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Abstract

Studying publication volumes at the country level is key to understanding and
improving a country’s research system. PubMed is a public search engine of
publications in all life sciences areas. Here, we show how this search engine
can be used to assess the outputs of life science-related research by country.
We have measured the numbers of publications during different time periods
based on the country of affiliation of the first authors. Moreover, we have
designed scores, which we have named Attraction Scores, to assess the
relative focus either toward particular types of studies, such as clinical trials or
reviews, or toward specific research areas, such as public health and
pharmacogenomics, or toward specific topics, for instance embryonic stem
cells; we have also investigated a possible use of these Attraction Scores
through a correlation analysis with regulatory policies. We have weighed the
statistics against general indicators such as country populations and gross
domestic products (GDP). During the 5-year period 2008-2012, the United
States was the country with the highest number of publications and Denmark
the one with the highest number of publications per capita. Among the 40
countries with the highest GDPs, Israel had the highest publications-to-GDP
ratio. Among the 20 countries with the most publications, Japan had the highest
Attraction Score for induced pluripotent stem (iPS) cells and Italy the highest
proportion of review publications. More than 50% of publications in English
were from countries in which English is not the primary language. We show an
assorted and extensive collection of rankings and charts that will inform
scholars and policymakers in studying and improving the research systems
both at the national and international level.
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Introduction

Publication output at the country level has been assessed by means
of different tools and methodologies. Both academic groups and pri-
vate companies, by using different and complementary approaches,
have offered valuable information to scholars and policymakers'~.
Some of these efforts have focused specifically on the life science
sector by taking advantage of PubMed (http://www.ncbi.nlm.nih.
gov/pubmed/)*”, a free and public search engine that provides
access to over 24 million citations in all fields of life sciences, mostly
located in the MEDLINE (Medical Literature Analysis and retrieval
System Online) bibliographic database. PubMed became accessible
to the public at no charge in June 1997 and has been maintained
by the United States National Library of Medicine (NLM) at the
National Institutes of Health (NIH). Over the years, it has become
a very popular database among scientists and nonscientists inter-
ested in retrieving research publications in various biological and
biomedical fields. One of the most valuable features is users’ ability
to restrict searches through different filters and settings. Users can
target their searches by restricting the query to publications that
meet various requirements—including time of publication, type of
publication, type of research, language, authors’ affiliation, journal,
and other criteria—and by searching for specific keywords in the
full text of the article or in sub-parts, such as title and abstract. The
system uses the Boolean operators AND, OR and NOT to facilitate
filtering and refining of the searches.

With the goal of assisting scholars and policymakers in studying
and improving research systems at the national and international
level, we present a methodology that deploys PubMed to assess
“bio” publication output and the sharing of publications for certain
types of research and topics of interest. We also present data that
can be retrieved using this methodology. Though PubMed search
engine and MEDLINE database had been previously used to assess
the quantity of research publications of countries’~"', our study con-
stitutes the most recent, assorted and refined assessment of publica-
tion output in the life sciences. Thanks to the ability to attribute a
paper to various countries, we present data of publication output
by country and supranational regions. Further, we have used vari-
ous stringency criteria in order to check the method’s robustness.
Thus, we have analyzed publication output in different time ranges
and calculated publication output in relation to various country-
specific statistics (populations, GDPs, research and development
(R&D) expenditures and presence/absence of English as a primary
language). Finally, we have created a new score (Attraction Score)
that measures the relative weight of publications for certain kinds
of research or certain topics of interest. By analyzing the correlation
between the Attraction Scores for human embryonic stem cells and
the regulatory policies, we propose an example of how these Attrac-
tion Scores could be used to assess the research impact of regulatory
policies. We believe that the methodology and the graphic represen-
tations of data will provide valuable and easy-to-grasp information
that can assist professionals and the general public in understanding
and improving biomedical research governance.

Methods

Publications by country and globally

The number of publications by country was determined by inserting
the name/s of the countries in the “affiliation” field in the “advanced”
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section of the PubMed search engine. In the event of publications
with authors based in different countries, we chose to attribute the
paper only to the country of the leading author rather than collabora-
tors. This was facilitated by the fact that PubMed only reports affilia-
tion information of the first author of articles published before 2014
(http://www.ncbi.nlm.nih.gov/books/NBK3827/#pubmedhelp.
Affiliation_AD) (see also Discussion section). Since this study
focuses mainly on publications from 1993 to 2012, we have attrib-
uted a paper to a certain country based on the first author’s affilia-
tion. We do not believe that this is a problem: in the vast majority
of cases, first author and corresponding author are either the same
person or they work in the same research institution/geographical
area and therefore have the same country affiliation. To address the
problem of countries recorded under multiple names, we have used
the different designations separated by the Boolean operator OR.
For example, publications of the United Kingdom were searched by
inserting “united kingdom OR uk” in the “affiliation” field. Publica-
tions of the United States were searched by inserting “us OR usa OR
united states” (we observed only small differences when inserting
“usa OR united states”, see Discussion section). To identify the year
of publication, we used the “Custom range” function (that is equiv-
alent to using the “year:year[dp]” syntax in the search field). Most
of the searches were made for the 5-years period 2008-2012, but
we also investigated the 5-years periods 1993-1997, 1998-2002,
and 2003-2007 to determine changes in publications volumes over
time. Searches were also performed for individual years by using
the “Custom range” function or by using the CSV downloads of the
automatically retrieved yearly counts. We constrained publication
output primarily on papers reporting original research. Therefore,
unless otherwise indicated, we excluded reviews from our queries.
We did so by using the operator NOT before the word “review”
typed in the “Publication Type” field.

In generating publication data by continents, we added the number
of publications of all countries in a certain continent. America
was divided into North-Central America and South America. The
publications of Russia and Turkey were allocated half to Asia and
half to Europe. With regard to the European Union, we added the
number of publications of the 28 countries that have joined the
EU to present day. It should be noted, however, that some of the
countries joined the European Union between 1993 and 2012. (One
country, Croatia, joined the EU in 2013, and thus, it was not part of
the EU at any time during the time periods under investigation). The
total numbers of publications for the entire world were calculated
by leaving the affiliation fields blank.

In addition to the standard criteria discussed so far (criteria A), we
also conducted searches using various levels of stringency to crite-
ria A. We thus added the “Journal Article” filter (in “Article types™)
and “English” (in “Languages”) to criteria A to generate criteria B;
the “Journal Article” filter (in “Article types”) to generate criteria
C; the “English” filter (in “Languages”) to generate criteria D. The
percentages of publications written in English were estimated by
dividing the number of publications obtained using criteria D by the
number of publications obtained using criteria A and then by multi-
plying the result by 100. The countries considered to have English
as primary languages are shown in the data file. We observed only
small differences between the counts obtained by using these four
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criteria (See Results section). We also decided to identify papers
that reported the results of clinical trials. To this end, we created
criteria E by adding the “Clinical Trial” filter to criteria A. This
way, we were able to retrieve only publications based on clinical
trial studies.

Attraction Scores

We chose to retrieve publications in certain specific areas or that
discuss specific topics. To this end, we inserted in quotes the chosen
research areas or topics of interest (for example, “public health”
or “personalized medicine”) in the “Title/Abstract” field in the
“Advanced” section of PubMed. This step allowed as to generate
Attraction Scores for areas or topics (named “Area or Topic Attrac-
tion Scores”), which were calculated by dividing the number of
publications in certain research areas or discussing certain topics,
in a certain country, and within a certain period, by the total number
of publications in the same country/period and by multiplying it by
10,000 to obtain easy-to-read numbers. The Area/Topic Attraction
Scores were calculated by using criteria B because, as the searched
areas or topics were English words, we wanted to exclude the (few)
publications written in languages other than English. Nonetheless,
we run the same query also using criteria A, and we obtained very
similar results. Since the results are irrelevant, we decided not to
show data of queries with criteria A in this paper. In the case of
the “human embryonic stem cells” topic, we also used a “hESC/
ESC Score”, defined as the ratio between number of publications
obtained by using the search term “human embryonic stem cells” in
the “Title/Abstract” field and the number of publications obtained
by using the search term “embryonic stem cells” in the “Title/
Abstract” field.

Similarly, we also generated “Clinical Trial Attraction Scores” by
dividing the numbers of publications based on clinical trials stud-
ies retrieved using Criteria E by the total number of publications,
retrieved using criteria A, in the same country and in the same
period, and by multiplying the result by 10,000.

Finally, we also generated Review Attraction Scores by comparing
the numbers of publications obtained by criteria A with the num-
bers of publications obtained by criteria A+Reviews (i.e. without
the exclusion of reviews) and by multiplying the result by 100 (in
this case the score is the percentage).

Publications relative to population, GDP, and R&D
expenditure

We studied publication output during the 5-year period 2008-2012
relative to population, gross domestic products (GDP), and R&D
expenditure. Population data (http://data.worldbank.org/indicator/
SP.POP.TOTL) and GDP data (http://data.worldbank.org/indicator/
NY.GDP.MKTP.CD) were retrieved from World Bank databases.
We chose 2011 as a reference year. R&D expenditure data were
retrieved from Battelle (a private nonprofit science and technol-
ogy development company) 2014 Global R&D Funding Forecast
(http://www.battelle.org/docs/tpp/2014_global_rd_funding_fore-
cast.pdf) and expressed as GERD (Gross Expenditure on Research
and Development) of year 2012 with Purchasing Power Parity in
USS$ billion. Data on population by continent were obtained from
estimates published by the US Census Bureau (http://www.census.
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gov/compendia/statab/2012/tables/12s1330.pdf) for the year 2010.
The numbers of total citable documents by country were retrieved
from the SCImago Journal & Country Rank (http://www.scimagojr.
com/index.php).

