reimbursement Decree issued annually by the
Ministry of Health of the Czech Republic and are subject to annual changes).
In 2014, DRG responsibilities of the NRC were transferred to the Institute of Health

74

Discussion and implications for health policy

Table 4.2. Summary of efficiency scores

0.522
1.273
0.934
0.962
0.128
27
3
2
81

0.638
1.000
0.940
0.981
0.077
16
0
0
81

0.373
0.914
0.590
0.558
0.145
NA
NA
NA
33

0.112
0.931
0.399
0.379
0.153
NA
NA
NA
33

0.809
0.982
0.875
0.863
0.038
NA
NA
NA
33

0.522
1.123
0.917
0.950
0.158
11
2
0
28

0.638
1.000
0.915
0.942
0.099
4
0
0
28

Big

0.655
1.273
0.930
0.943
0.127
6
1
1
28

75

0.785
1.000
0.939
0.961
0.069
4
0
0
28

0.113
0.379
0.243
0.260
0.077
NA
NA
NA
33

with determinants

Votapkova
& Stastna (2013)

baseline

conditional

Votapkova
& Stastna (2019)
unconditional

with determinants

baseline
min
max
mean
median
st. dev.
effficiency ≥ 1
effficiency ≥ 1.1
effficiency ≥ 1.2
hospitals

unconditional

0.982
0.997
0.993
0.993
0.004
NA
NA
NA
33

Medium
Votapkova
& Stastna (2013)

Votapkova
& Stastna (2019)

with determinants

baseline

conditional

unconditional

0.501
0.997
0.863
0.866
0.133
NA
NA
NA
99

Votapkova
& Stastna (2013)

0.501
0.898
0.722
0.789
0.121
NA
NA
NA
33

Votapkova
& Stastna (2019)

0.640
1.035
0.956
0.983
0.080
10
0
0
25

conditional

0.112
0.931
0.411
0.379
0.192
NA
NA
NA
99

Votapkova
& Stastna (2019)

unconditional

min
max
mean
median
st. dev.
effficiency ≥ 1
effficiency ≥ 1.1
effficiency ≥ 1.2
hospitals

with determinants

baseline

Votapkova
& Stastna (2013)

small

conditional

whole sample

0.835
1.000
0.971
0.983
0.038
8
0
0
25
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Information and Statistics of the Czech Republic (further ‘UZIS’) and a new phase of
implementation of the DRG system started with a new project called “DRG restart”.
The goal of the project was to implement a new DRG system, CZ-DRG until 2020,,
which should correct all shortages of the abandoned IR-DRG system. Based on the
latest developments within the project, however, the implementation as a reimbursement
mechanism is likely to be postponed to 2022.
Only acute inpatient care will be financed through the CZ-DRG. Other
hospital services, such as aftercare treatment, rehabilitation, outpatient care and day
cases, will still be reimbursed through per day payments or fee for services payments.
All procedures performed, drugs, blood and medical devices used, external
laboratory tests outsourced, capital, operating and overhead costs expended
- all are covered in the cost of the case to calculate DRG relative weights..
Operating and overhead costs are allocated to cases in the amount of per diem costs.
Teaching, research and development costs are financed through public funds and are
excluded from the DRG.
Within the DRG system, the payment for equal inpatient care should be set to the
optimal level, regardless of the length of stay. However, costs rise with every additional
inpatient day for which a provider is no longer reimbursed. The main potential of the
implementation of the DRG is thus to shorten the excessive length of stay, which
should lead to an increase in efficiency without a decrease in the quality of healthcare,
holding day-case substitution and re-admission rates constant.
Reduction in the average length of stay is one of the proven effects of the introduction
of the DRG reimbursement system abroad. Cheng et al. (2012) in their study about
impacts of DRG payments on health care in Taiwan determined that the introduction of
the DRG payment system significantly decreases the length of stay. Louis et al. (1999)
found the same effect in Italy - the mean length of stay decreased from 9.1 days to 8.8
days. Besides, Italian hospital admissions decreased as well. Even though the decreasing
average length of stay is consistent with a general trend (Rosenberg & Browne, 2001)
that applies also to the Czech Republic3 , further decrease of the average length of stay
due to the DRG introduction is expected.
Under the optimal DRG reimbursement setup a flat base payment rate should apply
to all hospitals. However, given the specifics of the highly diversified care in university
hospitals and highly specialized centers, which we proved also in Section 4.1, “risk corridors” or an alternative set of weights should be applied in these cases to
reimburse the highly diversified care.
An effectively functioning DRG reimbursement system should also increase efficiency
of capital expenditures of hospitals and reduce corruption involved in capital purchases.
Until April 2014, there were no standards or regulations for hospitals on how to finance
3

