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Abstract

Aims. Given the lack of reliable observational data, network of volunteer centers, and
standardised methodological procedures, the European Society of Cardiology EURObservational
Research Programme (EORP) was set to provide a better understanding of real-world
cardiovascular care and outcomes. We aimed to evaluate the scientific impact of EORP using a
bibliometric approach.

Methods and Results. We collected data for each individual publication, and for each individual
journal with at least one EORP publication. Bibliometric indicators evaluating research
performance were categorised into those evaluating EORP publications (publication-based
indicators), and those assessing the journals where those papers were published (journal-based
indicators). During the first ~11 years since its inception, we found that EORP produced 189
publications, with most published in journals in the first quartile (60.9%) or the second quartile
(33.5%) of the Web of Science Journal Citation Report. The total number of citations to EORP
publications was 9630 (average citation per publication of 51, h index of 54, 29 EORP
publications with 2100 citations). Of EORP publications, 20 had an Altmetric Attention Score
higher than 50 and 9 had a score higher than 100. Fifty-two EORP papers have been cited 65

times in ESC Clinical Practice Guidelines between 2013 and 2021.

Conclusion. EORP registries have contributed to impactful scientific knowledge. The high-quality
metrics highlight the relevance of EORP international cardiovascular registries on the academic
community. Efforts are needed to support this and other programmes aimed at delivering real-
world evidence from independent patient data of cardiovascular care and outcomes across

multiple geographies.
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Introduction

Cardiovascular disease (CVD) is responsible for more than one-third of deaths in Europe?,
accounting for 29% and 33% of premature deaths before the age of 70 in Europe, in women and
men respectively)®. It has substantial socioeconomic consequences, costing the EU? and the US3
economies an estimated €196 and $363 billion annually, respectively. This global public health
problem is expected to grow as a consequence of the increasing prevalence of cardiovascular
risk factors (CVRFs), and an aging and co-morbid population.*® In this context, there is a need
for reliable observational data on CVD.’

The EURObservational Research Programme (EORP),® launched by the European Society
of Cardiology (ESC) in 2009, designs and implements registries aimed at providing a better
understanding of real-world cardiovascular care and outcomes®®. Unlike the ESC Atlas !, the
EORP collects, collates, and evaluates individual patient data for diagnostic processes,
therapeutic approaches and adherence to Clinical Practice Guidelines (CPGs). Insights from
EORP studies have already contributed to the reduction of the burden of CVD through (i) the
identification of associations between CVRFs and diseases ? (ii) the evaluation of geographical
and temporal trends in clinical management and cardiovascular outcomes ¥ (iii) the
implementation of quality improvement through audit and feedback 5 (iv) the assessment of
the value of interventions in the real-world setting’® and (v) the generation of hypotheses for
future studies!’. The second translational ‘gap’, or evidence-practice gap, which refers to this
disconnect between the development and the implementation of new interventions in clinical
practice 2, is one of the key elements that EORP aimed to evaluate.

Scientific impact is of increasing importance as a measure of research programme
performance. A number of scientific societies and institutions use such an approach to evaluate
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the impact of their research output™. Given the EORP is over a decade since inception, we aimed

to evaluate their 189 publications using a comprehensive bibliometric approach.



Methods

Study sponsor of EORP

The European Society of Cardiology (ESC) is a scientific society uniting >100,000
physicians, scientists, nurses and allied professionals across all cardiology subspecialties and
career stages.? It comprises 57 National Cardiac Societies, and 29 subspecialty communities (7
Associations, 15 Working Groups and 7 Councils). The ESC's mission is to reduce the burden of
cardiovascular disease.?! To fulfil its mission, the ESC provides scientific support and educational
activities??, such as Clinical Practice Guidelines (CPGs), educational courses, and registries on

specific disease areas®.