Other methodological notes

We repeated several searches one year apart to evaluate the consist-
ency of the results across time. Several searches were therefore run
a first time in July/August of 2013 and then repeated in September/
October of 2014. We obtained very similar results, including for
the year 2012 (See Results section). This shows that PubMed is
rapidly updated and stable across time.

The classification of policies that regulate the use of human embry-
onic stem cells is based on the one previously developed by the
Hinxton Group (http://www.hinxtongroup.org), a consortium fos-
tering international cooperation in stem cell research. Other sources
for country-specific policies are referenced in the Results section.

Results

Biomedical publication and Attraction Score data based on
PubMed searches

1 Data File

http://dx.doi.org/10.6084/m9.figshare.1246898

The vast majority of publications contain a country name in
the affiliation

‘We determined the number of publications of countries for the 5-year
periods 1993-1997, 1998-2002, 2003-2007, and 2008-2012. We
divided the sums of publications for all countries by the total num-
bers of world publications (obtained without searching any country
name in the “Affiliation” field, see Methods section), in the same
time periods. We used both criteria A and criteria B for this anal-
ysis. We observed that the percentage of publications containing
a country name in the affiliation increases with time. In the time
period 2008-2012, the proportion of papers with a country name in
the affiliation is 87.8% and 97.7% by using criteria A and criteria
B, respectively (Figure S1) (sheet 1, including also the number of
publications for all the countries for the time periods 2003-2007
and 2008-2012) (sheets of the database show results either from
2013 or 2014 searches. When not specified, the searches were made
in 2013. When not specified, searches were for the time period
2008-2012). These data indicate that the methodology can plausi-
bly effectively estimate the volumes of life science and biomedical
publications of countries.

The volume of publications has increased at a constant
rate over 20 years

We determined the number of total world publications (obtained
without searching any country name in the “Affiliation” field, see
Methods section) for the time periods 1993-1997, 1998-2002,
2003-2007, and 2008-2012. Publications increased with a nearly
constant rate during the four time periods, with the volume of
the time period 2008-2012 corresponding to over 3.8 million
publications (reviews excluded according to our above described
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searching criteria), roughly the double of the volume of the time
period 1993-1997 (Figure 1) (sheet 2).

The proportion of clinical trial studies has remained almost
stable in 20 years

We determined the number of world publications based on clini-
cal trial studies (obtained without searching any country name in
the “Affiliation” field, see Methods section), for the time periods
1993-1997, 1998-2002, 2003-2007, and 2008-2012. Also, this
type of publication increased at a nearly constant rate throughout
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this time span. Interestingly, the share of publications based on clin-
ical trial studies has remained nearly constant (close to 5% of total
publications) during this time span (Figure 2) (sheet 2).

The proportion of publications in English has progressively
increased during the last 20 years

We estimated the share of world publications written in English
by calculating the ratio between the numbers of publications deter-
mined by criteria D and the numbers of publications determined by
criteria A for the time periods 1993-1997, 1998-2002, 2003-2007,

Total world publications

1993-1997

1998-2002 2003-2007 2008-2012

4500000

4000000

3500000

3000000

2500000

2000000

1500000

1000000

500000

0 -

Figure 1.Total world publications (reviews excluded) in the 5-year periods 1993-1997, 1998-2002, 20032007, and 2008—2012. Criteria A.

Total world clinical trials publications
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1998-2002 2003-2007 2008-2012
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% of total
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Figure 2. Total world Clinical Trial publications (reviews excluded) in the 5-year periods 1993-1997, 1998-2002, 2003-2007, and
2008-2012. The proportions of publications that are Clinical Trial publications are shown. Criteria E.
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and 2008-2012. The number of publications in English slightly
increased during the four time periods, being 88.6% in the time period
1993-1997 and 93.3% in the time period 2008-2012 (Figure S2)
(sheet 2).

The United States is the country with more publications

We ranked all the countries according to their numbers of publica-
tions. In Figure 3 and Figure S3 (sheets 3 and 4), we show the charts
with the 20 and 40 countries, respectively, with the most publications
in the time period 2008-2012. With over one million publications,
the United States represents by far the country with more publica-
tions than any other country, representing almost one-third of all
world publications during the time period 2008-2012. The second-
ranked country is China with a share of publication that is 28.5% of
those attributed to the United States. In Figure 4 (sheet 4), we show
a pie chart with the 25 countries with the most publications, includ-
ing a “slice” representing the rest of the world (representing 10.0%
of the total publications). We also tested the four different criteria
(see Methods section) to determine this ranking. We noticed only
minor differences in the numbers. The relative standard deviation
was, on average, 1.9% for the 20 countries with the most publica-
tions (sheet 3). The only substantial differences between the four
different criteria were for China (with a relative standard devia-
tion equal to 13.7%) and France (with a relative standard deviation
equal to 7.1%). These differences can be attributed primarily to the
activation of the English language filter (See results below).

Search results are consistent over time
In order to control for the consistency of these data over time, we
ran several searches at two separate times at least one year apart
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(July/August 2013 and September/October 2014). In sheet 3 we
show the differences in the total world publications (i.e. no affili-
ation specification) for the four different criteria. The differences
were very small: below 1.5% for all four criteria. We also com-
pared 2013 vs 2014 searches for the publications of countries with
the most publications. Even in this case the results were very simi-
lar, and the average difference for the 20 countries with the most
publications in the time period 2008-2012 was only 0.6%, with a
maximum difference for Iran (6.1%) (sheet 4). These data confirm
that PubMed is a reliable search engine that accurately retrieves
information from databases that are promptly updated.

The vast majority of papers of the 20 countries with the
most publications are written in English

Using the same method described above, we estimated the percent-
age of publications in English for the 20 countries with the most
publications in the time period 2008-2012. With the exceptions of
France (88.3%) and China (78.8%), more than 95% of publications
of all other countries were written in English (Figure S4) (sheet 3).
The PubMed search engine seems to be fairly accurate in the clas-
sification of languages of articles; indeed, we saw that the propor-
tions of publications in English of Anglophone countries like the
United States, the United Kingdom and Australia were over 99%.

About 10% of publications in the 20 countries with the most
publications are reviews

We also determined the proportion of review publications for the 20
countries with the most publications in the time period 2008-2012.
They were calculated by comparing searches with or without the
exclusion of reviews in the “Publication Types” field (See Methods

20 countries with most publications 2008-2012

1200000
1000000 -
800000 -
600000 -
400000 -
200000 - 1
0 -
© . 5 X v
LSS IEELTFILESESES
FSOTEFTETSLTEIRFLI S EFE T %
> S o g « S NN o & &
& N © § < Q:TQ é”\”
s g & < ©
QQ

Figure 3. Numbers of publications (reviews excluded) for the 20 countries with the most publications (reviews excluded) in the 5-year

period 2008-2012. Criteria A.
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25 countries with most publications 2008-2012

® United States

® China

“ United Kingdom

® Japan

“ Germany

= Italy

“ Canada

= France

“ India

“ South Korea

“ Australia

“ Spain

“ Netherlands

= Brazil

“ Turkey

= Sweden

“ Switzerland

“ lsrael

“ Belgium

“lIran
Denmark

“ Poland
Greece
Mexico
Austria

Rest of the world

Figure 4. Numbers of publications (reviews excluded) for the 25 countries with the most publications (reviews excluded) in the 5-year
period 2008-2012. The part of publications other than the top 25 countries is shown as “rest of the world” (in pale red). In this case, differently

from Figure 3, the data were obtained from 2013 searches. Criteria A.

section). On average, review publications constituted 9.9% of the
publications, ranging from a maximum of 14.7% (Italy) to a mini-
mum of 2.9% for South Korea (Figure S5) (sheet 4).

Denmark has the highest publications per capita

‘We measured the publications per capita of countries (sheet 5). We
divided the country publications in the time period 2008-2012 by
the country population and multiplied by 1,000 in order to obtain
the numbers of publication per 1,000 people. Figure 5 shows the
publications per 1,000 people for the 20 countries with the most
publications. Switzerland (4.8), Sweden (4.4), the Netherlands
(4.2), Israel (3.9), the United Kingdom (3.8), and Australia (3.6)
were, in descending order, the countries with the highest publica-
tions per capita. Iran (0.4), Brazil (0.3), China (0.2), and India (less
than 0.1) were, in descending order, the countries with lowest publi-
cations per capita. We also ranked all other countries based on their
publications per capita. Figure 6 and Figure S6 show the number of
publications per 1,000 people for the 20 and the 40 countries with
the highest publications per capita, respectively. The top ranked
country was Denmark (which is not part of the group of 20 countries
with the most publications) with 4.8 publications per 1,000 people
in the time period 2008-2012. Switzerland (4.8), Sweden (4.4),
and the Netherlands (4.2) closely followed Denmark in this ranking.