The average acute care length of stay has been decreasing continuously over the past years - in 2009,
it was 7.1 days which decreased to 6.8 in 2011 (OECD, 2000–2012).
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and purchase individual pieces of equipment. It was the responsibility of the health
care provider to decide what to buy. Hospitals themselves then contracted with health
insurance funds upon reimbursement of treatment using the equipment bought.
In April 2014, the Equipment Commission was established, which assesses
medical and economic efficiency of “hard” equipment4 . The Commission analyzes necessity of the equipment with respect to the entire Czech Republic or region, and also
availability of after–care treatment neccessary after the intervention within the particular
hospital and immediate neighborhood hospitals. The Commission calculates how much
the intervention using the equipment will cost the healthcare system as a whole and what
benefits it will bring both to the patient and the system.5 The Commission then
either recommends or disapproves purchase of the equipment. Health insurance
funds agreed to respect the decision of the commission6 and not to reimburse procedures
carried out with equipment disapproved by the Commission. Establishment of the
Equipment Commission thus prevents over–priced, inefficient and unnecessary purchases.
Thus together with the the Equipment Commission, if a hospital receives a fixed
payment per case within the DRG reimbursement mechanism, which includes also capital
costs, hospital management is disincetivized from corruption and is motivated to
negotiate the best possible price. In other words, if an overpriced machine is bought,
either it is not recommended by the Equipment Commission and thus should not be
reimbursed by insurance funds, or if it is reimbursed, the cost of corruption is absorbed by
the hospital itself, rather than by the insurance company if reimbursed through the case–
mix mechanism. In the future, when DRG reimbursement mechanism effectively functions
and the Equipment Commission is well–rooted within the healthcare system, corruption
in capital purchases should significantly diminish. That is, if the price of the equipment
is included in the price of service that providers produce, i.e. DRG reimbursement, health
care providers should have an incentive to negotiate the best price in order to save
money.
At the current set-up besides reimbursement from insurance funds, state, regional,
municipal and city (both budgetary and corporatized) hospitals receive investment, and sometimes operational, subsidies, however, private hospitals do not
receive any additional money. Under such a set-up with DRG in place, public hospitals
would thus be reimbursed for these costs twice. The final solution of double financing of
capital costs is not yet clear, however, the plan is to abolish investment subsidies to
public hospitals so that public hospitals are not reimbursed twice.
4

These include magnetic resonance imaging, computer tomography, linear particle accelerators, angiographic lines, etc. It does not include frequently used equipment such as EKG, etc.
5
Although, it is not an HTA analysis.
6
Although health insurance funds are not legally obliged to respect the decisions of the Commission.
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4.2

Private participation on healthcare expenses and the
role of prevention

A low level of private participation on healthcare expenses and a large share of healthcare
costs which are financed publicly threaten the sustainability of future financing of the
Czech healthcare system given the challenge of population aging.
The introduction of user charges has two purposes: (1) bring additional financial
resources to the public healthcare system and (2) curb excess and unnecessary demand
for healthcare services. The international comparison of characteristics of the Czech
healthcare system, such as the length of stay, number of hospitalizations and doctor
visits, etc. and a set-up of the Czech system as being almost entirely publicly funded,
point to the existence of excess demand within the Czech healthcare system.
In 2008, a user-charge reform introduced fees for outpatient visits during which a
clinical examination was carried out (CZK 30/1.2 EUR), for a drug on a prescription
(CZK 30/1.2 EUR), for an inpatient day (CZK 60/2.4 EUR) and for an emergency
visit (CZK 90/3.6 EUR). An extensive discussion both among politicians and the public
followed. As a result, regions governed by Social Democracy reimbursed patients for user
charges for an inpatient day in the hospitals with their influence between February 2009
and mid-2010. In addition, user charges for outpatient visits for children were abolished
in April 2009. Such a set up enabled a natural experiment in Votápková & Žı́lová (2016a)
and Chapter 2. A comparison of the results of the respective studies implies that private
participation on healthcare expenses was too low to reveal any significant effect, and
should be increased. We also suggest that increased private participation on healthcare
expenses has to be accompanies by a strengthened role of prevention in order for it not
to have an adverse effect.

