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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT?
• The USA, UK and Germany have a strong

position in performance of drug and
nondrug randomized controlled trials.

• Europe’s position in the quantitative and
qualitative performance in drug randomized
controlled trials in particular, and factors
that drive the quantitative and qualitative
performance of drug randomized controlled
trials in Europe, are unknown.

WHAT THIS STUDY ADDS
• Europe’s position in the quantitative and

qualitative performance of randomized
controlled drug trials lags behind USA.

• Factors are identified that are associated
with the difference in publication output
between countries.

• The number of headquarters of
pharmaceutical companies in a country, the
research expenditures by pharmaceutical
companies, as well as health-related R&D
expenditures of a country appear to
contribute to a relatively high scientific
performance in randomized controlled drug
trials.

AIMS
Performance of randomized controlled drug trials (drugRCTs) adds to the scientific output,
scientific knowledge, scientific training and up-to-date status of healthcare and may drive
economy. The purpose of this study was to benchmark Europe’s position on drugRCTs
relative to the rest of the world, and to identify factors that may drive this performance.

METHODS
The number of scientific publications on drugRCTs, indexed in PubMed and Thomson
Scientific/Web of Science database over the period 1995–2004, was used as a proxy measure
for the quantitative drugRCT output. The international citation impact of these publications
was used as a proxy measure for the qualitative drugRCT output.

RESULTS
Country’s origin of 103 211 publications was determined. After adjustment for population
size, the number of drugRCT publications from Europe, USA and Australia/Japan was 102,
124 and 44 publications per million inhabitants, respectively. The proportional increase in
publication output from 1995 until 2004 was lower in Europe compared with the USA and
Australia/Japan (29.1, 40.1 and 63.4%, respectively). The number of citations per publication
was 4.9 in Europe, 7.0 in the USA and 3.4 in Australia/Japan. Within Europe, the UK, Germany
and Italy produced most publications. Country-specific factors associated with publication
output in Europe were the number of pharmaceutical companies with headquarters in a
country (R2 = 0.71, P < 0.001), national R&D expenditures by pharmaceutical companies
(R2 = 0.63, P < 0.001) and health-related R&D expenditures by national governments
(R2 = 0.22, P = 0.052).

CONCLUSIONS
When adjusted for population size, quantitative and qualitative performance of drugRCTs in
Europe lags behind the USA but is ahead of Australia/Japan. Several factors appear to
explain the differences, among which are the number of headquarters of pharmaceutical
companies in a country, the research expenditures by pharmaceutical companies, as well as
health-related R&D expenditures of a country. To enhance and strengthen Europe’s
position, researchers may strengthen their collaborations with local pharmaceutical
companies, and national governments could increase their budgets for medical research
funding.
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Introduction

Randomized controlled drug trials (drugRCTs) are of major
importance for evidence-based treatment. Increasingly,
the ‘evidence’ obtained in RCTs is used by clinicians and
policy makers when setting guidelines and policies for
patient care. Moreover, performance of drugRCTs adds to
the scientific output, scientific knowledge, scientific train-
ing and up-to-date healthcare, and may drive the economy
of an individual country or continent. To guarantee suffi-
cient quantity and quality of drugRCTs for the future, and
consequently to create a competitive knowledge-based
economy in Europe, we need to establish which factors
drive the number of (high-level) studies.

To date, there is no comprehensive database on all
ongoing or finished drugRCTs worldwide. One of the
closest benchmarks of clinical trial performance of a
country or region is the number of scientific publications
resulting from clinical drug trials. A recent publication has
shown that the USA, UK and Germany have a strong posi-
tion in performing drug and nondrug RCTs or controlled
clinical trials, as derived from the number of scientific pub-
lications registered in the Cochrane database [1]. However,
systematic data on the position of various countries in con-
ducting drugRCTs in particular are lacking.

Given the aforementioned, we performed a bibliomet-
ric study to benchmark Europe’s position in conducting
drugRCTs and to identify factors driving drugRCT publica-
tion output. To evaluate Europe’s position in conducting
drugRCTs we compared Europe with other continents
(USA and Australia/Japan). To analyse factors that deter-
mine output we performed a continental comparison and
a country comparison within Europe.

