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ORIGINAL ARTICLES

Introduction and objectives. The aim of this study
was to analyze the patterns of investigator and
institutional collaboration in papers published in the
Revista Española de Cardiología. 

Methods. Details of coauthorship and institutional
collaboration involved in articles published in the Revista
Española de Cardiología in the period 2000-2005 were
recorded and a collaboration index was derived.
Collaboration networks were identified using the
TextToPajek and PAJEK software tools.

Results. Of the 980 papers analyzed, 95.1% had been
authored by two or more individuals and 51.43% involved
institutional collaboration. The overall collaboration index
was 6.23 (standard deviation [SD] 3.1). There was a
significant statistical relationship (P<.02) between the
collaboration index and the journal section in which the
article was published: the Original Articles and Special
Reports sections had the highest collaboration indices
(mean, 7.87 [2.88]; and mean, 6.59 [5.02], respectively).
The 44 authors who had the highest publication rates
were identified. In addition, 25 coauthorship networks
involving 112 investigators were observed.

Conclusions. An analysis of collaboration networks led
to the identification of a number of author networks in
cardiovascular medicine in Spain, and highlighted the
interrelationships between them in terms of both scientific
research and scientific publications. The most significant
aspect of institutional collaboration was the predominance
of collaboration within institutions and within Spanish
autonomous regions (ie, 80.57% of collaborations).
Possible topics for future study include an analysis of the
scientific productivity of the networks identified and of
changes in the pattern of collaboration over time.
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Redes de coautorías y colaboración
institucional en Revista Española 
de Cardiología

Introducción y objetivos. El presente estudio analiza
los patrones de colaboración de los investigadores y las
instituciones en los trabajos publicados en REVISTA ESPA-
ÑOLA DE CARDIOLOGÍA.

Métodos. Se identificaron las coautorías y relaciones
de colaboración institucional de REVISTA ESPAÑOLA DE

CARDIOLOGÍA en el período 2000-2005 y se obtuvo el índi-
ce de firmas/trabajo. Para construir las redes de colabo-
ración se utilizaron los programas «TextToPajek» y «PA-
JEK». 

Resultados. Se analizaron 980 trabajos, el 95,1% fir-
mado en coautoría por 2 o más autores y el 51,43% en
colaboración institucional. El índice de firmas/trabajo ha
sido de 6,23 ± 3,1. Se encontró una relación estadística
(p < 0,02) entre el índice de firmas/trabajo y la sección
donde era publicado el trabajo, ya que los publicados
en las secciones Artículos originales y Artículos espe-
ciales tenían un mayor índice de firmas/trabajo (media
de 7,87 ± 2,88 y 6,59 ± 5,02, respectivamente). Se han
identificado 44 autores de elevada productividad y 25
agrupaciones de autores integrados por 112 investiga-
dores. 

Conclusiones. El análisis de las redes de colaboración
ha permitido identificar numerosas agrupaciones de auto-
res del área cardiovascular en España, así como las rela-
ciones existentes entre ellas desde el punto de vista de la
investigación y las publicaciones científicas. El aspecto
más significativo de la colaboración institucional fue el
predominio de la colaboración intrainstitucional e intraau-
tonómica (el 80,57% de las colaboraciones). Posibles es-
tudios futuros podrían incluir el análisis de la producción
científica de los investigadores de las agrupaciones iden-
tificadas y la evolución en el tiempo de los patrones de
colaboración.  

Palabras clave. Publicaciones científicas. Análisis de co-
autorías. Colaboración institucional. Redes de colabora-
ción.
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INTRODUCTION

Spanish scientific production in cardiovascular
medicine has grown substantially in recent years. For
the period 1994-1999, we identified 840 documents
authored by Spanish researchers in the CD-ROM
databases of the Institute for Scientific Information.
Annual production rose by 80.9% between 1994 and
1999,1 whereas the number of documents recorded in
the National Science Indicators and National Citation
Reports for 1994-2002 rose to 2556, with a constant
increase in papers per year, growing from 6616 in 1994
to 9143 in 2002.2 The Spanish journals that included
greater numbers of articles in cardiovascular medicine
were Revista Española de Cardiología (n=899) and
Medicina Clínica (n=140)2. They were the two Spanish-
language clinical journals that obtained the highest impact
factors (IF) in the Journal Citation Reports of 2004
(IF=1.802 and IF=1.005, respectively) and first and third
highest in 2005 (IF=1.769 and IF=1.074, respectively).3

They also occupied first and second place in the Potential
Impact Factor of Spanish Medical Journals study for
2003 (IF=1.501 and IF=1.061, respectively).4

In cardiology and biomedical research in general,
collaborative production of papers has increased
progressively. Collaboration is necessary to advance
knowledge because research problems require
multidisciplinary approaches5 and because collaborative
endeavors compensate for local weaknesses.6 In
cardiology research, professionals collaborate
fundamentally in cardiology, family medicine and
internal medicine, but biologists, chemists, pharmacists,
mathematicians, and radiologists are also involved.6,7