Lesson 4: Increase private participation on healthcare expenses
Votápková & Žı́lová (2016a) analyzed a EU-SILC (Survey of household income and living
conditions) micro level data of 1,841 individuals. We applied the Zero-inflated negative
binomial model. The number of physician visits in the last 12 months of an individual
represented the dependent variable. Independent variables included individual characteristics determining the probability of increased utilization of healthcare services, such as
sex, the number of household members and annual household income per member of a
household.
Chapter 2 assessed the effect of the possibility of user charge reimbursement on the
number of inpatient days of hospitals. We approach the problem from the supply side
perspective with hospitals being units of observations. We assume that hospitals respond
to the fixed demand from the community rather than they would themselves decide on
the amount of care they provide. The total of 76 hospitals are analyzed. The possibility
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of user charge reimbursement in some hospitals proxied user charge abolition assuming
that if individual’s price elasticity is high enough, one chooses a hospital in which one
receives reimbursement for user charges.
The observed period in both studies was 2008-2009, with 2009 being the treatment
period, i.e. the period after effective user charge abolition. Treatment groups represent
those observations which were subject to user charge exclusion/reimbursement, i.e. children in the former and hospitals with major political influence of the Social Democracy
in the latter.
Votápková & Žı́lová (2016a) found no significant effect of the abolition of user charges
for children on the utilization of outpatient care. Specifically, no effect was found on the
probability of avoiding healthcare if sick either on the frequency of doctor outpatient
visits. A number of robustness checks confirmed the results.7
Chapter 2 found only a marginal effect of user charge abolition on the utilization
of inpatient care. In two specifications, the reimbursement of co-payments increased the
number of patient days by 2.7% - 4.1 % depending on the model, being however significant
at 10% level only. In two alternative specifications, the effect of the reform lost significance. In the robustness checks of the results with a larger control group, significance
was lost in the two previously significant models, while in other two previously insignificant specifications, the effect of the reimbursement of user charges became positively
significant, however, at 10% significance level only.
The comparison of studies assessing the effect of user charge abolition suggests no
profound effect of the reform. The results may be without the loss of generality applied
to the reform of user charge introduction. The result is consistent with other research of
the effect of Czech user charges which found only a temporary or an insignificant effect
(Hromádková, 2016; Zápal, 2010). The insignificant effect of the reform on the demand
is thus most likely caused by a low amount of copayments rather than the non-existence
of unnecessary demand. In other words, the amount of copayment was set at a marginal
level. With a larger copayment, the effect may be significant. The amount
of 30 CZK/1.2 EUR for an outpatient visit and 60 CZK/2.4 EUR for a hospitalization
day did not sufficiently motivate the people to carefully consider the necessity of their
need to visit a physician or be hospitalized. They revealed no price elasticity at these
marginal amounts. At larger amounts, price elasticity may cause a different behavior.
Only Kalousová (2014) noted some price elasticity to user charges among the elderly
(50+). She found a decreasing significant effect on the number of doctor visits for this
cohort. We assume, however, that the elderly behave differently due to their larger
price sensitivity relative to other age cohorts as proved by Votápková & Žı́lová (2016b)
who found a strong preference for cheaper generics among the elderly compared to more
expensive originals. The results for the elderly thus cannot be generalized for the whole
7

A sample of adults was restricted to (1) 18-26 olds; (2) to childless individuals, (3) up to 65 year of
age; (4) employed adults up to 65 years of age.
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population. The results of Kalousová (2014) also suggest that the elderly are the most
vulnerable group for whom a copayment ceiling always has to be considered.

