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ABSTRACT

Purpose: The Croatian population is rapidly ageing, and if current de-
mographic trends continue, by 2050 one in three Croatians will be over
the age of 65. This demographic shift implies that a smaller working-age
population will need to support a growing number of elderly individuals,
placing considerable strain on economic performance. Simultaneously,
increasing demand for public health services has driven up public health-
care expenditures, with general hospitals bearing the majority of accu-
mulating unpaid obligations. In this context, assessing the cost efficiency
of general hospitals becomes crucial in minimising resource wastage.

Design/Methodology/Approach: Cost efficiency is assessed by analys-
ing how monetary inputs are converted into intermediate outputs. The
cost efficiency of 19 Croatian general hospitals is analysed using the most
common method—input-oriented Data Envelopment Analysis (DEA)—
during the pre-pandemic years of 2015 and 2016, and the pandemic years
of 2021 and 2022. One input is used (total expenditures and outlays of
general hospitals, excluding investments in facilities) and three outputs
(number of inpatient treatment days, beds/chairs occupancy rate in day
hospitals, and number of outpatient services in polyclinic-consultative
healthcare).
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Findings: Cost efficiency scores range from 48% to 100%. On average, hos-
pitals could have reduced expenditures by 7% in 2015, 14% in 2016 and
2021, and by 16% in 2022 while maintaining current output levels. During
the COVID-19 pandemic, the overall cost efficiency of general hospitals
declined. Pula-Pola and Varazdin consistently emerged as benchmark
(most efficient) hospitals across all four years. In contrast, Vukovar under-
performed, with cost efficiency scores below 70% throughout. For most
hospitals, relative efficiency rankings remained stable over time—high
performers before the pandemic continued to perform well afterward;
low performers remained low. The data also indicate that larger hospitals,
in terms of expenditures, generally demonstrate better cost efficiency.

Academic contribution to the Field: This study contributes to the litera-
ture by measuring cost inefficiencies in general hospitals, which are of-
ten overlooked in international health economics research, particularly
in Central and Eastern European countries. It identifies persistent bench-
marks and inefficiencies, offering a data-driven foundation for policy
reforms aimed at enhancing financial sustainability and operational ef-
ficiency in Croatia’s healthcare system.

Research limitations: The model incorporates a limited set of variables
due to data constraints. Including additional indicators, such as pharma-
ceutical expenditures or case-weighted inpatient discharges, could pro-
vide a more nuanced cost efficiency assessment. This limitation highlights
the need for more comprehensive and standardised healthcare data col-
lection in Croatia, especially from the Ministries of Health and Finance.

Practical implications: These findings may assist policymakers, as cost-
efficient general hospitals are vital to economic and social prosperity.
Benchmark general hospitals can serve as models, sharing best practices
in cost management and resource use that could help improve cost effi-
ciency across general hospitals. Less efficient general hospitals should be
targeted for audits, managerial training, or support with budgeting and
resource allocation. Furthermore, the study provides a foundation for
enhancing national hospital performance monitoring systems and data
reporting standards.

Originality/Value: This is the first study to calculate the cost efficiency of
19 Croatian general hospitals.

Keywords: cost efficiency, Croatia, Data Envelopment Analysis, health, public
general hospitals

Analiza stroskovne ucinkovitosti javnih splosnih bolnisnic
na Hrvaskem

POVZETEK

Namen: Hrvasko prebivalstvo se hitro stara, in ¢e se bodo sedanji demo-
grafski trendi nadaljevali, bo do leta 2050 vsak tretji Hrvat starejsSi od 65
let. Ta demografski premik pomeni, da bo moralo manjse delovno aktiv-
no prebivalstvo podpirati ¢edalje vec starejsSih, kar bo moc¢no obremenilo
gospodarsko uspesnost. Hkrati narasc¢ajoce povprasevanje po javnih zdra-
vstvenih storitvah povecuje javne izdatke za zdravstvo, pri cemer najvedji
delez nakopicenih neporavnanih obveznosti nosijo splosne bolnisnice. V
tem kontekstu postane ocenjevanje stroskovne ucinkovitosti splosnih
bolnisnic klju¢no za zmanjsevanje razsipavanja virov.
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Zasnova/metodologija/pristop: stroskovna ucinkovitost je ocenjena z
analizo, kako se denarni vlozki pretvorijo v vmesne rezultate. Stroskovna
ucinkovitost 19 hrvaskih splosnih bolnisnic je analizirana z najpogoste-
je uporabljeno metodo — vhodno usmerjeno analizo ovojnice podatkov
(DEA) - v predpandemicnih letih 2015 in 2016 ter v pandemicnih letih
2021 in 2022. Uporabljen je en vhod (skupni izdatki in odhodki splosnih
bolnisnic, brez nalozb v objekte) in trije izhodi (Stevilo bolnisni¢nih oskrb-
nih dni, zasedenost postelj oziroma stolov v dnevnih bolnisnicah ter Stevi-
lo ambulantnih storitev v polikliniéno-konzultativni dejavnosti).

Ugotovitve: ocene stroskovne ucinkovitosti segajo od 48 % do 100 %.
Povprecno bi bolnisnice lahko znizale izdatke za 7 % v letu 2015, za 14 %
v letih 2016in 2021 ter za 16 % v letu 2022, ne da bi zmanjsale obstojece
ravni izhodov. Med pandemijo covida-19 se je skupna stroskovna ucinko-
vitost splosnih bolnisnic poslabsala. Bolnisnici Pula-Pola in Varazdin sta v
vseh stirih letih dosledno izstopali kot referencni (najucinkovitejsi) enoti.
Nasprotno pa je Vukovar dosegal slabse rezultate, s stroskovno ucinkovi-
tostjo pod 70 % v celotnem obdobju. Pri vedini bolnisnic so relativne uvr-
stitve po ucinkovitosti ostale stabilne skozi ¢as — visoko ucinkovite pred
pandemijo so ostale ucinkovite tudi po njej; manj ucinkovite so ostale niz-
ko uvrscene. Podatki kazejo tudi, da vecje bolnisnice, merjeno po izdatkih,
praviloma dosegajo boljso stroskovno ucinkovitost.

Akademski prispevek k podrodju: studija prispeva k literaturi z merje-
njem stroskovnih neucinkovitosti v splosnih bolnisnicah, ki jih mednaro-
dne raziskave zdravstvene ekonomike pogosto spregledajo, zlasti v drza-
vah Srednje in Vzhodne Evrope. Identificira vztrajne referencne primere
in neucinkovitosti ter ponuja podatkovno podlago za politi¢ne reforme,
usmerjene v izboljSanje finan¢ne vzdrznosti in operativne ucinkovitosti
hrvaskega zdravstvenega sistema.

Omejitve raziskave: model vkljucuje omejen nabor spremenljivk zaradi po-
datkovnih omejitev. Vkljucitev dodatnih kazalnikov, kot so izdatki za zdra-
vila ali po primerih utezeni akutni bolnisni¢ni odpusti, bi lahko omogodila
bolj niansirano oceno stroskovne ucinkovitosti. Ta omejitev poudarja po-
trebo po celovitejSem in standardiziranem zbiranju zdravstvenih podatkov
na Hrvaskem, zlasti s strani ministrstev za zdravstvo in finance.

