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ABSTRACT

Aim Major demographic changes over the last decades, increas-
ing number of chronic diseases in population and appearance of 
new infectious diseases together with increasing costs of health 
care are imposing a great burden on health care systems in western 
societies, including Croatia. The aim of this study is to determine 
the amount and directions of investments in research and devel-
opment (R&D) activities in biomedicine and biotechnology that 
could significantly impact the quality and costs of the health care 
in Croatia in long term. 

Methods We analyzed relevant publicly available information 
maintained at the web sites of Ministry of Science, Education and 
Sport, Croatian National Institute of Public Health, Croatian Insti-
tute of Technology, The National Foundation for Science, High-
er Education and Technological Development, Unity Through 
Knowledge Fund and Central Bureau of Statistics of the Republic 
of Croatia. Additionally, the comprehensive literature search was 
done on Medline and SCOPUS, Current Contents and other data-
bases.

Results There is a substantial increase in investment of R&D ac-
tivities (scientific and technological project) in the field of bio-
medicine and biotechnology in Croatia, from various national as 
well as international resources. There is an emphasis on applied 
research funding and encouragement of international collaboration 
and collaboration with Croatian Diaspora. 

Conclusion In the future, the results of funded projects could 
possibly lead to various products (e.g. new drug discoveries, new 
methodology and technology applications), and thus potentially 
significantly influence the quality and the costs of health care in 
Croatia in long term.

Key words: health care system organization, biomedical research, 
investments, knowledge management
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INTRODUCTION

Chronic diseases, such as cardiovascular 
diseases and neoplasms, degenerative diseases 
of locomotory system as well as emerging pan-
demics of old (e.g. tuberculosis, malaria) and 
new (e.g. AIDS, avian flu) infectious diseases, 
demographic changes, nursing shortages, medi-
cal accidents and rising costs of health care are 
becoming major challenges for the healthcare 
systems in Europe (1) and Croatia is not an ex-
ception from that trend. For example, the extent 
of potential demographic changes is shown by 
new prospective analysis in which the proportion 
of people in Europe population age over 65 years 
is expected to almost double by 2050. That im-
plies prolonged medical care and assistance for 
elderly people to ensure they live independently 
(2), which brings additional difficulties to health 
care systems. Similar situation could be encoun-
tered in Croatia in the future, since there is an 
increase in life expectancy. For illustration, in 
1990 the average life expectancy at birth for both 
genders was 72.57, for men 68.69, and for wom-
en 76.38 years, while in 2006 life expectancy for 
both genders was 75.9 years, for male only 72.5, 
and for women 79.3 years. In 2001 only 17,1% 
of Croatian population was in the age group 0-14, 
while 15,7% was above 65 (3,4). Furthermore, the 
costs of management of chronic diseases are on 
the increase which presents an additional burden 
on European health care systems economically, 
but also in specific medical aspects of treatment 
of chronic diseases. By 2050, average public ex-
penditures for health and long-term care in coun-
tries of the Organization for Economic Coopera-
tion and Development (OECD) may rise to 10-13 
per cent of Gross Domestic Product (GDP) (5). 
In Croatia, main causes of death in 2005 were 
chronic diseases with very high treatment costs; 
cardiovascular diseases are on the first place, then 
neoplasms and lung diseases at the fourth place. 
Croatia spent a higher proportion of its GDP on 
health (9.1% in 1994. and 7.2% in 1997.) com-
pared to the Central and Eastern European aver-
age of 5.2% of GDP and compared to the Euro-
pean Union average of 8.3%(6). 

The main strategic goal of the Republic of 
Croatia is to establish itself as a knowledge-
based society founded on international standards 
of excellence and openness (7) that would affect 
all the segments and the services of the society, 
including health care system. The literature on 
the diffusion of innovation within and across 
health care organizations provides the starting 
point for understanding the process of the diffu-
sion of knowledge. Recent study demonstrated 
that health care organizations draw the argument 
from the institutional theory that the nature of 
innovations changes as the norms of legitimacy 
change (8) which affects health care organiza-
tions’ propensity to adopt technology, new proce-
dure and new way of thinking. Therefore, it can 
be expected that organizations will accept new 
knowledge and ideas in earlier phase if such an 
innovation is shown to impact health care per-
formance (9). 