Lesson 5: Strenghten the role of prevention
In Chapter 3, we assess the effect of health status on individual liquid savings, concentrating on the pre-retirement cohort. We analyze a sample of the total of 1,405 Czech
individuals at ages 50-60 years interviewed for SHARE. We confirm the endogenous relationship of health status with respect to savings, thus we apply a 2SLS methodology.
Testing for alternative model specifications, we consistently find that a better health
status increases current individual liquid savings in the years prior to retirement.
We assume that prior to retirement the individuals tend to secure themselves for the
years when they are not active in the labor market anymore. Thus, at this age cohort,
we perceive individual liquid savings to be a private source which could potentially be
used for the funding of private healthcare expenses in the years to come. A positive and
significant effect of health status on individual’s liquid savings reveals that if healthy, the
individuals save, but if not feeling well, they invest into their health status to feel better.
The government should thus strengthen the role of prevention so that the
individuals accumulate liquid savings which they would use while retired. These
implication can therefore be generalized for the public pension system too. That is, if
the individuals are healthy prior to retirement, they would accumulate wealth
which eases the tight public healthcare and pension budgets afterwards. This
implication is topical particularly in the view of the challenge of aging population.
We can generalize these implication for other economically active age cohorts too,
although the effect is expected to be the strongest for the pre-retirement segment who anticipate years during which further wealth accumulation will be difficult due to economic
inactivity. Besides, individual savings have macroeconomic implication for investments
and growth.
Considering implications of Votápková & Žı́lová (2016a) and Chapter 2 that the
amount of user charges should be above the marginal level to have an effect in decreasing excess healthcare demand, personal liquid savings, and thus prevention, have a far
reaching importance both at microeconomic and macroeconomic level. Assuming that
user charges would be introduced, the individuals of all ages would have to create precautionary savings for the case of illnesses, injuries or other health disorders which they
can hardly predict. Without any precautionary savings, a need for clinical examination
or hospitalization may cause either financial troubles of the individual or may result in
avoiding healthcare for financial reasons, both of which the opponents of user charges
advocated as legitimate reasons for user charge abolition.
If the system of prevention functions well in the Czech Republic, we expect also the user charge reform to have the desired effect of reducing excess
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demand and increasing the private share of funding of healthcare without the
adverse effects of avoiding healthcare for financial reason, thus deterioration of health
status of the population or financial problems resulting from the absence of precautionary
savings. Naturally, financial literacy should increase over time. The population has
to learn about the importance of precautionary savings for copayments and
healthcare expenses from early childhood because particularly lower educated segments of population often do not accumulate any liquid financial reserves. In addition,
the politicians should unite over the necessity of user charges and should communicate
it to the public in a way that they accept it. Public discontent and a loss of political
preference were, after all, a reason for the terminal abolition of all user charges, except
for emergency visits, in January 2015.