EURObservational Research Programme: type of registries and common features

The EORP is a programme of clinical registries led by the ESC. The Oversight Committee
is the main committee, responsible for the entire programme. Below the oversight committee,
there are two committees that run each study: Executive Committee & Steering Committee.
EORP data collection is centralised at the European Heart House (Sophia-Antipolis, France),
which provides organisational support to the centres, management of databases, and liaises
with statistical centres selected by the Executive Committee of each Registry, in agreement with
the Oversight Committee. The main role of the EORP Coordinating Team is to coordinate the
project, provide support to the Committees, National Coordinators and participating centres
and ensure the use of high methodological standards.

For all registries, the ESC has acted as legal sponsor and has been responsible for the
overall study management. In total, more than 3,360 recruiting centres have enrolled more than
138,000 participants through the EORP. Over 80 countries have already participated in at least

one of the EORP registries.



EORP studies are classified in two broad categories: Cardiology and Prevention
registries. Cardiology registries are categorized into three subtypes: (I) General/common
diseases (assessing epidemiological and clinical aspects of highly prevalent cardiovascular
conditions); (ii) Sentinel/intervention (evaluating the impact of interventional procedures and
imaging techniques); and (iii) Special/rare diseases (assessing epidemiological and clinical
aspects of rare cardiovascular conditions). Prevention Registries study CVRFs and prevention
measures.

The EORP endeavour have produced registries adhering to the following principles: (i)
use of appropriate methodological procedures; (ii) use of network of volunteer centres
appointed by ESC constituent bodies; (iii) use of on-line electronic Case Report Form allowing
user-friendly data entry; and (iv) involvement of the ESC National Cardiac Societies and relevant

ESC Constituent Bodies.

Study variables: EORP publications

The study period comprised the timespan between the first EORP publication (01 May
2010), and the censored date of our study (09 April 2021). The list of EORP items is provided in
the Table S1 and S2, and was originally obtained from the EORP Coordinating Team. Inclusion
criteria comprised those publications derived from EORP investigators and relative to EORP
initiatives, whereas exclusion criteria were documents not present in Web of Science (WOS) at
the time of censored date, and non-scientific documents (congress communications, press
releases, website posts), regardless of whether they were present in WOS.

We collected data for each individual publication, and for each individual journal with at
least one EORP publication. Hence, bibliometric indicators evaluating research performance
were categorised into those evaluating EORP publications (publication-based indicators), and

those assessing the journals where those papers were published (journal-based indicators).



Sources of bibliometric information and type of bibliometric indicators

We used the tools provided by the WOS.% Information relative to WOS indicators were
collected one year later (as per March 22, 2022), to allow for all items to be finally allocated in
WOS (some items were ahead of print when the study period for including publication was
censored). Journal Citation Reports (JCR) from WOS was used to evaluate journal-based
indicators, such as the journal impact factor (JIF), and publication-based indicators, such as the
number of citations.

The Altmetric Bookmarklet** was used to measure metrics and qualitative data deemed
complementary to traditional, citation-based metrics. This includes citations on Wikipedia,
public policy documents, discussions on research blogs, mainstream media coverage,
bookmarks on reference managers and mentions on social media networks.

EORP scientific performance was evaluated through several bibliometric indicators,
which can either apply to the set of items present in WOS (publication-based indicator), or to

the set of journals where those papers were published (journal-based indicators).

Journal-based assessment

The following journal-based indicators were collected: (1) impact factor, which is
defined as all citations to the journal in the current JCR year to items published in the previous
two years, divided by the total number of scholarly items (comprising articles, reviews, and
proceedings papers) published in the journal in the previous two years??25; (2) impact factor
quartile (Q1 — Q4), number of documents that appear in a journal in a particular impact factor
quartile in a given year. For journals classified in multiple WOS research areas, we used the

higher quartile among those available.



