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Bibliometric profile of the global scientific
research on multiple sclerosis (2003-2012)

Rafael Aleixandre-Benavent, Adolfo Alonso-Arroyo, Javier Gonzalez de Dios,
Antonio Vidal-Infer, Maria Gonzilez-Muiioz and Angel P Sempere

Abstract

Background and objectives: The aim of this paper is to analyse the scientific research on multiple
sclerosis using a bibliographic analysis of articles published during the period 2003—-2012.

Methods: The items under study were obtained from the Science Citation Index-Expanded (SCI-E)
database, which was accessed through the Web of Science (WOS) platform. All records with the term
‘multiple sclerosis’ in the title, plus all articles published in the journals Multiple Sclerosis and Multiple
Sclerosis Journal, were analysed.

Results: A total of 9778 articles, with 160,966 citations, were retrieved on multiple sclerosis, and the
majority of the articles were published in Multiple Sclerosis Journal (n = 1511). The articles were pub-
lished in journals belonging to 135 different subject areas, with the greatest number of papers falling
under the category of clinical neurology. The countries that published the largest numbers of articles
were the United States (US) (n = 2786), Italy (n = 1263), the United Kingdom (n» = 1147) and Germany
(n=1018). International collaborations produced 20.4% of the papers.

Conclusions: We emphasise the progressive growth of publications worldwide, the publication of articles
in a wide variety of journals covering numerous subject areas, and the research leadership of Western

countries, most notably European countries, the US and Canada.
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Introduction

Multiple sclerosis (MS) is a chronic neurologic dis-
ease characterised by inflammation, demyelination,
gliosis and neuronal loss. It strikes young adults and is
eventually disabling for many patients.! Although the
causes of MS are still unknown, thanks to global
research efforts, clear clues concerning the factors that
influence the risk of developing MS are emerging.

The prevalence of MS in the population has doubled
over the past 15 years, and the proportion of women
who suffer from this disease compared to men has
increased. MS affects more than 400,000 individuals
in the United States (US), around 600,000 people in
Europe and as many as 2 million people worldwide.?

An indicator of the social health importance of the
disease is the number of articles on this disease that

have been published in scientific journals. In January
2014, the PubMed database included 42,397 articles
classified using the medical subject headings (MeSH)
term ‘multiple sclerosis’. Of these articles, 2952 arti-
cles reported clinical trials, including 1131 ran-
domised controlled trials, 6821 review articles and
198 meta-analyses. Moreover, the growth of this
research can be considered exponential: A total of 116
works from 1950 were included in the database, while
there were 572 by 1990. In 2012, this figure rose to
2277. Some bibliometric studies have analysed the
bibliometric profile of research on this disease in par-
ticular countries and during specific time periods, but
these features are currently unknown at the global
level 3¢

The aim of this article is to analyse the scientific
research on MS using a bibliographic analysis of the
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articles included in the Web of Science databases
(WoS) during the period 2003-2012. The identifica-
tion of some of the bibliometric characteristics of sci-
entific research on MS can help young researchers
better understand the field and/or acquire more
knowledge concerning the current research trends,
their impact and ongoing scientific collaboration.

Methods

The items under study were obtained from the Science
Citation Index-Expanded (SCI-E) database, which
was accessed through the WoS platform maintained
by Thomson Reuters. The study period was limited to
the decade 2003-2012. All records with the term
‘multiple sclerosis’ in the title, plus all articles pub-
lished in the journals Multiple Sclerosis and Multiple
Sclerosis Journal, were analysed. We also limited the
search to Document Types=Article. The search was
conducted in the field ‘title’ of the records for higher
accuracy in the results.

The records obtained were transferred to a Microsoft
Access database, which allowed us to manage the
information contained in the records and to extract
bibliometric indicators.

The main productivity indicators that were identified
included the annual evolution of papers published, the
growth rate in the decade, the journal distribution and
the subject area distribution. The main identified indi-
cators of scientific production included the annual
evolution of published papers, the growth rate, the
journal distribution and the subject area distribution.
The growth rate in the decade 2003-2012 (percentage
change from 2003 to 2012) is calculated as follows:
(papers published in 2012— papers published 2003/
papers published in 2003) x 100.

As indicators of impact, the number of citations that
each article received was also determined, as well as
the average number of citations per paper and journal;
the impact factors of the journals were extracted from
the Journal Citation Reports (2012 edition) (JCR). To
determine the average number of citations per paper,
we divided the total number of citations received by
the number of articles published. The citation window
corresponds to the citations received by each article
since joining the SCI-E until the end date of the bib-
liographic search.