4.3

Conclusions

The chapter discussed the results of the essays analyzed in this thesis and put them
into the context of our overall research activities. We identified five policy implications
resulting from our research. The policy implications of our research are in line with OECD
(2018) recommendations, the ultimate recommendation of which is increased financial
sustainability of the Czech healthcare system.
Results of our research suggest that the Czech Republic should (1) increase
inpatient care efficiency and (2) increase private participation on healthcare
expenses in line with the strengthened role of prevention.
We suggest that inpatient care efficiency may increase if (i) DRG is applied as a
performance and reimbursement mechanism and (ii) efficiency of hospital management increases. It is however likely that that efficiency of hospital management increases
once the DRG reimbursement mechanism is applied.
Even though the DRG system used in our analysis was not optimal yet, we showed that
it significantly improves benchmarking of hospitals. When not accounting for the
DRG case–mix index in the efficiency analysis, hospitals providing highly specialized care
which consumes more resources would be disadvantaged. On the other hand, efficiency
of hospitals which produce just general care but consume more resources than necessary
would be inflated.
In other words, not accounting for the DRG–case–mix index and publication outputs
would overstate inefficiency of big and teaching hospitals, relative to small and medium
hospitals. Big and teaching hospitals often treat complicated cases and besides treatment,
devote a portion of their productive time to research. As a result in Votápková & Šťastná
(2013), big and teaching hospitals were least efficient.
However, in Mastromarco et al. (2019) when DRG adjusted and publication outputs
were considered, big and teaching hospitals were most efficient relative to the rest of
the sample. Comparison of the two studies suggests that big and teaching hospitals
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should be funded separately from small and medium ones. If funded based on
the same scheme, there will always be one group disadvantaged.
Comparison of the results of the two analyses in Section 4.1 implies that an alternative to the DRG system would look at local demographics, size, mission
and legal form of the institution to correct funding which can be directly captured
through the case–mix approach. DRG system thus bears lower administrative
costs in the long run, once fully and effectively functioning.
The disaggregated analysis further suggests that small and medium hospitals
may potentially benefit from corporatization. However, a deeper investigation of
the setting of each hospital would be desirable before corporatization could be set as a
general goal. In addition, big hospitals proved to be more financially flexible than
small and medium ones in their present set-up.
Effective functioning of the DRG as a reimbursement mechanism, where capital costs
are included, together with the Equipment Commission should also guarantee effective
capital purchases of Czech hospitals. Such a setup would disincentivise mangers from
corruption and over-priced capital purchases and would increase their efficiency.
Another stream of our research implies that private participation on healthcare
expenses should increase. Not only is the private participation on healthcare expenses
in the Czech Republic extremely low compared to other countries but in the view of population aging, pure public financing of healthcare expenses is likely to be unsustainable.
We discussed the results of Votápková & Žı́lová (2016a) and Chapter 2 both of which
analytically assessed the reform attempts to introduce user charges in healthcare, but in
different sectors of healthcare. Votápková & Žı́lová (2016a) assessed the effect of outpatient user charges, while Chapter 2 analyzed the effect of user charges in the inpatient
sector. None of the analyses found any profound effect of a decrease of excess demand for
healthcare services in the Czech Republic. We assume that the level of user charges was
too low to show any profound effect. Were the level of user charges larger than marginal,
we expect the effect to have been significant and positive. Increased private participation on healthcare expenses however, assumes that the people would secure themselves for
their healthcare expenses with some precautionary liquid savings. In Chapter 3 we proved
that health status is a positive and significant determinant of liquid pre-retirement savings which suggests that the individuals save only if they are healthy. It implies that the
government should prioritize prevention if private participation on healthcare
expenses increases. Even though we analyzed a pre-retirement segment of population
exclusively, among which we expect the strongest effect because they anticipate a period
without earned income, the conclusions may be drawn to other cohorts too. If the people
do not have precautionary liquid savings for private healthcare expenses, any health disorder may put them into poverty or may cause a decrease in their health status because
of foregoing care.
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Appendix
Stylized facts
In 2012 as much as 11,346.31 mil EUR/ 16,720.57 EUR in PPS (EUROSTAT, 2003–2017)
was spent on healthcare in the Czech Republic. It makes 1,591.61 EUR per capita in
PPS (EUROSTAT, 2003–2017). In relative terms, per capita expenditures on healthcare
in 2012 was 20 % above the average of the Visegrad countries (including Czech Republic,
Poland, Hungary and Slovakia), however, 43 % below EU-15 average (OECD, 2000–2012).
Over the last 13 years, the per capita expenditures on healthcare in the Czech Republic
has followed an increasing trend of other EU countries, however.
When expressed as a percentage of GDP, the Czech Republic spent 7.41 % of GDP
on healthcare in 2010 (OECD, 2000–2012). WHO (2003–2012) estimated healthcare
expenditures to be 7.48 and 7.66 % of GDP in 2011 and 2012, respectively. This puts the
Czech Republic below the average of EU-28 and EU-15 countries, however on the average
of EU-13 and Visegrad countries. Currently, the expenditure on GDP hardly reaches 7 %
of GDP. Currently, there are calls particularly from labor unions, to increase the share
to at least to 9 %.
Of all the EU countries, the Czech Republic finances most of its healthcare publicly in 2012 nearly 85 % of total health expenditure was public compared to 76 % in EU-15
countries or 72 % in Visegrad countries (WHO, 2003–2012). As Figure D1 shows, the
share of public spending decreased slightly in 2008 when user charges for an ambulatory
doctor visits and an inpatient day were introduced, however, afterwards the share of
public resources devoted to healthcare increased again once user charges were abolished.
Figure D1. Public-sector health expenditure % of total health expenditure, 2003–2012
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Source:WHO (2003–2012), estimates