Publication-based assessment

The following publication-based indicators were collected for the set of EORP
publications: (1) sum of times cited, defined as total number of citations (cited references) to
the set of EORP publications; (2) citations in each year, number of citations made each year to
any item in the set of publications; (3) average citation per year (or period), defined as the
average number of citations to articles since they were published (ratio with number of citations
in the numerator and number of years in denominator); (4) average citations per item, average
number of citing articles for our set of ESC EORP publications (the sum of the times cited count)
divided by the number of publications; and (5) h-index (also known as Hirsch index)?’, this value
is based on a list of publications ranked in descending order by the “times cited count”
parameter: an index of h means that there are h publications that have each been cited at least
h times.

The Altmetric Attention Score was collected for each article whenever this information
was available. This score is automatically calculated with a weighted count of all of the attention
a research output has received. It is based on 3 main factors: (1) volume (the score goes up as
more people mention it); (2) sources (each category of mention contributes differently to the
final score, (i.e. newspaper articles contribute more than a blog post); and (3) authors (how often

the author mentions it).?

Other information provided by the Altmetric Bookmarklet was
collected, such as the number of platforms, citations, readers on Mendeley or countries

mentioning each document.?

Data analysis

The number of publications is presented separately as a total count by year, and by
topic. The JIF was categorized in quartiles in order to present number of publications by
quartiles. Further 4-point categories were made for JIF (0-4, 4-8, 8-12, 12-16, 16-20, and >20) in

order to present the number of publications by JIF. The number of citations is presented as a



total count by year. Similarly, the mean Altmetric Attention Score was also provided by year.
Descriptive data were obtained using STATA software, version 15.1 (Stata Corp, College Station,
TX, USA). GraphPad Prism version 6.00 (GraphPad Software, La Jolla California) was used to

produce the figures.

Results

A set of 196 EORP publications were identified for the first ~11 years since the launch of
EORP. Among them, 189 were available in WOS (Table S1). A flow chart is reported in Figure 1.
The remaining 7 items (Table S2) were excluded from the analysis because they are either not
present in WOS, or because they were not scientific articles (congress communications, press
releases, website posts). The number of publications increased from 3 in 2010 to 23 in 2015,
then reaching a plateau of around 25 publications per year between 2016 and 2020. In parallel
with the COVID19 pandemic, the number of publications declined from 2021 (Figure 2).

By topics, the total number of publications were ranked as follows: preventive
cardiology (68 publications, 36.0%), arrhythmias and device therapy (55 publications, 29.1%),
and Heart Failure (31 publications, 16.4%). Further details regarding the topics of the
publications are shown in Figure 3. According to WOS, there was co-author representation from
56 countries. Table S3 shows the list of countries with at least one co-author in EORP

publications, which was led by France (n=131), England (n=125) and Italy (n=118).

Research performance based on journal indicators

The distribution of the JIF in the EORP set of publications was skewed to the right (Figure
4A). Most of the documents (46%) were published in a Journal with a JIF within the range of 4
and 8. From a JIF of 8 upwards there was a large spread. In total, 48 journals have published at
least one EORP paper. Most articles were published in Journals in the first quartile (Q1) of the

JCR. As shown in Figure 4B, the number of publications in Q1 Journals were 109 (60.9%),



whereas 60 (33.5%) were in Q2 and 10 (5.6%) were in Q3-4. The number of publications by
journal is shown in Table S4. Among them, six journals published 210 EORP publications:
European Heart Journal (n=27), Europace (n=26), European Journal of Heart Failure (n=23),
European Journal of Preventive Cardiology (n=17), and International Journal of Cardiology

(n=12). There were 112 (59.3%) papers published in ESC family Journals (Table S5).

Research performance based on citations to EORP articles

The total number of citations (sum of times) to EORP publications was 9630 (Figure 5).
Therefore, the average citation per year was 803 (9630/12) and the average citation per
publication was 51 (9639/189). The average citation per year was 123 cites for the first period
(2010-2015), and 1444 for the second period (2016-2021). The h-index for the set of 189 EORP
publications was 54, meaning that there are 54 items that have at least 54 citations.