Health care system in Croatia has been under-
going intensive reform for many years now, but 
it is out of the scope of this paper to discuss out-
comes of the reform. Nevertheless, a very impor-
tant question is raised: does (increasing) invest-
ment in research and development in biomedical 
and biotechnology field could have a significant 
impact on the quality (as the main outcome) and 
then the costs of health care in Croatia? The ne-
cessity to address that question analytically is ob-
vious as well as a need to undertake substantial 
actions and deal with these problems.The aim of 
this study is to determine the amount and direc-
tions of investments in research and development 
(R&D) activities in biomedicine and biotech-
nology and to analyze the impact of changes in 
research and development policy and impact of 
research activities in the field of biomedicine and 
health as well as biotechnology that could signifi-
cantly impact the quality and costs of the health 
care in Croatia in the long run. 

METHODS

We analyzed publicly available information 
on research and development (R&D) activities in 
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Croatia, maintained at the web sites of Ministry 
of Science, Education and Sport (10), Croatian 
National Institute of Public Health (11), Croatian 
Institute of Technology (12), The National Foun-
dation for Science, Higher Education and Tech-
nological Development (10), Unity Through 
Knowledge Fund (13), and Central Bureau of 
Statistics of the Republic of Croatia (14). For  
information on European funding opportunity in 
the Framework Programme 7 (FP7) we used FP7 
official web site (1).We performed unstructured 
interviews with administrative staff in our target-
ed agencies asking for information on funding of 
projects as well as outcomes of projects in terms 
of publications, produced invention disclosures, 
patents and products at the market. Additionally, 
a comprehensive literature search was done on 
Medline and SCOPUS, Current Contents and 
other databases, the links of which are provided 
through web addresses of home pages (15).

RESULTS

Scientific projects

 The Ministry of Science, Education and 
Sports (MSES) is one of the most important 
resources for funding scientific research in aca-
demic institutions of Croatia. According to their 
scientific areas of specialization, there are 9 insti-
tutes in the filed of social sciences, 6 instituties 
in the field of humanities, 5 in natural sciences, 
1 technical (engineering) institute, 3 institutes in 
biotechnical sciences (agriculture and forestry) 
and 3 institutes in biomedical sciences (Institute 
for Medical Research and Occupational Health, 
Institute for Veterinary Medicine and the Medi-
terranean Institute for Life Sciences in Split). 
The budget of 126.4 million HRK (€ 17.3 mil-
lion) in 2005 for scientific-research projects was 
distributed according to 6 scientific fields as fol-
lows:  biomedicine - 28.1 %, natural sciences  -  
24.5 %, technical sciences - 18.1 %, biotechnical 
sciences  - 9.7 %, social sciences  - 9.6 %,   hu-
manities - 10.0 %. 

In total, in 2007 142.5 million HRK (€ 19.8 
million) was allocated from the State budget for 

financing of 1994 scientific projects. This makes 
an increase of 52% (48.7 mil kunas, (€ 6.8 mil-
lion) in funding compared to the year of 2002. 
The total number of funded projects in the field of 
biomedicine and stomatology for the time period 
from 2007-2012 are 395 projects. In the period 
from 2007 to 2012 the MSES is going to fund 
57 scientific programs in biomedicine and stoma-
tology (each program is composed of three and 
more projects). This represents direct investment 
of Croatian government to R&D in academic sec-
tor in biomedicine and biotechnology (16).