Of all the private expenditure as much as 93 % was formed by household-out-ofpocket payments in 2012 which is the highest share compared to all EU-averages (WHO,
2003–2012)
As much as 32.6 % of the entire healthcare resources was directed to inpatient care
in 2011. Inpatient care was from 96.9 % financed publicly, which results in 31.59 % of all
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healthcare expenditures being public and directed to inpatient care (WHO, 2003–2012).
The Czech Republic copies the general trend of the Visegrad average, however being
significantly above it in all respects, i.e. larger share of resources is devoted to inpatient
care and out of the amount devoted to inpatient care a larger share is financed publicly.
Comparing inpatient expenditure in 2003 and 2011 in the Czech Republic, a decrease
is remarkable. It is connected with a goal to decrease the number of acute care hospital
beds and increase the number of long–term beds. These attempts resulted in 12.6 %
of 58,832 beds available in the Czech Republic in 2012 being dedicated specifically to
long-term patients (UZIS, 2013).
International comparison of the number of hospital beds per 100 000 inhabitants
confirms the Czech trend to decrease the number of acute beds. Compared to EU–
averages however, the Czech Republic still reports the highest numbers. The number
of long–term care beds has been increasing since 2010 (in line with the policy target)
after a drop in 2008–2009. The number of Czech long–term care beds per 100
000 inhabitants, is nevertheless still significantly below EU–15 but above Visegrad
and EU–13 averages (WHO, 2003–2012). Demand for long–term care stemming from
aging population is expected to increase the number of long–term care beds in the future,
were it not for an increase of other alternatives of care for the elderly (community–based
services, home care, etc.).
Inpatient discharges per 100 inhabitants reached 20.5 in 2011 having experienced a steady decrease over 9 years (WHO, 2003–2012). However, it is
still the highest value compared to other EU countries.
Between 2009–2011, Czech occupancy rate decreased in absolute terms and roughly
oscillated around the EU average in relative terms. The Czech average length of stay,
copied a decreasing trend of other EU countries over the whole period, however reporting
significantly higher numbers. Keeping in mind the continuing policy target to increase
efficiency of hospitals in the Czech Republic, one would expect an increase and a
sharper drop in occupancy rate and the acute length of stay, respectively.
Capital equipment in hospitals, particularly acute hospitals, is aging and is underutilized which also points to a scope for further efficiency improvements of the system. In
the period 2003–2012, capital formation expenditure of Czech hospitals was below the
EU–old–member–state average but slightly above the EU–new–member state average.
Czech general hospitals copy the trend for all Czech hospitals both in absolute values
and as a percentage of GDP. Values and percentages of capital formation expenditures
of all hospitals and general hospitals separately suggest that general hospitals drive
hospital capital investment in the Czech Republic. Investment in hospitals of other
types is only marginal. Expressed as percentage of GDP, capital investment has been
significantly decreasing since 2009.
The Czech healthcare sector as a whole is better equipped with medical technology than the average of Visegrad countries, but fairly worse than
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OECD averages (OECD, 2013). In 2011, there were 6.9 Magnetic Resonance Imaging
(MRI) units and 14.8 CT scanners per million inhabitants in the Czech healthcare sector, whereas OECD 28, respectively OECD 29 countries report 13.3 MRI units and 23.6
CT. An average Visegrad country reported only 5.4 MRI units and 12.7 CT scanner per
million population in 2013.
Data on utilization of the MRI units and CT scanner show that the number of MRI
exams per capita in the Czech Republic is lower (39.0 MRI exams and 89.5 CT exams per
1000 population) than average of the OECD 21, respectively 20 OECD countries (55.4
MRI exams and 131.0 CT exams per 1000 population) but by contrast higher than average
of the Visegrad countries (31.0 MRI exams and 79.6 CT exams per 1000 population). Only
Slovakia reports comparable data to the Czech Republic. Hungary and Poland indicate
significantly lower utilization of medical diagnostic devices. Increasing utilization
of the units both in the Czech Republic and other Visegrad countries will
increase efficiency of the Czech healthcare system.
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Tables
Table D1. Variable description of Votápková & Šťastná (2013)
Inputs & outputs
total inpatient costs
acute days
nursing days
doctor-bed ratio
nurse-bed ratio

all inpatient excluding capital costs
sum of intenstive, surgery and non-surgery days
long-term care days
number of doctors per available bed
- quality indicator
number of nurses per available bed
- quality indicator
Determinants

size

nonprofit
share of the elderly
university
population
competition

hospitals divided into 3 groups
acc. the number of patients treated: (1) small (below 10,000),
(2) medium (10,000-20,000) and (3) big (above 20,000)
33 observations in each group
dummy 1 if public not–for–profit,
0 if either public for–profit (> 50 % public share)a or private for–profit
share of 65+ in the municipality
dummy 1 for a faculty hospital, 0 otherwise
number of total inhabitants in the municipality
the number of general hospitals in the region

Note: a Starting in 2003, many regional hospitals were corporatized and became de facto a
private legal entity. However, regional authorities retained more than 50 % of shares of these
newly created joint–stock companies (“a.s.”).

