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In the 21* century, data science has tak-
en a new meaning, thanks to big data,
and almost all the people who are dedi-
cating to investigate will have to learn
how to deal with this. Volume (amount
of data), variety (number of types of
data) and velocity (speed of data pro-
cessing) are considered as three main
defining properties of big data, called
3 Vs of Big Data, according to many
experts in Data Science (1). Extended
definitions include veracity (quality or
trustworthiness of the data) and value
(the worth of the data being extracted)
as the fourth and fifth V, respectively.
However, one of them stands out from
the rest: volume. When someone men-
tions “big data”, we immediately think
about a huge volume of data, with the
definition of the term “huge” being de-
pendent on the specific research area.
In Big Data era, the use of innovative
and appropriate techniques to deal
with this huge amount of data has been
emerged substituting classical statisti-
cal techniques. Nowadays, almost eve-
ryone talks about machine learning,
data mining or artificial intelligence,
even there is a widespread misuse of
these terms. For example, data mining
is widely used to refer big data despite
the fact that two terms correspond to
different concepts. The classical defini-
tion of Data Mining refers to extract-
ing knowledge from data. Although
the term is frequently used in studies
including Big Data analysis, data min-
ing techniques may also be used to
extract knowledge from smaller data
sets. Likewise, artificial intelligence
could be basically defined as the study
of creating intelligent agents and ma-
chine learning as the science of creat-
ing algorithms and programmes which
learn on their own. In fact, we all use
in our day-to-day life machine learning

algorithms in one way or the other and
probably we don’t even realise it. Vir-
tual personal assistants, traffic predic-
tions, online transportation networks,
social media services, online customer
support and product recommendations
are just a few examples. There are a
plenty of applications of machine learn-
ing algorithms and data mining tech-
niques in marketing, business, finance,
security, engineering, and many other
fields where biomedical research is not
an exemption. Medicine was identified
early as one of the most promising ap-
plication areas for artificial intelligence
where researchers have proposed and
developed many clinical decision sup-
port systems that have been shown to
interpret electrocardiograms, diagnose
diseases, choose appropriate treat-
ments, provide interpretations of clini-
cal reasoning and assist physicians in
generating diagnostic hypotheses in
complex patient cases (2). In this sense,
both clinical and biomedical research-
ers, including physicians, nurse practi-
tioners, clinical pharmacist, physician
assistants, biologists and chemists, are
changing the way they did research up
to now. Sharing clinical data across
hospitals to support open innovation is
an old idea, but which is being taken
up by the scientific community at an
increasing speed, concerning public
sharing in particular (3). The uncer-
tainty in data protection in general, and
with respect to international transfer in
particular, could generate some doubts
around the ethic limitations of clinical
data sharing. In this sense, the General
Data Protection Regulation (GDPR),
recently approved by the European
Parliament, introduces an exemption to
the general prohibition for the process-
ing of sensitive personal data. Accord-
ing to the ‘research exemption’ in Ar-
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ticle 9(2)(j) under which sensitive per-
sonal data, including genetic data, can
be processed without adhering to the
strict consent requirements (4). In other
words, whatever purpose the sensitive
personal data was collected for, further
processing for research purposes with-
out the data subject’s consent is consid-
ered compatible with the initial purpos-
es. However, this exemption should be
taken with caution as processing sensi-
tive data under the research exemption
requires appropriate safeguards such as
data minimisation, anonymisation, and
data security. Moreover, the data sub-
ject possesses several rights such as the
right of access by the data subject, the
right to rectification, the right to restric-
tion of processing or the right to object
in order to derogate personal data pro-
cessing under the research exemption.

Big data is transforming the way of do-
ing clinical and biomedical research
(5). Nowadays, national and interna-
tional collaborations that allow creat-
ing big data registries are substituting
studies carried out only in one centre
with limited sample sizes. The Big Data
Sjogren Project Consortium was born
out of this idea: this international, mul-
ticentre registry was designed in 2014
to take a “high-definition” picture of
the main features of primary Sjogren’s
syndrome (SS) using worldwide data-
sharing cooperative merging of pre-ex-
isting clinical SS databases from lead-
ing centres in clinical research in SS
from the five continents. The centres
share a harmonised data infrastructure
and conduct cooperative online efforts
in order to refine already-collected data
in each centre. The codebook contain-
ing instructions on the variables and
data codification was firstly discussed
and approved by the Steering Commit-
tee members, and was further shared
with the consortium partners. Data-
bases from each centre were harmo-
nised into a single database by apply-
ing specific pre-processing techniques
such as the detection and treatment of
outliers, influential observations, errors
and missing data. By January 2019, the
participant centres had included 11,421
valid patients from 24 countries (Fig.
1). This international scientific col-
laboration, designed according to a
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Fig. 1. The Big Data Sjdgren Project Consortium in January 2019: 45 cohorts from 24 countries of the
5 continents; 11,421 patients included fulfilling the 2002 criteria for primary SS.

