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Summary

Objectives: To summarize key confributions fo current resarch
in the field of Clinical Research Informatics (CRI) and to slect the
best papers published in 2023.

Methods: A bibliographic search using o combination of MeSH
descriptors and free-text terms on CRI was performed using
PubMed, followed by a double-blind review in order to select a
lst of candidate best papers to be then peer-reviewed by external
reviewers. Affer peer-review ranking, o consensus mefing
between the two section editors and the editorial team was orga-
nized to finally conclude on the selected three best papers.
Results: Among the 1,119 papers refurned by the search,
published in 2023, that were in the scope of the various areas of

1. Introduction

Within the 2023 International Medical
Informatics Association (IMIA) Yearbook,
the goal of the Clinical Research Informatics
(CRI) section is to provide an overview of
research trends from 2023 publications that
demonstrate the progress in multifaceted
aspects of medical informatics supporting
research and innovation in the healthcare
domain. New methods, tools, and CRI
systems have been developed in order to
enable real-world evidence generation and
optimize the life-cycle of clinical trials.
Although this year’s Yearbook focus should
ideally be on equity, for this year we found
only one publication in CRI that takes this
inclusivity perspective. The selections made
have therefore focused on maximising the
reusability of health data within clinical
research through the use of real world data,
which is more inclusive than conventional
clinical trial data.

(R, the full review process selected three best papers. The first
best paper describes the process undertaken in Germany, under
the national Medical Informatics Initiative, to define and validate
a provenance metadata framework o enable the interpretation
indluding quality assessment of health data reused for research.
The authors of the second-best paper present o methodology

for the generation of computable phenotypes and the covariates
associated with success rates in e-phenotype validation. The
third-best presents a review of published and accessible tools
that enable the assessment of health data quality through an
aufomated process. This year's survey paper marks the tenth
anniversary of the CRI section of the Yearbook by reviewing the
dominant themes within CRI over the past decade and the major
milestong innovations within this field.

2. About the paper
Selection

A comprehensive review of articles
published in 2023 and addressing a wide
range of issues for CRI was conducted. The
selection was performed by querying MED-
LINE via PubMed (from NCBI, National
Center for Biotechnology Information) with
a set of predefined MeSH descriptors and
free terms: Clinical research informatics,
Biomedical research, Nursing research,
Clinical research, Medical research, Phar-
macovigilance, Patient selection, Pheno-
typing, Genotype-phenotype associations,
Feasibility studies, Eligibility criteria,
Feasibility criteria, Cohort selection, Patient
recruitment, Clinical trial eligibility screen-
ing, Eligibility determination, Patient-trial
matching, Protocol feasibility, Real world
evidence, Data Collection, Epidemiologic
research design, Clinical studies as Topic,

Conclusions: The literature relevant to CRI in 2023 has largely
been populated by publications that assess and enhance the
reusability of health data for dinical research, in porticular data
quality assessment and metadata management.

Keywords

International Medical Informatics Association Yearbook; Clinical
Research Informatics; Biomedical Research, Clinical Trials as
Topic; Observational studies as Topic; Real-world data; Health
Data Quality; Phenotyping.

Yearb Med Inform 2024:
http://dx.doi.org/10.1055/5-0044-1800733

Multicenter studies as Topic, and Evaluation
studies as Topic. Papers addressing topics
of other sections of the Yearbook, such as
Translational Bioinformatics, were excluded
based on the predefined exclusion of MeSH
descriptors such as Genetic research, Gene
ontology, Human genome project, Stem cell
research, or Molecular epidemiology.
Bibliographic databases were searched
twice, initially in November 2023 and then
refreshed for late in the year publications
on January 15th 2024, considering the elec-
tronic publication date. A set of 1,119 papers
were found and screened for relevance to
CRI, for reporting original research as op-
posed to opinion or educational papers, and
their scientific quality was blindly rated as
low, medium, high or out of scope by the
two section editors based on papers’ title and
abstract. A total of 55 references classified
as high to medium quality contributions to
the field by at least one section editor were
considered and classified into the following
areas of the CRI domain in order of the
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number of matching papers (multiple clas-
sification choices were permitted): reuse of
EHR data, Real-World Evidence generation,
electronic phenotyping; data integration,
semantic interoperability and data quality
assessment; security, confidentiality and
data privacy; data/text mining, Artificial
Intelligence and Machine Learning, com-
municating study results; feasibility studies,
patient recruitment, data management, CRI
systems and improved use experiences;
ethical, legal, social, policy issues and
solutions, stakeholder participation; research
networks, team science, Learning Healthcare
System, Health Technology Assessment. A
further review by both editors after full paper
screening resulted in 11 candidate papers.
In conformance with the IMIA Yearbook
process, these 11 papers were peer-reviewed
by the IMIA Yearbook editors and external
reviewers. Each paper was reviewed by ex-
actly 5 reviewers. Three papers were finally
selected as best papers (Table 1). A content
summary of these best papers can be found
in the appendix of this synopsis.