Among the 40 countries with the most publications, Israel
has the highest publications per GDP

We analyzed the publication output of the 40 countries with the
highest GDPs for the year 2011 and reported the data for the 20
and 40 countries with the highest GDPs, respectively in Figure 7
and Figure S7 (sheet 6). Almost every country in this group is also
in the group of countries with the most publications in the time
period 2008-2012; the exceptions are Russia, Mexico, Indonesia,
and Saudi Arabia, which are not part of the group with the most
publications, and Sweden, Israel, Iran, and Belgium, which are not
in the group of 20 countries with the highest GDPs. We also cal-
culated the publications per 1,000 people for the 20 countries with
the highest GDPs: Switzerland (4.8), the Netherlands (4.2), and the
United Kingdom (3.8), in descending order, had the highest ratios,
whereas China (0.2), Russia (less than 0.1), India (less than 0.1),
and Indonesia (less than 0.1), in descending order, had the lowest
ratios in the time period 2008-2012 (Figure 8) (sheet 6).

Moreover, we calculated the number of publications per GDP
for the 20 and 40 countries with the highest GDPs (Figure 9 and
Figure S8) (sheet 6). In the group of 40 countries with the high-
est GDPs, the country with the highest publications-to-GDP ratio
in the time period 2008-2012 was Israel, followed by the United
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Publications per 1,000 people
20 countries with most publications 2008-2012

Figure 5. Publications (reviews excluded) per capita in the 20 countries with the most publications (reviews excluded) in the 5-year
period 2008-2012. The numbers represent publications per 1,000 people and were obtained by dividing the number of publications (reviews
excluded) by the country populations and multiplying by 1,000. In this case, differently from Figure 3, the data were obtained from 2013

searches. Criteria A.

Publications per 1,000 people
20 countries with highest publications per capita 2008-2012

Figure 6. Publications (reviews excluded) per capita in the 20 countries with the highest publication (reviews excluded) per capita
ratios in the 5-year period 2008-2012. The numbers represent publications per 1,000 people and were obtained by dividing the number of
publications (reviews excluded) by the country populations and multiplying by 1,000. Criteria A.
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Publications of 20 highest GDP countries
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400000

200000

Figure 7. Numbers of publications (reviews excluded) in the 20 countries with the highest gross domestic products (GDP) in the
5-year period 2008—2012. Criteria A.

Publications per 1,000 people of 20 highest GDP countries

4.5

Figure 8. Publications (reviews excluded) per capita in the 20 countries with the highest gross domestic products (GDP) in the 5-year
period 2008-2012. The numbers represent publications per 1,000 people and were obtained by dividing the number of publications (reviews
excluded) by the country population and multiplying by 1,000. Criteria A.
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Publications per GPD of 20 highest GDP countries

120

100

Figure 9. Publications (reviews excluded)-to-GDP ratios in the 20 countries with the highest GDP in the 5-year period 2008-2012.
The numbers of publications (reviews excluded) were divided by the GDPs of 2011 (US$) from World Bank database and multiplied by 10°.

Criteria A.

Kingdom, the Netherlands, and South Korea whereas Russia, the
United Arab Emirates, Venezuela, and Indonesia were, in descend-
ing order, the countries with the lowest ratios. The ratio of the low-
est ranking country (Indonesia) was less than 1% of the ratio of the
highest ranking country (Israel).

Among the 20 countries with the most publications, the
United Kingdom has the highest publications per R&D
(research and development) expenditure

We also calculated the publications per R&D expenditure for the
20 countries with the highest GDPs. The numbers on the chart rep-
resent the ratios between the numbers of publications and these
R&D expenditures. The United Kingdom, Italy, Turkey and the
Netherlands were, in descending order, the countries with the high-
est ratios, whereas Indonesia and Russia were, in descending order,
the countries with the lowest ratios in the time period 2008-2012
(Figure 10) (sheet 9). The ratio of the lowest ranking country
(Russia) is 5.1% of the ratio of the highest ranking country (the
United Kingdom).

The United States has the most publications of Clinical
Trial studies

We measured the publication output based on clinical trial stud-
ies. First, similarly to what we did with the general publications
(Figure S1), we calculated the proportions of clinical trials publica-
tions with a country name in the affiliation. The proportions were
96.5% and 97.8% for the time periods 2003—-2007 and 2008-2012,

respectively (Figure S9) (sheet 10). In the time period 2008-2012,
there were over 180,000 publications based on clinical trial studies
(sheet 10). We then determined the numbers of clinical trial publi-
cations for all the countries of the world (sheet 10) and ranked the
20 countries with the most clinical trial publications (Figure 11)
(sheet 10) in the time period 2008-2012. The United States was
the country with the most publications of clinical trial studies, with
over 58,000 publications in the time period 2008-2012, over four
times the volume of the United Kingdom (with over 14,000 clinical
trial publications), the second in the ranking. In Figure 12 (sheet 11),
we show the clinical trial publications of the 20 countries with the
highest GDPs.

Among the 20 countries with the most publications, Iran has
the highest increase of publications over the last 10 year

‘We compared the volumes of publications of time periods 2003—2007
and 2008-2012 for the 20 countries with the most publications.
Figure 13 (sheet 12) shows the relative change (as the percentage
of the volume of time period 2003-2007) of general publications
(as usual, reviews were excluded). The four countries with the
highest increases were, in descending order, Iran (220.4%), China
(119.5%), India (115.2%), and South Korea (108.6%); these coun-
tries more than doubled the volume of publications from time period
2003-2007 to time period 2008-2012. The volumes of publications
did not decrease in any of the 20 countries with the most publica-
tions. In this group the country with the lowest increase was Japan,
with a 9.7% increase. We also determined the relative changes with
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Publications per R&D expenditure of 20 highest GDP countries
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Figure 10. Publications (reviews excluded) per R&D expenditure of the 20 countries with the highest GDP in the 5-year period
2008-2012. The numbers of publications (reviews excluded) were divided by the R&D expenditure of 2012 expressed as GERD (Gross
Expenditures on Research and Development) in billion US$ at Purchasing Power Parity (PPP). The data of R&D expenditures of countries
were taken from the Battelle nonprofit private company (http://www.battelle.org/docs/tpp/2014_global_rd_funding_forecast.pdf). Criteria A.

20 countries with most Clinical Trials publications
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Figure 11. Numbers of Clinical Trial publications (reviews excluded) in the 20 countries with the most Clinical Trial publications
(reviews excluded) in the 5-year period 2008-2012. Criteria E.
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Clinical Trials publications of 20 highest GDP countries
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Figure 12. Numbers of Clinical Trial publications (reviews excluded) in the 20 countries with the highest GDP in the 5-year period
2008-2012. Criteria E.

Relative % change in numbers of publications from 2003-2007 to 2008-2012
20 countries with most publications

250

200 —

150

100 H

Figure 13. Relative changes in numbers of publications (reviews excluded) from the 5-year period 2003-2007 to the 5-year period
2008-2012 for the 20 countries with the most publications (reviews excluded). The relative changes are expressed as percentage
change relative to the 5-year period 2003-2007. Criteria A.
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regard to the clinical trial publications. Figure 14 (sheet 13) shows
these relative changes. The country with the highest relative change
was Iran, with a 179.6% increase from time period 2003-2007 to
time period 2008-2012. South Korea (104.3%) and China (99.3%)
were second and third in this ranking. The volume of clinical trial
publications decreased only for Israel (-14.6%).

Clinical Trial Attraction Scores

In order to determine the proportion of publications that are clini-
cal trial studies, a proxy for the level of “attractiveness” towards
clinical trial investigations, we created the Clinical Trial Attraction
Score, defined as the ratio of clinical trial publications to the general
publications multiplied by 10,000 (to make these scores compara-
ble to the Topic Attraction Scores, see below). We calculated these
scores for the 20 countries with the most publications (Figure 15)
(sheet 14). The Netherlands, Italy, and Sweden were, in descend-
ing order, the countries with the highest Clinical Trial Attraction
Scores. China and India, in descending order, were the ones with
the lowest. The Attraction Score of the highest ranking country (the
Netherlands) was 3.9 times the Attraction Score of the lowest rank-
ing country (India).

Area/Topic Attraction Scores

As a proxy for the level of “attractiveness’ towards specific research
areas or topics, we determined Attraction Scores for research areas
or topics. We used the same method used to determine the Clini-
cal Trial Attraction Score. Basically, the number of publications
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related to a specific area or topic was divided by the total number of
publications of the same country and then multiplied by 10,000 (to
get easily readable scores).

Figure 16 (sheet 15) reports the Topic Attraction Scores for “phar-
macogenomics” in the 20 countries with the most publications in
the time period 2008-2012. The Netherlands, Spain, Sweden, and
the United States were, in descending order, the countries with the
highest scores while Turkey and Iran were, in descending order, the
countries with the lowest scores. The Attraction Score of the high-
est ranking country (the Netherlands) was 14.1 times the Attraction
Score of the lowest ranking country (Iran).

Figure 17 (sheet 16) reports the Topic Attraction Scores for “person-
alized medicine” of the 20 countries with the most publications in
the time period 2008-2012. United States, Israel, and Switzerland
were, in descending order, the countries with the highest scores
while Turkey, Iran and Brazil were, in descending order, the ones
with the lowest scores. The Attraction Score of the highest ranking
country (the United States) was 17.3 times the Attraction Score of
the lowest ranking country (Brazil).