In this context, the Spanish government’s national plan
for scientific research, development and technological
innovation (Plan Nacional de I+D+I) for 2004-20078

attempts to promote multidisciplinary research. In
biomedicine, the call for thematic priorities of cooperative
research (RETIC) by Madrid’s Instituto de Salud Carlos
III9 aims to contribute to constructing a scientific base
for the programs and policies of the Spanish national
health service in the areas prioritized in the aforementioned
national plan through linking up multidisciplinary and
multiinstitutional centers and biomedical research groups.
It is hoped networks of this type will create more potent
schemes of scientific cooperation that facilitate the
achievement of objectives it would be difficult to undertake
in more restricted contexts.10 At the time of writing, 3
networks exist in cardiovascular medicine9: “Risk factors,
course and treatment of cardiovascular diseases and their
molecular, and cellular mechanisms” (RECAVA)
coordinated by Soler Soler at the Hospital Vall d’Hebron
(Barcelona); “Genetic and environmental determinants
of vascular dysfunction in hypertension, and ischemic
heart disease” (HERACLES) coordinated by Marrugat
de la Iglesia at the Institut Municipal d’Investigació
Mèdica (IMIM) (Barcelona); and “Epidemiologic,

pathophysiologic, clinical, and pathologic characteristics
of sudden death in Spain” (EULALIA-MUSIC2)
coordinated by Bayés de Luna at the Hospital de la Santa
Creu i Sant Pau (Barcelona). Similarly, the Instituto de
Salud Carlos III has been promoting Networking
Biomedical Research Centers (CIBER)11 independent
research organizations dedicated to research into a single
specific disease that represents a special healthcare
problem, and these constitute major centers for the transfer
of research.

The study of scientific collaboration helps establish
groups and work networks that can be analyzed and
evaluated thru bibliometric techniques and represented
in what some authors call “coauthorship networks”12,13

or “bibliometric maps.”14

The objective of the present paper is to identify and
represent graphically the networks of collaboration
between authors and institutions that have published
scientific papers in Revista Española de Cardiología

between 2000 and 2005.

METHODS

Identification of Papers, Bibliographic Data
and Normalization of Authors and Institutions

To undertake this study we identified research papers
published in Revista Española de Cardiología during
2000-2005. For each paper selected we identified the
name and surnames of the authors, as well as their
institutional affiliation (institution, city, and country).

To normalize authorship we checked the signatures
with which an individual appeared in two or more
different forms, using coincidence in authors’ places of
work as the basic criterion of normalization. In the case
of institutions, we have unified the different variants of
hospital names to match the name recorded in the
Spanish National Catalog of Hospitals 200515 and the
National Registry of Universities, Centers, and
Teaching.16 Similarly, given that institutional names in
many bibliographic records included two or more
institutions (eg, university hospitals and universities)
and in order not to lose information, we have proceeded
to distinguish between these signatures by, in these
instances, recording as many signatures as individual
macroinstitutions could be identified for each
bibliographic record.

With this information we have constructed a Microsoft
Access database.

Bibliometric Indicators of Collaboration and
Networks of Coauthorship and of Institutional
Collaboration

Throughout the present paper we use the term
“coauthorship” to refer to joint authorship of a scientific
paper by 2 individuals, and “institutional collaboration”
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to refer to joint authorship by different institutions.
Furthermore, we distinguish between the following types
of collaboration: intrainstitutional (between different
units or departments of a single macroinstitution),
national-interinstitutional (between institutions of the
same or different autonomous regions), and international-
interinstitucional, when a Spanish institution has
collaborated with a non-Spanish institution. We use the
term “cluster” to refer to constellations of nodes or vertices
(authors or institutions) with close connecting links
(relationships of coauthorship or institutional
collaboration) but with sporadic connections moving
away from the center.17 “Threshold” or “intensity of
collaboration” refers to the figure used to form clusters
of authors and institutions, referring to frequency of
coauthorship between pairs of authors or of collaboration
between institutions, and reflects the more or less well-
established relationships between them when it comes
to jointly publishing the results of their research. The
threshold has been used in different bibliometric studies
as a criterion to label identifiable clusters as “research
groups.”18,19

Collaboration between authors is portrayed by
calculating the number of papers, signatures,
collaborations, the index of signatures/paper (ISP), or
collaboration index, which is the mean number of
signatures/paper; and the index of authors/paper (mean
number of authors/paper considering only the different
authors). Similarly, we conducted a descriptive statistical
analysis of the variables studied (mean and 95%
confidence interval [CI]). To compare the means of the
variables in a normal distribution we used ANOVA
analysis of variance, determining the equality of variances
with the Levene test. These comparisons were made using
the Bonferroni test for equal variances and the Tamhane
T2 test for unequal variances.

To construct coauthorship networks, we identified
all combinations of pairs of authors for each paper. The
number of coauthorships of each paper is related to the
number of authors as it is equal to m!/(m-n)!n!, where
“m” is the number of individual authors and “n” the
number of elements in the groups constructed, in this
case 2 as we identified pairs of authors who coauthored
a paper. Once coauthorship was quantified, we
established a threshold of 6 o more collaborations
between pairs of authors to reduce the number of nodes
and links that would prevent a clear view of the network
and, thus, center analysis on the more intense
coauthorship relationships. The same approach was
applied to institutional authorship to construct the
network of interinstitutional collaboration, although in
this case we applied a threshold of 3 or more
collaborations.