Table D2. Variable description of Mastromarco et al. (2019)
Inputs & outputs
total inpatient costs
acute patients DRG-case mix index adjusted
nursing patients
publications

nurse-bed ratio

all inpatient excluding capital costs
inpatient admissions (excluding ambulatory care)
adjusted for the DRG case–mix index
long–term care admissions
first principle component of the Principle Component
Analysis (PCA) of the data from the Web of Science
database. Inputs to PCA are: (i) articles, (ii) meeting
abstracts, (iii) letters, reviews, proceedings papers weighted
by the share of authors affiliated to the hospital
number of nurses per available bed
- quality indicator
Determinants

Nonprofit
Specialization
University
Occupancy
2009 or 2010
2009 or 2010 × University
2009 or 2010 × Nonprofit
Note:

a

dummy 1 if public not–for–profit,
0 if either public for–profit (> 50 % public share)a or private for–profit
dummy 1 if a specialized center situated in the hospital
list of specialized centers from the Ministry of Health
dummy 1 for a faculty hospital, 0 otherwise
percentage of potential capacity used
dummy 1 if observed in 2009 or 2010, 0 otherwise
cross variable
cross variable

Starting in 2003, many regional hospitals were corporatized and became de facto a private legal entity.

However, regional authorities retained more than 50 % of shares of these newly created joint–stock companies
(“a.s.”).
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This dissertation thesis is a collection of three empirical health economics essays. A
comprehensive discussion and policy assessment connects the results of the essays and the
early research of the author. The dissertation thesis has a clear policy motivation arising
from the reform attempts of the Czech government which address the recommendations
of the OECD reports (OECD, 2011, 2014). The dissertation thesis analytically assesses
the effect of the reforms and the areas of the Czech healthcare system which still deserve
to be improved.
The first essay in Chapter 1 assesses efficiency of Czech general hospitals using the
conditional FDH approach. It is a follow-up research which started already during my
master studies and was published as Votápková & Šťastná (2013). The datasets analyzed in the two studies largely overlap but the methodology differs and so does a set of
variables. In the latter the variables were enhanced particularly for the DRG case-mix
index and publication outputs. The DRG-case mix index, even though not yet optimally
designed, and the publication output significantly improved efficiency of specialized, university and big hospitals. However, big and teaching hospitals would still benefit from a
different funding scheme.
Chapter 2 assesses the effect of inpatient user charges on the number of patient days
of hospitals. We found that user charges exerted only a marginal and unstable effect on
the number of inpatient days that hospitals report. Consistent with other research on
Czech inpatient user charges in different sectors of healthcare, we assume that the user
charge for an inpatient day was too low to reveal any profound and significant results.
Chapter 3 found that health status is a positive determinant of pre-retirement liquid
saving. It also pointed out to the important role of prevention within the healthcare
system. We applied a 2SLS methodology, because alternative endogeneity tests revealed
that health status is endogenous to savings.
If the people are healthy, they more likely save, particularly shortly prior to retirement,
to secure themselves for the years when they are not able to work anymore. Likewise, if
not healthy, the individuals would prefer spending money to increase their health status at
the expense of savings. Effective preventive programs could therefore help ease the tight
public healthcare and pension budgets by increasing personal liquid savings. Even though
the effect is expected to be the strongest among the pre-retirement segment of population,
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effective preventive programs could also boost savings of the remaining cohorts.
Chapter 4 discusses and connects the results of the preceding essays providing also a
comprehensive policy assessment resulting from dissertation thesis and our early work.
There is evidence that the Czech healthcare sector lacks behind other EU countries
in some major characteristics, including the share of healthcare expenses as the share
of GDP, low private participation on healthcare expenses, excessive number of patient
days, etc. OECD (2018) highlights the need for increased financial sustainability of the
Czech healthcare system. To reach it, the OECD (2018) recommends, among others,
to (1) combat the challenge of aging population; (2) improve hospital management; (3)
reimburse hospitals based on performance rather than on a flat rate, (4) strengthen the