Prakticne implikacije: ugotovitve lahko pomagajo oblikovalcem politik,
saj so stroskovno ucinkovite splosne bolnisnice klju¢ne za gospodarsko
in socialno blaginjo. Referenc¢ne bolnisnice so lahko vzor, delijo dobre
prakse upravljanja stroskov in uporabe virov ter s tem pomagajo izbolj-
Sati stroskovno ucinkovitost v celotnem sklopu splosnih bolnisnic. Manj
ucinkovite bolnisnice naj bodo cilj revizij, managerskega usposabljanja ali
podpore pri proracunskem nacrtovanju in nacrtovanju virov. Poleg tega je
Studija podlaga za izboljSanje nacionalnih sistemov spremljanja uspesno-
sti bolnisnic in standardov porocanja podatkov.

Izvirnost/vrednost: gre za prvo studijo, ki je izracunala stroskovno ucin-
kovitost 19 hrvaskih splosnih bolnisnic.

Kliucne besede: stroskovna ucinkovitost, Hrvaska, analiza ovojnice podatkov (DEA),
zdravje, javne splosne bolnisnice

JEL: H75,118
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1 Introduction

The Croatian public health system is struggling with financial stability due to
two main factors. On the one hand, there is a growing demand for medical
services driven by an aging population and the increasing need for expensive
treatments and medications. On the other hand, limited public resources are
available to support the healthcare system. As a result, the health system con-
sistently faces budget deficits. Hospitals (especially general hospitals) are ma-
jor contributors to these deficits. Forinstance, in 2022, 19 general hospitals ac-
counted for around 45% of the deficit (total revenues and receipts minus total
expenditures and outlays) of all healthcare institutions (MoF, 2025). Further, it
must be emphasised thatin 2021, 2022, and 2023, all general hospitals faced
cumulative deficits, incurred during these years and/or in the periods before
2021 (MoF, 2025). A fiscal sustainability study by Simovi¢ et al. (2021) found
that hospitals account for the majority of healthcare debt, with 73% of debt
older than 60 days, further indicating deep-rooted financial instability.

In 2022, Croatia’s public health expenditure was in line with the EU average,
with the EU and Croatia spending 7.7% of their GDP on health (Eurostat,
2025a). The major difference is that, on average, the EU spends (3.2% of GDP)
on hospital services and (2.3% of GDP) on outpatient services, while Croatia
spends more on hospital services (4.3% of GDP) and less on outpatient ser-
vices (1.2% of GDP).

In terms of health outcomes, Croatia lags behind most EU countries. In 2023,
life expectancy at birth in Croatia was 78.6 years, below the EU average of
81.5 years (Eurostat, 2025b). Additionally, Croatia’s infant mortality rate was
4.1 deaths per 1,000 live births in 2022, which is higher than the EU average
of 3.3 (Eurostat, 2025c).

Improving health outcomes in Croatia while containing costs requires greater
efficiency. That is why one of the main goals of the Croatian National Health
Development Plan for 2021 to 2027 is to improve the financial sustainability
of the healthcare system. It is stipulated that there is a need to analyse the
revenue and expenditure side of healthcare thoroughly and to define specific
short-term and long-term steps to bring health financing into balance. The
existing system of financing is sustainable neither in the short nor in the long
term (Ministry of Health, 2021). There is inevitably a need to find new financ-
ing sources and improve cost efficiency of healthcare system.

We analysed the cost efficiency of 19 general hospitals in Croatia using an
input-oriented DEA model with variable returns to scale. General hospital Si-
sak was excluded from the analysis due to the unavailability data for 2021 and
2022 because of the consequences of the earthquake. Also, general hospitals
Nova Gradiska and Pakrac were excluded from the analysis due to the unavail-
ability of data for 2015 and 2016. In this way, we want to find out which gen-
eral hospitals could spend less on expenditures and outlays, maintaining the
existing level of output. We calculate the cost efficiency, that is, the efficiency
of the transformation of monetary input (total expenditures and outlays of
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hospitals without investments in building facilities in euro) into intermediate
outputs (number of days in hospital treatment for hospital (inpatient) health-
care, beds/chairs occupancy rate in the day hospital, and number of services in
polyclinic-consultative (outpatient) healthcare). To increase the robustness of
the analysis and allow for a better understanding of the impact of the pandem-
ic, the analysis includes two years before the pandemic (2015 and 2016), as
well as two years during the pandemic (2021 and 2022). Including pre-pandem-
ic years allows for a comparison of the performance of hospitals under normal
and emergency circumstances and a more precise identification of changes
and challenges in resource management during the COVID-19 pandemic,
when hospitals were operating under special restrictions and reorganisation.

The paper is organised as follows. After the introduction, the literature re-
view first defines cost efficiency; and then identifies the results and gaps in
existing research on the efficiency of healthcare expenditures in Croatia and
abroad. The third section discusses the data and methodology. The fourth
section presents the results while the fifth presents the discussion. The paper
ends with conclusions and recommendations for future research.

2 Literature Review

Public health efficiency is a key concept in evaluating health systems, focusing
on how effectively governments utilise resources to achieve optimal health
outcomes for their citizens. The goal is to ensure that resources are allocated
rationally to achieve the best possible health outcomes within available finan-
cial constraints (Yi et al., 2020). Health outcomes reflect the core objectives
that policymakers aim to achieve (in terms of mortality rates, standardised
death rates from all causes per 1,000 people, life expectancy, etc.).

The overall efficiency of public healthcare expenditures measures the ratio
of total health expenditures to the health outcomes achieved (Figure 1). Ver-
hoeven et al. (2007) argue that overall efficiency can be divided into cost
efficiency and system efficiency. Cost efficiency represents the efficiency of
converting monetary inputs (total health expenditures) into intermediate
outputs (e.g., the number of physicians, pharmacists, healthcare workers,
hospital beds, and immunisation vaccines). System efficiency represents how
well the intermediate outputs are used to achieve health outcomes (such as
life expectancy).

Asbu et al. (2020), in their literature review on determinants of hospital ef-
ficiency, conclude that hospital efficiency is influenced by internal factors
—elements that hospitals can directly manage and change — and external fac-
tors, which are outside a hospital's immediate control and require broader
interventions at the health system or cross-sectoral level. Internal factors
include size, specialisation, teaching status, case-mix index, bed occupancy
rate, outpatient-to-inpatient ratio, etc. External factors include geographic
location (related to demand for hospital services), competition, reimburse-
ment system, provider incentives, etc. Linna et al. (2010) focused on how
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well hospitals manage to achieve desired outcomes within a given budget,
analysing hospital care in four Nordic countries on a sample of 184 hospitals.
The study confirms that hospitals cannot directly influence the level of de-
mand for health services, as they depend on patient referrals, and concludes
that deviations in efficiency result from a combination of objective factors
(e.g., patient structure) and subjective factors (e.g., management practices).
The key takeaway from the literature review is that since hospital efficiency
is affected by internal and external factors, there is no universal policy or
magic formula that can broadly enhance performance across all hospitals
(Asbu et al., 2020). However, we would also argue that the first step involves
analysing the efficiency of hospitals to identify which ones are less efficient
according to various criteria, followed by further analysis to pinpoint internal
factors they could change - such as adjusting outpatient-to-inpatient ratios,
staffing issues, or medication procurement practices — to improve the effi-
ciency of less efficient hospitals. In that manner, Sheikhzadeh et al. (2012)
studied the efficiency of hospitals in Iran, also using DEA, with a particular
focus on input variables such as staffing and number of beds, and output
variables such as patient discharges and outpatient visits. They concluded
that there are significant inefficiencies in resource use and recommended
targeted management interventions.