We obtained a series of measures to permit analysis
of structure or social networks. If we take agents (authors
or institutions) individually, we present 3 measures of
centrality or cohesion that facilitate detailed analysis of

the social network studied: degree, and indices of
betweenness and closeness.20

Degree indicates the number of different agents, a
specific author or institution is directly connected with,
and is obtained by identifying and subsequently
quantifying relationships of coauthorship and
institutional collaboration. It’s a measure that reflects
the greater or lesser extent of collaboration mantained
by authors and institutions. Betweenness determines
the extent to which an agent is situated in the middle
of or between other agents in the network, permitting
us to make interconnections. Betweenness measures
the prestige of authors and institutions and their
capacity to access and control information flow. It is
calculated as the sum of the shortest paths between
the 2 agents that include between them the agent in
question. Closeness enables us to determine the pace
of interaction between an individual agent and the
other agents in the network. It reflects the “proximity”
of each author or institution to the rest. It is calculated
as the inverse of the sum of distances from the agent
in question to the rest of the agents they are connected
with.20

To determine the cohesion of the clusters identified,
we calculated the density of each one, a measure that
determines the degree of connection between members
according to the relationships between the number of
existing links and the number of possible links. To
do so, we applied the formula 2e/n(n-1), where “e”
is the number of existing links and “n” the number
of agents.20

To calculate indicators and construct networks we used
TextToPajek software developed at the Universidad
Complutense de Madrid21 and PAJEK analysis of
networks software.22

RESULTS

Original Articles accounted for 455 (46.43%) of the
980 papers analyzed; Brief Reports accounted for 270
(27.55%) papers. Table 1 presents the distribution by
year of publication and section.

Of the papers analyzed, 95.1% (n=932) were the
product of collaboration between 2 or more authors,
whereas only 4.9% (n=48) were the work of a single
author (Table 2). We identified 6108 signatures, giving
a mean of 6.23 (3.1) signatures/paper. The ISP has held
practically constant, with values near to 6 over the 
6-year period. We found no statistically significant
differences according to year of publication, but did find
significant differences according to the section where
papers were published (P<.02). Papers published in
Original Articles attained higher ISPs during the study
period (mean, 7.87 [2.88]), followed by Special Articles
(mean 6.59 [5.02]) and Brief Reports (mean, 5.55 [1.2]).
The sections with the lowest indices were Review Articles
(mean, 2.72 [1.23]), Controversies (mean, 2.75 [2.87]),
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Update (mean, 2.95 [1.98]) and Images in Cardiology
(mean, 3.3 [1.11]).

The number of different authors published during the
period was 2927, with a mean of 2.99 authors/paper
(Table 2). The overall mean of authors/paper for the entire
period is lower than the annual mean because the number
of different authors fell as the study period progressed.

Table 3 presents the 44 authors who published >11
papers and their patterns of collaboration, including
the number of signatures and collaborators in papers
in which they have intervened and the signatures/paper
and authors/paper indices. Some authors stand out,
even though they are not among the leaders in the
productivity ranking, gathering a high number of
signatures and a wide nucleus of collaborators, from
which they derive high a ISP and high mean of
authors/paper.

Applying a threshold of 6 or more coauthored papers
has identified 25 clusters of authors with a high intensity
of collaboration, consisting of 112 authors from 29
different institutions. Of the 73 most productive authors,

54 (73.97%) are participate in one or other of these
clusters; this increases if we consider the 24 most
productive authors (>14 papers), as 20 of them belong
to one or other of the clusters (83.33%). Similarly, of
the 112 authors in these clusters we identified 58
(51.78%) who, although not at the top of the productivity
ranking (they stand in positions between 74 and 197),
are characterized by the high intensity of their
collaboration with other authors. The cluster with most
authors was that led by M. Valdés Chavarri, composed
of 14 authors; next are clusters around F.J. Chorro
Gascó/J. Sanchís Forés, and M.P. Anguita Sánchez/D.
Mesa Rubio, with 9 authors in each case (Figure 1).
Among the clusters with 9 or more members, the highest
cohesion index is held by F.J. Chorro Gascó/J. Sanchís
Forés (0.64); among clusters of 5-7 members those
centered on A. Medina Fernández Aceituno and J. Soler
Soler stand out, with cohesion indices of 1 and 0.9,
respectively (Table 4).

Table 5 presents the statistical values of centrality of
authors calculated considering all coauthorships identified.
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TABLE 1. Number of Papers Published by Year and Section in Revista Española de Cardiología (2000-2005) 

and Selected for the Purposes of the Study

Sections 2000 2001 2002 2003 2004 2005 Total (%)

Original articles 73 80 80 81 68 73 455 (46.43%)
Brief reports 49 50 49 35 40 47 270 (27.55%)
Images in cardiology 16 17 12 12 12 12 81 (8.26%)
Special articles* 27 (2) 13 (2) 5 (3) 6 (2) 8 (3) 9 (3) 68 (6.94%)
Update 6 9 13 11 10 12 61 (6.22%)
Review articles 6 7 9 6 7 4 39 (3.98%)
Controversies 2 2 – – 2 – 6 (0.61%)
Total 179 178 168 151 147 157 980 (100%)

*We excluded 15 papers from the Special Articles section (in parentheses) which were not considered research papers.

TABLE 2. Distribution of the Number of Signatures and the Number of Authors of the Papers Published 

in Revista Española de Cardiología (2000-2005)*

Number of Number  Mean Number Mean Maximum 

Number Coauthored of Signatures/ of Authors/ Number of 

Year of Papers Papers, % Signatures Paper 95% CI Authors Paper Authors/Paper

2000 179 168 (93.85%) 1110 6.20 5.70-6.70 761 4.25 31
2001 178 169 (94.94%) 1038 5.83 5.43-6.23 828 4.65 14
2002 168 161 (95.83%) 1002 5.96 5.54-6.39 744 4.42 14
2003 151 143 (94.7%) 988 6.54 6.02-7.07 733 4.85 17
2004 147 140 (95.23%) 953 6.48 5.94-7.02 754 5.12 22
2005 157 151 (96.18%) 1017 6.48 5.97-6.98 877 5.58 20
Total 980 932 (95.1%) 6108 6.23 6.04-6.43 2927† 2.99† 31

*CI indicates confidence interval.
†To calculate these values we took account of the different authors published in 2000-2005.