Until March 22, 2022, 29 EORP publications had at least 100 citations: 19 publications
had between 100 and 200 citations, 3 had between 200 and 300 citations, 4 had between 300
and 400, and the top three were above 400 citations (439, 506 and 573). Further details of the
189 EOPR publication in WOS, sorted by times cited (highest to lowest), can be found in
Supplemental Table S1.

Among all EORP publication, 20 had an Altmetric Attention Score higher than 50, and 9
publications had a score higher than 100 (Figure 6). Other altmetric measures are provided by
the Altmetric Bookmarklet are shown in Table S6.

To date, 52 EORP papers have been cited in ESC CPGs between 2013 and 2021 (due to
some recurrent citations across CPGs, EORP papers received 65 citations). The list of CPGs is

presented in Table S7.



Discussion

The main findings of our bibliometric assessment can be summarised as follows: (1)
among the 189 EORP publications produced over 11 years, most articles were published in
journals in the first quartile (60.9% in Q1), or the second quartile (33.5% in Q2) of the JCR; (2)
the total number of citations to EORP publications was 9630, the average citation per publication
was 51, and the h index of this set of documents was 54; and (3) among all EORP publications,
20 had an Altmetric Attention Score higher than 50, and 9 publications had a score higher than
100. The main conclusion is that EORP registries have greatly contributed to generate impactful
scientific knowledge to cardiovascular health professionals and researchers, so these insights
might have been translated into their clinical practice and their clinical investigations,
respectively. Decision-makers have received some tools to shape evidence-based policy in
support of cardiovascular health (e.g., EORP has been very useful in the identification of the
areas of cardiovascular research with the greatest needs). Moreover, EORP papers have been
cited 65 times in ESC CPGs between 2013 and 2021.

Assessing the research output of the EORP initiative using bibliometric data has shed
light on the performance of the programme. It should be noted that the scarce number of
previous attempts to report bibliometric assessments in the cardiovascular realm has mainly
focused on the number of citations.'®?® By including altmetrics and impact on CPGs on top of
the standard citation analyses, this study provides a broader view about how the EORP
endeavour impacted on the scientific community. In the set 189 of EORP publications, there
were 29 top cited papers with >100 citations. Moreover, CPGs cited 65 times an EORP
publication. The h-index, which discounts the disproportionate weight of highly cited papers or
papers that have not yet been cited, was 54 (e.g., there are 54 publications having >54 citations).
Additionally, the mean citation count for the set of EORP publications was 51, close to the h-
index. These metrics are useful but rely a lot on the selected timespan (older publication benefit

more from this measure). The dependence on time is actually unfavourable for EORP metrics
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performance, since most of the items were published in the last 5-6 years and they have still
room for further citations.

When it comes to the crossroad between journals and citations, the JIF was used as
surrogate to evaluate research performance. Though not a strict mathematical average, the JIF
provides a functional approximation of the mean citation rate per citable item. The use of the
JIF, which is yearly updated in the Journal Citation Reports (JCR), is increasing not only among
the bibliometric and scientific community, but also among science policy makers.2>?® This is
because the JIF is used as a proxy of the quality and expected impact of each of the papers
published in that Journal.?® In spite of these advantages, the use of JIF shows some caveats,
which have been already summarised elsewhere.?> In this regard, we should take into account
the Garfield’s Law of Concentration, which postulates that a relatively small core of journals (10-
20%) account for the bulk (80-90%) of what is cited by all published literature.?® In our cohort of
EORP publications, there was a single journal concentrating 4 out of the 5 top cited journals
(European Journal of Heart Failure).