Figure 1. The efficiency relationship between health expenditure, resources/
outputs, and outcomes

Overall efficiency of public health care

Health expenditure Real health resources/ Health outcomes
intermediate outputs
* Public health * Health-adjusted life expectancy
expenditure * Hospital beds » Standardized death rate
« Private health * Physicians/health workers « Infant mortality rate
expenditure * Immunizations * Child mortality rate
* Doctors’ consultations * Maternal mortality rate
+ Inpatient admissions * Incidence of tuberculosis
* Lengths of stay
* Bed occupancy rate

Cost
efficiency

System
efficiency

Source: Adapted by authors from Verhoeven et al. (2007).

In this paper, we focus on the cost efficiency of 19 general hospitals, as de-
fined by Verhoeven et al. (2007), which refers to the efficiency of converting
monetary inputs into intermediate outputs. We decided not to investigate
the overall efficiency of general hospitals since health outcomes data (e.g.,
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life expectancy) are available only at the county level, where general hospi-
tals operate. However, these health outcomes (e.qg., life expectancy in one
county) are influenced not only by the operations of general hospitals but
also by other healthcare facilities in that county (such as healthcare centres,
private and public hospitals, and health institutes) as well as behavioural
and environmental factors beyond the control of the health system (such
as diet, alcohol and tobacco consumption, the proportion of the population
over 65 years of age).

We have focused exclusively on an analysis of general hospitals; Rabar (2010)
focused on the efficiency of all hospitals in Croatia together, but the results
of her research make it obvious that different types of hospitals should be di-
vided into separate categories. She emphasised the importance of a categori-
cal approach in calculating efficiency based on similarities between different
types of hospitals. Accordingly, clinical, general and special hospitals should
be analysed separately. Linna et al. (2010) also analysed the efficiency of hos-
pitals in Finland using DEA, with a focus on cost effectiveness and resource
allocation, highlighting the importance of distinguishing hospital types and
the impact of patient structure on efficiency results.

Seven papers in Croatia analysed the efficiency of the whole healthcare sys-
tem or the efficiency of hospitals using DEA methodology. However, cost ef-
ficiency, as defined by Verhoeven et al. (2007), was analysed only in two DEA
studies regarding the efficiency of the whole Croatian health system (Buljan
and Simovi¢, 2022; Jafarov and Gunnarsson, 2008). The other five studies that
we found regarding the efficiency of hospitals in Croatia using DEA method-
ology did not analyse cost efficiency. In their analysis, they either did not use
healthcare expenditures as inputs (Rabar, 2010, 2013; Blecich et al., 2024) or
else did not use healthcare expenditures as the only inputs (Duki¢ Samarzija
etal., 2018; Hodzi¢ et al., 2019). Since we did not find any study on the cost ef-
ficiency of hospitals, this is the first time that the cost efficiency of 19 general
hospitals is calculated in Croatia.

Jafarov and Gunnarsson (2008) evaluated the efficiency of social spending in
Croatia and the EU-15, the EU-10, Cyprus, Malta, and OECD countries. They
concluded that the inefficiency of the Croatian healthcare system primarily
stems from high expenditures, as well as extended hospital stays, elevated
drug costs, and minimal levels of private healthcare financing. Buljan and
Simovi¢ (2022) analyse the efficiency of the healthcare system in Croatia and
compare it with other EU countries in the period 2013-2018. Croatia has the
lowest overall efficiency in the EU, with a healthcare expenditure efficiency of
only 57% in 2018. Although cost efficiency is high (100%), system efficiency is
only 48%, which means that Croatia could achieve the same health outcomes
with fewer resources.

Three studies on the efficiency of hospitals in Croatia highlight similar issues
regarding resource allocation. Rabar (2010; 2013) and Blecich et al. (2024)
find inefficiency due to the excess of beds and doctors in some hospitals.
Hodzi¢ et al. (2019) carried out research into the efficiency of healthcare ex-
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penditures in Croatian counties for the period from 2010 to 2017, arguing
that one of the main causes of inefficiency should be sought in better or-
ganisation of primary healthcare. Duki¢ Samarzija et al. (2018) analysed the
efficiency of Croatian hospitals, focusing on 28 specific hospitals included in
the DRG (Diagnostic-Related Groups) system for the classification of diabetes
without comorbidities and complications. According to this study, the main
source of inefficiency is the number of days spent in hospitals, which should
be decreased. Another reason for inefficiency is also overspending on drugs
and materials, which should also be reduced.

For measuring the efficiency of health services as an input variable, authors
often use health expenditures, health expenditures per capita, or health ex-
penditures as % GDP (Buljan and Simovi¢, 2022). There are several reasons in
the literature why healthcare expenditures are used as an input variable. First,
they represent costs that hospital management can control, which leads to
more efficient financial management. The second reason is that expenditures
are used to describe the economic burden. Expenditure analysis helps to as-
sess government spending and shows where costs can be reduced, enabling
higher efficiency (Jafarov and Gunnarsson, 2008; Slijepcevi¢, 2019; Azreena et
al., 2018; Yiet al., 2020; Wu, 2023; Hodzi¢ et al., 2019).

Andrews and Emvalomatis (2024) note that measuring actual health out-
comes is difficult due to limited data and high costs. As a result, research-
ers frequently rely on proxy indicators instead. Common outcome proxies
include the number of inpatient episodes, outpatient visits, and the length of
hospital stays. To better reflect both case complexity and severity in assess-
ing healthcare output, studies commonly use inpatient days. This approach
aims to capture the intensity of care and resource usage, with longer stays
generally indicating more complex or severe cases. An excellent overview of
variables and models used for efficiency measurement in healthcare can be
found in Andrews and Emvalomatis (2024). They argue that there is a consid-
erable variation in the use of inputs, outputs, and price variables in interna-
tional studies, suggesting that the use of variables in healthcare productivity
and efficiency literature rests on the balance between data availability and
the research scope. In addition, Kruse et al. (2018) also conducted a system-
atic review of hospital efficiency studies at the EU level, identifying the wide
range of used methodologies and variables, and highlighting the challeng-
es of comparing efficiency across different healthcare systems. The output
healthcare variables used in the previous cost efficiency DEA analysis of the
Croatian healthcare system varied. Buljan and Simovi¢ (2022) regarding the
efficiency of the whole Croatian health system used the number of available
hospital beds, the number of CT and MR scanners, and the number of doc-
tors. Jafarov and Gunnarsson (2008) used the number of available hospital
beds, the density of physicians, pharmacists, and healthcare workers, and the
number of immunisation vaccines. As output, Duki¢ Samarzija et al. (2018)
used the number of cases/discharges (a performance indicator that measures
hospital activity relevant for DRG payments, given that it is an activity-based
reimbursement system). Hodzi¢ et al. (2019), used as outputs the number
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of examinations, the number of patients per bed, and the vital index. Rabar
(2010) used as outputs the number of hospital treatment cases and days of
hospital treatment.