3. Outlook

The 11 candidate best papers for 2023
illustrate recent efforts and trends in different
CRI areas: using real world data to assess
clinical trial eligibility, metadata regarding
integrity, traceability, and quality within
research data sets, extracting computable
meaning from clinical narratives, the rep-
resentation of computable phenotypes, data
quality assessment and quality management,
federated learning models for Al and an
analysis of factors affecting inclusivity of
representation in clinical trials. This year’s

survey paper marks the tenth anniversary of
the CRI section of the Yearbook by review-
ing the dominant themes within CRI over
the past decade and the major milestone
innovations within this field.

3.1. The Reuse of Real World
Datasets for Clinical Research

There is an increasing adoption of the
FAIR principles and FAIR metadata to de-
scribe data sets for the purposes of reuse such
as research. However, conventional practice
does not include the detailed provenance
metadata that captures the transformations
from original source data to a data set that
is deemed suitable for research. This year’s
first ranking best paper has established and
validated the traceability provenance infor-
mation of these transformations, to increase
the potential for users to trust the quality of
the data sets they access [1]. This paper is
summarised in the appendix to this section.

3.2. Clinical Research Applications
of NLP

The successful reuse of health data de-
pends upon its computable content, but there
is still a substantial proportion of useful clin-
ical information held in narratives. One of
the shortlisted papers tackles this in reporting
challenges and lessons learned by the NLP
working group of the OHDSI (Observational
Health Data Sciences and Informatics) con-
sortium [2]. The authors have developed a
standardised workflow for the ETL process
using various NLP tools (e.g., cTAKES,
MetaMap Lite, CLAMP) to process and
integrate textual notes into the structured

Table 1. Selection of best papers for the 2023 IMIA Yearbook of Medical Informatics for the section Clinical Research Informatics. The articles are

listed in alphabetical order of the first author's surname.

Study. JMIR Form Res 2023;7:650027. doi: 10.2196/50027

Gierend K, Waltemath D, Ganslandt T, Siegel F. Traceable Research Data Sharing in a German vMedical Data Integration Center
With FAIR (Findability, Accessibility, Interoperability, and Reusability)-Geared Provenance Implementation: Proof-of-Concept

Hamidi B, Flume P, Simpson K, Alekseyenko A. Not all phenotypes are created equal: covariates of success in e-phenotype
specification. JAMIA 2023;30:213—221. doi: 10.1093/jamia/ocacl 57

10.1007/510916-022-01892-2

0zonze 0, Scotf PJ, Hopgood, AA. Automating Electronic Health Record Data Quality Assessment. J Med Syst 47, 23 (2023). doi :
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format of the OMOP CDM. This should
significantly advance the utilisation of clin-
ical textual data in observational studies by
providing a robust method to integrate such
data into a widely used data model. Another
shortlisted paper also applied NLP to clinical
narratives, adding an artificial intelligence
processing step and a reference repository of
active clinical trial eligibility criteria to alert
clinicians of a patient’s potential eligibility
within their routinely used EHR system
[3]. The aim of the authors was to make
clinicians aware of a patient’s eligibility
in a context closer to their clinical practice
and to reduce the burden of manual case
note screening for potential trial subjects.
Linking to the next heading on computable
phenotypes is a paper that utilised the Hu-
man Phenome Ontology (HPO) to improve
the semantic rigour and precision of NLP
when searching for computable phenotypes
in large corpora of clinical narratives within
EHR systems [4]. This approach benefits
from the pre-defined relationships between
terms in the HPO to improve the accuracy
of phenotype identification and similarity
compared to existing approaches.