Technology projects

In February 2001, the Ministry of Science, 
Education and Sports launched a Croatian Pro-
gram for Technological Development (HITRA). 
The Program is aimed at building up efficient 
national innovation system through permanent 
development of the three strategic and long term 
goals: creation of simulative policy measures, 
mechanisms and programs, creation of techno-
logical institutional infrastructure, and establish-
ment of the control mechanisms of policy for in-
novation and technology.

HITRA is being implemented through two 
complementary subprograms: the TEST Subpro-
gram (Technology-Related Research and Devel-
opment Projects) provides financial support to 
pre-commercial research activities related to the 
development of new technologies (products/proc-
esses/services), as well as to complex projects for 
technological development. By 2006, overall 264 
projects under HITRA were approved for financ-
ing, disposed among three major field of research 
(technical sciences, biosciences and natural sci-
ences) as shown in Table 1. 

Table 1. The state budget funds for technology projects 
funded through HITRA

Scientific Field % of project 
funded

Amount of funds 
in millions of 
HRK* (Euros) 

Technical sciences 65 102 (14.1)
Biosciences 34 71 (9.9)
Natural sciences 1 3 (0.4)

*HRK, official currency in Croatia
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A total of 173 million HRK  (€ 24 million) 
was invested in the technological projects (12). 
The number of projects funded by the TEST pro-
gram broken down by years from 2001-2006 is 
shown in Table 2.

There is a decrease in the number of applica-
tions as well as in the number of projects that were 
awarded funding over the years. Unfortunately, 
at the time of preparation of this paper authors 
could not get any statistical data available for the 
public on the results of the technology projects 
in the field of biomedicine, e.g. how many pat-
ents were created, what was their overall impact 
on  health care services and their benefit for the 
stake-holders, i.e. insured users of the health care 
system in Croatia.

The projects funded by the National Foundation 
for Science, higher education and technological 
development (NSF)

In December 2001, the Croatian Parliament 
founded the National Foundation for Science, 
Higher Education and Technological Develop-
ment of the Republic of Croatia, aiming to pro-
mote science, higher education and technological 
development in the Republic of Croatia to ensure 
economic growth and increase employment. In 
2005 NSF allocated 4.5 million HRK (€ 0.63 mil-
lion) to various projects through five programs 
in order to make significant impact on research 
and development in academic institutions. There 
were 56 applications and NSF funded 31 projects 
(55%). 

Additionally, in 2005 the NSF launched the 
“Brain Gain” program intended to facilitate the 
return of scientists from Diaspora to Croatia. 
The program consists of four sub-programs as 

follows: Visitor, Senior, Postdoc and Homing. 
The first three programs are open to all scien-
tists, whereas the Homing program is intended 
to support successful Croatian scientists work-
ing abroad to establish a research infrastructure 
(€100 000 cap) in Croatia. 

Table 3 represents the types of projects and 
the funding provided by the NSF. Since the be-
ginning of the program Brain Gain, 47 scientists 
returned to continue their careers in Croatia, 10 
of them to various Medical Schools in Croatia, 
mainly Split and Rijeka (17).

Unity through Knowledge Fund (UKF)

The mission of the UKF is to unite scientific 
and professional potential in Croatia and Diaspora 
in development of the knowledge based society. 
The goals of the UKF are to support research that 
is competitive on the international level, to fos-
ter research that creates new values in Croatian 
economy and to support projects that help the de-
velopment of research infrastructure in Croatia. 
There are several types of programs available: 
Co-operability, Connectivity, Young Researchers 
and Professionals and Creativity Program. There 
is a high interest represented in a number of ap-
plications for funding, for example, for young re-
searchers and professionals there were more than 
80 applications for the first call. Unfortunately, at 
the time of writing this paper the results of fund-
ing were not yet fully published due to review 
processes.