Figure 18 (sheet 17) reports the Topic Attractions Scores for “health”
and “public health” for the 12 countries with the most publications
in the time period 2008-2012. Australia, the United Kingdom,
Canada, and the United States (remarkably, all Anglo-Saxon coun-
tries) had, in descending order, the highest Public Health Attraction

Relative % change in numbers of clinical trials publications from 2003-2007 to 2008-2012
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Figure 14. Relative changes in numbers of Clinical Trial publications (reviews excluded) from the 5-year period 2003-2007 to the
5-year period 2008-2012 for the 20 countries with the most publications (reviews excluded). The relative changes are expressed as

percentage change relative to the 5-year period 2003-2007. Criteria E.
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Clinical Trial Attraction Scores (2008-2012)
20 countries with most publications
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Figure 15. “Clinical Trial Attraction Scores” for the 20 countries with the most publications (reviews excluded) in the 5-year period
2008-2012. The “Clinical Trial Attraction Scores” were calculated by dividing the numbers of Clinical Trials publications (reviews excluded) by
the total numbers of publications (reviews excluded) in the 5-year period 2008-2012 and multiplying by 10,000. Criteria A and E.

‘Pharmacogenomics’ Attraction Scores (2008-2012)
20 countries with most publications
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Figure 16. “Pharmacogenomic Attraction Scores” for the 20 countries with the most publications (reviews excluded) in the 5-years
period 2008-2012. The “Topic Attraction Scores” were calculated by dividing the numbers of publications (reviews excluded) with
“pharmacogenomic” OR “pharmacogenomics” in the title/abstract field by the total numbers of publications (reviews excluded) in the 5-year
period 2008-2012 and multiplying by 10,000. Criteria B.
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‘Personalized medicine’ Attraction Scores (2008-2012)
20 countries with most publications

Figure 17.“Personalized Medicine Attraction Scores” for the 20 countries with the most publications (reviews excluded) in the 5-year
period 2008-2012. The “Topic Attraction Scores” were calculated by dividing the numbers of publications (reviews excluded) with “personalized
medicine” in the title/abstract field by the total numbers of publications (reviews excluded) in the 5-year period 2008-2012 and multiplying by
10,000. Criteria B.
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Figure 18. “Health Attraction Scores” and “Public Health Attraction Scores” for the 12 countries with the most publications (reviews
excluded) in the 5-year period 2008-2012. (A) The “Topic Attraction Scores” were calculated by dividing the numbers of publications
(reviews excluded) with “health” in the title/abstract field by the total numbers of publications (reviews excluded) in the 5-year period
2008-2012 and multiplying by 10,000. (B) The “Topic Attraction Scores” were calculated by dividing the numbers of publications (reviews
excluded) with “public health” in the title/abstract field by the total numbers of publications (reviews excluded) in the 5-year period 2008-2012
and multiplying the obtained quotient by 10,000. Criteria B.
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Scores (with very similar results for the Health Attraction Score).
The Attraction Score of the highest ranking country (Australia)
was 5.6 times the Attraction Score of the lowest ranking country
(Japan).

Figure 19 (sheet 18) reports the Topic Attraction Scores for “induced
pluripotent stem cells” and “human induced pluripotent stem cells”
of the 12 countries with the most publications in the time period
2008-2012. In both cases Japan was the country with by far the
highest score. The Attraction Score for “iPS cells” of the highest
ranking country (Japan) was 34.4 times the Attraction Score of
the lowest ranking country (India). The Attraction Score for “hiPS
cells” of the lowest ranking country (India) was 0.

Figure 20 (sheet 19) reports the Topic Attraction Scores for “embry-
onic stem cells” and “human embryonic stem cells” in the 12 coun-
tries with the most publications in the time period 2008-2012. In
both cases, South Korea was the country with the highest score.
The Attraction Score for “ES cells” of the highest ranking coun-
try (South Korea) was 4.6 times the Attraction Score of the lowest
ranking country (India). The Attraction Score for “hES cells” of the
highest ranking country (South Korea) was 8.1 times the Attraction
Score of the lowest ranking country (Italy).

A relative comparison with all-disciplines’ citable documents
We compared publication output in the life sciences with the over-
all output of all disciplines. Data on the latter were obtained from
the SCImago Journal & Country Rank, which includes journals
and country scientific indicators from the information contained
in the Scopus® database (http://www.scimagojr.com/). We ran the

A

‘iPS cells” Attraction Scores (2008-2012)
12 countries with most publications
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comparison for a single year (2012). Figure S10 (sheet 21) reports
data for the 20 countries with the most publications in year 2012.
The pattern, as expected, was very similar to the pattern for the time
period 2008-2012 (Figure 3), and the group of 20 countries was the
same with the exception of Israel, which was only in the 2008-2012
group and Denmark, which was only in the 2012 group. In addi-
tion, this time we also included reviews as these are included in the
data from SCImago Journal & Country Rank. Figure S11 (sheet 21)
reports the percentage of reviews (estimated as previously indicated)
of the 20 countries with the most publications in 2012. With an aver-
age of 9.7%, a minimum of 3.0% (South Korea) and a maximum
of 15.1% (Italy), these results are similar to those from 2008-2012
(Figure S5). We then included reviews and re-ranked the same 20
countries shown in Figure S10 (Figure S12) (sheet 21) and found
that, given that the percentage of reviews was low, rankings and
relative differences are not substantially affected by the inclusion of
reviews. We therefore estimated the ratio of publications in the life
sciences with publications in all fields and reported the results in
Figure S13 (sheet 21). Data show an average of 36.7% publications
in the life sciences with China (22.7%) and Iran (26.4%) scoring at
the bottom and the United States (54.0%) and the United Kingdom
(48.2%) scoring at the top.

Most of the publications in English are produced in countries
where English is not the primary language

We calculated the numbers of publications of countries where
English is or is not the primary language. Figure 21 (sheet 22)
shows the proportions of publications from countries where English
is the primary language for the two time periods 2003-2007 and 2008—
2012. The percentage of publications of these countries slightly

B

‘hiPS cells’ Attraction Scores (2008-2012)
12 countries with most publications
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Figure 19. “iPS cells Attraction Scores” and “hiPS cells Attraction Scores” for the 12 countries with the most publications (reviews
excluded) in the 5-year period 2008-2012. (A) The “Topic Attraction Scores” were calculated by dividing the numbers of publications
(reviews excluded) with “induced pluripotent stem cells” in the title/abstract field by the total numbers of publications (reviews excluded)
in the 5-year period 2008-2012 and multiplying by 10,000. (B) The “Topic Attraction Scores” were calculated by dividing the numbers of
publications (reviews excluded) with “human induced pluripotent stem cells” in the title/abstract field by the total numbers of publications
(reviews excluded) in the 5-years period 2008-2012 and multiplying by 10,000. Criteria B.
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Figure 20. “ES cells Attraction Scores” and “hES cells Attraction Scores” for the 12 countries with the most publications (reviews
excluded) in the 5-year period 2008-2012. (A) The “Topic Attraction Scores” were calculated by dividing the numbers of publications
(reviews excluded) with “embryonic stem cells” in the title/abstract field by the total numbers of publications (reviews excluded) in the 5-year
period 2008-2012 and multiplying by 10,000. (B) The “Topic Attraction Scores” were calculated by dividing the numbers of publications
(reviews excluded) with “human embryonic stem cells” in the title/abstract field by the total numbers of publications (reviews excluded) in the
5-year period 2008-2012 and multiplying by 10,000. Criteria B.
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Figure 21. Proportion of publications (reviews excluded) written in English in countries where English is the primary language in the
5-year periods 2003-2007 and 2008-2012. The proportions are expressed as percentages in the 5-year periods 2003-2007 and 2008-2012.
The proportions were determined by dividing the sum of the numbers of publications (reviews excluded) in all the countries where English
is the primary language by the sums of the numbers of publications (reviews excluded) in all countries of the world. For countries that we
considered to have English as primary language see the data file (sheet 21). Criteria B.
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decreased from 50.0% in time period 2003-2007 to 46.1% in time
period 2008-2012. As a consequence, the percentages of pub-
lications of countries where English is not the primary language
increased from 50.0% to 53.9%. This increase was expected given
the large increases in publications volumes in non-English native
speaking, high-volume publishing countries like China, India,
South Korea, and Iran (Figure 13). For a list of countries considered
to have English as primary language, see the data file.

Nearly 70% of publications are conceived in North-Central
America or Europe

Data on publication output in each continent in the time period
2008-2012 appear in Figure 22 (Sheet 23). To calculate publication
output for each continent, we divided the American continent into
North-Central America and South America. North-Central America
and Europe were the continents with the greatest number of publi-
cations, representing 35.5% and 33.7% of the total numbers of pub-
lications (sum of all the countries), respectively. Figure 23 shows
the relative changes in publications from time period 2003-2007
to time period 2008-2012. Africa was the continent with the biggest
relative change in publications, with a 78.5% increase in publication
volume from time period 2003-2007 to time period 2008-2012,
whereas Europe (30.4%) and North-Central America (24.2%) were
the continents with the smallest increases. We also calculated the
publications per capita in the time period 2008-2012. Figure 24
(sheet 23) reports the publications per 1,000 people in the continents.

