
International  Journal  of

Environmental Research

and Public Health

Article

The Quality Evaluation of Rare Disease Registries—An
Assessment of the Essential Features of a Disease Registry

Salma Rashid Ali 1,2, Jillian Bryce 2 , Yllka Kodra 3, Domenica Taruscio 3 , Luca Persani 4,5

and Syed Faisal Ahmed 1,2,6,*

����������
�������

Citation: Ali, S.R.; Bryce, J.; Kodra,

Y.; Taruscio, D.; Persani, L.; Ahmed,

S.F. The Quality Evaluation of Rare

Disease Registries—An Assessment

of the Essential Features of a Disease

Registry. Int. J. Environ. Res. Public

Health 2021, 18, 11968. https://

doi.org/10.3390/ijerph182211968

Academic Editor: Óscar Zurriaga

Received: 15 September 2021

Accepted: 11 November 2021

Published: 15 November 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Developmental Endocrinology Research Group, Royal Hospital for Children, University of Glasgow,
Glasgow G51 4TF, UK; salma.ali@glasgow.ac.uk

2 Office for Rare Conditions, University of Glasgow, Glasgow G51 4TF, UK; jillian.bryce@glasgow.ac.uk
3 National Centre for Rare Diseases, Istituto Superiore di Sanità, 00161 Rome, Italy; y.kodra@sanita.it (Y.K.);

domenica.taruscio@iss.it (D.T.)
4 Division of Endocrine and Metabolic Diseases, Istituto Auxologico Italiano, 20100 Milan, Italy;

luca.persani@unimi.it
5 Department of Biotechnology and Translational Medicine, University of Milan, 20133 Milan, Italy
6 Department of Medicine, Division of Endocrinology, Leiden University Medical Center,

2333ZA Leiden, The Netherlands
* Correspondence: Faisal.Ahmed@glasgow.ac.uk

Abstract: Rare disease (RD) registries aim to promote data collection and sharing, and facilitate
multidisciplinary collaboration with the overall aim of improving patient care. Recommendations
relating to the minimum standards necessary to develop and maintain high quality registries are
essential to ensure high quality data and sustainability of registries. The aim of this international study
was to survey RD registry leaders to ascertain the level of consensus amongst the RD community
regarding the quality criteria that should be considered essential features of a disease registry. Of 35
respondents representing 40 RD registries, over 95% indicated that essential quality criteria should
include establishment of a good governance system (ethics approval, registry management team,
standard operating protocol and long-term sustainability plan), data quality (personnel responsible
for data entry and procedures for checking data quality) and construction of an IT infrastructure
complying with Findable, Accessible, Interoperable and Reusable (FAIR) principles to maintain
registries of high quality, with procedures for authorized user access, erasing personal data, data
breach procedures and a web interface. Of the 22 registries that performed a self-assessment, over
80% stated that their registry had a leader, project management group, steering committee, active
funding stream, website, and user access policies. This survey has acceptability amongst the RD
community for the self-quality evaluation of RD registries with high levels of consensus for the
proposed quality criteria.

Keywords: registries; databases; quality; rare diseases; rare conditions

1. Introduction

A rare disease (RD) is defined by the European Union (EU) as a life-threatening or
chronically debilitating condition with a prevalence of less than 5 per 10,000 [1]. A patient
disease registry is an organized system that uses methods to collect uniform data (clinical
and other) to evaluate specified outcomes for a population defined by a particular dis-ease,
condition, or exposure, and that serves one or more predetermined scientific, clinical, or
policy purposes [2]. RD registries aim to promote data sharing between members of the
multidisciplinary team with the overall aim of improving patient care [3]. They also have a
key role in supporting European Reference Networks (ERNs) for RDs [4]. In recent years,
there has been a proliferation of registries for rare conditions, with over 750 RD registries
currently reported to exist within Europe [5]. A concern in maintaining the dynamic of these
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registries is sustainability, as, not only are the infrastructures costly but they also require
long-term participation by users who input the data and researchers who require data
access [6]. Thus, it is imperative that recommendations relating to the minimum standards
necessary to develop and maintain high-quality registries are publicized for new and
existing registries. By prioritizing ethical and legal standards, high quality registries can
provide access to data on a platform that ensures data security and patient confidentiality.
Kodra et al. recently outlined a framework and criteria for quality management of RD
registries [7]. These criteria included the establishment of a good governance system,
identification of correct data sources, development of data elements and standardization,
construction of a suitable IT infrastructure complying with FAIR (Findable, Accessible,
Interoperable, Reusable) principles to make data available for wider use [8], production of
quality data and dissemination of quality information. Moreover, this quality framework
should encompass the development of adequate documentation, provision of staff training
and data quality audit. Strategies that facilitate dissemination of research activities and
promote wider involvement of stakeholders also ensure adaptability and sustainability of
RD registries.