3 Data and Methodology

According to the Law on Health Care (2024), Croatia’s healthcare system is
structured into four levels: primary, secondary, and tertiary care, as well as
health institutes. Primary healthcare is primarily provided through healthcare
centres, where patients receive basic check-ups, consultations, and treatment
for minor health issues. Secondary healthcare is offered through general and
specialised hospitals and specialist consultations. General hospitals provide
a broad range of services, including surgery, internal medicine, paediatrics,
gynaecology and obstetrics, while ensuring patient accommodation and nu-
trition. Specialised hospitals focus on specific diseases or age groups, offer-
ing specialist consultations and hospital treatment, and also providing patient
accommodation and nutrition. Specialist-consulting services involve complex
medical procedures and diagnostic services, which are performed in policlin-
ics, day hospitals, and healthcare centres (they do not include accommoda-
tion). Tertiary healthcare is delivered by clinics, clinical hospitals, and clinical
hospital centres, which handle the most complex medical cases, offer a wide
range of services, and often engage in higher education and scientific re-
search. Health institutes include state health institutes (such as the Croatian
Institute of Public Health and the Croatian Institute of Emergency Medicine),
public health institutes of regional self-government units, and emergency
medicine institutes of regional self-government units.

Until January 1, 2024, general hospitals were established by regional self-gov-
ernment units, such as the City of Zagreb or Split-Dalmatia County (with the
exception of the general hospital in Vukovar, which was founded by the Re-
public of Croatia). However, starting January 1, 2024, the Republic of Croatia
became the founder of all general hospitals, as outlined in the Law on Amend-
ments to the Law on Health Care (2023).

Many authors use the deterministic non-parametric frontier method — Data
Envelopment Analysis (DEA) to assess the cost efficiency of public hospitals
(Andrews and Emvalomatis, 2024). By calculating the cost efficiency, it is pos-
sible to determine how well a hospital uses its resources to get the best pos-
sible health outputs/outcomes. Each hospital is a decision-making unit (DMU),
i.e., the object under evaluation is a member of a group that produces compa-
rable results using comparable inputs. DEA determines the efficiency limit of
1, limiting input from below and outputs from above.

Inefficient DMUs should aim for the efficiency limit, and every deviation from
the frontier (efficiency score less than 1) is considered inefficient. DEA analy-
sis, in addition to providing an evaluation of the efficiency of the observed
units, also identifies examples of best practices that can serve as examples
for improving inefficient units (Buljan and Simovi¢, 2022). Efficiency is meas-
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ured by the ratio of output to input, where input represents the resources
used in the production process, and output is the results that are achieved
using these inputs. The advantages and, at the same time, the reasons for the
popularity of the DEA method are that it enables the simultaneous analysis
of a number of different inputs and outputs without prior assumptions about
the functional form of their connection. Input and output data are used to
form the efficiency frontier as a linear combination of the best units in the
sample. The best units are those that achieve the highest output with a given
input level or use the smallest combination of inputs to achieve a given out-
put level. Then, efficiency indicators are calculated based on the distance of
each individual unit from the efficiency frontier. Efficient units located at the
efficiency frontier are assigned the highest indicator value of 1, while for oth-
er units located below the efficiency frontier, the indicator value is between
0 and 1. The efficiency indicator represents the room for efficiency improve-
ment, i.e. the maximum value by which a unit could increase its outputs with
given inputs or reduce its inputs with a constant output value. The efficiency
indicators of the input-oriented DEA analysis show how much inputs could be
reduced proportionally without compromising the achieved outputs.

The most commonly used models in the DEA analysis are (1) the Charnes,
Cooper and Rhodes (1978) model, which assumes that the production
function shows a constant return to scale (CCR model), and (2) the Banker,
Charnes and Cooper (1984) model which assumes a variable return to scale
(BCC model). For choosing the orientation of the model, one should take into
account whether the unit has a greater influence on inputs or on outputs.
Since healthcare decision makers have more control over inputs than outputs,
we have chosen the input-oriented DEA model which is confirmed by inter-
national literature (Zubir et al., 2024). Variable return to scale assumes that a
proportional increase in input results in a more or less proportional output in-
crease. This BCC model has been chosen because the health sector operates
in conditions of imperfect competition and has limited budgets and regula-
tory constraints (Buljan and Simovi¢, 2022).

The formulation of the model is:

m

maxf = Zujyjo + uq

j=1
S

Zvixio =1

i=1
S

m
Z ujyjk — Z ViXik + Uy <0

j=1 i=1
v = O;uj > 0.

The given modelis used to obtain the value of efficiency o, the optimal input
v.and the optimal output u.

200 Central European Public Administration Review, Vol. 23, No. 2/2025



Analysis of the Cost Efficiency of Public General Hospitals in Croatia

Most important in the DEA analysis is the selection of inputs and outputs,
which significantly influence the results. Thus, it is recommended that only
fundamental inputs and outputs be used (Blecich et al., 2024). To calculate
the cost efficiency of hospitals in Croatia, as outputs, we gathered data for
four years — 2015, 2016, 2021 and 2022 — for 19 hospitals from the State Au-
dit Office reports. Specifically, we used data from the Reports on the Com-
pleted Audit for 2016 (which includes data for 2015 and 2016), and Reports
on the Completed Audit for 2022 (which includes data for 2021 and 2022). As
an input variable, we used data for the 2015, 2016, 2021 and 2022 from the
Ministry of Finance on total expenditures and outlays without investments in
building facilities, calculated in mil. euro (Graph 1). Since, for e.g., the hospital
in Bjelovar in 2021 spent around 20 mil. euro for construction objects, we
excluded expenditures for investments in building facilities for all analysed
hospitals. A similar input variable is used in many other research projects (e.q.,
Buljan and Simovi¢, 2022; Hodzi¢ et al., 2019).

Graph 1. Total expenditures and outlays without investments in building
facilities for 19 general hospitals, 2015, 2016, 2021, and 2022 (in mil. €)
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Source: Authors.

Each general hospital performs three types of activities: hospital healthcare
(where patients are treated and stay in the hospital for longer periods), day
hospital (where patients come to the hospital for a day) and polyclinic-consul-
tative healthcare (where patients come to the hospital to do consultative and
diagnostic examinations). As output variables, we decided to use: the number
of days in hospital treatments for hospital healthcare (as in e.g., Rabar, 2010;
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Duki¢ Samarzija et al., 2018; Blecich et al., 2024), the average beds/chairs oc-
cupancy rate in day hospital (similarly to e.g., Hodzi¢ et al., 2019), and the
number of polyclinic-consultative services provided (similarly to e.g., Dukié
Samarzija et al., 2018; HodZi¢ et al., 2019; Rabar, 2010). For outputs, we used
data from Financial Audit Reports from the State Audit Office for general hos-
pitals for 2015, 2016,2021 and 2022, because that was the only source where
we could find output variables for all three types of hospital activities. For
more information about the variables used, see Table 1.

We did not include the number of beds or doctors in hospitals as an outputin-
dicator because Rabar (2010; 2013) and Blecich et al. (2024) find inefficiency
due to excess of beds and doctors in some Croatian hospitals. Also, Imani et
al. (2022) concluded that hospitals with higher bed numbers have lower ef-
ficiency than other hospitals. In addition, we do not think that a hospital is
efficient if it has more beds, but for efficiency, it is more important that the
existing beds are used. Thus, we use as output indicator the average bed oc-
cupancy rate in a hospital (like Azreena et al., 2018; Nwagbara et al., 2016;
Vrabkovd and Lee, 2023; Yi et al., 2020).