Some authors who do not occupy leading positions in
the productivity ranking exercise an outstanding role as
“intermediaries” with other authors or of “proximity” to
these in the coauthorship network.

In 504 papers (51.43%) we found observed some type
of (intrainstitutional or interinstitutional) collaboration,

in contrast with 476 papers (48.57%) in which there is
no collaboration. Considering the 473 papers in
collaboration in which Spanish institutions intervene
(Table 6), we find intrainstitutional collaboration comes
first (40.87%), closely followed by collaboration between
institutions within the same autonomous region (39.7%).
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TABLE 3. Authors With >11 Papers and Patterns of Collaboration in Revista Española de Cardiología (2000-2005)

Number of Papers in Number of Number of Mean Signatures Mean 

Author Papers Collaboration,% Signatures Collaborators /Paper Authors/Paper

1. Valdés Chavarri, Mariano 36 36 (100%) 282 92 7.83 2.55
2. Chorro Gascó, Francisco J 20 20 (100%) 189 51 9.45 2.55
3. Sanchís Forés, Juan 20 20 (100%) 190 51 9.5 2.55
4. Soler Soler, Jordi 19 19 (100%) 141 70 7.42 3.68
5. Benito Bartolomé, Fernando C 18 14 (77.78%) 58 23 3.22 1.28
6. Candell Riera, Jaume 18 17 (94.44%) 149 79 8.28 4.39
7. López Palop, Ramón 18 18 (100%) 135 37 7.5 2.05
8. Anguita Sánchez, Manuel Pablo 17 15 (88.23%) 114 32 6.7 1.88
9. Bertomeu Martínez, Vicente 17 17 (100%) 184 79 10.82 4.65

10. Bodí Peris, Vicent 17 17 (100%) 160 41 9.41 2.41
11. Goicolea Ruigómez, Francisco Javier 17 17 (100%) 114 50 6.7 2.94
12. Marrugat de la Iglesia, Jaume 17 17 (100%) 156 75 9.18 4.41
13. Mesa Rubio, Dolores 17 17 (100%) 136 38 8 2.23
14. Sobrino Daza, José Antonio 17 17 (100%) 107 38 6.29 2.23
15. Bosch Genover, Xavier 16 16 (100%) 114 61 7.12 3.81
16. Climent Payá, Vicente E 16 16 (100%) 147 58 9.19 3.62
17. Marín Ortuño, Francisco 16 16 (100%) 141 58 8.81 3.62
18. Pinar Bermúdez, Eduardo 16 16 (100%) 125 35 7.81 2.19
19. Teresa Galván, Eduardo of 16 16 (100%) 116 46 7.25 2.87
20. Castro Beiras, Alfonso 15 15 (100%) 114 70 7.6 4.67
21. García Alberola, Arcadio 15 15 (100%) 103 42 6.87 2.8
22. González Juanatey, José Ramón 15 15 (100%) 97 64 6.47 4.27
23. Llácer Escorihuela, Ángel 15 15 (100%) 145 37 9.67 2.47
24. López Sendón, José Luis 15 15 (100%) 124 65 8.27 4.33
25. Lozano Martínez Luengas, Íñigo 14 14 (100%) 116 33 8.28 2.36
26. Moreno Gómez, Raúl 14 13 (92.86%) 111 53 7.93 3.78
27. San Román Calvar, José Alberto 14 14 (100%) 120 81 8.57 5.78
28. Merino Llorens, José Luis 13 13 (100%) 74 30 5.69 2.31
29. Vallés Belsué, Federico 13 13 (100%) 110 30 8.46 2.31
30. Zamorano Gómez, José Luis 13 13 (100%) 96 44 7.38 3.38
31. Aguadé Bruix, Santiago 12 12 (100%) 95 41 7.92 3.42
32. Alfonso Manterola, Fernando 12 12 (100%) 73 44 6.08 3.67
33. Almenar Bonet, Luis 12 6 (50%) 59 26 4.91 2.17
34. Almendral Garrote, Jesús 12 12 (100%) 88 54 7.33 4.5
35. Almería Valera, Carlos 12 12 (100%) 86 37 7.17 3.08
36. Castell Conesa, Joan 12 12 (100%) 96 42 8 3.5
37. Mantilla González, Ramón 12 12 (100%) 84 39 7 3.25
38. Medina Fernández Aceituno, Alfonso 12 12 (100%) 94 43 7.83 3.58
39. Oliver Ruiz, José María 12 11 (100%) 54 27 4.5 2.25
40. Payá Serrano, Rafael 12 12 (100%) 139 53 11.58 4.42
41. Peinado Peinado, Rafael 12 12 (100%) 72 32 6 2.67
42. Picó Aracil, Francisco 12 12 (100%) 96 21 8 1.75
43. Ruipérez Abizanda, Juan Antonio 12 12 (100%) 87 41 7.25 3.42
44. Sanz Romero, Ginés 12 12 (100%) 90 43 7.5 3.58



Some distance behind that we find collaboration between
institutions from different autonomous regions (15.41%)
and international collaboration (4.02%). It is important
to note a tendency towards increased collaboration when
papers are analyzed by year of publication, as the number
of papers authored in collaboration has grown from
43.02% in 2000 to 56.69% in 2005, when the highest
collaboration index of the whole study period appears
(Table 6).