A recent study reported the results of a survey amongst expert centers within the
European Reference Network for Rare Endocrine Conditions (Endo-ERN), a search of
Orphanet [9] and RD-Connect [10] for international registries for rare endocrine conditions
that exist within Europe. The study found that international registries existed for 76%
of conditions covered within Endo-ERN, and experts were aware of less than half of the
registries that currently exist for rare endocrine conditions [11]. Therefore, not only is
there a need to improve the awareness and participation in existing registries, but it is also
vital to understand whether existing registries comply with quality recommendations [7].
Moreover, an understanding of the level of consensus and the use of a standardized set of
quality criteria will enable RD registries such as the European Registries for Rare Endocrine
Conditions (EuRRECa; eurreca.net) to develop a pathway of vetting high quality registries
with whom data can be shared [12,13].

The aim of this international study was to survey registry leaders and coordinators
of RD registries to ascertain the level of consensus amongst the RD community regarding
the quality criteria that should be considered essential features of a disease registry, and
therefore considered as inclusion criteria to the EuRRECa platform. The survey also aimed
to evaluate the extent to which existing international registries meet the proposed quality
criteria and understand the extent of variation that may exist.

2. Materials and Methods
2.1. International Survey

A EuRRECa project group consisting of Work Package 3 (Quality Assurance & Eval-
uation), in close collaboration with Work Package 5 (Patients, Parents & Ethics), iden-
tified a small number of criteria from the quality management framework outlined by
Kodra et al. [7], that could be regarded as essential for the assessment of quality of a RD
registry. These criteria were incorporated into a simple online survey that could also be
used for self-assessment by RD registries. The survey was performed in English using
Webropol (Helsinki, Finland), a secure online platform that is endorsed and supported
by NHS Greater Glasgow & Clyde and NHS Scotland. All information within Webropol
(Helsinki, Finland) is kept in compliance with the UK Data Protection Act (2018) and
General Data Protection Regulation (GDPR 2016/679). Registry leaders or coordinators
including former participants of the International Summer School on Rare Disease Reg-
istries (n = 16), RD-Connect registry contacts (n = 296), and registry leaders representing
international registries for rare endocrine conditions (n = 31) were invited to participate
in an online survey regarding the quality criteria that should be considered essential fea-
tures of a disease registry. Moreover, registry leaders from international registries for rare
endocrine conditions (n = 31), identified in a previous mapping exercise [11], were asked
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to report on the extent to which their registry met the proposed quality criteria for a RD
registry. The survey was performed in the last quarter of 2020.

2.2. Data Collection

Respondents were asked to complete contact details including name, email, institution,
and the name of registry/registries that they were representing. The survey contained
17 items divided into 3 domains (Table 1). The items in the first section related to gov-
ernance (e.g., ‘Registry should have a named lead’), with items in subsequent sections
enquiring regarding data quality (e.g., ‘Core data elements in the registry should have a
clear definition and coded values’) and IT infrastructure criteria (e.g., ‘Registry should
have a web interface’) for RD registries. Respondents were asked to indicate their level
of agreement with each item by selecting ‘Agree’ or ‘Disagree’ responses. If disagreeing
with an item, respondents were provided with a free text option for further comment. An
additional section at the end of the survey sought to obtain feedback from the respondent
regarding acceptability of the length of the survey, clarity of questions, any other criteria
that should be considered as essential for the quality assessment of a RD registry and any
other issues that the respondent may wish to comment on regarding quality criteria for
RD registries.