F1000Research 2014, 3:292 Last updated: 09 SEP 2015

Oceania was the continent with the highest publications per capita
with 2.7 publications per 1,000 people, followed by North-Central
America with 2.1 and Europe with 1.5. Africa was the continent
with the smallest publications per capita, with less than 0.1 publi-
cations per 1,000 people.

Proportions of publications of the European Union

We calculated the number of publications of the 28 countries that are
currently part of the European Union (EU Countries) in time peri-
ods 2003-2007 and 2008-2012. The publications during the time
period 2008-2012 were more than one million (Figure S14A) (sheet
24) and represented 32.1% and 30.6% of the world’s total publica-
tions in the time periods 2003-2007 and 2008-2012, respectively
(Figure S14B). The relative increase from time period 2003-2007
to time period 2008-2012 of the EU Countries was 29.6%, there-
fore smaller than the relative increase for the whole world (36.2%)
(Figure S14C). We also calculated the total clinical trials study
publications of the EU Countries in time periods 2003-2007 and
2008-2012 (Figure S15A). In time period 2008-2012, there were
over 65,000 clinical trial publications. These publications represent
39.2% and 36.3% of the world’s total clinical trials publications in
time periods 2003-2007 and 2008-2012, respectively (Figure S15B).
The relative change in clinical trial publications from time period
2003-2007 to time period 2008-2012 was a 5.7% increase for the
28 countries, compared to a 14.2% increase for the whole world
(Figure S15C).

Proportions of publications per continent (2008-2012)

Oceania 2.9%

Europe 33.7%

Asia 24.0%

Africa 1.4%

America (North-Central) 35.5%

America (South) 2.6%

Figure 22. Proportions of publications (reviews excluded) per continent in the 5-year period 2008—2012. The proportions are expressed
as percentages. America was divided into North-Central America and South America. The numbers of publications (reviews excluded)
for Asia and Europe were approximated by equally dividing the publications (reviews excluded) of Russia and Turkey between the two

continents. Criteria B.
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Relative % change in numbers of publications from 2003-2007 to 2008-2012
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Figure 23. Relative changes in numbers of publications (reviews excluded) by continent from the 5-year period 2003-2007 to the
5-year period 2008—-2012. The relative changes are expressed as percentages relative to the number of publications (reviews excluded) of the
5-year period 2003-2007. Criteria B.

Publications per 1,000 people (2008-2012)
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Figure 24. Publications (reviews excluded) per capita by continent in the 5-year period 2008-2012. The numbers represent the numbers
of publications (reviews excluded) per 1,000 people by continent in the 5-year period 2008-2012. Criteria B.
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Comparison between custom range and the automatic
annual counts

PubMed provides a function to automatically download CSV files
with the numbers of publications year by year. We compared the
numbers of publications obtained by using this function with the
numbers of publications obtained by using the custom range func-
tion to define time periods that we described above. An analysis
of the 2012 reveals that the CSV download yielded fewer publica-
tions than the custom range approach. Figure S16 (sheet 25) shows
the differences for the 20 countries with the most publications in
2012. On average the difference was -18.4%, with a maximum dif-
ference of -21.7% for Turkey and a minimum difference of -13.8%
for Iran.

Discussion

A methodology for in-depth assessment of bio-publication
output of countries

Assessing the quantity and quality of a country’s scientific output
is key to understanding and improving its research system. In this
paper, we present a methodology that focuses on publication in
biology and related disciplines that contribute to advancing that
field. Based on the search engine PubMed, the method was used
to count publications at the country level and at the supranational
level (continents and European Union), in different time periods,
to trace changes in publication outcome over time and to measure
publication ratios relative to country populations, country GDP and
R&D expenditure, the share of publications based on clinical tri-
als, whether the publication was a review article, and whether the
publication was written in English. We demonstrated how various
stringency criteria could be deployed to check data robustness. Box 1
presents an excerpt of the main findings.

Attraction Scores gauge the relative strength in certain
types of research or on certain topics of inquiry

We have also created the Attraction Scores. These assess the focus
of publication output on certain types of studies (e.g., clinical tri-
als) or areas or topics of interest (e.g., hESC). Attraction Scores

Box 1.

1. The total number of publications during years 2008-2012
(almost four million, excluding review publications) is nearly
the double the number of publications during years 1993—
1997

2. The proportion of publications based on clinical trials has
remained constant around 5% since 1993

3. The proportion of review publications for the 20 countries
with the most publications is 9.9%, with a maximum for Italy
(14.7%) and a minimum for South Korea (2.9%) (years 2008—
2012)

4. The United States, with over one million publications in years
2008-2012 (reviews excluded) is by far the country with the
most publications, having almost four times the publications
of the second ranking country, China

5. The country with the most publications per capita is Denmark
(4.81 per 1,000 people), followed by Switzerland (4.76 per
1,000 people) and Sweden (4.40 per 1,000 people) (years
2008-2012)

20.

21.
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. The country with the highest publications-to-GDP ratio,

among the 40 countries with the most publications, is Israel,
followed by the United Kingdom, the Netherlands, and South
Korea (years 2008-2012)

. The country with the highest publications-to-R&D expenditure

(GERD PPP), among the 20 countries with the highest GDPs
is the United Kingdom, followed by lItaly, Turkey, and the
Netherlands

. Among the 20 countries with the most publications, Iran is

the country with the highest relative increase (+220%) in the
number of publications from years 2003-2007 to years 2008—
2012. Japan is the country with the lowest relative increase
(+9.7%)

. Among the 20 countries with the most publications, Iran is the

country with the highest relative increase (+179.6%) in the
number of clinical trial publications from years 2003-2007 to
years 2008-2012. Israel is the only country with a decrease
(-14.6%)

. The United States is the country with the most publications

based on clinical trials (almost 60,000), nearly four times
the number of publications based on clinical trials in the
second ranking country, the United Kingdom (years 2008-
2012)

. Among the 20 countries with the most publications, the

Netherlands is the country with the highest “Clinical Trial
Attraction Score”, followed by Italy (years 2008-2012)

. Among the 20 countries with the most publications, the

Netherlands is the country with the highest “Pharmacogenomics
Attraction Score” (years 2008-2012)

. Among the 20 countries with the most publications, the

United States is the country with the highest “Personalized
Medicine Attraction Score” (years 2008-2012)

. Among the 20 countries with the most publications, Japan

is the country with the highest “iPS cells Attraction Score”
(years 2008-2012)

. Among the 20 countries with the most publications, South

Korea is the country with the highest “hES cells Attraction
Score”, (years 2008-2012)

. There is some correlation between policies regulating the use

of human embryonic stem cells and the “hES cells Attraction
Scores”

. Among the 12 countries with the most publications, Australia,

the United Kingdom, and Canada, in descending order, have
the highest “Public Health Attraction Scores” (years 2008—
2012)

. The estimated proportion of publications written in English

in countries where English is the primary language has
decreased from 50.0% (years 2003-2007) to 46.1% (years
2008-2012)

. Oceania is the continent with the most publications per capita

(2.7 per 1,000 people) followed by North-Central America
(2.1 per 1,000 people) (years 2008-2012)

North-Central America has the highest proportion of world
publications (35.5%); Africa has the lowest (1.4%) (years
2008-2012)

The proportion of world publications of the present day 28
countries of the European Union is 30.6% (years 2008-
2012)
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express a proportion of the total publication output rather than the
number of papers. For this reason, we believe that they better rep-
resent the real attraction of certain types of studies or certain topics
of research to scientists.

Attraction Scores can be correlated to many different factors. It is
no surprise that this attraction for a cutting-edge topic like “phar-
macogenomics” is higher in more technologically developed coun-
tries (Figures 16). Higher Attraction Scores may also be determined
by past path-breaking discoveries that attract investments and the
attention of researchers. This seems to be the case of iPS cells
and Japan, a country in which these cells were first obtained and
then highly researched thanks to massive research and technologi-
cal investment'>~"". The predictable result is that Japan has indeed
the highest Attraction Score for iPS cells of all surveyed countries.
Variations in Attraction Scores can also be correlated with other
factors, including the prevalence of certain diseases, the structure of
research workforces (e.g. small groups vs. big collaborative efforts),
regulatory policies, and cultural and political factors. Attraction
Scores can be used not only to assess the effect of putative deter-
mining factors but also to predict future trends. For example, the
focus toward certain areas (or topics) or types of research can have
different consequences such as the development of new avenues of
research or new types of interaction between academia and industry.