In order to determine the international collaboration,
the country of origin of authors was assigned using
the information provided in the ‘Address’ field, as the
WoS database includes in each record the institutions

of all authors publishing the articles, including depart-
ment, institution and country. The analysis of scien-
tific collaboration among countries was performed
using social network analysis (SNA). The Pajek soft-
ware, which was designed for the analysis and visu-
alisation of networks, was used for the construction
and graphical representation of the collaboration
between countries.” The collaboration index between
authors was determined by calculating the mean num-
ber of signatories per work.

Results

General data

During the 2003-2012 period, 9778 articles were
retrieved in WoS on MS; of these articles, 41.3% were
published in the first five-year period, and 58.7%
were published in the second five-year period. The
highest number of articles was published in 2012.
These articles received 160,996 citations. The growth
rate from 2003 to 2012 was 82.18%. Figure 1 shows
the evolution of the number of published articles and
citations.

Journals

The papers were published in 1124 journals, of
which 27 journals published more than 50 articles
(Table 1). The journal that published the largest
share of the articles was Multiple Sclerosis Journal
(n=1511), while four other journals published more
than 300 articles each: Journal of Neuroimmunology
(n=419), Journal of the Neurological Sciences (n =
381), Neurology (n =309) and Journal of Neurology
(n = 304). Multiple Sclerosis Journal received the
greatest number of citations (n = 19,888), followed
by Neurology (n =10,143) and Annals of Neurology
(n = 8889). However, the ratio of citations (C) per
article (A) in the most productive journals was greater
for Annals of Neurology (C/A=62.2), followed by
Neurology (C/A=32.8), Journal of Immunology (C/
A=32.6) and Neuroimage (C/A=28.6). It should be
noted that some less-productive journals may have a
higher ratio, such as the New England Journal of
Medicine, which published 22 papers (C/A=266.6)
and Proceedings of the National Academy of
Sciences of the United States of America, which pub-
lished 38 papers (C/A=68.3).

The ratio of citations per article in Multiple Sclerosis
Journal was 13.2. Among the 27 journals with more
than 50 articles, 11 journals were in the first quartile
of their subject category in JCR, and five were in the
second quartile.

http://msj.sagepub.com

Downloaded from msj.sagepub.com by Angel Perez Sempere on October 4, 2014


http://msj.sagepub.com/

R Aleixandre-Benavent, A Alonso-Arroyo et al.

1.400 23,690

22,492
21,783 22,311

1.200

~m-Articles -e-Citations

25.000

1.000+

800

- 20.000

- 15.000

600

400

200

- 10.000

6,464

- 5.000

2003 2004 2005 2006 2007

Y,ass
0

2008 2009 2010 2011 2012

Figure 1. Evolution of the number of published papers and citations.

The impact factor of Multiple Sclerosis Journal has
doubled since it was first included in JCR, from 2.154
in 1999 to 4.472 in 2012 (latest published edition of
JCR). During these 14 years, it has also improved its
ranking position in its category in JCR (clinical neu-
rology) from 38th in 1999 (second quartile when the
area included 132 journals) to 26th place in 2012 (first
quartile when the area included 193 journals).

Subject areas

The articles were published in journals belonging to
135 subject areas. Table 2 shows the 26 most produc-
tive areas that included 50 or more papers. The sub-
ject category with the greatest number of papers was
clinical neurology (n = 5447), followed by neuro-
sciences (n = 2749), immunology (n = 932) and psy-
chiatry (n = 668). The journals belonged mainly to the
neurosciences (7 = 151 journals) and clinical neurol-
ogy (n = 137 journals) subject categories, but we
highlight other areas, such as medicine, general and
internal (n = 97 journals), pharmacology and phar-
macy (n = 85 journals), biochemistry and molecular
biology (n = 64 journals), immunology (n = 59 jour-
nals) and psychiatry (n = 59 journals). The area that
received the greatest number of citations was clinical
neurology (n = 90,978), followed by neurosciences (n
=51,616) and immunology (n = 17,550). The highest
rate of citations per article corresponds to the subject
area medicine general and internal (C/A=37.5), fol-
lowed by genetics and heredity (C/A=27.1) and
pathology (C/A=25.4).

Countries

The published papers involved institutions from 86
different countries. The 23 participating countries with
the greatest number of papers are presented in Table 3.
The countries with the greatest numbers of published
papers were the US (n =2786), followed by Italy (n =
1263), the United Kingdom (n = 1147) and Germany
(n = 1018). Other countries that exceeded 500 works
were Canada (n = 705), Spain (n = 575), the
Netherlands (n = 555) and France (n = 527). The US
also garnered the highest number of citations (n =
68,241), followed by the United Kingdom (n=31,462)
and Italy (n = 24,807). The highest rate of citations per
article corresponds to Switzerland (C/A=33.4), fol-
lowed by Canada (C/A=30.7) and Austria (C/A=30.4).