Table 1. Questionnaire items.

Survey Domain Item Response Type

Contact details for respondent

Name
Email
Institution
Registry/Registries a

Free text

Governance

The registry should have a named lead
The registry should have a management team
Patients should be involved in the governance of the registry
The registry should have a long-term sustainability plan
The registry should have ethics approval
The registry should have publicly accessible consent forms and
participant information sheets
The registry should have a document outlining its standard
operating protocol
The registry should disseminate its activity through a report or a
newsletter
If you disagree with any of the above criteria, please comment:

Select one option for each item
(Agree or Disagree)

Free text

Data quality

The core data elements in the registry should have a clear definition and
coded values
The registry should specify who is responsible for entering the
clinical data
The registry should have procedures for checking data quality
The registry should provide training to all users
If you disagree with any of the above criteria, please comment:

Select one option for each item
(Agree or Disagree)

Free text

IT infrastructure

The registry should have a web interface
The web-interface should allow uploading and downloading of data
The registry should have data breach procedures in place
The registry should have clear procedures for erasing personal data
when requested
The registry should have clear procedures that only allow authorized
users to have access to registry data
If you disagree with any of the above criteria, please comment:

Select one option for each item
(Agree or Disagree)

Free text

Feedback

Was the length of the survey acceptable? (Please specify time taken
for completion)
Could any of the questions be clearer?
Are there other criteria that should be considered as essential?
Are there any other issues that you would like to comment on?

Select one option (Yes or No)

Please specify (free text)

a Mandatory field.
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2.3. Statistical Analysis

Categorical data were analyzed using descriptive statistics. Numerical data were
collated and analyzed using Minitab version 18 statistical software (Minitab LLC, State
College, PA, USA).

3. Results
3.1. Survey Response

A total of 35 registry leaders representing 40 RD registries responded to the survey
regarding the quality criteria that should be considered essential features of a disease
registry. Of the 40 RD registries, 10 (25%), 8 (20%), and 1 (3%) were coordinated from the
USA, UK, and Canada, respectively. The remaining 21 (53%) registries were coordinated
from a total of seven other European countries. Of the 31 international registries for rare
endocrine conditions that were identified in a previous mapping exercise [11], 22 (71%)
performed the current self-assessment survey, reporting the extent to which their disease
registry met the proposed quality criteria for a rare disease registry (Table 2).

Table 2. Rare disease registries represented by survey respondents.

Registries Reporting on Essential Quality Features of a Rare Disease Registry, n = 40

3q29 Registry
Amyotrophic Lateral Sclerosis (ALS) Registry
Barth Syndrome Registry
Behcet Disease Registry
Canadian Neuromuscular Disease Registry
Clinical Registry investigating Bardet-Biedl Syndrome (CRIBBS)
Congenital Muscular Disease International Registry
Cystinuria: Rare Kidney Stone Consortium
EU Rare Diseases Registry for Wolfram Syndrome, Alstrom Syndrome, Bardet-Biedl Syndrome and other rare diabetes syndromes (EURO-WABB) *
European Alport Registry
European Consortium of Lipodystrophies (EcLip) *
European Network and Registry for Homocystinurias and Methylation Defects (E-HOD)
European Registry and Network for Intoxication Type Metabolic Diseases (E-IMD)
European Registry for Children on Renal Replacement Therapy (ESPN/ERA-EDTA Registry) *
European Registry for Rare Bone and Mineral Conditions (ERN BOND: EuRR-Bone)
European Registry on Cushing’s Syndrome (ERCUSYN) *
FAP Registry (Belgium)
Friedreich’s Ataxia Registry
GLUT1 deficiency
Inherited Retinal Dystrophies
International Cholangiocarcinoma Patient Registry
International Disorders of Congenital Adrenal Hyperplasia (I-CAH) Registry *
International Disorders of Sex Development (I-DSD) Registry *
International Working Group on Neurotransmitter Related Disorders (iNTD)
LGMD2A/R1 Global Registry
Leige Acromegaly (LAS) Database *
Mitochondrial Registry
Myotubular and Centronuclear Myopathy Patient Registry (MTM and CNM)
National Alpha-1 Antitrypsin Deficiency Registry
Nordinet International Outcome Study *
Poland Syndrome Registry
RenalTube Registry
Ring14 Syndrome Registry
Sarcoidosis Advanced Registry for Cures (FSR-SARC)
Spinal Muscular Atrophy (CSMA) Registry
Spinal Muscular Atrophy (SMA) Global Registry
UK Duchenne Muscular Dystrophy (DMD) Registry
Unified Registry for Inherited Metabolic Disorders (U-IMD)
X-linked Hypophosphataemia (XLH) Registry
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Table 2. Cont.