Attraction Scores as a means to assess research policy
impact

Though a detailed and comprehensive analysis of correlations and
predictive uses of the Attraction Scores is beyond the purposes
of this study, we want to provide an example of how the Attrac-
tion Scores can be used to assess the effect of specific policies.
To this end, the policies regulating the use of hESCs in research
present an interesting cases study. Over the past 15 years, coun-
tries have adopted a wide range of policies that can be divided
into four categories—permissive, permissive compromise, restric-
tive compromise, and prohibitive”. In restrictive policy countries,
human embryo research, derivation of hESCs from supernumerary
embryos, and somatic cell nuclear transfer (SCNT) are usually pro-
hibited. When permitted, research is possible with imported hESC
lines or cell lines that were created before the enactment of any
embryo research ban. Predictably, the two countries with the most
restrictive policies (Italy and Germany) report very low Attraction
Scores (Figure S17) (sheet 20). Attraction Scores are progressively
higher as countries’ policies become more permissive. The highest
Attraction Scores belong to South Korea and Australia. This con-
clusion is reinforced by the analysis of a second score (hESC/ESC
score), which assesses the relative focus on human embryonic stem
cells. This score is the ratio between the number of publications
on “human embryonic stem cells” and the number of publications
on “embryonic stem cells” (searches for these key words were, as
usual, in the “Title/Abstract” field). The highest hESC/ESC scores
belong to Spain and Australia, in which SNCT and derivation of
hESC from supernumerary embryos are permissible, with the score
of the highest ranking country (Australia) being 4.7 times higher
than the score of the lowest ranking country (Italy). Germany
reported the third lowest hESC/ESC score.

The ranking represents three cases of apparent outliers: Canada,
Japan, and the United States. Canada and the United States report
Attraction Scores that are apparently higher than their policies
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would intuitively suggest. However, a closer look at the policies
of these countries explains their position in the ranking. Canada
explicitly permitted research with human pluripotent stem cell
research since 2002 and since 2006 legalized research on supernu-
merary embryos. Federal funding for hESC research has been avail-
able since the early 2000s and has been comparatively generous
since then as evidenced by the fact that, in 2009, the MaRS Regen-
erative Medicine 2009 Industry Briefing report ranked Canada 4th
(after the United States, the United Kingdom, and South Korea)
for government funding for stem cell research (www.marsdd.com/
mars-library/regenerative-medicine-industry-briefing/)'¢. In 2013,
“at least 68 centers” with more than 350 researchers were “inves-
tigating stem cells and regenerative medicine” (http://www.ic.gc.
ca/eic/site/lsg-pdsv.nst/eng/hn01746.html Table 1, 4 (last updated
June 18, 2013))"". The United States, another apparent outlier,
is classified as a case of “permissive compromise.” Yet, the real-
ity has been different. Policies were restrictive only at the federal
level with the Dickey-Wicker Amendment and President Bush’s a
ban on federal funding for research on certain stem cells. How-
ever, many US states funded and promoted a significant amount
of stem cell research'®, which resulted in a high Attraction Score
for both 2008-2012 (Figure S17) and 2003-2007 (sheet 19). On
the other hand of the spectrum, Japan adopted more liberal policies
but reports a comparatively low Attraction Score. This is due to the
way in which the regulatory requirement for prior approval before
using hESC translated into an “excessively burdensome approvals
process”, which is often blamed for Japan lagging behind other
countries". In 2010, Kawakami e al.'"” worried that “[a]lthough
direct, quantitative effects are difficult to demonstrate, it seems rea-
sonable that these regulatory delays have presented serious chal-
lenges to Japanese researchers working, or seeking to work, in these
fields, and ultimately impeded progress and competitiveness”. In
addition, Japan has focused its research efforts in regenerative
medicine on iPSs rather than hESCs as discussed above. Based on
these results, we submit that Attraction Scores reveal a correlation
between hESC policies and research output in this area.

Strengths and limitations of the method

As the other metric methodologies'=**'"*, the one described in this
report presents “pros” and “cons” as well as strengths and weak-
nesses. Indeed, there are some caveats to take in consideration
when using this methodology or interpreting the data.

First, as also shown in Figure S1, the country name is not always
present in the affiliation. This would not be a problem if all the
countries had the same proportions of publications without the
country name in the affiliation. However, it is possible that different
countries have different proportions of affiliations without the coun-
try name. In any case, we think that this is likely not a significant
problem given that the vast majority of the publications have the
country name in the affiliation and that it is unlikely that research
groups around the world have very different habits when indicat-
ing the affiliation details on papers. In any case, small differences
(if any) should be fully compensated when calculating the ratios
between counts of the same country, as in the case of measuring
ratios relative to changes in publication output over time or Attrac-
tion Scores.

Second, this method may not be perfectly accurate with regard to
countries that are recorded under multiple names including acronyms.
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If a country name is missing then the count for that country would be
underestimated. However, in our study we tried to include all pos-
sible country names. For example, the United States was searched
including not only searches for “united states” but also for “us”
OR “usa” (notably when we searched only for “united states” OR
“usa” the volumes of publications were decreased by about 10%).
Moreover, in some cases the name/acronym of a country could be
the same as other affiliation specifications. This particular case may
lead to overestimating the number of publications for that country.
For example, the acronym US could be present in affiliations not
related to the United States, and therefore, even if we believe that
(based also on pilot tests we have performed; data not shown) this
effect is conceivably negligible, there might be the possibility that
the searches for the United States are slightly overestimated. Also,
there are cases in which a name can be both a country and a region of
another country. This is the case of Georgia, whose number of pub-
lications are likely overestimated because “georgia” may be listed
as a sovereign country or a state that is part of the United States.

Third, this method relies on first authors’ affiliation information
to attribute publications to a certain country. Given that the first
author ordinarily either matches the corresponding author or has
the same affiliation country of the corresponding author and that
the first author (even when she/he is not the corresponding author)
frequently plays a prominent role in the project design or execution,
this approach has the advantage of classifying papers based on the
effective location of the main ideation and execution of research
projects. Thus, this method is useful to determine publication outputs
based on leading contributions; however, it is less accurate when all
types of contributions need to be taken in account. It should also be
noted that at the beginning of 2014, PubMed started inserting affili-
ation information for every author of published articles, however
without the possibility of limiting the search to first authors (http://
www.ncbi.nlm.nih.gov/books/NBK3827/#pubmedhelp.Affilia-
tion_AD). Therefore, the method used in this paper cannot be used
for papers published in 2014 or after. While PubMed’s decision to
include information for all authors of a paper is welcomed, it would
be desirable to be able again to select affiliation information only
for the first (and possibly also specifically for the last) author.

Fourth, PubMed’s records may be incomplete and thus not perfectly
accurate. This is the case of information such as the language in
which the paper is written and whether the paper is a review.

Fifth, even if we excluded reviews from our counts (except where
otherwise indicated), we did not exclude all publications that are
not based on original research. This is the case of comments and
editorials. Our choice was motivated by reasons of simplicity and
because we believed that PubMed’s tagging of publications as
“letters” or “editorials” could be not fully accurate and possibly
unequal among countries. However, we believe this choice does
not have an impact on data because it is plausible that these types
of publications do not significantly affect the relative differences
between countries as suggested also by the fact that, when we chose
to count only the publications published as “article journal” (crite-
ria C), we did not observe substantial differences with the standard
criteria (criteria A) (sheet 3).
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Sixth, the quality (however one defines “quality” in this context) of
publications is not taken in account. This methodology quantifies
the research output by determining the numbers of publications or
ratios between numbers of publications and other variables. Proxies
for the quality of the papers, such as numbers of citations, numbers
of downloads, and impact factors of the journals, are not taken in
consideration. Even if indexes based on the quality of research have
been already proposed'~!*!'* we argue that any means of measur-
ing the quality of science will always be partial and controversial
and for this reason it will always be useful to take in considera-
tion also (or, in specific circumstances, only) the total volumes of
publications.

If the limitations are taken into account, we believe that the meth-
odology and information presented in this paper can be used, in
conjunction with other metrics, to assess research systems in terms
of publication output. In particular, we think that the volumes of
publications, the relative changes in time, and the Attraction Scores
described here provide valuable and unique information about the
biomedical and biological research systems of countries. This will
assist scholars in studying research systems and policymakers in
designing policies to improve scientific production and its benefits
to society.

Data availability
figshare: Biomedical publication and Attraction Score data based on
PubMed searches, http://dx.doi.org/10.6084/m9.figshare.1246898%!
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Supplementary figures

Percentage of total publications with a country name in the affiliation

1993-1997 1998-2002 2003-2007 2008-2012
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Figure S1. Percentages of publications (reviews excluded) with the country name in the affiliation field. Criteria A and B were used to
calculate the proportions in the 5-year periods 1993-1997, 1998-2002, 2003-2007, and 2008-2012. The total world publications (reviews
excluded) were obtained by searches without any specification in the affiliation field. The total world publications (reviews excluded) with the
country name in the affiliation field were obtained by summing the numbers of publications (reviews excluded) of all countries of the world.

Estimation of proportions of publications in English

1993-1997 1998-2002 2003-2007 2008-2012

88.6% 90.3% 91.3% 93.3%

Figure S2. Estimation of the percentages of publications (reviews excluded) written in English in the 5-year periods 1993-1997, 1998—
2002, 2003-2007, and 2008-2012. The percentages were calculated by determining the proportions between the numbers of publications
obtained with criteria D and the numbers of publications obtained with criteria A.
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Figure S3. Numbers of publications (reviews excluded) of the 40 countries with the most publications (reviews excluded) in the 5-year
period 2008-2012. In this case, differently from Figure 3, the data were obtained from 2013 searches. Criteria A.

Estimation of proportions of publications in English in the 20 countries with most publications
2008-2012
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Figure S4. Estimation of the percentages of publications (reviews excluded) written in English of the 20 countries with the most
publications (reviews excluded) in the 5-year period 2008—-2012. The percentages were calculated by determining the proportions between
the numbers of publications obtained with criteria D and the numbers of publications obtained with criteria A.
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Proportions (%) of reviews publications 2008-2012
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Figure S5. Estimation of the percentages of review publications of the 20 countries with the most publications (reviews excluded)
in the 5-year period 2008-2012. The percentages were calculated by determining the proportion between the numbers of publications
obtained with Criteria A and the numbers of publications obtained with Criteria A but without the exclusion of the reviews.