Table 2. Technology projects (in the TEST program)

Year Applications Accepted 
for funding Total funding % 

2001/02 289 165 57.09
2003 61 37 60.65
2004 62 30 48.39
2005 72 26 36.11
2006 61 7* 11.47

* Evaluations have not been completed yet

Table 3. The type of projects and funding by the National Sci-
ence Fundation (NSF) 

The title of project
No of 
appli-
cations

No of 
funded 
projects

Grants 
in HRK* 
(Euros) 

The development of 
the III cycle programs 
(doctoral studies)

18 9 1.337.756,50 
(185.800)

Quality assurance 
programs 22 8 1.429.529 

(19.854 )

Development of Joint 
study programs 4 4 814.949 

(113.187 )

Brain gain-guest 1 1 120.130 
(16.684 )

Brain gain - PostDoc 11 1 765.276 
(106.288 )

*HRK, official currency in Croatia
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International funding – FP6/FP7

Since 1 January 2006, the Republic of Croatia 
was the full member of the Sixth EU Framework 
Programme for Research and Technological De-
velopment – FP which is at the European level 
the main funding resource for the activities in the 
field of science, research and innovation. For the 
full membership Croatia paid a fee of 6.4 M€, 
effectively 3.18 M€ from the budget and the 
rest from PHARE program for Croatia. In 2006 
Croatian scientists withdrew 3.6 M€, the amount 
higher than the one paid from the State budget. 
The total number of contracts signed by Croatian 
institutions with the European Commission was 
95 (10). In the Framework Program 6 (FP6) the 
total amount received from the European Com-
mission for these projects was approximately 10 
million € by the end of 2006 (7, 18). 

The highest number of projects for Croatian 
scientists funded in the FP6 is in the field of the 
ICT (Information and Communication Tech-
nology), 18.14% (total approx 1.43 mil €), the 
Knowledge Based Society, 13.61% (total funds 
1.073.921 €) and Biomedicine and Biotechnol-
ogy 8.94% (total funds 705.133 €).

Investments by industry

Table 4 and Table 5 show the results of the 
investment by industry in the R&D in the field 
of biomedicine, and in production of pharma-
ceutical, chemical and plant products for medi-
cal purposes. Overall,there is an increase in the 
number of firms and investments into production 
of pharmaceuticals, chemicals and plant product 
in 2004 as compared with the year of 2003 (Table 
4). Interestingly, there is a decrease in the invest-

ment for 2005 as compared to 2004 for the 10 
best companies in the R&D and the pharmaceuti-
cal productions (Table 5).

DISCUSSION

In addition to the results of the changed so-
cial and political climate for science in Croatia, 
there is a serious interest in evaluating impact 
of science on society, especially to evaluate the 
impact of publicly sponsored research and de-
velopment (R&D) activities in biomedicine and 
health. Our study, limited by the publicly avail-
able data on research funding opportunities in 
Croatia, published on official web sites of fund-
ing ministries and agencies in Croatia, shows that 
there is a significant increase in funding research 
activities by the Ministry of Science, Education 
and Sport, in the field of biomedicine and health 
as well as biotechnology.  This follows the trends 
in Europe (19). On the other hand, there is a de-
crease in funding of technological projects, inde-
pendently of research field (Table 2). One may 
speculate that decrease in technological project 
funding is a result of either lower quality of the 
submitted projects or because of more demand-
ing review process. The results of the funded sci-
entific projects are available through the Croatian 
Scientific Bibliography (CROSBI) which stores 
scientific papers (20). However, other data on 
patents, invention disclosure, new drugs produc-
tions, new methodology or technology applied in 
biomedicine and in the health care are only spo-
radically available and difficult to find, as expe-
rienced by authors of this paper. While working 
on this paper, we recognized a necessity to cre-
ate informational system for collecting, analysis 

Table 4. The number of firms investing in research and development by sectors in 2003-2004

Sector

Classification of 
economical activity 
by NKD* and Fra-
scati Description

No of firms in
2003

No of firms
in 2004

Investment
in 2003
in thousands HRK † 
(Euros)

Investment
in 2004
in thousands HRK † 
(Euros)

Research and devel-
opment AL 12 15 611.696 (84.957 ) 627.300 (87.125)