Registries Undertaking Self-Assessment of Essential Quality Criteria for Rare Disease Registries, n = 22

ACROSTUDY (International Somavert Database)
Congenital Hypothyroidism Variant Database (UK10K_RARE_THYROID)
Cooperative European Paediatric Renal Transplant Initiative registry
COST Action BM1105 Patient Registry—GnRH Network
European LeukoDatabase (LeukoDB)
European Network for the Study of Adrenal Tumours (ENSAT)
European Neuroendocrine Tumour Society (ENETS)
International network for paediatric diabetes centers (SWEET)
International Patient Registry and Cohort for Congenital Disorders of Glycosylation (EUROGLYCANET)
National and European cohort on Imprinting Disorders and their Metabolic Consequences (RaDiCo-IDMet)
Pfizer International Growth Database (KIGS)
Pfizer International Metabolic Database (KIMS)
X-linked Adrenoleukodystrophy Database (X-ALD)
X-linked Hypophosphataemia (XLH) Registry

* Registries also involved in self-assessment of essential quality criteria.

3.2. Essential Quality Features of a Rare Disease Registry
3.2.1. Governance

Regarding registry governance quality criteria that should be considered essential
features of a disease registry, all registry leads agreed that a registry should have ethics ap-
proval. Of the 35 registry leads, 34 (97%) agreed that a registry should have a management
team, a long-term sustainability plan, and a document outlining its standard operating
protocol. A named lead and publicly accessible consent forms and participant information
sheets were deemed essential by 33 (94%) respondents; 32 (91%) agreed that a registry
should disseminate its activity through a report or newsletter. Of the 35 registry leads,
25 (71%) agreed that patients should be involved in the governance of a registry. Some
respondents indicated that while best practice may suggest patient involvement in the
governance of a registry, there are some scenarios where this may not be applicable, for
example, the role of a patient in a physician driven registry may be minimal.

3.2.2. Data Quality

Regarding data quality criteria that should be considered essential features of a disease
registry, almost all registry leads (n, 34; 97%) agreed that a registry should specify who
is responsible for entering the clinical data and a registry should have procedures for
checking data quality. Of the 35 registry leads, 32 (91%) agreed that the core data elements
in a registry should have a clear definition and coded values and 30 (86%) agreed that
training should be provided to all registry users. Some respondents commented that
clinical users of the registry may not require training if data input is clear and intuitive.
However, researchers or other stakeholders may require formal training.

3.2.3. IT Infrastructure

Regarding IT infrastructure criteria that should be considered essential features of
a disease registry, all registry leads agreed that a registry should have clear procedures
that only allow authorized users to have access to registry data. Of the 35 respondents,
33 (94%) agreed that a registry should have clear procedures for erasing personal data when
requested; 32 (91%) agreed that a registry should have a web interface and data breach
procedures in place, and 28 (80%) agreed that the web interface should allow uploading
and downloading of data. Respondents commented that whilst it may be useful to have
the facility to upload and download data, uploading may only be feasible and less time
constraining if the same data field structures are present within databases.
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3.3. Self-Assessment of Essential Quality Criteria for Rare Disease Registries
3.3.1. Registry Governance

Of the 22 registries for international rare endocrine registries, 21 (95%) had a registry
lead and project management group; 19 (86%) had a document available outlining the
standard operating protocol for the registry. The majority of registries (n, 18 (82%) had a
steering committee and an active funding stream. Moreover, 17 (77%) registries had data
access policies and data sharing agreements, with 16 (73%) also specifying that they had a
data access committee, patient consent forms and a registry newsletter. Around half (n, 12;
55%) reported involvement of patient organizations.