Publications per 1,000 people
40 countries with highest publications per capita 2008-2012

Figure S6. Publications (reviews excluded) per capita of the 40 countries with the highest publication (reviews excluded) per capita
in the 5-year period 2008-2012. The numbers represent publications per 1,000 people and were obtained by dividing the number of
publications (reviews excluded) by the country populations and by multiplying by 1,000. Criteria A.
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Publications of 40 highest GDP countries

1200000

1000000

800000

600000

400000

200000

Figure S7. Publications (reviews excluded) of the 40 countries with the highest GDP in the 5-year period 2008-2012. Criteria A.

Publications per GPD of 40 highest GDP countries

140
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100

Figure S8. Publications (reviews excluded)-to-GDP ratios in the 40 countries with the highest GDP in the 5-year period 2008-2012.
The numbers of publications (reviews excluded) were divided by the GDP of 2011 (US$) from World Bank database and multiplied by 10°.

Criteria A.
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Percentage of Clinical Trials publications with a country name in the affiliation
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Figure S9. Percentages of Clinical Trial publications (reviews excluded) with country name in the affiliation field. Criteria E were used
to calculate the proportions in the 5-year periods 2003-2007 and 2008-2012. The total world Clinical Trials publications (reviews excluded)
were obtained by searches without any specification in the affiliation field. The total world Clinical Trials publications (reviews excluded)
with the country name in the affiliation field were obtained by summing the numbers of Clinical Trials publications (reviews excluded) in all
countries of the world.

20 countries with most publications in 2012
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Figure S10. Numbers of publications (reviews excluded) of the 20 countries with the most publications (reviews excluded) in the year
2012. Criteria A.
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Figure S11. Estimation of the percentages of review publications of the 20 countries with the most publications (reviews excluded) in
the year 2012. The percentages were calculated by determining the proportions between the numbers of publications obtained with Criteria
A and the numbers of publications obtained with Criteria A but without the exclusion of the reviews.

20 countries with most publications (including reviews) in 2012
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Figure S12. Numbers of publications (reviews included) of the 20 countries with the most publications in the year 2012. Criteria A
(without reviews exclusion).
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Proportions (%) of publications relative to all SIR citable documents in 2012
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Figure S13. Proportions between the numbers of publications (reviews included) and the SJR citable documents of the 20 countries
with the most publications in the year 2012. The proportions were calculated by dividing the numbers of publications (reviews included)
and all the citable documents of the SJR database (SClmago Journal & Country Rank) of the 20 countries with the most publications in the

year 2012.
A B
Percentage of World
Publications
Publications of 28 EU countries of 28 EU countries
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Figure S14. Publications of the European Union. (A) Numbers of publications (reviews excluded) of the present day 28 countries of the
European Union in the 5-year periods 2003-2007 and 2008-2012. (B) Share of total world publications (reviews excluded) that came from
the present day 28 countries of the European Union in the 5-year periods 2003-2007 and 2008-2012. (C) Relative changes in numbers of
publications (reviews excluded) of the present day 28 countries of the European Union and of the World from the 5-year period 2003-2007 to
the 5-year period 2008-2012. The changes are expressed as percentage changes relative to the 5-year period 2003-2007. Criteria A.
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Figure S15. Clinical Trial Publications of the European Union. (A) Numbers of Clinical Trials publications (reviews excluded) of the present
day 28 countries of the European Union in the 5-year periods 2003-2007 and 2008-2012. (B) Share of total world Clinical Trials publications
(reviews excluded) that came from the present day 28 countries of the European Union in the 5-year periods 2003-2007 and 2008-2012. (C)
Relative changes in numbers of Clinical Trial publications (reviews excluded) of the present day 28 countries of the European Union and of
the World from the 5-year period 2003-2007 to the 5-year period 2008-2012. The changes are expressed as percentage changes relative to
the 5-year period 2003-2007. Criteria A and E.

Publication time:
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Figure S16. A comparison between automatic CSV downloads and custom range searches. Numbers of publications (reviews excluded)
of the 20 countries with the most publications (reviews excluded) in the year 2012 are shown, either obtained by automatic CSV downloads
(pale green) or by custom range searches (pale green + pale blue). The pale blues portions of the bars represent the differences between
the two methods. Criteria A.
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Figure S17. “hES cells Attraction Scores” and “hES cells/ES cells Scores” for the 12 countries with the most publications (reviews
excluded) in the 5-year period 2008-2012. (A) The “Topic Attraction Scores” were calculated by dividing the numbers of publications
(reviews excluded) with “human embryonic stem cells” in the title/abstract field by the total numbers of publications (reviews excluded) in
the 5-year period 2008-2012 and multiplying by 10,000. The countries are ranked according to the scores. (B) The “hESC/ESC Scores”
were calculated by dividing the numbers of publications (reviews excluded) with “human embryonic stem cells” in the title/abstract field by
the numbers of publications (reviews excluded) with “embryonic stem cells” in the title/abstract field in the 5-year period 2008-2012 and
multiplying by 10,000. The countries are ranked according to the scores. Criteria B.
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Figure S18. Numbers of publications (reviews excluded) of the 20 countries with the most publications (reviews excluded) in the year
2013. Criteria A.
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Proportions (%) of reviews publications in 2013
20 countries with most publications
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Figure S19. Estimation of the percentages of review publications of the 20 countries with the most publications (reviews excluded) in
the year 2013. The percentages were calculated by determining the proportions between the numbers of publications obtained with Criteria
A and the numbers of publications obtained with Criteria A but without the exclusion of the reviews.
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Figure S20. Numbers of publications (reviews included) of the 20 countries with the most publications in the year 2013. Criteria A
(without reviews exclusion).
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Figure S21. Estimation of the percentages of review publications of the 20 countries with the most publications (reviews excluded)
in the indicated years [ranked by percentage of reviews]. The percentages were calculated by determining the proportions between the
numbers of publications obtained with Criteria A and the numbers of publications obtained with Criteria A but without the exclusion of the
reviews.
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Figure S22. Numbers of publications (reviews excluded) of the 20 countries with the most publications (reviews excluded) in the year
2014 up to now (searched on 22Nov2014). Criteria A. Note that starting from 2014 PubMed reports affiliation information not only of the first
author (see Methods and Discussion sections for a correct interpretation of 2014 counts).
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This paper analyzed the volume of publications in the field of life sciences by country and continent in
order to better understand regional differences in life sciences research infrastructure. The authors
additionally allocated scores to quantify focal areas of interest and examined the potential use of these
scores by exploring the relationship between Attraction Score and research policy on hESCs.

This report is interesting, providing a detailed analysis with a graphical representation of data that
facilitates a smooth understanding of the study's conclusions.

However, as the first reviewer has mentioned, a limitation seems to be present in terms of the data source
used for the study. PubMed is a comprehensive and authoritative database but is generally unable to
provide an exhaustive data package for scientometric studies. Although the authors have claimed that the
study covers the most recent, diverse and refined research output (via PubMed), the number of
publications is likely to be only illustrative of the quantitative aspect of the research output. Similarly, the
affiliation of the first author provides partial information on the contribution of each country to the
publication. Instead, WoS or SCOPUS may be more useful data sources, allowing analysis of the citations
and journal impact factors for all authors, as shown in previous studies.

In addition, whether the Attraction Scores designated by the authors distinguish between the proportion of
studies focused on the topic of interest and the entire number of publications remains open to
speculation.

Finally, the 'correlation analysis' referred to in this study is not an actual correlation analysis (which is a
statistical term). It is recommendable to change the term in order to avoid confusion for the reader.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard, however | have significant reservations, as outlined
above.

Competing Interests: No competing interests were disclosed.

Author Response 01 Aug 2015
Andrea Ballabeni, Harvard School of Public Health, USA
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We would like to thank Professor Youngim Jung for taking the time to read the paper and provide
their helpful feedback.

Here we provide our responses to their comments:

We agree with the referee (as well as with the other referee) that, although PubMed is a search
engine based on comprehensive and authoritative databases, some published papers might not be
retrieved by searching in these databases. Having said this, we think that given the
comprehensiveness and breadth of the PubMed system, the results presented in this paper are a
bona fide representation of the literature. In any case, we agree that it will be important to
crosscheck these data with data obtained by using other databases such as Scopus (Elsevier) and
Web of Science (Thomson Reuter). To address this point, we have added the following paragraph
to the Discussion section:

"Seventh, though PubMed is a search engine that is based on authoritative and comprehensive
databases, it might not retrieve some publications. For this reason, it will be important to confirm
these results by analyzing also other authoritative and comprehensive databases like Scopus
(Elsevier) and Web of Science (Thomson Reuters) that might contain a few publications not
retrieved by PubMed. In any case, given the comprehensiveness and breadth of PubMed
databases, we believe that the results presented in this paper are a bona fide representation of the
whole literature. Moreover, the fact that the paper is based on a database that is free and easily
accessible by everyone in the world, certainly adds value to the results as it provides tools that can
be freely used by anyone and it facilitates readers access to the underlying data, reproducibility,
and comparison with our approaches. "

Moreover, in order to stress the point that our method and results are based on PubMed, we have
slightly changed the title of the paper.