Methods

Data sources
We searched the PubMed database to identify all
research-based publications on drugRCTs in the period
1995–2004. We searched for the medical subject heading
terms ‘Clinical Trial’ and (‘Pharmaceutical Preparation’,
‘drug’ or ‘drugs’). Selected publication document types
included research publications, research notes, letters, and
reviews. After completing the query of the PubMed data-
base, the gathered publications were matched with
Thomson Scientific/Web of Science-indexed publications
(according to the name of first author, volume of journal,
first page and year of publication) to obtain the full set of
information on the country of origin of all authors. A pub-
lication was attributed to a country if that country was
included in an affiliate address of one of the authors.
Hence, a publication was assigned to all countries listed in
the author’s address information. We examined data for
the USA, the 25 European member states that joined the

European Union (EU) in 2004, plus Norway and Switzer-
land and Australia/Japan.

Bibliometric indicators
Quantitative and qualitative indicators were used to
describe international drugRCT output. The number of
drugRCT publications was used as a proxy measure for the
quantitative drugRCT output. Citation rate, calculated as
the ratio of the total number of citations that each country
received over the total number of publications of that
country, was used as a measure of international scientific
impact and as a proxy measure for the scientific relevance
and quality of drugRCT output.

Determining factors for publication output
We extracted average population size of each country in
the period 1995–2004 from the Organisation of Economic
Co-operation and Development (OECD) database and
Eurostat database [2, 3]. The OECD database was also used
to extract the average number of graduate students who
participated in tertiary education programmes in life
sciences.

Prespecified structural factors that were expected to be
associated with publication output were established to
examine how Europe can improve or sustain its position in
conducting drugRCTs. National health-related R&D expen-
ditures by governments were used as a proxy measure
for the country’s investment in clinical research. Average
national health-related R&D expenditures of each country
in 2004 were extracted from the OECD database [2]. These
expenditures were expressed as percentages of gross
domestic product (GDP). To investigate the influence of
pharmaceutical companies, we obtained the number of
headquarters of pharmaceutical countries allocated to a
country from IMS Healthcare (Norwalk, CT, USA) [4, 5]. R&D
expenditures by pharmaceutical companies in 2004 were
obtained from the European Federation of Pharmaceutical
Industry Associations [6].

Statistical analyses
Linear regression analysis was used to determine a trend
over time in publication output within Europe, the USA
and Australia/Japan and to determine differences
between regions in trend in publication output over time.
For this purpose the change in publication output in each
region was calculated with 1995 as reference year. We
performed linear regression analyses between the
above-mentioned factors and the number of publications
of drugRCTs. Data were analysed with SPSS version 14.0
software (SPSS Inc., Chicago, IL, USA).

Results

Database search
The PubMed query resulted in a total of 171 844 publica-
tions on drugRCTs in the period 1995–2004. After match-
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ing these publications with the Thomson Scientific/Web of
Science database, we were able to determine the country
of origin of 103 211 (60.1%) publications.The total number
of publications increased from 8684 in 1995 to 12 218 in
2004.

Worldwide regional comparison
Europe appeared to produce the largest number of publi-
cations over the period 1995–2004, followed by the USA
and Australia/Japan (Figure 1). After adjustment for the
average population size in the period 1995–2004, the
number of drugRCT publications in Europe was lower com-
pared with that of the USA (102 vs. 124 publications per
million inhabitants), but higher compared with that of
Australia/Japan (102 vs. 45 publications per million inhab-
itants) (Figure 1). Trend analysis revealed an increase in
publication output in each region (Figure 1; P for trend
<0.01). Publication output in Europe showed an increase
over the period 1995–2004 of 1210 publications, equiva-
lent to 29.1%.The increase in publication output in the USA
and Australia/Japan was 1198 publications (40.1%) and
313 (63.4%) publications, respectively (P < 0.01 for linear
trends in publication output between Europe, the USA and
Australia/Japan).