Among the new emerging metrics challenging the dominance of citation-based analyses
the Altmetric Score should be highlighted, which tracks how papers perform in media and social
media. Altmetrics showcase the attention and influence of research and can measure social
impact by taking into account mentions in the news, blogs, and on Twitter, article page views
and downloads, coverage in the news, social sharing and blog features, as well as references in
public policy documents, or commentary from experts and practitioners.?® In our study, we
focused on the metric summarising all these items, the Altmetric Attention Score. We identified
some top publications with a very high score (n=9), but our main finding is perhaps the
increment in mean Altmetric score between the first and the second half of the study period.
Further work should be performed by the ESC to improve its dissemination strategies. In this
regard, the ESC Journals Study randomized 696 papers published in the ESC Journals family

(March 2018-May 2019) for promotion on Twitter or to a control arm (with no active tweeting
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from ESC channels).?! In a preliminary analysis of 536 articles (77% of total), Twitter promotion
of articles was associated with a 1.43 higher rate of citations. Both Altmetric score and number
of users tweeting were positively associated with the number of citations in both arms, with
evidence of a stronger association (interaction) in the Twitter arm.3! Care should be exercised
when evaluating the positive impact of a high Altmetric score — some controversial topics (such
as dietary and disease association, or even misreporting) might have a high impact in Social
Media, but that does not necessarily translates into rigorous science and meaningful impact on
clinical practice.

According to evidence-based medicine, randomised clinical trials (RCTs) are able to yield
unbiased treatment effects, whereas observational studies are useful to evaluate association
using real-world data.3? In this line, observational data from EORP cohorts have assessed the
burden and natural history of diseases,*® evaluated quality of care,'* identified risk factors or
prognostic markers of cardiovascular disease,’>3* and might have been used to report
associations between exposures and outcome that can generate hypotheses for prospective
testing in RCTs.'” Data from EORP registries can be potentially used to assess the feasibility of
RCTs, either by determining the number of patients that would meet eligibility criteria,
determining the event rate needed for sample size estimation (if the registry is representative),
or by identifying study sites (i.e., those motivated centres with high-recruitment capacity). Away
from highly prevalent cardiovascular conditions, the study of rare diseases has also greatly
benefited from EORP registries.'” In spite of the remarkable growth in the uptake of national
and international cardiovascular registries across the last few decades,?® very few studies have
focused on clinical conditions with low incidence, such as spontaneous coronary artery
dissection or peripartum cardiomyopathy, which have been addressed by specific EORP
registries (Spontaneous Coronary Artery Dissection [SCAD] Registry, and Peripartum

Cardiomyopathy Registry (PPCM), respectively).
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Clinical registries can be used to inform health policy, improve the quality and cost-effectiveness
of patient care, and assist in monitoring the uptake and safety of novel treatments and
procedures. It can serve as a platform to evaluate the use of recommended therapies and to
launch initiatives aimed to improve the implementation of CPG recommendations in the real-
world setting (i.e., to reduce the evidence-practice gap*®). Of note, adherence to evidence-based
CPG recommendations has been associated with improved outcomes.3>36-38 EORP registries
have enabled evaluation of CPGs adherence across Europe and, importantly, provided insights
into why guideline recommendations were not implemented, which in turn, may assist
policymakers in designing more efficient systems.?® The ESC has also other instruments to
complement the information yielded by EORP. It collects aggregated cardiovascular data from
across its 57 members countries through its 'Atlas of Cardiology' . More recently, it has
launched the EUROHEART (European Unified Registries for Online Heart care Evaluation And
Randomized Trials) project, which addresses the lack of continuous gathering of standardized
data from clinical care, and of long-term follow-up of outcomes. The EUROHEART programme
supports the development of continuous on-line CVD registries in regions and countries
interested in implementing quality of care improvement, and advocates for both observational

research and RCTs at national and international level.3®

Limitations

Our approach which used bibliometric assessment has limitations. Care must be taken
to not focus too much on a citation-based analysis. The nature of the study favours older
published articles, exposed to longer time to be cited. In this regard, we complemented the
citation analysis with the addition of altmetrics. Some bibliometric dimensions remained
unexplored. Previous studies have evaluated collaboration networks through the Science
Citation Index Expanded (SCIE), though this makes sense to evaluate spontaneous collaborations
instead of programmes with repeated patterns of collaborations.?® Because the ESC is the

natural link between EORP and CPGs, the number of citations of EORP papers might be
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overrepresented in ESC CPGs. Similarly, the bibliometric performance of the set of EORP
publications might be influenced by the high number of reports published in a journal of the ESC

family.