‘Data Sharing’ approach, has produced
excellent results until now in spite of
several limitations associated to retro-
spective design, predominant presence
of European patients, the magnitude of
the selection bias between the different
countries, different medical practices
across regions, and assays used by the
different centres. Despite these limita-
tions, the results obtained can be used
to improve the clinical management of
patients with primary SS. The Big Data
Sjogren Project provided the first evi-
dence for a strong influence of geolo-
cation and ethnicity on the phenotype
of primary SS at diagnosis (6). It also
confirmed a strong influence of immu-
nological markers on the phenotype of
primary SS at diagnosis in the largest
multi-ethnic international cohort ever
analysed, with a greater influence for
cryoglobulinaemic-related markers in
comparison with Ro/La autoantibodies
and ANA (7).

While the availability of big data of-
fers many possibilities for enhancing
our knowledge about human diseases,
the need for a cautious use of statistical
concepts is essential and raises many
challenges (8). The fact that as clinical
researchers we have to deal with big
data sets brought the focus of attention

on one of the most frequently discussed
controversies in medical research: in-
terpretation of the results based mainly
on statistical significance. As we all
know very well, studies with big data
sets may detect some differences which,
although statistically significant, may
not be relevant clinically. This debate,
which is not new, has gained strength
lately. A recently published special is-
sue “Statistical inference in the 21st
century: a world beyond p<0.05” by
The American Statistician, an official
journal of the American Statistical As-
sociation, with more than 40 original
papers discusses topics such as getting
to a post “p<0.05” era, interpreting and
using p, supplementing or replacing p
and changing publication policies and
statistical education (9). All this clearly
highlights that it is time that research-
ers should start to look for patterns,
trends, and associations and, to stop
focusing only on p-values and statisti-
cal significances that are generally su-
perfluous in order to analyse big data
sets. So, what can researchers do? The
answer is easy: give much more atten-
tion to the clinical interpretation of the
results and to prioritise and extend the
use of data visualisation techniques for
presenting the results, which are actu-
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Fig. 2. Number of patients with primary SS included in international registries and multicentric cohorts.

*Also including associated SS.

ally one of the pivotal tools supporting
the results obtained by Big Data anal-
ysis. In the actual world, to represent
analyses of millions of patients and
thousands of variables, classical results
tables are not a solution. Instead, sci-
entists should use novel data visualisa-
tion techniques such as bubble plots,
heatmaps, spider charts, wordclouds,
network diagrams, choropleth maps,
etc. that allow representing informa-
tion from Big Data sets. As has been
stated by Elgendi (10), data visualisa-
tion skills greatly affect research qual-
ity and the publications and there are
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many examples in the current literature
that indicate either a lack of knowledge
or lack of a concerted effort toward the
proper use of data visualisation tech-
niques. Most scientific journals, espe-
cially those with a high impact factor,
are now requiring visualisations that
allow a greater impact of the results
published in papers. This means that
researchers have to devote a huge ef-
fort to find the most appropriate graphs
for their data such as an original manu-
script published in The New England
Journal of Medicine that includes four
figures and no table (11).