Most-cited papers (hot papers)

The papers that received more than 300 citations are
presented in Table 4. The two works that received the
most citations were both published by Polman et al.
The first article, published in Annals of Neurology in
2005, has received 1690 citations, and the second,
published in the New England Journal of Medicine in
2006, has received 861 citations. The number of
papers without citations was 1454, which represents
14.88% of the total.

Scientific collaboration
The collaboration index for the decade was 6.35
authors per paper. This index increased at one point
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Table 1. More productive journals, citations, impact factor (IF) and Web of Science (WoS) categories (+ 50 papers) and quartile.

during the period, from 5.89 authors per work in 2003  articles were published in collaborations between
to 6.99 in 2012 (Figure 2). Institutional collaboration institutions in the same country (domestic collabora-
presented the following characteristics: 76.6% of the  tion), 20.4% included international collaborations and
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Table 2. Subject categories of journals (+ 50 papers).

19.8% included a single institution, i.e. no collabora-
tion (Figure 3). The total percentage exceeds 100%
because some papers may receive the cooperation
both of domestic and foreign institutions. The annual
trend is increasing for papers with domestic and inter-
national collaboration and is stationary for papers
without institutional collaboration. Collaboration
between countries can be observed in Figure 4, which
shows the dense network spread across the US, the
United Kingdom, Germany, Italy, France, Canada,
Spain and the Netherlands.

Discussion

This work has demonstrated several features of MS
research: the progressive growth of publications
worldwide; the publication of articles in a wide variety
of journals in numerous subject areas; and the research
leadership of Western countries, most notably
European countries, the US and Canada. To analyse
the research on MS, the WoS database, which is com-
monly used in studies examining scientific activity,
was chosen. This database has several advantages over

others, as it provides data on both scientific productiv-
ity and impact through the citation count and includes
all institutions participating in the work and their
country of origin information, which is not included in
Medline, allowing for the quantification of collabora-
tion between countries that publish these works.

The continued growth in the number of published
papers has been observed in other studies. In a study
published in 2002 in Multiple Sclerosis, Lana-Peixoto
et al.® found that during the 1991-2000 period, 2098
papers came from countries on the American conti-
nent, 2511 came from Europe and 310 came from
Asia, Australia and New Zealand. In the decade ana-
lysed in our work, the US published 2786 articles and
the European Union published 5652 articles. The
growth in the articles on MS must be considered in
the context of the growth of biomedical research that
occurred in the last decade. For instance, PubMed
included 581,815 records in 2003 and 926,063 in
2012, thus the growth rate in the decade 2003-2012
was 59.17%. A search for articles in the WoS with the
term ‘rheumatoid arthritis’ in the title in the same
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Table 3. Countries of origin of papers (+100 papers).

period retrieved 10,136 documents, with a growth
rate of 75.16%, while the result of a search with the
term ‘diabetes’ was 41,365 documents, with a growth
rate of 129.98%. In short, it can be concluded that the
growth of MS publications is higher than in general
biomedical sciences and some diseases such as rheu-
matoid arthritis, but less than others, such as
diabetes.

The Multiple Sclerosis Journal, formerly Multiple
Sclerosis, has published the greatest number of arti-
cles, which is logical because it is specific for the
disease. It has also increased its international recog-
nition, as measured by citations and impact. As
observed, the articles were published both in neuro-
logical and non-neurological subject areas, includ-
ing medicine, general and internal, psychology and
psychiatry, biochemistry and molecular biology
journals, which reveals the participation and col-
laboration of numerous specialists from different

areas. This is logical and necessary in a disease such
as MS, which requires an integrated, multidiscipli-
nary approach among various biomedical
specialties.

Although the papers from domestic collaborations pre-
dominated, a growth in international collaboration was
evident. International collaboration is needed to address
priorities and fund research, with the ultimate goal of
accelerating the development of disease-modifying
treatments to alleviate the symptoms of MS. The het-
erogeneity of MS requires that these issues are
addressed through international efforts to support the
full range of research projects related to the diagnosis
and prevention of MS and to permit the effective trans-
lation of research into treatments.'%!! Moreover, col-
laborative research allows scientists to participate in
multicentre clinical trials, a type of research necessary
for the development of new treatments for this
disease.
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Table 4. Most cited papers (hot papers).

Collaboration allows the exchange of knowledge
and experiences and facilitates access to scien-
tific facilities for different research groups.!?
Developing countries can benefit from the
research conducted in the most scientifically
advanced countries and can also benefit from
their funding sources.