3.3.2. Data Quality

Of the 22 registries for international rare endocrine registries, 16 (73%) reported that
their registry had data element definitions, with 13 (59%) specifying the availability of
personnel responsible for data entry. Around half of registries (n, 12; 55%) performed data
quality checks, and 11 (50%) embarked on user training for clinical users of the registry.

3.3.3. IT Infrastructure

Of the 22 registries for international rare endocrine registries, the majority had a
registry website and authorized user access policies, as reported by 21 (95%) and 20 (91%)
of registries, respectively. Data erasure procedures and data breach procedures were
reported to be in place for 16 (73%) and 14 (64%) of registries. Less than half of registries
had data available for upload and download (n, 9; 41%).

4. Discussion

RD registries are vital to enable research and to improve healthcare planning and
delivery. The vast expansion of RD registries that has been noted over recent years necessi-
tates the need for a simple survey that can be used to assess the quality of RD registries
against recommendations outlined by expert groups and patient organizations [7]. In this
paper, we report the results of an international survey of registry leaders representing
54 registries, providing objective insight into quality criteria considered essential for RD
registries and the results of self-assessment, including aspects of governance, data quality
and IT infrastructure.

There was a high level of consensus amongst the respondents on a large majority of
quality criteria that should be considered as essential features of a RD registry. Regarding
registry governance, all respondents agreed that ethics approval should be mandatory,
with almost all indicating that a registry management team and long-term sustainability
plan would be preferable for a high-quality registry. Ensuring sustainability through clear
policies that are acceptable to patients, health care providers, researchers and industry for
data provision and data access coupled with widespread dissemination and knowledge
exchange through closely affiliated professional societies and patient support groups is
vital. Interestingly, approximately 30% of respondents indicated that patient involvement
would not be an essential criterion. However, the involvement of patients and patient orga-
nizations may be advantageous, with previous studies showing that patient involvement
complements the research emphasis of registries, and most RD patient organizations have
goals to promote or support research of their condition [14,15].

Regarding data quality criteria, almost all respondents (97%) agreed that personnel
responsible for data entry and procedures for checking data quality should be specified, with
the majority (91%) also agreeing that core data elements should have clear definitions and
coded values. Opinions regarding data quality and governance appear to be well-aligned
across the RD community and other stakeholders including industry [16]. High quality data
is an important element in the maintenance of a registry and data quality can be assessed via
a number of dimensions including: data completeness, validity, coherence and comparability,
accessibility, usefulness, timeliness, and prevention of duplicate entries [17–19]. The European
Platform on Rare Diseases Registration (EU RD Platform) developed via the European
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Commission through its Directorates-General Joint Research Centre (DG JRC) and Health
and Food Safety (DG SANTE) also aims to set European-level standards for data collection
and data sharing, enabling interoperability and sustainability for existing RD registries in
Europe, facilitating the production of high quality data from these registries [20]. Regarding
the IT infrastructure of a high-quality registry, all respondents stated that registries should
have clear procedures for allowing only authorized user access to data, with the majority
also specifying that registries should have clear procedures for erasing personal data and
data breach procedures in place.

Our survey showed that there does appear to be some variation in the governance
of existing endocrine registries within Europe. Nevertheless, over 80% of registries that
performed the self-assessment using the survey tool stated that their registry had leadership,
a project management group, a steering committee, an active funding stream, a web
interface and user access policies. More than 70% of registries also reported to have data
element definitions within their platform.

The strengths of this exercise were that an international perspective was obtained
regarding levels of agreement for the quality criteria considered essential for an RD registry,
with responses from registry leaders representing over 50 RD registries across a range
of medical specialties. All respondents stated that the overall length of the survey was
acceptable. Obtaining more detailed information through provision of further quality
selection criteria would have perhaps been advantageous, however, a balance needed
to be struck between maximizing the information available for collection and reducing
respondent burden. It must also be acknowledged that whilst the criteria outlined in this
survey may be considered essential quality criteria for a RD registry, fulfilling these recom-
mendations may be challenging in resource limited settings where funding is restricted. Of
the 353 registries that were approached to participate in the current survey, 54 responded.
It is possible that those registries that had a greater level of adherence to the proposed
quality standards responded to the survey. In addition, several former participants of the
annual International Summer School on Rare Disease Registries were amongst the survey
respondents. This event plays an important role in the education and training of those
involved in RD registries and forms part of a series of training activities that have been
proposed by the European Joint Programme on Rare Diseases (EJP RD). Going forward,
there is a need for such training courses to engage with a greater number of RD registries
from a wider range of geographical and resource settings.