Table 7 presents the 42 most productive institutions
(>9 papers) and their patterns of interinstitutional
collaboration. The productivity ranking is headed by
Complejo Universitario La Paz, (Madrid), with 50 papers;
Hospital General Universitario Gregorio Marañón
(Madrid), 45 papers; Hospitals Vall d’Hebron (Barcelona)
and Hospital Universitario Virgen de la Arrixaca (Murcia),
40 papers; Clínica Universitaria de San Carlos (Madrid),
39; Hospital Clínic i Provincial de Barcelona, 34; and

Hospital Ramón y Cajal (Madrid), 33. Another 12
institutions published >20 papers and 23 institutions, 10-
19 papers.

To establish institutional collaboration networks we
applied a threshold of 3 or more collaborations,
representing the differing intensity of collaboration
through different thicknesses in the links. Figure 2 shows
the principal nucleos of the institutional network. In terms
of statistics of centrality of institutional collaboration
(Table 8), the principal agents in the network are, first,
Hospital Universitario La Fe (Valencia) and, second,
Hospital de la Santa Creu i Sant Pau (Barcelona), for the
3 indicators. Other institutions that occupy an outstanding
place in terms of the number of different institutions with
which they collaborated (degree) are Institut Municipal
d’Investigació Mèdica (Barcelona), Hospital Clínic i
Provincial de Barcelona and Hospital General
Universitario Gregorio Marañón (Madrid); all 3 placed
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Figure 1. Clusters 1 to 3 (9 or more members) with an intensity of collaboration of 6 or more coauthors.
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among the first 10 in the betweenness ranking. Following
them, we find Complejo Asistencial de Salamanca,
Complejo Universitario La Paz (Madrid), Hospital
Universitario Virgen de la Arrixaca (Murcia) and
Complejo Hospitalario Universitario Juan Canalejo 
(A Coruña); all these also play an outstanding role in the
rest of the indicators.

DISCUSSION

The method applied has enabled us to identify the most
productive authors and institutions, and the composition
of 25 clusters of authors who collaborate intensively in
cardiovascular medicine in Spain, all of whom published
in Revista Española de Cardiología during 2000-2005,
characterizing their scientific activities through
bibliometrics indicators. However, we should make some
observations on the method applied.

1. The scientific production analyzed has been drawn
exclusively from Revista Española de Cardiología. An
exhaustive, complete review of cardiovascular medicine
would need to take into account all the Spanish journals,
as well as the scientific production of Spanish authors
in journals published abroad. However, the method
applied has the advantage that, as we are dealing with
a study conducted on one of the clinical journals edited
in Spain with higher impact factor in the scientific
community, the results obtained represent a panorama
of the nucleus of greater repercussion and quality of
research in Spain.23

2. The problems of normalization. The importance of
normalizing names of authors signing scientific papers
is fundamental in coauthorship analysis studies to avoid
errors caused by failing to recognize different forms of
the name and surnames of a single author, or considering
scientific production of 2 or more different authors with
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Figure 2. Principal nucleus of network of institutional collaborations with intensity of collaboration of 3 or more collaboration relationships.
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CHU de Albacete

HU La Fe

Fundación Hospital Alcorcón

Departamento de Sanidad del Gobierno Vasco

Consejería de Sanidad de Castilla-La Mancha

Univ. Autònoma de Barcelona

Institut Municipal d’Investigació Mèdica

Institut d’Investigacions Biomèdiques August Pi i Sunyer

HU Germans Trias i Pujol

HU de Bellvitge

Univ. de Barcelona
HU de Tarragona Joan XXIII

H Clínic i Provincial de Barcelona

HGU Gregorio Marañón
CU de San Carlos

CH Carlos Haya

HU de La Princesa

H Clínico Universitario de Valladolid

HG Río Hortega

Univ. de La Coruña

CHU Juan Canalejo

CA Son Dureta

St George’s Hospital Medical School
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TABLA 4. Clusters of Authors Identified Through Analysis of Intensiveness of Coauthorship of Papers Published

in Revista Española de Cardiología (2000-2005), Indicating Cohesion and Productivity Ranking of each Author*

Authors

Cluster/Cohesion Number of Authors in Cluster/Institutions Author Ranking

Cluster 1 14 Valdés Chávarri, M 1
Cohesion=0.41 Hospital Universitario Virgen de la Arrixaca (Murcia) López Palop, R 5-7

Pinar Bermúdez, E 15-19
García Alberola, A 20-24
Lozano Martínez Luengas, I 25-27
Picó Aracil, F 31-44
Ruipérez Abizanda, JA 31-44
Saura Espín, D 45-55
Pascual Figal, DA 56-73
Carrillo Sáez, P 74-98
Cortés Sánchez, R 99-122
Sánchez Muñoz, JJ 99-122
Martínez Sánchez, J 99-122
González Carrillo, J 153-197

Cluster 2 9 Chorro Gascó, FJ 2-3
Cohesion=0.64 Hospital Clínico Universitario (Valencia) Sanchís Forés, J 2-3

Hospital Universitario Sant Joan d’Alacant Bertomeu Martínez, V 8-14
Bodí Peris, V 8-14
Llácer Escorihuela, A 20-24
Núñez Villota, JE 74-98
Mainar Latorre, L 99-122
Insa Pérez, LD 123-152
Pellicer Bañuls, M 153-197

Cluster 3 9 Anguita Sánchez, MP 8-14
Cohesion=0.53 Hospital Universitario Reina Sofía (Córdoba) Mesa Rubio, D 8-14

Hospital Costa del Sol (Málaga) Vallés Belsué, F 28-30
Franco Zapata, JM 56-73
Ramírez Moreno, A 56-73
Castillo Domínguez, JC 74-98
Siles Rubio, JR 74-98
Concha Ruiz, M 99-122
Torres Calvo, F 153-197