One research instrument that encourages collaboration

is the MS registries, which allow researchers to share
valuable data about the disease. However, a need for

http://msj.sagepub.com
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national registries and international collaborative
research has been highlighted in previous studies.!3-13

Today, the Internet provides an excellent opportunity
for international collaborative studies on MS.!® The
potential of online platforms for research in MS has
been described in a recent paper;'? this paper con-
firmed the utility of this online platform by demon-
strating its potential to provide a venue for MS
investigations with unique strengths (frequent data
collection, large sample sizes).
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Other opportunities for MS studies are offered by sci-
entific societies. For example, in the US, the National
MS  Society!®  (http://www.nationalmssociety.org/
research/index.aspx) supports and funds research
activities spanning all stages of research, including
early discovery research, translational research that
brings promising ideas forward into actual therapeutic
solutions for testing, and clinical trials by offering spe-
cial funding for collaborative teams. In this context
should be mentioned the collaboration between the
Multiple Sclerosis International Federation (MSIF)
and the World Health Organisation, which has led to
the creation of the Atlas of MS Database,!%2° which
provides information on the epidemiology of the

disease and the resources available to their patients.
The MSIF currently has the participation of 124
countries.

The social health importance of this disease reflects
the number of institutional and private initiatives that
have arisen in recent years. The Multiple Sclerosis
International Federation has identified 92 MS organi-
sations from Europe (38), Latin America (18), Middle
East and North Africa (18), North America (three),
Pan-Asia (11) and sub-Saharan Africa (four), in addi-
tion to a set of local organisations spread all over the
world.2! In addition, some social media initiatives,
such as MS Connection (https:/www.msconnection.
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Peoples R China: People’s Republic of China; Bosnia & Herceg: Bosnia and Herzegovina.

org/), created by the National Multiple Sclerosis
Society to compile and share experiences from people
living with M, as well as the MS Blogger Community
Online (http://www.msbloggers.com/) with 338 mem-
bers, have emerged in recent years as a response to the
social concern provoked by MS. A study by Bogosian
et al. found six charities that fund research on MS (MS
Society Canada, MS Trust (UK), MS Society New
Zealand, MS Society Australia, National MS Society
(US) and MS Society UK), which reflects the presence
of private funding.??

Regarding the impact of papers, in our study the num-
ber of papers without citations represents 14.88% of
the total. The percentage of uncited papers found in
the literature varies widely. A study in the journal
Science in 1991 found a total of 28% uncited papers,*3
similar to those found in general journals of chemistry
(27%).2* In 2004, a study reported that in cardiovas-
cular research, 34.3% of papers remain uncited.?> A
more recent study published in 2010 found a percent-
age of 30.5% in several journals.?¢ However, we have
to keep in mind that the share of uncited papers
changes in time because of the delay of several years
of the citation of previous papers. Concerning hot
papers, the article with more citations is a revision of
diagnostic criteria for MS. In scientific literature, arti-
cles publishing consensus and agreements, as well as
review articles, tend to receive more citations than oth-
ers. In our study, the paper with the highest number of

citations is on MS criteria, while the second most-
cited article is arandomised controlled trial. Moreover,
it is noteworthy that most of the hot papers have been
published in high-impact journals of general purpose,
such as New England Journal of Medicine, Lancet,
JAMA and Nature. Obviously the number of citations
of published papers is higher in the early years of the
period, as they are available longer to be cited.

There are some limitations to this study that should
be considered. Some articles have been published in
journals that are not included in the WoS. However,
the advantages of WoS should not be forgotten; this
database includes journals with greater international
impact and provides information on the number of
citations, the impact factor of the journals and the
institutional affiliations of all authors. Another limi-
tation is due to the loss of relevant documents not
including the term ‘multiple sclerosis’ in the title.
However, searches in the field ‘topic’ that include
the search in title, abstract, keywords and KeyWord
plus would have retrieved non-relevant articles, so
finally we chose the accuracy related to searches in
the title instead of the exhaustiveness of the searches
in the field topic. The inclusion of all articles of
Multiple Sclerosis and Multiple Sclerosis Journal
regardless of whether that term appeared in the title,
is a bias in favour of this journal. However, we think
it is logical to include all of them, since all articles
published in the journal address MS. The limitations
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of the impact factor of the journals as an indicator of
the quality of the papers are widely known and have
been published in other studies; however, thus far,
no alternative indicators have been consolidated.?’

The most important conclusions of this work are: 1)
There has been a progressive increase in the number of
articles published during the study period, confirming
the importance of global research on MS; 2) papers
have been published in a wide range of journals
belonging to numerous subject areas, most notably
Multiple Sclerosis Journal; and 3) Western countries
are leading the research on this disease and scientific
collaborations. Future work should test these trends in
future periods, and it is necessary to encourage and
support research on MS in other areas of the world.
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