The study participants of EORP studies might not represent the whole spectrum of a
disease severity (e.g., sometimes those who are the sickest and at higher risk might be
excluded). This could be overcome by discussing directly with the National Leaders about
strategies of center selection (proportional to number and characteristics of centers existing in
each participating country), and by ensuring consecutive recruitment (e.g., one day per week,
one week per month, etc). This limitation in representativeness could be also overcome by the

use of inclusive and continuous complete case ascertainment registries.

Conclusions

The EORP registries have contributed to generate new and impactful scientific
knowledge. Among the 189 EORP publications produced over 11 years, most articles were
published in journals in the first quartile (60.9% in Q1). Moreover, the total number of citations
to EORP publications was 9630, the average citation per publication was 51, and the h index of
this set of documents was 54. This high-quality metrics highlight the relevance of EORP
international cardiovascular registries on the academic community. Efforts are needed to
support this and other programmes aimed at delivering real-world evidence from independent

patient data of cardiovascular care and outcomes across multiple geographies.
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Figures

Figure 1. Flow chart

EORP, EURObservational Research Programme; WOS, Web Of Science.

Figure 2. Number of EORP publications per year

To allow for some publications to move from “ahead of print” to its printed version, the study
period for articles collection finished in April 2021, although the citation-based analysis in the
Web of Science took place in March 2022. Within this 1-year window, the number of publications
in WOS increased from 162 to 189 for the set of 196 items. The remaining 7 items were not
suitable for WOS (e.qg., press release, posts in website) and were therefore excluded from the
citation-based analysis.

Figure 3. Number of publications by type of registry and topic

CAD, ASC & ACC, Coronary Artery Disease, Acute Coronary Syndromes, Acute Cardiac Care; CVD,
cardiovascular disease

Figure 4. Number of publications by Journal quartile and journal impact factor

There were 10 journals without JIF for their corresponding year in the Journal Citation Report.

Figure 5. Cummulative number of citations per year.

This graph shows how many citations were made each year to any item of the set of 189 papers
in WOS as per March 22, 2022.

Figure 6. Mean Altmetric Attention Score of EORP publications by year
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staff, assistant), Patti-Ann McNeill (ESC staff, assistant), Lorraine Ceccanti (ESC staff, assistant),
Sandrine Anglars (ESC staff, data manager), Maryna Andarala (ESC staff, data manager), Gagan
Chhabra (ESC staff, data manager), Viviane Missiamenou (ESC staff, data manager), Cécile
Laroche (ESC staff, statistician), Céline Arsac (ESC staff, past team manager), David Salako (ESC
staff, team manager), Karen Sliwa (chairperson, Peripartum CardioMyopathy), Johann
Bauersachs (chairperson, Peripartum CardioMyopathy), Dipak Kotecha (chairperson, Stroke
prevention and rhythm control Therapy: Evaluation of an Educational Programme of the
European society of cardiology in a cluster-Randomised trial in patients with Atrial Fibrillation),
Isabelle van Gelder (chairperson, Stroke prevention and rhythm control Therapy: Evaluation of
an Educational Programme of the European society of cardiology in a cluster-Randomised trial
in patients with Atrial Fibrillation), Hein Heidbuchel (chairperson, Stroke prevention and rhythm
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23
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(chairperson, European Lead Extraction ConTRolled), Carina Blomstrom Lundqvist (chairperson,
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Figure 3

A Number of publications by type of registry
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Figure 4

A Number of publications by Journal impact factor
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