Cluster 4 7 Hornero Sos, F 45-55
Cohesion=0.67 Consorcio Hospital General Universitario de Valencia Montero Argudo, JA 56-73

Cánovas López, SJ 74-98
García Fuster, R 74-98
Gil Albarova, O 74-98
Dalmau Sorlí, MJ 99-122
Bueno Codoñer, M 153-197

Cluster 5 7 Teresa Galván, E 15-19
Cohesion=0.57 Complejo Hospitalario Virgen de la Victoria (Málaga) Gómez Doblas, JJ 45-55

Jiménez Navarro, MF 56-73
Rodríguez Bailón, I 99-122
Alonso Briales, JH 123-152
Cabrera Bueno, F 123-152
Hernández García, JM 153-197

Cluster 6 6 Climent Payá, VE 15-19
Cohesion=0.53 Hospital General Universitario de Alicante Marín Ortuño, F 15-19

Hospital Universitario La Fe (Valencia) Sogorb Garri, F 45-55
Hospital General Universitario de Elche (Alicante) García de Burgos Rico, F 74-98

Jordán Torrent, AJ 99-122
Martínez Martínez, JG 123-152

(Continued on following page)



the same names as belonging to one individual. We have
tried to avoid these errors thru careful manual supervision
of the bibliographic references managed, as described in
detail above (Methods).

3. The study of the relationships between scientific
papers. Analysis of references and bibliographic citations
between scientific papers enjoys a long tradition in
bibliometric studies.24 However, analysis of coauthorship
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to construct author networks is a more recent object of
study12 and uniform criteria to identify communities or
research groups within previously constructed networks
do not exist. This represents an obstacle to the
interpretation of results, especially when comparing
earlier studies conducted with different methods.18,19

Independently of the country or discipline being studied,
one of the principal phenomena that can be seen in

TABLE 5. Principal Agents in Coauthorship Networks of Papers Published in Revista Española de Cardiología

(2000-2005)

Degree Betweenness × 100 Closenness × 100 

Author Value Author Value Author Value

1. Valdés Chávarri, Mariano 92 1. López Sendón, José Luis 4.65 1. Alegría Ezquerra, Eduardo 26.68
2. San Román Calvar, José Alberto 81 2. Alegría Ezquerra, Eduardo 4.19 2. Bardají Ruiz, Alfredo 26.66
3. Bertomeu Martínez, Vicente 79 3. San Román Calvar, José Alberto 4.18 3. Arós Borau, Fernando 26.33
4. Candell Riera, Jaume 79 4. Cruz Fernández, José María 3.61 4. González Juanatey, José Ramón 26.3
5. Marrugat de la Iglesia, Jaume 75 5. Castro Beiras, Alfonso 3.57 5. Placer Peralta, Lluís J 26.24
6. Arós Borau, Fernando 72 6. González Juanatey, José Ramón 3.43 6. San Román Calvar, José Alberto 26.18
7. Castro Beiras, Alfonso 70 7. Cosín Aguilar, Juan 3.15 7. Castro Beiras, Alfonso 25.87
8. Soler Soler, Jordi 70 8. Augé Sanpera, José María 2.81 8. Marín Huerta, Emilio 25.84
9. Alegría Ezquerra, Eduardo 66 9. Arós Borau, Fernando 2.67 9. Alonso Martín, Joaquín 25.82

10. López Sendón, José Luis 65 10. Valdés Chávarri, Mariano 2.58 10. Bosch Genover, Xavier 25.73
11. González Juanatey, José Ramón 64 11. Candell Riera, Jaume 2.56 11. Alonso Gómez, Ángel María 25.65
12. Cabadés O’Callaghan, Adolfo 62 12. Alonso Martín, Joaquín 2.49 12. Palencia Pérez, Miguel A 25.45
13. Bosch Genover, Xavier 61 13. Placer Peralta, Lluís J 2.47 13. Cabadés O’Callaghan, Adolfo 25.29
14. Bardají Ruiz, Alfredo 60 14. Soler Soler, Jordi 2.44 14. Luengo Fernández, Emilio 25.24
15. Climent Payá, Vicente E 58 15. Bardají Ruiz, Alfredo 2.29 15. Candell Riera, Jaume 25.24
16. Marín Ortuño, Francisco 58 16. Bertomeu Martínez, Vicente 2.29 16. López Bescós, Lorenzo 25.21
17. Sogorb Garri, Francisco 56 17. Baño Rodrigo, Antonio 2.22 17. Ferrero, José Antonio 25.2
18. Almendral Garrote, Jesús 54 18. Velasco Rami, José A de 2.2 18. Cosín Aguilar, Juan 25.1
19. López Bescós, Lorenzo 54 19. Alfonso Manterola, Fernando 2.19 19. Crespo, Marisa 25.1
20. Moreno Gómez, Raúl 53 20. Maggioni, Aldo P 2.06 20. Muñiz García, Javier 25.09

TABLA 4. Clusters of Authors Identified Through Analysis of Intensiveness of Coauthorship of Papers Published

in Revista Española de Cardiología (2000-2005), Indicating Cohesion and Productivity Ranking of each Author*

(continued)

Authors

Cluster/Cohesion Number of Authors in Cluster/Institutions Author Ranking

Cluster 7 5 Soler Soler, J 4
Cohesion=0.9 Hospital Vall d’Hebron (Barcelona) Candell Riera, J 5-7

Castell Conesa, J 31-44
Aguadé Bruix, S 31-44
Oller Martínez, G 153-197

Cluster 8 5 Medina Fernández Aceituno, A 28-30
Cohesion=1 Complejo Hospitalario Doctor Negrín (Las Palmas) Suárez de Lezo, J 56-73