Table 1. Definition of variables for each general hospital

Variable Definition and measurement Source
Input

Total expenditures and outlays without

Expenditures  x, investments in building facilities. Based on data  MoF (2025)

from a hospital’s financial reports (in million €).

Outputs
Davs The number of days of hospital treatment in
y Yy hospital healthcare (in 000).
The beds/chairs occupancy rate in the day Sta;e adic .
Beds Yy [y Office (2018;
: 2024)
Services The number of services in polyclinic-consultative
Y5 healthcare (in 000).
Source: Authors.
4 Results

The correlation matrix for all variables in all years 2015, 2016, 2021 and 2022
are presented in Table 2, and it can be concluded that there is no high cor-
relation between variables. To reduce computations and increase efficiency
discrimination among DMUs, according to Sean et al. (2005), if there is a cor-
relation between two variables higher than 0.9, one of the variables can be
excluded. We tested the variable number of doctors and it was highly cor-
related with expenditures, thus for this reason, it is also excluded from the
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analxsis, even though it has been used in many research projects (e.g., Buljan
and Simovi¢, 2022; HodZi¢ et al., 2019; Rabar, 2010). All data used are pre-
sented in Table A1 in the Appendix.

Table 2. Correlation matrix

Expenditures Days Beds Services

Expenditures 1

Days 0.63 1

Beds 0.48 0.34 1

Services 0.73 0.58 0.45 1

Source: Authors.

The descriptive statistics is in Table 3 for all four years and reveal significant
differences in all values of the variables. Hospital Varazdin has the highest to-
tal expenditures and outlays (82.7 mil. euro) and the highest number of days
in treatment (275.2 th.). In contrast, hospital Pula-Pola has the highest num-
ber of services provided (2,945.8 th.), while hospital Slavonski Brod has the
highest beds/chairs occupancy rate for day hospitals (239%). Hospital Knin
reports the lowest expenditures and outlays (6.7 mil. euro) and the lowest
number of services provided (146.2 th.). Finally, hospital Gospi¢ has the low-
est number of days in treatment (16.1 th.), while hospital Vukovar has the
lowest beds/chairs occupancy rate in a day hospital (16%).

Table 3. Descriptive statistics for the variables of each general hospital

Variables Minimum Median Mean Maximum Standard deviation

Input
Expenditures 6.7 27.0 31.1 82.7 18.3
Outputs
Days 16.1 68.3 75.2 275.2 49.1
Beds 15.8 83.6 85.7 238.6 37.6
Services 146.2 1,047.0 1,153.8 2,945.8 620.2

Source: Authors.

Analysis of cost and super efficiency conducted using the input-oriented DEA
method with a variable return to scale for the years 2015, 2016, 2021 and
2022, are presented in Tables 4 and 5. In our study, the efficiency frontier
includes hospitals that can achieve the best possible health outcomes with
the least amount of resources (total expenditures and outlays). After calculat-
ing cost efficiency, we also calculate super efficiency to rank all cost efficient
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general hospitals (score of 1). General hospitals with super efficiency infinity
are the benchmarks.

Cost efficiency was higher in the COVID-19 pre-pandemic period than in the
pandemic period (Tables 4 and 5). Like other authors we observe during pan-
demic cost efficiency decreased (e.g., Hamdollahzadeh et al., 2024). This was
probably because hospitals were operating under special restrictions and re-
organisation which increased costs in general hospitals. However, the level
of cost efficiency did not change significantly during the observed period
for most of the general hospitals analysed. General hospitals that were most
efficient before the pandemic (Pula-Pola and Varazdin) continued to be the
most efficient during the pandemic. Similarly, those general hospitals that
were least efficient before the pandemic (like Dubrovnik and Vukovar) also
remained the least efficient afterward. Comparing our results with the study
by Blatnik et al. (2017), which analysed the technical, cost, and allocative ef-
ficiency of 12 Slovenian general hospitals from 2005 to 2014 using the DEA
method, we observe a similar pattern. That study also emphasised that ef-
ficiency did not change significantly over the years: hospitals that were inef-
ficient initially remained so for the next nine years, while efficient hospitals
maintained their status.

According to our findings, cost efficiency among Croatian general hospitals
varies considerably, with only 7 or 8 out of 19 general hospitals achieving full
efficiency (score of 1) each year, while the remaining general hospitals are
inefficient. On average, the efficiency score is 0.93 (or 93%) in 2015, 0.86 (or
86%) in both 2016 and 2021, and 0.84 (or 84%) in 2022, indicating that on
average general hospitals could maintain the same output level while reduc-
ing theirinput by 7%, 14% or 16%, respectively. The cost efficiency of general
hospitals ranges from 48% to 100%.

Our findings (see Figure 2, and Tables 4 and 5) show that the following hospi-
tals were cost-efficient (cost efficiency = 1) in all analysed years: Knin, Nasice,
Pula-Pola, and Varazdin. Pozega and Zadar were cost-efficient in 2022. Gospi¢
was cost-efficient in 2015, 2016, and 2021; Sibenik-Knin in 2015 and 2021;
Ogulin in 2015; Virovitica in 2015 and 2016; Zabok in 2016, 2021, and 2022;
and Slavonski Brod in 2021 and 2022.
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Table 4. Cost efficiency and super efficiency results and rankings
for the 19 Croatian general hospitals, ranked by
highest efficiency score in 2016

2015 2016
General
hospital  Cost . Super Cost ~ Super  pony
efficiency efficiency efficiency efficiency

Pula - Pola 1 Benchmark 1. 1 Benchmark 1.
Varazdin 1 Benchmark 1. 1 Benchmark 1.
Knin 1 1.2821 3. 1 1.5080 2.
Gospic 1 2.1439 2. 1 1.2724 3.
Zabok 0.9778 0.9778 9. 1 1.1520 4.
Virovitica 1 1.1146 4. 1 1.0481 5.
Nasice 1 1.1092 6. 1 1.0363 6.
Ogulin 1 1.1135 5. 0.9756 0.9756 7.
Cakovec 0.9738 0.9738 10. 0.9045 0.9045 8.
Sibenik-Knin 1 1.0073 7. 0.8927 0.8927 9.
Bjelovar 0.8056 0.8056 15. 0.8778 0.8778 10.
Slavonski Brod 0.9406 0.9406 12. 0.8442 0.8442  11.
Vinkovci 0.9449 0.9449 11. 0.8417 0.8417 12.
Pozega 0.9097 0.9097 13. 0.7421 0.7421 13.
Koprivnica 0.7248 0.7248 17. 0.7393 0.7393 14.
Zadar 0.8829 0.8829 14. 0.6389 0.6389  15.
Dubrovnik 0.9821 0.9821 8. 0.6325 0.6325 16.
Vukovar 0.6725 0.6725 18. 0.6282 0.6282 17.
Karlovac 0.7919 0.7919 16. 0.6212 0.6212 18.
Average 0.9267 = 0.8599 = =

Source: Authors.
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Table 5. Cost efficiency and super efficiency results and rankings for the 19
Croatian general hospitals, ranked by highest efficiency score in 2022