We agree with the referee that the analysis based on the first author has, together with pros, some
cons; for this reason we think that it will be useful to complement this analysis with analyses that
include all authors. We have therefore added the following paragraph to the Discussion section:

“In any case, this recent PubMed change offers the possibility to assess the countries’ biomedical
publications by taking in consideration all contributing authors, including authors with minor
contributions (that are usually placed in the middle of the list of authors). Even if assessing the
countries’ biomedical publications based on the first author provides slightly different information
from an assessment based on all authors, we expect that the patterns presented in this paper will
not substantially change even if the new settings of PubMed were to be used. At any rate,
repeating this study by taking in consideration all authors could be informative to determine which
countries have a propensity for leading (i.e. most of ideation and execution) versus assisting (i.e.
least of ideation and execution) roles in biomedical research. However, this can only be done in the
future, once that enough literature will be archived under the new settings (as of now, still not every
currently published paper can be retrieved with the affiliation of all authors)."

We agree with the referee that analyses of citations and impact factors as well as of other putative
quality indicators are not present in this paper. However, this was beyond the purposes of our
research and we have already acknowledged this in the first version of the paper with the following
paragraph of the Discussion section:
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"Sixth, the quality (however one defines “quality” in this context) of publications is not taken in
account. This methodology quantifies the research output by determining the numbers of
publications or ratios between numbers of publications and other variables. Proxies for the quality
of the papers, such as numbers of citations, numbers of downloads, and impact factors of the
journals, are not taken in consideration. Even if indexes based on the quality of research have
been already proposed -6 10. 11,20 ' e argue that any means of measuring the quality of
science will always be partial and controversial and for this reason it will always be useful to take in
consideration also (or, in specific circumstances, only) the total volumes of publications."

Moreover, we have now added the following paragraph:

"Regardless, the methods and results presented in this paper are not to be intended as neither
exclusive nor the perfect means of assessing countries’ research output. In fact, they are better
seen as complementary to other methods and results."

Regarding the comment of the referee on the “Attraction Scores”, we do not claim they are a
perfect means of measuring the relative focus towards certain topics or areas of research. To avoid
any ambiguity on this point we have made a few edits to the text. In particular, the term “assess”
has been replaced with “appraise” or “study”.

We agree with the referee that the term “correlation analysis’ can create confusion. For this reason,
as suggested by the referee, we have changed the term throughout the manuscript. In same cases
we have substituted it with the term “connection” while in other cases we have replaced it with the
term “relationship”.

We would like to thank again Professor Youngim Jung for taking the time to read our paper and
provide her helpful feedback. We hope we have addressed all her reservations.

Competing Interests: No competing interests were disclosed.

Andrea Ballabeni, Harvard School of Public Health, USA

We would also like to bring to the attention of our reviewers (Dr Vafa Rahimi Movaghar and Dr
Youngim Jung) that we have updated figure S22 and added new figures S23-S25. In these figures
we provide an analysis of year 2014. In particular, we observed that the patterns of publications
were similar in the years 2008-2012, 2013 (the last year with the old settings regarding the
affiliation) and 2014 (the first year with the new settings regarding the affiliation). We have
accordingly slightly updated the paragraph added to the Discussion section:

“In any case, this recent PubMed change offers the possibility to assess the countries’ biomedical
publications by taking in consideration all contributing authors, including authors with minor
contributions (that are usually placed in the middle of the list of authors). Even if assessing the
countries’ biomedical publications based on the first author provides slightly different information
from an assessment based on all authors, we expect that the patterns presented in this paper will
not substantially change even if the new settings of PubMed were to be used. This is also
suggested by the very similar patterns of publications in the years 2008-2012, 2013 (the last year
with the old settings) and 2014 (the first year with the new settings) (Figure S18-Figure S25). At
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any rate, repeating this study by taking in consideration all authors could be informative to
determine which countries have a propensity for leading (i.e. most of ideation and execution)
versus assisting (i.e. least of ideation and execution) roles in biomedical research. However, this
can only be done in the future, once that enough literature will be archived under the new settings
(as of now, still not every currently published paper can be retrieved with the affiliation of all
authors).”

Competing Interests: No competing interests were disclosed.

Referee Report 16 December 2014

doi:10.5256/f1000research.6174.r7052

Vafa Rahimi Movaghar
Research Centre for Neural Repair, University of Tehran, Tehran, Iran

| read the paper of Qinyi Xu et al. entitled "Countries’ Biomedical Publications and Attraction Scores" with
great interest. Authors evaluated biomedical publications of all countries based on the PubMed and
performed great job on different criteria to assess changes during different time periods based on the
country of affiliation of the first authors especially during the five-year time period of 2008-2012 versus
2003-2007. The study is an addition to the literature and fruitful. | would recommend reading the paper to
all medical scientists in the world. However, there are some concerns. PubMed is not the only search
engine to be evaluated. There are other valuable sources such as ISI, Embase and Scopus which may
change the results of the study. We would know that there are many journals indexed in the
above-mentioned search engines especially written in the developing countries. On the other hand,
quantity evaluation does not show the real scientific situation of the countries. | myself prefer the citation
without self-citation for the best index of quality assessment. Other indices such as H-index reveal the
mixture of quantity and quality assessment. The affiliation of the first author is acceptable, but not ideal to
show the comprehensive situation of the countries. All authors’ affiliation or at least first and
corresponding authors affiliations are better replacement in the future studies. Authors mentioned that
they reported original articles. Therefore, they deleted reviews. However, | would recommend not deleting
the review articles unless simultaneously deleting letters and correspondences.

I have read this submission. | believe that | have an appropriate level of expertise to confirm that
it is of an acceptable scientific standard.

Competing Interests: No competing interests were disclosed.

Author Response 19 Dec 2014
Andrea Ballabeni, Harvard School of Public Health, USA

We would like to thank Professor Vafa Rahimi Movaghar for reviewing our article. We are glad that
the reviewer appreciated our study.

Here are some preliminary answers to his few concerns.
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1. The reviewer is right about the fact that PubMed is not the only source of biomedical
publications and that some journals are not indexed in PubMed. We will certainly add
remarks on this point in the revised version of the manuscript, which we will submit after
receiving feedback from all reviewers.

2. The reviewer mentions about the fact that our method measures only the quantity of
publications. He is right but we have already addressed this issue in the Discussion section
of the paper. In particular, we do not claim that our data can fully measure the efficiency of
countries in biomedical research. Our data and methods need to be complemented with
other data and methods. Our revised draft will certainly emphasize this point further.

3. The reviewer mentions the limitations of using first authors’ affiliations. His comment has
merit and in fact we have already acknowledged the pros and cons of this approach in the
Discussion section.

4. The reviewer mentions that it would be better to include reviews publications in the
publication count. While we decided not to include reviews in the majority of calculations,
we included them in some other calculations. We have observed that reviews amount to a
rather small proportion of publications and consequently their inclusion does not
substantially affect the rankings (this was done for years 2012 and 2013). We discuss this
issue in the Results and Discussion sections.

We would like to thank again Professor Vafa Rahimi Movaghar for taking the time to read the article
and providing his feedback

Sincerely
The authors

Competing Interests: No competing interests were disclosed.

Andrea Ballabeni, Harvard School of Public Health, USA

We would like to confirm our first response to Professor Vafa Rahimi Movaghar. We have waited
for a second review before revising the paper based on the reviewers’ suggestion. We now provide
a revised version based on the feedback received from both referees.

We would like to thank again professor Vafa Rahimi Movaghar for taking the time to read and
comment our paper and for this helpful feedback.

Competing Interests: No competing interests were disclosed.

Andrea Ballabeni, Harvard School of Public Health, USA

We would also like to bring to the attention of our reviewers (Dr Vafa Rahimi Movaghar and Dr
Youngim Jung) that we have updated figure S22 and added new figures S23-S25. In these figures
we provide an analysis of year 2014. In particular, we observed that the patterns of publications
were similar in the years 2008-2012, 2013 (the last year with the old settings regarding the
affiliation) and 2014 (the first year with the new settings regarding the affiliation). We have
accordingly slightly updated the paragraph added to the Discussion section:
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“In any case, this recent PubMed change offers the possibility to assess the countries’ biomedical
publications by taking in consideration all contributing authors, including authors with minor
contributions (that are usually placed in the middle of the list of authors). Even if assessing the
countries’ biomedical publications based on the first author provides slightly different information
from an assessment based on all authors, we expect that the patterns presented in this paper will
not substantially change even if the new settings of PubMed were to be used. This is also
suggested by the very similar patterns of publications in the years 2008-2012, 2013 (the last year
with the old settings) and 2014 (the first year with the new settings) (Figure S18-Figure S25). At
any rate, repeating this study by taking in consideration all authors could be informative to
determine which countries have a propensity for leading (i.e. most of ideation and execution)
versus assisting (i.e. least of ideation and execution) roles in biomedical research. However, this
can only be done in the future, once that enough literature will be archived under the new settings

(as of now, still not every currently published paper can be retrieved with the affiliation of all
authors).”

Competing Interests: No competing interests were disclosed.
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