Of the 272 registries surveyed by the European Platform For Rare Disease Registries
(EPIRARE), a European Union (EU)-funded project (‘Building Consensus and Synergies for
the EU Registration of Rare Disease Patients’), 48% did not have a clear strategy for long-
term sustainability, 34% did not have a specific management group, 30% did not share data,
and 21% were established without any clear funding [21]. In spite of the heterogeneity of
the European registries, a survey performed by EPIRARE amongst European RD registries
identified the following requisites for registries: financial support, motivation of data
providers, data quality assessment, improvement of communication and visibility and
extension of collaborations. Moreover, the registry holders were supportive of a common
EU platform for RD registries [21,22].

5. Conclusions

The simple online quality assessment demonstrates acceptability amongst the RD com-
munity. It may be used for the quality evaluation of RD registries and enables assessment
and improvement of organizational aspects of RD registries to ensure their sustainability.
A survey like this could be used by networks to develop objective criteria that allows them
to collaborate and engage with registries of an optimal quality.



Int. J. Environ. Res. Public Health 2021, 18, 11968 8 of 9

Author Contributions: Conceptulization, S.F.A. and S.R.A.; methodology, S.R.A., Y.K., D.T., L.P.
and S.F.A.; formal analysis, S.R.A.; investigation, S.R.A.; resources, S.R.A. and J.B.; data curation,
S.R.A.; writing-original draft preparation, S.R.A.; writing—review and editing, S.R.A., J.B., Y.K., D.T.,
L.P. and S.F.A.; supervision, S.F.A. All authors have read and agreed to the published version of
the manuscript.

Funding: S.F.A., J.B., L.P. are supported by the European Union’s Health Programme (2014–2020)
on the EuRRECa project ‘777215/EuRRECa’. S.F.A. is supported by the European Union’s Health
Programme (2014–2020) on the EuRR-Bone project ‘946831/EuRR-Bone’. The EuRRECa and Endo-
ERN projects are also grateful to the European Society of Endocrinology and the European Society
for Paediatric Endocrinology for funding support.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Acknowledgments: We would like to thank the support of the following reference centers that
participate in the European Reference Network for Rare Endocrine Conditions (Endo-ERN): As-
sistance Publique-Consortium Cochin, Erasmus MC-University Medical Center Rotterdam, Ghent
University Hospital, Leiden University Medical Center, NHS Greater Glasgow and Clyde Board,
Universitätsklinikum Schleswig-Holstein. We would also like to thank the registry respondents who
participated in the survey: USA (Abdel-Wahab R, Alvarez R, Buchanan M, Goldfarb DS, Haws R,
Lontok E, Levy J, Mulle J, Walther S), Ukraine (Matyushenko V), UK (Ahmed SF, Barrett T, Bullivant
J, Carroll T, Liu J, Stringer A), Switzerland (Pietropoli A, Pitteloud N), Spain (Ayuso C, Santos F,
Santos A, Webb S), Netherlands (Bonthuis M), Italy (Crimi M, del Bianco A, Fodera R, Mordernti M,
Puppillo E), Germany (Danne T, Gross O, Klee K, Koelker S, von Schnurbein J), Canada (Hodgkinson
V), Belgium (Gomez R, Petrossians P, Urbina M).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Regulation, E.C. No 141/2000 of the European Parliament and of the Council of 16 December 1999 on orphan medicinal products.

J. Eur. Communities 2000, 18, 1–5.
2. Gliklich, R.E.; Dreyer, N.A.; Leavy, M.B. Registries for Evaluating Patient Outcomes: A User’s Guide; AHRQ Methods for Effective

Health Care: Rockville, MD, USA, 2020.
3. EURCERD Core Recommendations on Rare Disease Patient Registration and Data Collection. Available online: http://www.

eucerd.eu/wpcontent/uploads/2013/06/EUCERD_Recommendations_RDRegistryDataCollec-tionadopted.pdf (accessed on
4 July 2021).