Hospital Universitario Reina Sofía (Córdoba) Pan Álvarez-Ossorio, M 123-152
Romero Moreno, M 153-197
Segura, J 153-197

*Number ranges indicate >1 author with the same number of papers.



diachronic studies of scientific collaboration is the trend
towards a growth in cooperation between researchers, as
measured by the ISP.25 In biomedicine, a recent study of
the number of signatures/paper has highlighted the fact
that the mean has increased from 4.5 in 1980 to 6.9 in
2000.26 In Spanish medical journals, the ISP has risen
from 3.47 at the beginning of the 1980s to 4.59 at the
beginning of the 1990s.27 In cardiovascular medicine, in
1990-1993, the ISP of Spanish scientific production
included in the Science Citation Index was 5.78,19 a trend
to growth that has been maintained, with the ISP currently
at 6.23. However, we should bear in mind that in some
article types the number of signatures permitted has been
limited, which means the ISP tends to be lower.

The tendency to increase the number of signatures/paper
may be due to different causes, among which we should
point out the complex, interdisciplinary nature of current
medical practice28,29 and, as a consequence, the need to
collaborate with external teams.30 The ISP obtained is
greater than that found in journals such as Revista

Española de Anestesiología y Reanimación (ISP=3.1),31

Atención Primaria (ISP=3.77),32 Farmacia Clínica

(ISP=3.86),33 and in fields such as drug dependency
(ISP=4.1)34 and HIV/Aids (ISP=4.72).35 However, it is
very similar to that of Actas Urológicas Españolas

(ISP=6.1).36 The number of signatures should be viewed
in the light of the abuse of signatures in scientific papers
in the form of hyper-authorship that does not correspond
to the real contribution of the authors to papers but to a
variety of reasons, among which we would highlight
those related with the increase in scientific prestige and
obtaining sources of finance.37-39 To avoid abuses in the
coauthorship of scientific publications various approaches
and initiatives have arisen, among which the
recommendations contained in the International
Committee of Editors of Medical Journals’ proposal

126 Rev Esp Cardiol. 2007;60(2):117-30
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should be noted. Their view on the signatures of papers40

has been criticized as excessively rigid and impossible
to fulfill41 in favor of others which propose describing
precisely the contribution of the signatories42 or
designating one as responsible for the publication.43 It is
beyond the scope of this paper to identify the influence
these factors may have had on the ISP of Revista Española

de Cardiología

In parallel with the increased ISP in scientific papers,
we note increased productivity of authors. In fact, 32.2%
of authors responsible for Spanish scientific production
in cardiovascular medicine included in the SCI in 1990-
1993 published >1 paper,19 and this rose to 35.76% in
the present study.

The identification of the most productive authors and
of clusters of authors who collaborate closely can be of
use in decision-making both in public research
organizations and by coordinators of networks when
they have reliable information about consolidated
research groups and their members. We have detected
10 clusters in which one of the institutions involved is
included in RETIC. Similarly, 2 of the coordinators of
these networks (Soler Soler and Marrugat de la Iglesia)
are among the most productive authors, although a third
(Bayés de Luna) has not been identified in the present
study because, with few exceptions, the majority of his
papers appear in journals published abroad. The existence
of numerous clusters indicates that, despite policies of
promoting interinstitutional, multidisciplinary research,
there remain numerous research groups with no cohesion
among themselves, with a limited number of members,
with a mean of 4.48 authors for the 25 clusters formed
with a threshold of collaboration of 6 or more papers.
However, if we consider a threshold of 4 or more
coauthored papers, the number of clusters would rise to
46, made up of 278 authors with a mean of 6.04 authors

TABLE 6. Number of Collaborations Between Institutions Grouped by Type of Collaboration and Total 

Number of Papers Published in Collaboration in Revista Española de Cardiología (2000-2005)

Number of Collaborations Total

Types of Collaboration 2000 2001 2002 2003 2004 2005 2000-2005, %

Intrainstitutional collaboration (type 1) 43 37 39 39 41 45 244 (40.87%)

Interinstitutional collaboration

Same autonomous region (type 2a) 34 42 36 37 42 46 237 (39.7%)

Different autonomous regions (type 2b) 13 20 13 14 9 23 92 (15.41%)

International collaboration (type 3) 3 4 5 6 4 2 24 (4.02%)

Total, %* 93 (15.58%) 103 (17.25%) 93 (15.58%) 96 (16.08%) 96 (16.08%) 116 (19.43%) 597 (100%)

Number of papers in collaboration (%)† 77 (43.02%) 83 (46.63%) 73 (43.45%) 74 (49.01%) 77 (52.38%) 89 (56.69%) 473 (100%)

*Note that in number of collaborations, some papers include no collaboration and others involve more than one type of collaboration. To calculate percentages we
did not include 31 papers authored in collaboration but not signed by Spanish institutions.
†We took into account when calculating the 473 papers signed by at least one Spanish institution. Percentages are calculated with respect to total number of pa-
pers per year, reported in Table 1.
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per cluster, and the largest cluster consisting of 41 authors.
For a threshold of 3 or more coauthored papers, the
number of clusters is 58, with a mean of 8.36 authors
per cluster, linking 187 authors directly or thru
intermediaries. If we increase the threshold for
institutional collaboration, only a very small number
appears linked by stable collaborative relations. So, for
a threshold of 3 or more papers in collaboration, the
principal nucleus is formed of 34 institutions, with 7
subgroups made up of 18 institutions isolated from the
principal nucleus. For a threshold of 4 or more papers
in collaboration the principal nucleus is formed by only
10 institutions, with 6 subgroups made up of 20
institutions isolated from the principal nucleus. Together
with the limited number of institutions that maintain
stable, consolidated, collaborative interinstitutional
relations, another of the most significant aspects is the
marked nature of cooperation between institutions and
within autonomous regions as together these add up to
80.57% of collaborations.