Production of phar-
maceutical, chemical 
and plant products in 
medical purposes H 1 5

29.030 (4031.9 ) 44.700 
(6208)

*NKD, National Classification of the Economy Field; † HRK, official currency in Croatia
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and dissemination of related information on the 
outcomes of the project in terms of not just pub-
lications (which is already ongoing in the form 
of Croatian scientific bibliography (CSB) but 
also as a source of information on patents, new 
products and services on market developed in the 
frame of various projects. This database could 
be similar to CSB database, and supervised by 
the Croatian Institute of Technology (HIT), and 
publicly available. In our opinion, this will sig-
nificantly contribute to transparency of funding 
of research and development activities, not just in 
biomedicine but in all other fields of research.  As 
noted in the paper by (21) availability of research 
funding, but not the transparent research results 
(except of publications) creates the impression 
that the problems are not so much with scientific 
“inputs” as with the “outputs”, and that Croatia 
suffers from the “pan-European”paradox.of the 
ineffective use of research and science for tech-
nology development (21). This is the reason why 
the results of funding technological projects are 
so important in Croatia.

The other question very important in bio-
medical research is whether to fund basic or ap-
plied research activities. Since funds come from 
public resources, there is a trend in Europe, which 
is becoming more prominent in Croatia too, to 
strongly encourage and fund applied research, 
while basic research is sheltered in the academic 
institutions (22). Recognition of the importance 
of funding applied research is demonstrated 
in the following example. A fundamental goal 
of the U.S. National Institute of Health (NIH) 

“Roadmap” is to strengthen the Translational 
Research, defined as the movement of discover-
ies in basic research to application at the clinical 
level (NIH and translational medicine, ICT), and 
in the main topics of the FP7 calls (23). The lit-
erature review shows that the main responses to 
the challenges created in the last two decades by 
economic specificity of health sector consisted 
in encouraging R&D funding. Needs for funding 
clinical research in teaching hospitals are well 
recognized in many countries, with high expec-
tations that patient-oriented research will lead 
to improved diagnosis, investigation, and treat-
ment of patients, ultimately increasing capacities 
of health care system to provide better services. 
For example, UK National Health Service (NHS) 
research and development (R&D) levy was first 
proposed by the Culyer Task Force in 1994, in-
tending to provide regulatiions for funding clini-
cal research in the UK. However, administrative 
problems, misdirection of funds and delays in ap-
proving projects led to disappointment and mal-
functioning of the system, creating new problems 
instead of resolving the existing ones, as noted 
by clinical researchers in the UK NHS teaching 
hospitals, in the letter to the editor of Lancet, who 
urged governmental agencies for resolution of 
the crisis (24). 

Biotechnology and pharmaceutical research 
is seen as a major pillar of economic growth in 
many countries, and could be a driving force in 
improving health care (25), together with basic 
and applied research in biomedicine. Whether an 
innovation works, and to what extent, depends on 

Table 5. Top ten firms by investment in research and development and by sectors

NKD*/Frascati 
Classification Description of activity Investment in Euros Investment in HRK †

H Production of pharmaceutical, chemical and plant 
products in medical purposes in 2004 4.031.642 30.197.000

AL Research and development, pharmaceutical industry 
in 2004 56.447.130 422.789.000

Total investment (includes other sectors) in 2004‡ 106.965.393 801.192.000

H Production of pharmaceutical, chemical and plant 
products in medical purposes in 2005 2.871.216 21.247.000