3.3. Computable Phenotypes

Precise clinical codes for diagnoses and
finer grained sub-types of a diagnosis are
often absent in EHR data. The diagnostic
specificity needed for clinical research,
the eligibility of patients or details needed
for the study, often must be inferred from
other data points. For comparability these
inferences need to be standardised: the cri-
teria for defining a computable phenotype.
These criteria are historically designed by
clinical domain experts, which is expensive
and time consuming. One of this year’s
best papers sought to understand the factors
that contribute to the successful creation of
electronic phenotypes (e-phenotypes) and to
identify covariates associated with success
rates in e-phenotype validation [5]. They
tested the accuracy of computable phenotype
definitions made by non-clinical informatics
experts and found better performance in do-
mains such as infectious diseases, theumatic
conditions, neonatal issues, and cancers, and
worse performance in mental health and



dermatology. The findings therefore em-
phasise the importance of specialist support
in phenotype design to ensure high-quality,
reliable e-phenotype creation. This paper is
summarised in the appendix to this section.
Another paper on computable phenotype se-
lection criteria (rules) has examined the lack
of consistency across definitions [6]. The
authors took 33 existing phenotype defini-
tions and translated them into a standardised
format to examine their sophistication. They
found that most definitions are relatively
simplistic, with limited use of compound
criteria with Boolean or other operators.

3.4. Data Quality

The assessment of data quality has proved
year on year to be an increasing topic in the
CRI literature, with strong publications as
evidenced by the inclusion of this topic in
this chapter in recent years. One of the three
best papers is a review of the tools available
to formally assess health data quality through
automated methods, that are generic and
scalable to adopt, as opposed to being tied
to particular data architecture or specific to a
disease area [7]. This paper is summarised in
the appendix to this section. Another paper,
shortlisted, focused on a method for con-
ducting distributed data quality assessments
i.e., without requiring the transfer of patient
level data, as a framework for interoper-
able and privacy-preserving assessments
[8]. The authors composed 25 measurable
parameters covering four commonly used
data quality dimensions: completeness,
plausibility, uniqueness, conformance. This
was validated using the Personal Health
Train architecture across multiple data
sources in a rare disease context. This is a
useful proof of concept because rare disease
research frequently needs to utilise data from
multiple sources in order to reach sufficient
patient numbers. Also in the set of candidate
best papers is a contribution on data quality
across the ETL pipeline from source EHRs
to clinical datasets ready for research use [9].
Their quality control pipeline starts with a
classical dimensional analysis of data quality
in the source EHR before data is mapped to
a common data model such as OMOP. The
second layer examined the imported data for

unexpected outliers, and the third examines
the data as clusters during execution of test
research queries.

3.5. Federated Machine Learning

The federated querying of a network of
EHR systems has been progressively adopt-
ed over the past decade as a way of reducing
the volumes of patient level data that have
to be copied from healthcare providers into
research centres. Al machine learning (ML)
has proved the challenge to this model as the
intensity of the analysis required, especially
during model development, has proved too
great up to now to perform in a federated
manner, therefore being the exceptional use
case that still required data centralisation.
The CRI field is therefore very active in
pursuing scalable and secure approaches
to federated machine learning. One of the
shortlisted papers this year reports on a novel
privacy-preserving architecture for this, in
which a convolutional (multi-layered) neural
network is deployed at each healthcare site,
enabling the most intensive processing to
occur locally and with the results of pro-
cessing (i.e., local ML models) stored locally
[10]. A further privacy preserving feature
is the use of Blockchain smart contracts,
enabling patients to exercise control over
this local processing. The centralised ML
model is trained only on distributed access
to the processed data at each site, through
a Blockchain network. The authors have
validated this architecture in a pilot using
data on patients with Covid-19, with good
performance, but recognise that further work
is required to establish scalability, especially
for image progressing.

3.6. Inclusivity within Clinical Trials

A thought-provoking paper that aligns
with the over-arching theme of the 2024
Yearbook examines the factors that influence
the observed lack of diversity in clinical
research participation [11]. The authors dis-
cuss the barriers affecting the participation
of minority or under-served populations,
which include ethnicity, socio-economic
factors and a mistrust of healthcare systems.
The authors propose practical measures
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that clinical trial designers and clinical
investigators could adopt to correct for this
under-representation. The authors stress
the importance of proactively looking for
recruitment bias within the data, widening
trial eligibility criteria and extending the
range of clinical trial sites into communities
that might be challenged with travelling to
well-established (tertiary medical) centres.
They also emphasise the importance of
engaging patient communities in the design
of clinical trial protocols and of educating
communities about the importance and
practicalities of trial participation.

3.7. The Last Ten Years of Clinical
Research Informatics

Since this issue of the Yearbook marks
the tenth year of the Clinical Research In-
formatics chapter, we asked two CRI experts
to perform a ten-year retrospective review of
the literature in this field. The two authors
each have experience of conducting seminal
paper reviews, Christel Daniel as the former
editor of this Yearbook chapter, and Peter
Embi who has for many years undertaken the
AMIA year in review. The authors combined
these two review processes to identify and
screen 1,500 papers to shortlist 200 that have
made milestone contributions to CRI. Their
paper presents the dominant themes within
our field over this ten-year period, highlight-
ing the most influential works per theme.
They also present a deeper dive look at the
newer themes emerging over the past two
years, in particular translational research and
the better integration of care and research.