Citation rate was determined to compare the interna-
tional scientific impact and quality of drugRCT output.
Citation rate was lower in Europe and Australia/Japan com-
pared with the USA (Figure 2).

Several factors were analysed that may determine
worldwide drugRCT activity. National health-related R&D
expenditures as percentage of GDP was five times lower in
Europe (0.052%) compared with the USA (0.256%), but
slightly higher compared with Australia/Japan (0.043%).

Furthermore, the number of pharmaceutical companies
belonging to the top 100 and R&D expenditures by phar-
maceutical companies were lower in Europe (36 compa-
nies, €21 106 million R&D expenditures) compared with
the USA (39 companies, €23 758 million R&D expendi-
tures), but higher compared with Australia/Japan (21 com-
panies, €7016 million R&D expenditures).

European country comparison
When European countries were analysed separately,a wide
variation in publication output was observed, with the
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UK, Germany and Italy producing the largest number of
publications (Figure 3). After adjustment for average
population size, Denmark, Finland and Sweden were
the countries having produced the largest number of
publications (Figure 3). Essentially similar country rankings
were obtained if total publication output was adjusted
for number of graduate students in life sciences.
European countries that showed a marked absolute and
percentage increase in publication output were Germany
(347, 62.0%), Italy (198, 34.1%), Spain (155, 101.3%) and
Greece (106, 207%) (Figure 3). The increase in publication
output in other European countries was <50 publications
or 15%. The citation impact of a country’s publication
output did not differ much between European countries
(Figure 4).

To examine how Europe can improve its position in
performing drugRCTs we tried to establish which factors
were associated with a high publication output and
appeared to drive the conduct of drugRCTs in Europe.
Regression analyses,as shown in Figure 5, revealed that the
publication output of a country was associated with the
number of pharmaceutical companies with headquarters
in a country (R2 = 0.71, P < 0.001; each additional company
in a country resulted in �900 additional publications),
R&D expenditures by pharmaceutical companies (R2 =
0.63, P < 0.001; each million increment resulted in 1.4
additional publications) and modestly associated with
national health-related R&D expenditures (R2 = 0.22,
P = 0.052; each 0.01% increment resulted in �50.000 addi-
tional publications).

Discussion

This study was conducted to benchmark Europe’s posi-
tion in the world in performing drugRCTs and to identify
factors that may drive this position. We showed that after
adjustment for population size, quantitative and qualita-
tive publication output in Europe was lower than that of
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Figure 3
‘Quantitative’ publication output in Europe. Left panel, Total ‘quantitative’ publication output and ‘quantitative’ publication output adjusted for the average
population size over the period 1995–2004 of top 15 European countries. Right panel, Trend in publication output in European countries
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Figure 4
Citation rate of drugRCT publications in 15 European countries with the
largest publication output
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the USA, but higher compared with Australia/Japan.
Importantly, the proportional increase in publication
output in Europe was lower compared with both the USA
and Australia/Japan. Publication output in Europe was
associated with the number of pharmaceutical compa-
nies with headquarters in a country and R&D expendi-
tures by pharmaceutical companies, and modestly
associated with health-related R&D expenditures of a
country.

The association between publication output and these
factors could be a consequence of the increased influence

of pharmaceutical companies on clinical research over the
past decade [7]. Recent bibliometric research of Europe’s
top 10 largest pharmaceutical companies has revealed a
distinctive ‘home advantage’, where these companies tend
to prefer local research partners [8]. Hence, the larger pub-
lication output after adjustment for population size in the
USA may be partially attributed to the larger number of
local pharmaceutical companies and higher levels of R&D
investment by those companies. These observations high-
light the importance of European researchers building and
strengthening partnerships with local pharmaceutical
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companies in order to attract pharmaceutical research
investment and retain their role in conducting drugRCTs.