Total investment (includes other sectors) in 2005‡ 60.096.351 444.713.000

*NKD, National Classification of the Economy Field; † HRK, official currency in Croatia; ‡2004 and 2005 source: DZS (Republic of Croatia, 
Central Bureau of Statistics) (14); 
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the context or circumstances in which it is im-
plemented. Pharmaceutical companies are aware 
of the importance to reach the market with inno-
vative products and to achieve that very quickly, 
in order to be, at least, among the first three, if 
not first. Only then market share and price war-
rant the necessary profitability to finance future 
research. In addition to meeting a medical need, 
the cost – benefit relation of a new drug is para-
mount to success. The goal of getting quickly and 
successfully to the market is summarized in the 
motto „Time to Market“ and implies a continuous 
shortening of the development time of a project, 
starting with early discovering and ending with 
new drug application. The results in this paper 
show overall increase in the investment into pro-
ductions of pharmaceuticals, chemicals and plant 
product in 2004 as compared to the year of 2003 
(Table 4) as well as increased number of com-
panies in those fields, but interestingly, there is 
a decrease in the investment in developing new 
pharmaceuticals for the 10 best companies in 
the R&D and the pharmaceutical productions in 
2005, as compared to 2004. (Table 5). This trend 
follows what is shown in the worldwide pharma-
ceutical industry which over the past years suf-
fers from the crisis of research and development 
of new drugs targeting „neglected diseases“, 
such as malaria, tuberculosis, helminthic infec-
tions etc, that mainly affect people in developing 
countries, but are spreading globally fast in new 
forms, resistant to existing drugs (26). Revenues 
created by collaborations of universities with in-
dustry in Croatia are very low, only 6%, while 
collaboration of institutes with industry results 
only in 10% of received revenues (21). This data 
are for all fields, but it is possible to speculate 
that there is no much difference in research in the 
fields of biomedicine and health.

The last but probably the most important is-
sue in R&D policy is knowledge management. 
As already mentioned, Croatia has put a lot of ef-
forts to become the knowledge-based society and 
knowledge management becomes more and more 
important. The creation and diffusion of knowl-
edge is at the core of R&D (27, 28). Empower-
ing people to apply their intelligence, experience 

and imagination to leverage data and informa-
tion into a knowledge society, requires dynamic 
leadership, a “can do” attitude and a holistic ap-
proach to development of learning and acquisi-
tion of knowledge. This is supported by data on 
funding provided through NSF and UKF funds 
(Table 3 and text in the Results Section of the 
paper). Those organizations provide funding for 
various types of activities, some of them not di-
rectly involved in creating experimental results, 
as in biomedical research, but fostering activities 
of sharing knowledge, enhancing co-operability 
and connectivity among scientists and institu-
tions inland and abroad. They also support “brain 
gain” – return of  Croatian scientists from abroad, 
and finally, support development of new study 
programs and projects that build quality control 
capacities in Croatian academic institutions. The 
results of these projects should lead to develop-
ment of better conditions for research and educa-
tion in Croatia and could have significant impact 
on the health care system in Croatia in the fu-
ture. 

FINAL THOUGHTS 

Due to dynamic demographic changes oc-
curring nowadays, development and manage-
ment of health care systems is becoming one of 
the priorities. Presumably, health care could be 
significantly improved by dissemination of new 
knowledge and development of new technologies 
in the health care system, generated through R&D 
activities in biomedicine and biotechnology. It is 
necessary to build local and global partnership 
and networking, among public and private insti-
tutions and create proactive strategies towards 
national science and health care progress. Glo-
balization and competition are the ultimate driv-
ing forces for social progress, and they call for 
entrepreneurial dynamism in the biotechnology 
sector and medicine too, and greater mobility of 
knowledge, based on effective use of biotechnol-
ogy and clinically applied research, but should 
not neglect basic research. Technology challeng-
es peoples’ assumption about what it means to be 
educated. In the future, increased attention will 
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need to be given to the capture and retention of 
knowledge by both the individual researchers and 
R&D in biomedicine as a whole. If the informa-
tion and resulting knowledge can be effectively 
managed in society, impact of R&D in support 
to the health care system can rapidly increase. In 

the future, the results of funded projects could 
possibly lead to various products (e.g. new drug 
discoveries, new methodology and technology 
applications), and thus potentially significantly 
influence the quality and the costs of health care 
in Croatia long term.
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