The Sjogren Big Data Project has man-
aged to multiply by 6 the largest num-
ber of patients ever included in an in-
ternational registry, and by 10 the larg-
est number of patients included in na-
tionwide multicentric cohorts (Fig. 2).
The project is currently analysing the
clinical and geoepidemiological char-
acterisation of the disease in patients
from the 5 continents, including peo-
ple of different ethnicities, something
that had not been achieved previously.
In addition to the evident breakthrough
in the knowledge of the worldwide
impact of the disease, the project has
contributed to achieve other goals that
are equally important for the scien-
tific community devoted to the study
of Sjogren. All this has been possible
thanks to the creation of a multicen-
tre registry that today includes nearly
12,000 patients for a disease with a
prevalence lower than 0.1%. The indi-
vidual contribution of every participat-
ing centre, even those that included a
modest number of cases, continues to
increase progressively year by year,
which reflects that participation in the
project serves as an enhancer of the
clinical experience and acknowledge-
ment that each centre acquires at a re-
gional/national level. And the almost 5
years of close collaboration has created
a solid nucleus of clinical research, led
by internists and rheumatologists, but
also with the active participation of
many other medical specialties, with
more than 100 people currently in-
volved, including the active participa-
tion in each centre of young research-
ers, who will be the future experts
on SS. This is a group that has also
achieved bidirectional communication
between the data scientists (people
who have the knowledge of maths and
statistics and programming skills to
conduct sophisticated and systematic
analyses of data) and the clinicians, an
essential feature to reach reliable clini-
cal conclusions from Big Data studies.
This close collaboration between re-
searchers and data scientists is the key
factor to achieve success in big data
projects. Thus, the team of mathema-
ticians and statisticians have progres-
sively integrated a clinical vision in
their data management design while, at
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the same time, clinicians have learned
to use in their hypotheses and method-
ologies the new concepts of big data,
data mining and the new statistics and
visualisation techniques, thus changing
the way of thinking and analysing, and
moving on beyond the search for the
classical (and probably obsolete) p-val-
ue difference — a cooperative model of
clinical and epidemiological research,
sustained and validated by data scien-
tists, that can be easily replicable in
other systemic autoimmune diseases,
whose complexity and heterogeneity
could also be successfully addressed
through the use of Big Data Sharing.

APPENDIX

Members of the EULAR-SS

Task Force Big Data Consortium

a) Members of the EULAR-SS Task Force
P. Brito-Zer6én, C. Morcillo (Autoimmune
Diseases Unit, Department of Medicine,
Hospital CIMA- Sanitas, Barcelona, Spain);
P. Brito-Zer6n, A. Flores-Chavez, M. Ra-
mos-Casals (Sjogren Syndrome Research
Group (6AGAUR), Laboratory of Auto-
immune Diseases Josep Font, IDIBAPS-
CELLEX, Department of Autoimmune
Diseases, ICMiD, University of Barcelona,
Hospital Clinic, Barcelona, Spain); N. Acar-
Denizli (Department of Statistics, Faculty
of Science and Letters, Mimar Sinan Fine
Arts University, Istanbul, Turkey); F. Ng
(Institute of Cellular Medicine, Newcastle
University, Newcastle Upon Tyne, UK);
Ildike-Fanny Horvath, Anténia Szant6 (Di-
vision of Clinical Immunology, Faculty of
Medicine, University of Debrecen, Debre-
cen, Hungary); A. Rasmussen, K. Sivils, H.
Scofield (Arthritis and Clinical Immunol-
ogy Research Program, Oklahoma Medical
Research Foundation, Oklahoma City, OK,
USA); R. Seror, X. Mariette (Center for Im-
munology of Viral Infections and Autoim-
mune Diseases, Assistance Publique — Hopi-
taux de Paris, Hopitaux Universitaires Paris-
Sud, Le Kremlin-Bicétre, Université Paris
Sud, INSERM, Paris, France Paris, France);
T. Mandl, P. Olsson (Department of Rheu-
matology, Malmo University Hospital, Lund
University, Lund, Sweden); X. Li, B. Xu
(Department of Rheumatology and Immu-
nology, Anhui Provincial Hospital, China);
C. Baldini, S. Bombardieri (Rheumatology
Unit, University of Pisa, Pisa, Italy); J.E.
Gottenberg (Department of Rheumatology,
Strasbourg University Hospital, Université
de Strasbourg, CNRS, Strasbourg, France);
D. Danda, P. Sandhya (Department of Clini-
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cal Immunology & Rheumatology, Christian
Medical College & Hospital, Vellore, India);
L. Quartuccio, L. Corazza, S De Vita (Clinic
of Rheumatology, Department of Medical
and Biological Sciences, University Hospi-
tal “Santa Maria della Misericordia”, Udine,
Italy); R. Priori, A. Minniti (Department of
Internal Medicine and Medical Specialties,
Rheumatology Clinic, Sapienza University
of Rome, Italy); G. Hernandez-Molina, J.
Sanchez-Guerrero (Immunology and Rheu-
matology Department, Instituto Nacional
de Ciencias Médicas y Nutricién Salva-
dor Zubirdn. México City, Mexico); A.A.
Kruize, E. van der Heijden (Department of
Rheumatology and Clinical Immunology,
University Medical Center Utrecht, Utrecht,
The Netherlands); V. Valim (Department of
Medicine, Federal University of Espirito
Santo, Vitéria, Brazil); M. Kvarnstrom, M.
Wahren-Herlenius (Department of Medi-
cine, Solna, Division of Experimental Rheu-
matology, Karolinska Institutet, and Karo-
linska University Hospital, Stockholm);
D. Sene (Service de Médecine Interne 2,
Hopital Lariboisiere, Université Paris VII,
Assistance Publique-Hopitaux de Paris, 2,
Paris, France); R. Gerli, E. Bartoloni (Rheu-
matology Unit, Department of Medicine,
University of Perugia, Italy); S. Praprotnik
(Department of Rheumatology, University
Medical Centre, Ljubljana, Slovenia); D.
Isenberg (Centre for Rheumatology, Divi-
sion of Medicine , University College Lon-
don , UK); R. Solans (Department of Internal
Medicine, Hospital Vall d’Hebron, Barce-
lona, Spain); M. Rischmueller, S. Downie-
Doyle (Department of Rheumatology, The
Queen Elizabeth Hospital and University of
Adelaide, South Australia, Australia); S-K.
Kwok, S-H. Park (Division of Rheumatol-
ogy, Department of Internal Medicine, Seoul
St. Mary’s Hospital, College of Medicine,
The Catholic University of Korea, Seoul,
South Korea); G. Nordmark (Rheumatology,
Department of Medical Sciences, Uppsala
University, Uppsala, Sweden); Y. Suzuki,
M. Kawano (Division of Rheumatology,
Kanazawa University Hospital , Kanazawa ,
Ishikawa , Japan); R. Giacomelli, F. Carubbi
(Clinical Unit of Rheumatology, University
of I’Aquila, School of Medicine, L’Aquila,
Italy); V. Devauchelle-Pensec, A. Saraux
(Rheumatology Department, Brest Univer-
sity Hospital, Brest, France); M. Bombar-
dieri, E. Astorri (Centre for Experimental
Medicine and Rheumatology, Queen Mary
University of London, UK); B. Hofauer,
A. Knopf (Otorhinolaryngology / Head and
Neck Surgery, Technical University Mu-
nich, Munich, Germany); H. Bootsma, A.