4. Acknowledgements

We would like to acknowledge the
support of Adrien Ugon, Kate Fultz Hollis,
Lina Soualmia, and the whole Yearbook
editorial team as well as the reviewers for
their contribution to the selection process of
the Clinical Research Informatics section for
this IMIA Yearbook.

[MIA Yearbook of Medical Informatics 2024



146

|
Tannier et al.

References

10.

11.

Gierend K, Waltemath D, Ganslandt T, Siegel F.
Traceable Research Data Sharing in a German
Medical Data Integration Center With FAIR
(Findability, Accessibility, Interoperability, and
Reusability)-Geared Provenance Implementa-
tion: Proof-of-Concept Study. JMIR Form Res
2023;7:¢50027. doi: 10.2196/50027.

Keloth VK, Banda JM, Gurley M, Heider PM,
Kennedy G, Liu H, Liu F, et al. Representing
and utilizing clinical textual data for real
world studies: An OHDSI approach. J Biomed
Inform. 2023 Jun;142:104343. doi: 10.1016/j.
jb1.2023.104343.

Mystre S, Heider P, Cates A, Bastian G, Pittman
T, Gentillin S, et al. Piloting an automated cli-
nical trial eligibility surveillance and provider
alert system based on artificial intelligence and
standard data models. BMC Medical Research
Methodology 2023;23:88. doi : 10.1186/s12874-
023-01916-6.

Daniali M, Galer PD, Lewis-Smith D, Partha-
sarathy S, Kim E, Salvucci DD, et al. Enriching
Representation Learning Using 53 Million Pati-
ent Notes through Human Phenotype Ontology
Embedding. Artif Intell Med 2023;139:102523.
doi :10.1016/j.artmed.2023.102523.

Hamidi B, Flume PA, Simpson KN, Alekseyenko
AV. Not all phenotypes are created equal: cova-
riates of success in e-phenotype specification. J
Am Med Inform Assoc. 2023 Jan 18;30(2):213-
221. doi: 10.1093/jamia/ocac157.

Brandt PS, Kho A, Luo Y, Pacheco JA, Walunas
TL, Hakonarson H et al. Characterizing variabi-
lity of electronic health record-driven phenotype
definitions. ] Am Med Inform Assoc. 2023 Feb
16;30(3):427-437. doi: 10.1093/jamia/ocac235.
Ozonze O, Scott PJ, Hopgood AA. Automating
Electronic Health Record Data Quality Assess-
ment. J] Med Syst. 2023 Feb 13;47(1):23. doi:
10.1007/s10916-022-01892-2.

Tahar K, Martin T, Mou Y, Verbuecheln R,
Graessner H, Krefting D. Rare Diseases in
Hospital Information Systems-An Interoper-
able Methodology for Distributed Data Quality
Assessments. Methods Inf Med. 2023 Sep;62(3-
04):71-89. doi: 10.1055/a-2006-1018.

Lee S, Roh GH, Kim JY, Ho Lee Y, Woo H,
Lee S. Effective data quality management for
electronic medical record data using SMART
DATA. IntJ Med Inform. 2023 Dec;180:105262.
doi: 10.1016/j.ijmedinf.2023.105262.

Salim MM, Park JH. Federated Learning-Ba-
sed Secure Electronic Health Record Sharing
Scheme in Medical Informatics. IEEE J Biomed
Health Inform. 2023 Feb;27(2):617-624. doi:
10.1109/JBHI.2022.3174823.

Peters U, Turner B, Alvarez D, Murray M,
Sharma A, Mohan S, Patel S. Considerations
for Embedding Inclusive Research Principles
in the Design and Execution of Clinical Trials.
Ther Innov Regul Sci. 2023 Mar;57(2):186-195.
doi: 10.1007/s43441-022-00464-3.

[MIA Yearbook of Medical Informatics 2024

Corresponding author:
Xavier Tannier
Email: xavier.tannier@sorbonne-universite. fr

Copyright

© 2024. The Author(s). This is an open
access article published by Thieme under
the terms of the Creative Commons Attri-
bution License, permitting unrestricted use,
distribution, and reproduction so long as
the original work is properly cited. https:/
creativecommons.org/licenses/by/4.0/