4. European Parliament. Directive 2011/24/EU of the European Parliament and of the Council of 9 March 2011 on the Application
of Patients’ Rights in Cross-Border Healthcare. Off. J. Eur. Union 2011, 50, 45–65.

5. Orphanet Report Series-Rare Disease Registries in Europe—May 2019. Available online: https://www.orpha.net/orphacom/
cahiers/docs/GB/Registries.pdf (accessed on 4 July 2021).

6. Parker, S. The pooling of manpower and resources through the establishment of European reference networks and rare disease
patient registries is a necessary area of collaboration for rare renal disorders. Nephrol Dial Transplant. 2014, 29, iv9–iv14. [CrossRef]
[PubMed]

7. Kodra, Y.; Weinbach, J.; Posada-De-La-Paz, M.; Coi, A.; Lemonnier, S.L.; van Enckevort, D.; Roos, M.; Jacobsen, A.; Cornet, R.;
Ahmed, S.F.; et al. Recommendations for Improving the Quality of Rare Disease Registries. Int. J. Env. Res. Public Health 2018, 15,
1644. [CrossRef] [PubMed]

8. Wilkinson, M.D.; Dumontier, M.; Aalbersberg, I.J.; Appleton, G.; Axton, M.; Baak, A.; Blomberg, N.; Boiten, J.W.; da Silva Santos,
L.B.; Bourne, P.E.; et al. The FAIR Guiding Principles for scientific data management and stewardship. Sci. Data 2016, 3, 1–9.
[CrossRef] [PubMed]

9. Orphanet: The Portal for Rare Diseases and Orphan Drugs. Available online: https://www.orpha.net/consor/cgi-bin/index.ph
(accessed on 4 July 2021).

10. RD Connect. Available online: http://catalogue.rd-connect.eu/ (accessed on 4 July 2021).
11. Ali, S.R.; Bryce, J.; Cools, M.; Korbonits, M.; Beun, J.G.; Taruscio, D.; Danne, T.; Dattani, M.; Dekkers, O.M.; Linglart, A.; et al. The

current landscape of European registries for rare endocrine conditions. Eur. J. Endocrinol. 2019, 180, 89–98. [CrossRef] [PubMed]
12. Ali, S.R.; Bryce, J.; Smythe, C.; Hytiris, M.; Priego, A.L.; Appelman-Dijkstra, N.M.; Ahmed, S.F. Supporting international networks

through platforms for standardised data collection-the European Registries for Rare Endocrine Conditions (EuRRECa) model.
Endocrine 2021, 71, 1–6. [CrossRef]

http://www.eucerd.eu/wpcontent/uploads/2013/06/EUCERD_Recommendations_RDRegistryDataCollec-tionadopted.pdf
http://www.eucerd.eu/wpcontent/uploads/2013/06/EUCERD_Recommendations_RDRegistryDataCollec-tionadopted.pdf
https://www.orpha.net/orphacom/cahiers/docs/GB/Registries.pdf
https://www.orpha.net/orphacom/cahiers/docs/GB/Registries.pdf
http://doi.org/10.1093/ndt/gfu094
http://www.ncbi.nlm.nih.gov/pubmed/25165190
http://doi.org/10.3390/ijerph15081644
http://www.ncbi.nlm.nih.gov/pubmed/30081484
http://doi.org/10.1038/sdata.2016.18
http://www.ncbi.nlm.nih.gov/pubmed/26978244
https://www.orpha.net/consor/cgi-bin/index.ph
http://catalogue.rd-connect.eu/
http://doi.org/10.1530/EJE-18-0861
http://www.ncbi.nlm.nih.gov/pubmed/30407922
http://doi.org/10.1007/s12020-021-02617-0