General 2021 2022

hospital effifi)::\cy ef?i‘ili)eer:cy an effig::\cy eF?ilili):r:cy il
Pula - Pola 1 Benchmark 1. 1 Benchmark 1.
Slavonski Brod 1 Benchmark 1. 1 Benchmark 1.
Varazdin 1 Benchmark 1. 1 Benchmark 1.
Zabok 1 1.8504 3. 1 1.9552 2.
Knin 1 1.7257 4, 1 1.8250 3.
Nasice 1 1.1507 5. 1 1.1619 4,
Pozega 0.6249 0.6249 14. 1 1.1503 5.
Zadar 0.8476 0.8476 9. 1 1.0005 6.
Cakovec 0.9212 0.9212 7. 0.9607 0.9607 7.
Gospic 1 1.9437 2. 0.9193 0.9193 8.
Ogulin 0.9455 0.9455 6. 0.9001 0.9001 S.
Karlovac 0.8647 0.8647 8. 0.7972 0.7972 10.
Virovitica 0.7828 0.7828 12. 0.7412 0.7412 11.
Vinkovci 0.7897 0.7897 11. 0.7118 0.7118 12.
Koprivnica 0.8029 0.8029 10. 0.7096 0.7096 13.
Bjelovar 0.7553 0.7553 13. 0.6779 0.6779 14.
Sibenik-Knin 1 Benchmark 1. 0.5664 0.5664 15.
Vukovar 0.4958 0.4958 16. 0.5397 0.5397 16.
Dubrovnik 0.5836 0.5836 15. 0.4810 0.4810 17.
Average 0.8639 = = 0.8424 =

Source: Authors.

Notably, Gospi¢, Knin, Nasice, and Ogulin consistently lie near the frontier's
origin — indicating they operate with relatively low input and output levels
(Table A1 in Appendix). Their proximity to the origin signals input minimisa-
tion, though it doesn’t necessarily reflect optimal output quality or quantity.
Rather, from an efficiency standpoint, these general hospitals are making ef-
fective use of limited resources.

In contrast, hospital Pula-Pola stands higher on the efficiency frontier, indicat-
ing that it is performing well relative to its peers — achieving relatively high
outputs with its inputs. Similarly, hospital Varazdin is positioned very high and
close to the efficiency frontier, indicating that it is also among the top per-
formersin terms of converting inputs into outputs. However, it should be not-
ed that this positioning reflects relative performance within the sample, not
absolute optimisation. DEA evaluates a hospital's performance against other
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hospitals rather than against a theoretical maximum (Jorge et al., 2006), i.e.,
efficiency is determined based on how well a hospital performs compared to
its peers using the same set of resources.

Figure 2. Cost efficiency for 19 general hospitals in 2015, 2016, 2021 and 2022,
ranked by highest efficiency score in 2022
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Source: Authors.

Figure 2 also presents cost efficiency for 19 general hospitals. General hospi-
tals mostly achieve the same (in)efficiency scores in all years, except for some.
Hospitals Dubrovnik, Zadar, Karlovac, and Pozega exhibit the most differences
in inefficiency scores between the two years — 2015 and 2016. For example,
the decrease in the efficiency of hospital Dubrovnik from 98% in 2015 to 63%
in 2016 was due to an increase of 1.4 mil. euro of expenditures and outlays in
2016, and simultaneously a lower number of services and days in treatment
while beds/chairs occupancy rate were higher. The decrease in the efficiency
of hospital Zadar from 88% in 2015 to 64% in 2016 was due to an increase of
1.9 mil. euro of expenditures and outlays in 2016, and simultaneously a lower
number of services and days in treatment, while beds/chairs occupancy rate
were higher. Hospitals Sibenik-Knin, Pozega, and Zadar exhibit the most dif-
ferences in inefficiency scores between the two years — 2021 and 2022. For
example, a decrease in cost efficiency of hospital Sibenik-Knin from 100% in
2021 to 57% 2022 occurred because expenditures and outlays increased by
3.2 mil. euro while days in treatment and the number of services declined
(beds/chairs occupancy rate remained the same).

To rank all cost efficient general hospitals, we calculated super efficiency for
observable years (Tables 4 and 5). General hospitals with super efficiency
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score of infinity are unique in their characteristics, and there is no similar gen-
eral hospital that could serve as a reference sample for them. Those hospitals
are considered benchmark (best practice) general hospitals, and they all share
rank 1. The benchmark hospitals operate at the frontier of efficiency, mean-
ing they use the least amount of input to produce the most output. These
benchmarks could serve as standards, showing how less efficient general
hospitals can improve by mimicking their practices. Hospitals Pula-Pola and
Varazdin were benchmark institutions in 2015 and 2016. In 2021 the bench-
mark institutions were Pula-Pola, Varazdin, Slavonski Brod, and Sibenik-Knin,
while in 2022 only Pula-Pola, Varazdin, and Slavonski Brod were so rated. Hos-
pital Pula-Pola had the highest number of services provided in 2015 and 2016,
and Sibenik-Knin in 202 1. Hospital Slavonski Brod had the highest beds/chairs
occupancy rate in 2022, while hospital Varazdin recorded the highest expen-
ditures and outlays in both 2021 and 2022, as well as the number of days in
treatment throughout all observing years.

5 Discussion

This study adds to the literature by measuring cost inefficiencies in Croatian
general hospitals. It identifies persistent benchmarks and inefficient gen-
eral hospitals, offering a data-driven foundation for policy reforms aimed at
enhancing financial sustainability in Croatia’'s healthcare system. It is impor-
tant to notice that benchmark general hospitals (the most efficient ones) in
each year are the largest general hospitals (in terms of expenditures) (except
Slavonski Brod in 2015, Dubrovnikin 2021, and Zadarin 2021 and 2022) (Table
A1 in Appendix). In addition, benchmark general hospitals on average in the
analysed four years had much lower total due liabilities in total expenditures
(12.4%) than low efficiency general hospitals (36.8%) (Table A1). This might
be due to economies of scope and/or scale. Economies of scope refer to cost
advantages gained by producing a variety of products using shared resources,
while economies of scale refer to cost advantages gained by increasing pro-
duction of a single product. Lindaas et al. (2025) show that general hospitals
producing a diversified mix of services typically achieve greater cost efficiency
through joint production of services (economies of scope). Furthermore, liter-
ature on hospital economies of scale confirms that larger hospitals — particu-
larly those with 200-300 beds — often operate at an optimal scale, benefiting
from cost efficiencies unavailable to smaller hospitals (Giancotti et al., 2017).

Interestingly on the other hand, some general hospitals reported the low-
est expenditures (below 16 mil. euros), yet were still classified as efficient
(cost efficiency = 1), but not as benchmark hospitals. Nasice and Knin in all
four years, Gospi¢ in 2015, 2016 and 2021, and Ogulin in 2015. This may in-
dicate effective resource management and operational efficiency in these
Facilities, despite limited financial resources. Smaller general hospitals could
be more efficient due to simpler organisational structures and lower costs.
Their limited scope of services enables more targeted resource allocation, re-
sulting in reduced expenditures while still ensuring adequate service delivery.
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However, smaller general hospitals often lack access to the latest technol-
ogy, leading specialists, or the ability to perform complex interventions, so
their efficiency should be assessed in relation to the scope and complexity
of the services they provide. In Slovenia, DEA results showed that medium
and relatively small general hospitals, such as BreZice and Trbovlje, consist-
ently scored at or near full technical and cost efficiency, in contrast to large
university hospitals which underperformed (Blatnik et al., 2017). In Slovakia,
a regional DEA window analysis also suggested that regions with fewer beds
and less advanced technological infrastructure often achieved higher health-
care technical efficiency scores, implying that smaller-scale operations with
simpler input structures can sometimes outperform more complex systems
(Vankova and Vrabkovd, 2022; Stefko et al., 2018).