Measures of centrality permit us to identify authors
and institutions that occupy outstanding positions in the
networks of coauthorship and institutional collaboration,

on the basis of indicators such as number of authors and
institutions which they have collaborated with, implying
a greater capacity to access and exchange information.

If we only considered papers in the “Original articles”
section when forming networks, we identify the same
clusters of authors and a similar network of institutional
collaborations. From this, we deduce that this section
constitutes the nucleus of the journal where the research
conducted by the regular collaborators of the journal are
published.

CONCLUSIONS

The most relevant conclusions of the present study
are:

1. Some 95.1% of papers in Revista Española de

Cardiología are the product of collaboration between 2
or more authors, with indices of signatures/paper and
authors/paper similar or above those of other journals
and disciplines in biomedicine.

2. We identified various clusters of authors who
constitute established groups that can be considered the
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TABLE 8. Principal Agents of Interinstitutional Collaboration Network of Papers Published in Revista Española

de Cardiología (2000-2005)

Degree Betweenness × 1100 Closenness × 1100

Institution Value Institution Value Institution Value

1. HU La Fe (Valencia) 52 1. HU La Fe (Valencia) 7.55 1. HU La Fe (Valencia) 32.41
2. H de la Santa Creu i Sant Pau 37 2. H de la Santa Creu i Sant Pau 5.95 2. H de la Santa Creu i Sant Pau 32.35

(Barcelona) (Barcelona) (Barcelona)
3. Institut Municipal d’Investigació 36 3. HU Virgen de la Arrixaca 4.45 3. CA de Salamanca 31.07

Mèdica (Barcelona) (Murcia)
4. H Clínic i Provincial de Barcelona 33 4. HGU Gregorio Marañón (Madrid) 3.67 4. H Clínic i Provincial de Barcelona 30.81
5. HGU Gregorio Marañón (Madrid) 32 5. CU La Paz (Madrid) 3.56 5. HGU Gregorio Marañón (Madrid) 30.76
6. CA de Salamanca 31 6. Univ Autónoma de Madrid 3.55 6. Clínica Universitaria of Navarra 30.14
7. CU La Paz (Madrid) 31 7. CA Son Dureta (Palma de 3.21 7. Fundación Hospital Alcorcón 30.09

Mallorca) (Madrid)
8. HU Virgen de la Arrixaca (Murcia) 30 8. HCU de Valladolid 2.90 8. CU La Paz (Madrid) 29.94
9. CHU Juan Canalejo (A Coruña) 29 9. Institut Municipal d’Investigació 2.82 9. CA Son Dureta (Palma 29.12

Mèdica (Barcelona) de Mallorca)
10. Fundación Hospital Alcorcón 28 10. H Clínic i Provincial de Barcelona 2.68 10. CHU Juan Canalejo (A Coruña) 28.75

(Madrid)
11. CA Son Dureta (Palma de Mallorca) 27 11. CHU Juan Canalejo (A Coruña) 2.65 11. HU Virgen de la Arrixaca (Murcia) 28.62
12. HU de Girona Doctor Josep Trueta 27 12. Clínica Universitaria de Navarra 2.56 12. HU de Bellvitge (Barcelona) 28.53
13. Clínica Universitaria de Navarra 26 13. HC Virgen de la Victoria (Málaga) 2.54 13. CU de San Carlos (Madrid) 28.48
14. Univ Autònoma de Barcelona 26 14. HCU de Valencia 2.51 14. HC Carlos Haya (Málaga) 28.21
15. HCU de Valencia 24 15. HC Virgen del Rocío (Sevilla) 2.29 15. Institut Municipal d’Investigació 28.21

Mèdica (Barcelona)
16. HC Virgen de la Victoria (Málaga) 22 16. HU Marqués de Valdecilla 2.15 16. HC Virgen de la Victoria (Málaga) 28.13

(Cantabria)
17. CHU de Albacete 22 17. CA de Salamanca 2.1 17. CHU de Santiago (A Coruña) 28.13
18. CHU de Santiago (A Coruña) 22 18. HU de Bellvitge (Barcelona) 2.08 18. HCU de.Valencia 28.04
19. HU Puerta de Hierro (Madrid) 22 19. HU Puerta de Hierro (Madrid) 2.01 19. Hospital Txagorritxu (Álava) 27.91
20. Consorcio HGU de Valencia 21 20. CU de San Carlos (Madrid) 1.93 20. Fundación Jiménez Díaz (Madrid) 27.82



cutting edge of research in cardiology published in
Spanish.

3. Despite the high number of coauthored papers
(95.1%) and policies that promote interinstitutional,
multidisciplinary research, numerous isolated research
groups, with a limited number of members, remain.

4. Even though 51.43% of papers are the product of
collaboration between institutions, this mainly occurs
within institutions and autonomous regions, although in
2005 we did note a clear increase in collaboration between
autonomous regions.

In addition to the topics dealt with in the present paper,
we could go more deeply into the scientific activity of
the groups identified thru bibliometric indicators of
productivity, repercussion and impact.14,18 Given the
dynamic nature of science and of research groups, it
would also be interesting to study the evolution of these
groups over time and to broaden the scope of our analysis
of Spanish cardiovascular research activity to other
journals, both national and international.
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