Int. J. Environ. Res. Public Health 2021, 18, 11968 9 of 9

13. Ali, S.R.; Bryce, J.; Tan, L.E.; Hiort, O.; Pereira, A.M.; van den Akker, E.L.; Appelman-Dijkstra, N.M.; Bertherat, J.; Cools, M.;
Dekkers, O.M.; et al. The EuRRECa Project as a Model for Data Access and Governance Policies for Rare Disease Registries That
Collect Clinical Outcomes. Int. J. Environ. Res. Public Health 2020, 17, 8473. [CrossRef]

14. Groft, S.C.; Posada, M.; Taruscio, D. Progress, challenges and global approaches to rare diseases. Acta Paediatr. 2021, 110,
2711–2716. [CrossRef]

15. Pinto, D.; Martin, D.; Chenhall, R. The involvement of patient organisations in rare disease research: A mixed methods study in
Australia. Orphanet J. Rare Dis. 2016, 11, 1–15. [CrossRef]

16. Jonker, C.J.; de Vries, S.T.; van den Berg, H.M.; McGettigan, P.; Hoes, A.W.; Mol, P.G. Capturing Data in Rare Disease Registries
to Support Regulatory Decision Making: A Survey Study Among Industry and Other Stakeholders. Drug Saf. 2021, 44, 1–9.
[CrossRef]

17. Kodra, Y.; De La Paz, M.P.; Coi, A.; Santoro, M.; Bianchi, F.; Ahmed, F.; Rubinstein, Y.R.; Weinbach, J.; Taruscio, D. Data Quality in
Rare Diseases Registries. Rare Dis. Epidemiol. Update Overv. 2017, 1031, 149–164.

18. Kourime, M.; Bryce, J.; Jiang, J.; Nixon, R.; Rodie, M.; Ahmed, S.F. An assessment of the quality of the I-DSD and the I-CAH
registries—international registries for rare conditions affecting sex development. Orphanet J. Rare Dis. 2017, 12, 1–12. [CrossRef]

19. Lazem, M.; Sheikhtaheri, A.; Hooman, N. Lessons learned from hemolytic uremic syndrome registries: Recommendations for
implementation. Orphanet J. Rare Dis. 2021, 16, 1–13. [CrossRef]

20. Kinsner-Ovaskainen, A.; Lanzoni, M.; Garne, E.; Loane, M.; Morris, J.; Neville, A.; Nicholl, C.; Rankin, J.; Rissmann, A.; Tucker,
D.; et al. A sustainable solution for the activities of the European network for surveillance of congenital anomalies: EUROCAT as
part of the EU Platform on Rare Diseases Registration. Eur. J. Med Genet. 2018, 61, 513–517. [CrossRef] [PubMed]

21. Taruscio, D.; Gainotti, S.; Mollo, E.; Vittozzi, L.; Bianchi, F.; Ensini, M.; Posada, M. The current situation and needs of rare disease
registries in Europe. Public Health Genom. 2013, 16, 288–298. [CrossRef]

22. Taruscio, D.; Vittozzi, L.; Choquet, R.; Heimdal, K.; Iskrov, G.; Kodra, Y.; Landais, P.; Posada, M.; Stefanov, R.; Steinmueller, C.;
et al. National registries of rare diseases in Europe: An overview of the current situation and experiences. Public Heal. Genom.
2014, 18, 20–25. [CrossRef]

http://doi.org/10.3390/ijerph17238743
http://doi.org/10.1111/apa.15974
http://doi.org/10.1186/s13023-016-0382-6
http://doi.org/10.1007/s40264-021-01081-z
http://doi.org/10.1186/s13023-017-0603-7
http://doi.org/10.1186/s13023-021-01871-9
http://doi.org/10.1016/j.ejmg.2018.03.008
http://www.ncbi.nlm.nih.gov/pubmed/29597096
http://doi.org/10.1159/000355934
http://doi.org/10.1159/000365897

	Introduction 
	Materials and Methods 
	International Survey 
	Data Collection 
	Statistical Analysis 

	Results 
	Survey Response 
	Essential Quality Features of a Rare Disease Registry 
	Governance 
	Data Quality 
	IT Infrastructure 

	Self-Assessment of Essential Quality Criteria for Rare Disease Registries 
	Registry Governance 
	Data Quality 
	IT Infrastructure 


	Discussion 
	Conclusions 
	References