The least efficient general hospitalin all years of our analysis was Vukovar (cost
efficiency score below 70%). Similarly, Dubrovnik had a cost efficiency score
below 70% in all years except in 2015. According to Pecoraro et al. (2021),
such differences can be a consequence of poor management, such as planning
and local organisation of health. Thus, these two general hospitals should be
prioritised as the best candidates for further cost efficiency analysis.

Looking at the broader picture, one of the most striking observations from
this cost efficiency analysis is the recurrent deficit faced by all general hospi-
tals in Croatia. This raises important questions about their financial sustain-
ability. Similar problems exist in other Central and Eastern European (CEE)
countries like Poland where in 2018 a majority of county hospitals (55.3%) re-
ported a gross financial loss, and nearly half (48.5%) faced overdue liabilities
(Dubas-Jakébczyk et al., 2020).

How is it possible that almost all Croatian general hospitals continue to op-
erate in deficit year after year; i.e. why general hospitals cannot cover their
expenditures with their revenues and why do they create overdue liabilities?
How to reduce deficits without compromising the achieved outputs? It is al-
ready mentioned that hospital efficiency is affected by internal and external
factors and that there is no universal policy or magic formula that can broadly
enhance performance across all hospitals (Asbu et al., 2020). However, the
first step involves analysing the efficiency of hospitals to identify which ones
are less efficient according to various criteria, followed by further analysis to
pinpoint internal factors they could change — such as adjusting outpatient-
to-inpatient ratios, staffing issues, or medication procurement practices — to
improve the efficiency of less efficient hospitals.

Literature review points out that Croatian general hospitals face deficits be-
cause of problems relating to their revenues and expenditures. On the rev-
enue side, the DRGs, which determine the pricing for services provided by
general hospitals, appear to be set too low (Horvat, 2024). If the current DRG
prices do not adequately cover the costs of services, they need to be reevalu-
ated and increased. Insufficient reimbursement for the services rendered by
general hospitals contributes to their financial struggles and inefficiencies.
This is an external factor that influences hospital efficiency, which lies outside
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a general hospital's immediate control and requires broader interventions
at the health system or cross-sectoral level (responsibility of the Ministry of
Health and Government). Research by Kalanj et al. (2021) confirmed that the
introduction of DRG-based hospital financing in Croatia during 2009-2018 did
not significantly improve hospital cost efficiency. Despite reductions in the av-
erage length of stay, number of beds, and hospitalisations, the average cost
per DRG-weighted case increased by 17%. Research shows that many other
CEE countries face significant financial challenges due to the debts accumu-
lated by public hospitals, and one of the key contributing factors is the inad-
equate pricing of public hospital services, which is often set below the actual
cost of providing care (Jovanovi¢, 2020; Dubas-Jakdbczyk and Koziet, 2020).

On the expenditure side, as already mentioned, less efficient general hospi-
tals (such as Dubrovnik and Vukovar) should be prioritised for further analysis
to identify specific causes of inefficiency. Some of these causes of inefficien-
cy are elements that general hospitals can manage and change directly. For
example, as the major share of general hospital expenditures and outlays is
directed towards employee costs and materials, further research should be
conducted to explore the impact of these expenditures and outlays on gener-
al hospital cost efficiency. In both 2021 and 2022, 19 general hospitals in Cro-
atia allocated an average of around 60% of their total expenditures and out-
lays to employee costs and 20% to materials costs (e.g., medicines, food for
patients, medical consumables) (MoF, 2025). For example, in 2021 and 2022
the general hospital in Dubrovnik spent more on material costs than the aver-
age for all general hospitals, and the general hospital Vukovar spent more on
employee costs than the average for all general hospitals. Understanding the
specific allocation of these costs can guide targeted interventions to reduce
inefficiencies in the most impactful areas. Also, there may be an excess of
doctorsin certain hospitals, which contributes to higher personnel costs with-
out necessarily improving service delivery, as argued by Rabar (2010; 2013)
and Blecich et al. (2024). Additionally, some Croatian doctors may be splitting
their working time between public and private healthcare sectors, reducing
their effective working hours in public general hospitals. If this is the case, the
system may need to consider policies similar to those in Slovenia, where doc-
tors are prohibited from working in private hospitals while employed in the
public sector. Alternatively, a system could be implemented to ensure that
doctors are only compensated for the hours they spend working in public
hospitals, thus preventing the misuse of public funds. The high expenditure
on materials raises questions about potential inefficiencies in medication use.
The same is argued by Jafarov and Gunnarsson (2008) and Duki¢ Samarzija
et al. (2018). Are (expensive) medications being used unnecessarily? Bubas
(2022) analysed the Croatian hospital system from 2015 to 2022 and, on the
example of clinical hospital centres, showed that almost all outstanding liabil-
ities were attributed to material expenses, specifically, unpaid medicines and
medical supplies. The State Audit Office (2024) argues that numerous general
hospitals have problems with transparent tracking of medication consump-
tion and public procurement practices. Inefficiencies in these areas could be
a major contributor to the financial deficits experienced by general hospitals.
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Similarly, Dubas-Jakdbczyk et al. (2020), argue that in Poland, the financial
instability and indebtedness of public hospitals result from a complex inter-
play of external and internal factors. At the external level, contributing issues
include insufficient funding mechanisms, inadequate tariff structures, weak
governance of the hospital sector, oversized and inefficient infrastructure,
centrally regulated salary increases for medical staff, and a lack of compre-
hensive health needs assessments. At the internal level, factors such as poor
financial and managerial practices — particularly in cost containment, weak
oversight by hospital owners, and aging infrastructure requiring capital in-
vestment — further exacerbate financial difficulties. The same authors point
to significant variation in financial performance across hospitals, with both
highly indebted and financially stable institutions coexisting, underscoring
the importance of these individual, hospital-specific factors. A recent scoping
review of hospital financial performance in Europe, Dubas-Jakdbczyk et al.
(2025), also found that public hospitals in many CEE countries (including Croa-
tia) consistently run deficits and accumulate debts, particularly for pharma-
ceutical and medical products and personnel costs. These deficits are often
attributed to weak management accountability and lack of staff cost control.
Taken together, these findings show that public hospitals across the region
— not only in Croatia — frequently operate under chronic financial strain, ac-
cumulating arrears despite ongoing reform efforts.

Our study complements existing research from CEE, where public hospital in-
efficiencies, debts and overdue liabilities are a widespread concern, especially
due to misalignment between service costs and reimbursement, and poor
cost control in areas such as pharmaceuticals and staffing (e.g., Dubas-Jakéb-
czyk et al., 2025). However, unlike most previous studies, our analysis offers a
detailed hospital-level comparison based on cost efficiency scores. This allows
us to propose concrete, evidence-based strategies for cost optimisation and
better alignment between resources and services for each general hospital.
In doing so, our research contributes a novel, data-driven approach to under-
standing and improving hospital cost efficiency in Croatia and potentially in
similar CEE health systems.