Vissink (Department of Rheumatology &
Clinical Immunology, University of Gronin-
gen, University Medical Center Groningen,
the Netherlands); D. Hammenfors,J.G. Brun
(Department of Rheumatology, Haukeland
University Hospital, Bergen, Norway); G.
Fraile (Department of Internal Medicine,
Hospital Ramén y Cajal, Madrid, Spain); S.
E. Carsons (Division of Rheumatology, Al-
lergy and Immunology Winthrop-University
Hospital, Stony Brook University School of
Medicine, Mineola, NY, USA); T. A. Ghei-
ta, (Rheumatology Department, Kasr Al
Ainy School of Medicine, Cairo University,
Egypt); E-M. Abd El-Latif (Ophthalmology
Department, Faculty of Medicine, Alexan-
dria University, Egypt); H.M. Khalil (Oph-
thalmology Department, Faculty of Medi-
cine, Beni Suef University, Egypt); J. Morel
(Department of Rheumatology, Teaching
hospital and University of Montpellier,
Montpellier, France); C. Vollenveider (Ger-
man Hospital, Buenos Aires, Argentina); F.
Atzeni (IRCCS Galeazzi Orthopedic Insti-
tute, Milan and Rheumatology Unit, Univer-
sity of Messina, Messina, Italy); S. Retamo-
zo (Instituto De Investigaciones En Ciencias
De La Salud (INICSA), Universidad Na-
cional de Cérdoba (UNC), Consejo Nacion-
al de Investigaciones Cientificas y Técnicas
(CONICET) - Cérdoba - Argentina. Instituto
Universitario de Ciencias Biomédicas de
Cérdoba (IUCBC), Cérdoba- Argentina); V.
Moga Trevisano (Federal University of Sao
Paulo, Sao Paulo, Brazil); B. Armagan, L.
Kilic, U. Kalyoncu (Department of Internal
Medicine, Hacettepe University, Faculty of
Medicine, Ankara, Turkey); H. Nakamura,
T. Shimizu, A. Takatani (Department of
Immunology and Rheumatology, Division
of Advanced Preventive Medical Sciences,
Nagasaki University Graduate School of Bi-
omedical Sciences, Nagasaki, Japan); T. Na-
kamura, Y. Takagi (Department of Radiolo-
gy and Cancer Biology, Nagasaki University
Graduate School of Biomedical Sciences,
Nagasaki, Japan); A. Sebastian, P. Wiland
(Department of Rheumatology and Internal
Medicine, Wroclaw Medical Hospital, Wro-
claw, Poland); S.G. Pasoto (Rheumatology
Division, Hospital das Clinicas, Faculdade
de Medicina da Universidade de Sao Paulo
(HCFMUSP), Sao Paulo, Brazil); B. Kos-
tov, A. Sis6-Almirall (Primary Healthcare
Transversal Research Group, IDIBAPS,
Centre d’Assistencia Primaria ABS Les
Corts, CAPSBE, Barcelona, Spain); S. Con-
sani-Ferndndez (Internal Medicine, Hospital
Maciel, Montevideo, Uruguay. Universidad
de la Republica (UdelaR), Montevideo,
Uruguay).
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b) Members of the French ASSESS Cohort
J. Sibilia (Rheumatology Centre National
de Référence des Maladies Auto-Immunes
Rares, Institut National de la Santé et de
la Recherche Médicale UMRS_1109, Fé-
dération de Médecine Translationnelle de
Strasbourg, Strasbourg University Hospi-
tal, Université de Strasbourg, Strasbourg,
France); C. Miceli-Richard, G. Nocturne
(Rheumatology, Bicetre Hospital, Institut
National de la Santé et de la Recherche M¢-
dicale U-1012, Université Paris Sud, Assis-
tance Publique des Hopitaux de Paris, Paris,
France); J. Benessiano (Centre de Ressourc-
es Biologiques, Bichat Hospital, Assistance
Publique des Hopitaux de Paris, Paris,
France); P. Dieude (Rheumatology, Bichat
Hospital, Assistance Publique des Hopi-
taux de Paris, Paris, France); J-J. Dubost
(Rheumatology, Clermont-Ferrand Hospi-
tal, Clermont-Ferrand, France); A-L. Fau-
chais (Internal Medicine, Limoges Hospital,
Limoges, France); V. Goeb (Rheumatol-
ogy, Amiens University Hospital, Amiens,
France); E. Hachulla (Pierre Yves Hatron,
Internal Medicine, Lille University Hos-
pital, Lille, France); C. Larroche (Internal
Medicine, Avicenne Hospital, Assistance
Publique des Hopitaux de Paris, Bobigny,
France); V. Le Guern, X. Puéchal (Internal
Medicine, Cochin Hospital, Assistance Pub-
lique des Hopitaux de Paris, Paris, France);
J. Morel (Rheumatology, Montpellier Uni-
versity Hospital, Montpellier, France);