role of general practitioners in prevention and care for the chronically ill; and (5) equalize
availability and quality care across regions.
Financial sustainability as the ultimate recommendation of OECD (2018) penetrates
the whole dissertation thesis. Each chapter of this dissertation thesis analyzes some of
the problems highlighted by OECD (2018) based on particular reforms or situations.
Specifically, in Chapter 1 and Section 4.1, we show that the DRG case-mix index is
crucial as a performance measure. It is clear that once employed as a reimbursement
mechanism, efficiency of the Czech healthcare system will increase. Section 4.1 highlights
the need for the DRG as the reimbursement mechanism. We also address its benefits for
the efficiency of capital investments.
Our research both within this thesis and the early research of the author brings quantitative evidence of the benefits of private participation on healthcare expenses for financial sustainability of the system. Chapter 3 also quantitatively proved the importance of
prevention for the economic growth of a country.
Other research of the author which is beyond the scope of the thesis addresses some of
the remaining recommendations of the OECD (2018). Chronic illnesses, such as Type II
Diabetes Mellitus, is analyzed in Votápková et al. (2017) stressing the need for a reform
of care for chronically ill, otherwise chronic diseases will represent enormous economic
burden for the public budget in the near future.
Once published, essays included in this dissertation thesis will be disseminated among
policy-makers to contribute to health policy discussions and generate similar policy impact as our previous work which was cited by OECD (2018) report, namely Votápková
& Žı́lová (2012, 2016b).
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odmeňovanie zdravotnı́kov.” Ekon cas 55 (8): pp. 762–782.
O’Brien, B. (1989): “The effect of patient charges on the utilisation of prescription
medicines.” Journal of Health Economics 8(1): pp. 109–132.
OECD (2000–2012): “OECD.StatExtracts.” http://www.oecd-ilibrary.org/social-issuesmigration-health/data/oecd-health-statistics health-data-en.
OECD (2011): “Enhancing public spending efficiency.” In “OECD, Economic Surveys:
Czech Republic 2011,” OECD.
OECD (2013): “Health at a Glance 2013.” Technical report, OECD Health Statistics.
OECD (2014): “OECD Reviews of Healthcare Quality: Czech Republic 2014: Raising
Standards.” Technical report, OECD.
OECD (2018): “OECD Economic Surveys: Czech Republic.” Technical report, OECD.
Pang, G. & M. Warshawsky (2010): “Optimizing the equity-bond-annuity portfolio in
retirement: The impact of uncertain health expenses.” Insurance: Mathematics and
Economics 46(1): pp. 198–209.
Park, B., L. Simar, & C. Weiner (2000): “The FDH estimator for productivity efficiency scores: Asymptotic properties.” Econom theory 16: pp. 855–877.
Pearson, K. (1901): “On lines and planes of closest fit to systems of points in space.”
Philos Mag 2: pp. 559–572.
R Development Core Team (2006): R: A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing, Vienna, Austria.
Racine, J. (1997): “Consistent significance testing for nonparametric regression.” J Bus
Econ Stat 15(3): pp. 369–378.
Racine, J. & Q. Li (2004): “Nonparametric estimation of regression functions with both
categorical and continuous data.” J Econom 119(1): pp. 99–130.
Racine, J. S., J. Hart, & Q. Li (2006): “Testing the significance of categorical predictor
variables in nonparametric regression models.” Econom Rev 25(4): pp. 523–544.
Ricketts, C. F., J. P. Rezek, & R. C. Campbell (2013): “The influence of individual
health outcomes on individual savings behavior.” The Social Science Journal 50: pp. –.

96

Conclusions
Roemer, M. I., C. E. Hopkins, L. Carr, & F. Gartside (1975): “Copayments for
ambulatory care: Penny-wise and pound-foolish.” Medical Care 13: pp. 457–466.
Rosenberg, M. A. & M. J. Browne (2001): “The impact of the inpatient prospective payment system and diagnosis-related groups: a survey of the literature.” North
American Actuarial Journal 5(4): pp. 84–94.
Rosko, M. D. (2001): “Cost efficiency of US hospitals: A stochastic frontier approach.”
Health Econ 10(6): pp. 539–551.
Rosko, M. D. & J. A. Chilingerian (1999): “Estimating Hospital Inefficiency: Does
Case Mix Matter?” J Med Syst 23(1): pp. 57–71.
Salm, M. (2010): “Subjective mortality expectations and consumption and saving behaviours among the elderly.” Canadian Journal of Economics 43(3): pp. 1040–1057.
Saltman, R. B. & J. Figueras (1997): “European health care reform : analysis of
current strategies.” Technical report, Observatory for Health Systems and Policies.
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Votápková, J. & P. Žı́lová (2015): “Health care efficiency in the czech republic evidence for inpatient care.” IES Occassional Paper 2/2015 .
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