6 Conclusion

This study addresses a critical challenge facing Croatia’s healthcare system,
mounting financial obligations in general hospitals. The central question was
whether cost efficiency of general hospitals —measured through input-orient-
ed DEA - can reveal opportunities for reducing expenditures without com-
promising healthcare outputs.

This is the first time that the cost efficiency of 19 Croatian general hospitals
has been calculated. Using the input-oriented BCC DEA model, we evaluated
19 general hospitals across two pre-pandemic years (2015-2016) and two pan-
demic years (2021-2022). Cost efficiency scores ranged from 48% to 100%.
On average, the efficiency score is 0.93 (or 93%) in 2015, 0.86 (or 86%) in both
2016 and 2021, and 0.84 (or 84%) in 2022, indicating that on average general
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hospitals could maintain the same output level while reducing their input by
7%, 14% or 16%, respectively. Though overall efficiency declined during COV-
ID-19 - likely due to operational disruptions —individual hospital performance
remained largely consistent. Pula-Pola and Varazdin emerged as persistent
benchmarks, while Vukovar consistently scored below 70%. Moreover, larger
hospitals — measured by total expenditures — consistently demonstrate high-
er cost efficiency when compared to their peers. Also, in the analysed four
years benchmark general hospitals (with higher cost efficiency) on average
had much lower total due liabilities in total expenditures (12.4%) than low
efficiency general hospitals (36.8%).

Our study demonstrates that cost-efficiency assessment can pinpoint both
high-performers and underperformers, offering a roadmap for targeted
managerial and policy reforms. While no universal efficiency solution exists,
because general hospital efficiency is influenced by internal and external fac-
tors, Croatia’s general hospitals can benefit from data-driven identification
of inefficient hospitals and strategic efforts to emulate top performers. By
adopting practices from benchmark general hospitals, less efficient general
hospitals could achieve substantial cost savings without reducing service lev-
els. This aligns with national and international findings that emphasise the
need for continuous performance monitoring and the dissemination of best
practices for resource use and general hospital management.

Our research underscores the existence of cost inefficiencies within Croatia’s
general hospitals and highlights the potential for substantial cost savings. If
a hospital has low cost efficiency, it may indicate operational issues. Thus,
further analysis, especially in less efficient hospitals, can guide decisions like
reallocating staff or reducing bed numbers. In the future, it would be very in-
teresting to further analyse the least cost effective general hospital (Vukovar)
and explore the impact of employees and materials costs on general hospital
cost efficiency. It would also be interesting to find out why the largest general
hospitals are usually the most cost efficient ones (benchmarks).

Our findings have direct implications for public administration and hospital
governance. Based on the results, decision-makers in the health sector, such
as the Ministry of Health, hospital founders, and financing bodies, could in-
troduce regular performance monitoring, adjust hospital payment models
(e.g., DRG pricing), analyse and improve staffing efficiency, and strengthen
cost control in key spending categories like pharmaceuticals and materials.
Additionally, more systematic use of financial and audit reports could support
evidence-based management decisions. Recent research highlights that poli-
ticians and public managers in Croatia, including those in healthcare, often
consult public sector financial reports; however, these are still underutilised
as primary tools for decision-making (Barbieri et al., 2025). Greater reliance on
such reports could support more effective management and cost efficiency in
public hospitals. By applying these measures, public administration can sup-
port the long-term financial sustainability and operational efficiency of Croa-
tian general hospitals.

212 Central European Public Administration Review, Vol. 23, No. 2/2025



Analysis of the Cost Efficiency of Public General Hospitals in Croatia

The major limitation of this paper’s analysis is that we used the inputs and
outputs that were accessible to us, but other inputs and outputs might bet-
ter reflect the efficiency of public general hospitals (e.g., pharmaceutical
costs — how much medication has been spent in each general hospital or
case-weighted inpatient discharges). Thus, this is only the first step in the
cost efficiency analysis of Croatia’s general hospitals. Unfortunately, from
the currently available data, it was not possible to find out the structure of
general hospitals’ materials costs (how much was separately spent on medi-
cines, food for patients, and medical consumables). Thus, there is a need for
the Ministries of Health and Finance to produce more detailed data regard-
ing the functioning of public general hospitals. Improving the availability and
granularity of hospital-level data — especially on pharmaceutical and material
costs — would not only enhance national performance monitoring, but also
facilitate international benchmarking and research collaboration. This would
enable comparative studies using harmonised indicators and DEA method-
ologies that could situate the Croatian general hospital's performance within
an international framework.
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Appendix

Table A1. Data on used variables on 19 general hospitals in Croatia during
years 2015, 2016, 2021 and 2022

Gengral Year Expend‘itures Due liabflities in.total ‘Days I?eds Sgrvices Cgst
hospital (in mil. €) expenditures (in %) (in000) (in%) (in 000) efficiency
Benchmark — best practice
Varazdin 2016 49.1 20.7 275 105 1.382 1
Varazdin 2021 77.4 17.8 174 97 1.524 1
Varazdin 2022 82.7 17.7 184 129 1.737 1
Pula - Pola 2016 46.9 16.2 118 180 2.946 1
Varazdin 2015 47.7 15.2 273 126 1.692 1
Pula - Pola 2015 43.3 13.4 128 112 2.812 1
Pula - Pola 2021 75.9 10.2 74 130 2.149 1
Sibenik-Knin 2021 44.8 9.4 61 100 2.162 1
Pula - Pola 2022 76.7 5.7 92 121 2.283 1
Slavonski Brod 2021 52.9 5.4 92 168 1.160 1
Slavonski Brod 2022 59.8 5.1 92 239 1.313 1
Efficient

Gospic 2015 7.5 15.9 20 91 311 1
Zabok 2022 29.9 9.4 64 148 1.702 1
Gospic 2021 10.4 9.7 19 120 327 1
Zabok 2021 27.0 11.0 62 144 1.513 1
Knin 2022 10.2 61.7 35 100 304 1
Knin 2021 9.4 61.1 34 82 237 1
Knin 2016 6.7 23.2 38 36 146 1
Knin 2015 7.6 18.2 36 55 309 1
Gospic 2016 7.4 17.6 20 67 416 1
Nasice 2022 15.5 2.3 26 57 859 1
Zabok 2016 18.1 8.7 70 91 1.397 1
Nasice 2021 15.1 5.7 27 59 825 1
Pozega 2022 25.8 3.4 46 153 866 1
Virovitica 2015 18.3 15.6 62 100 1.028 1
Ogulin 2015 7.9 19.9 26 25 478 1
Nasice 2015 10.5 14.9 36 a7 698 1
Virovitica 2016 18.8 20.9 61 85 1.484 1
Nasice 2016 10.9 19.5 34 45 777 1
Sibenik-Knin 2015 27.8 8.3 78 100 1.755 1
Zadar 2022 68.5 4.4 100 75 2.095 1
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hospital (in mil. €) expenditures (in %) (in000) (in%) (in 000) efficiency

Source: Authors.
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