A. Perdriger (Rheumatology, Rennes Uni-
versity Hospital, Rennes, France); S. Rist,
Rheumatology, Orléans Hospital, Orléans,
France; O. Vittecoq (Rheumatology, Rouen
University Hospital, Rouen, France); P.
Ravaud (Centre of Clinical Epidemiology,
Hotel Dieu Hospital, Assistance Publique
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des Hopitaux de Paris, Institut National de
la Santé et de la Recherche Médicale U378,
University of Paris Descartes, Faculty of
Medicine, Paris, France).

¢) Members of the Spanish GEAS Cohort
(SS Study Group, Autoimmune Diseases
Study Group GEAS, Spanish Society of
Internal Medicine SEMI)

B. Diaz-Lépez (Department of Internal
Medicine, Hospital Universitario Central de
Asturias, Oviedo), C. Feijoo, (Department
of Internal Medicine, Hospital Parc Tauli,
Sabadell), L. Pallarés (Department of Inter-
nal Medicine, Hospital Son Espases, Palma
de Mallorca), M. Lopez-Dupla (Department
of Internal Medicine, Hospital Joan XXIII,
Tarragona), R. Pérez-Alvarez (Department
of Internal Medicine, Hospital do Meixoei-
ro, Vigo), M. Ripoll (Department of Internal
Medicine, Hospital Infanta Soffa, Madrid),
B. Pinilla (Department of Internal Medicine,
Hospital Gregorio Marafién, Madrid), M.
Akasbi (Department of Internal Medicine,
Hospital Infanta Leonor, Madrid), B. Maure
(Department of Internal Medicine, Com-
plejo Hospitalario Universitario, Vigo), E.
Fonseca (Department of Internal Medicine,
Hospital de Cabuefies, Gijon), J. Canora
(Department of Internal Medicine, Hospital
Universitario de Fuenlabrada, Madrid), G
de la Red (Department of Internal Medicine,
Hospital Espiritu Santo, Barcelona), A.J.
Chamorro (Department of Internal Medi-
cine, Complejo Hospitalario de Ourense,
Ourense), 1. Jiménez-Heredia (Department
of Internal Medicine, Hospital de Manises,
Valencia, Spain), P. Fanlo (Complejo Uni-
versitario de Navarra), P. Guisado-Vasco
(Hospital Quirén, Madrid), M. Zamora
(Hospital Virgen de las Nieves, Granada).
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