Health-related R&D expenditures by national govern-
ments in Europe fall behind the USA, which may explain
why the USA produces more publications per million
inhabitants and its research attracts more citations in the
international scientific literature. The low health-related
R&D expenditures in Europe has recently led medical
research councils to plea for an increase in public research
funding so that it reaches 0.25% of GDP [9]. By drawing
attention to the relatively low levels of research funding in
Europe, medical research councils are hoping that national
governments focus their resources on conducting high-
quality (bio)medical and clinical research so that Europe’s
position in the performance of biomedical research and
drugRCTs may improve. Our data, showing a borderline
significant association between the number of drugRCT
publications and health-related R&D expenditures, indeed
suggest that increasing the level of public research
funding might result in an increased number of drugRCTs.

Another factor that affects initiation of drugRCTs is
regulation of drugRCTs. Recent research has revealed that
the time taken to obtain regulatory approval to start a
drugRCT was markedly shorter in the USS compared with
Europe [10]. USA-based research may thus have benefited
from the rapid trial application review process that facili-
tates the initiation of drugRCTs. A similar effect of trial
application review process on publication practices can be
observed within Europe. For example, European countries
with high rankings in publication output after adjustment
for population size, such as Sweden and the Netherlands,
have established (already at that time) central ethics com-
mittee setting policies for local ethics committees and
reviewing multicentre clinical trial applications [11, 12].
This has likely to have resulted in an environment in which
the trial application procedure is rapid and consistent,
ultimately leading to more drugRCTs conducted in these
countries.

Few studies have assessed the relative country’s contri-
bution to clinical or biomedical research. Rahman et al.
showed a decline in the USA’s contribution to clinical
research [13]. However, the authors evaluated only the
number of publications in seven selected clinical journals
and neither corrected for population size in each country,
nor determined factors influencing publication output.
Another bibliometric analysis has recently shown that the
research productivity of the 25 countries to join the EU was
66% compared with the US, after adjustment for popula-
tion size [6]. These data indicate that research productivity
in Europe in general lags behind the USA.

We were able to attribute the affiliation address of
60.1% of the PubMed selected publications.This seemingly
low percentage can be explained by the fact that the
PubMed database covers a wider range of research litera-
ture than Thomson/Scientific Web of Science database
with its focus on international peer-reviewed scientific

journals. However, Thomson/Scientific Web of Science
database is one of very few international multidisciplinary
databases that contain the affiliate addresses of all authors
as well as the full list of references (‘citations’) to the rel-
evant information sources and research literature. The
advantage of combining both databases is that PubMed
allows us to search with Medical Subject Heading termi-
nology, providing a consistent way to retrieve scientific
publications that may use different terminology for the
same concept, whereas the Thomson/Scientific Web of
Science database can be used to retrieve the country’s
origin of all authors.

This study suffers from a few limitations, and some
issues need to be addressed when interpreting our find-
ings. A limitation is that it is influenced by publication bias,
i.e by the fact that some drugRCTs are conducted but
never published. Various reports have shown that about
30–60% of all clinical trials are never published [14, 15].
Such a significant loss of relevant information sources may
have influenced our results. Second, no quantitative data
were available to examine other factors potentially associ-
ated with publication output, such as differences in aca-
demic promotion policies, number of researchers in
medical science in each country and the amount of
research funding devoted to drugRCTs by private organi-
zations and foundations. Strengths of this study include
the use of a publication-based database.The advantage of
using a publication-based database is that more weight is
given to large-scale drugRCTs with major clinical and sci-
entific impact since such trials are more likely to result in
multiple publications. Hence, by calculating the number of
publications a weight factor is included for the size and
impact of each trial. However, it could be possible that we
took multiple publications of the same drugRCT into
account. Another advantage of the use of publication-
based databases is that they allow for a longer observation
period of drugRCT activity, since study based registers
have become available only since 2000. Finally, factors that
were associated with the worldwide publication output
also appear to drive publication output within Europe. We
believe that this consistency strengthens our observations.

In conclusion, quantitative and qualitative perfor-
mance of drugRCTs in Europe lags behind the USA but is
ahead of Australia/Japan. To enhance and strengthen
Europe’s position, researchers may strengthen their col-
laborations with local pharmaceutical companies, and
national governments could increase their budgets for
medical research funding.
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