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Windows of opportunity can open during a global health threat
and transform how we solve problems and generate knowledge in
medicine. In an industry that can take years to change, the COVID-
19 pandemic has led to massive international data collection and
research efforts that would have seemed impossible before. The
resistance to adopting new technology, data sources, and
analytical methods has begun to yield to the urgency of the
moment. Access to information has transformed the literature,
with numerous publications that leverage digital health data, such
as that from the electronic health record, to generate the evidence
needed to better understand SARS-CoV-2 infection, treatment,
and outcomes1,2.
The paper by the International Consortium for Clinical

Characterization of patients with SARS-CoV-2 by EHR (4CE)
describes just such an extraordinary response to the COVID-19
pandemic3. An international collaboration of 96 hospitals across
five countries was assembled to create the means to produce
insights through a decentralized platform. The group leveraged
real-world data to create a diverse, international cohort of patients
to assess clinical characteristics in patients with SARS-CoV-2
infection. Their approach has positioned them for rapid data
collection and evidence generation, and the authors have used
the data in a way that is fit-for-purpose for the study being
conducted.
The appropriate scoping of methods for real-world data studies

is critical for the use of these valuable, emerging data sets. We
have just witnessed the retraction of two data-driven COVID-
19 studies from two of the most prominent clinical journals
because of uncertainty about the provenance and quality of the
data4,5. But the issue goes far beyond these two papers, as data
provenance and analytical approaches are often not appropriately
detailed in the methods of scientific publications. The analogy to
laboratory science would be investigators using complex biologi-
cal techniques with no documentation of approach beyond the
name of the method being used. For example, imagine an
investigator publishing the findings of a study based on genetic
sequencing, and the reported approach was that “DNA was
sequenced” with no discussion of the technology, methods, or
reagents used.
Observational studies and real-world data have an important

role in biomedical research. They can enable more rapid,
substantial, and generalizable results than randomized controlled
trials. But they also come with limitations: they are more prone to
bias and cannot be used to determine causality. Each type of
study is an important part of the evidence base to guide decision
making, and neither should be seen as a singular gold standard.
While the pandemic places extra urgency on answering seemingly
basic questions, a rigorous scientific approach is needed regard-
less of the type of study. With data-driven studies, especially those
based on observational and real-world data, comes a responsi-
bility to vouch for every step of the data pipeline, to understand
the strengths and limitations of the data, and to appropriately
interpret the findings in the context of the information available.

What is needed are investigators who are trained in the design
of studies based on real-world and observational data, with
routinely used best practices to analyze the data and report not
just results, but also the methods used to generate them. Several
groups are pushing for better methods in this area, from standards
for data modeling to observational data analysis. Over the last
decade, groups of investigators have coalesced around the use of
common data models, such as those described in the 4CE article,
which rely on Integrating Biology and the Bedside (i2b2)6, and
international communities such as Observational Health Data
Sciences and Informatics7. The latter aims to develop a data model
and associated tools and best practices for observational research.
These approaches for data standardization are now being
leveraged for national consortia related to COVID-19 research,
such as the National Institutes of Health’s National Center for
Advancing Translational Sciences, which has launched a colla-
borative among academic centers called the National COVID
Cohort Collaborative (N3C)8. However, a common data model,
while essential, only solves a sliver of the potential issues for data-
driven research.
The 4CE Consortium has set an example for the rapid

deployment of a multinational group and addresses many
potential concerns related to the design and reporting of such a
study. First, the ethics statement defining the approach to
institutional review board approval is noted in the methods and,
as only aggregate data were centralized, patient privacy was
further protected. The study clearly defines the phenotype,
patients with a positive PCR test for SARS-CoV-2 and highlights
the limitations, in that the cohort included outpatient, emergency
department, and inpatient populations that could not be
separated at the time of analysis. Furthermore, the authors detail
the methods used to generate aggregate data and provide
insights into the data quality by clearly describing the drop-off in
test result frequency over time. Finally, the conclusions they have
drawn are appropriate for the data set and highlight the
limitations of such a study. They are now poised for an array of
important future contributions.
The COVID-19 pandemic has created an opportunity and a

hazard. The opportunity, as seized by the 4CE Collaborative, is to
actualize an approach to agile analytics to support rapid knowl-
edge generation. The ability to implement such a pipeline relies
on ideas that have been years in the making and leverage
infrastructure already in place. Data have the potential to
transform the research enterprise, but not without access to data.
However, the hazard is that some people who gain access to
extensive data lack the skills to evaluate, analyze, or interpret it,
and journals, in their haste, are often not prepared to adequately
review such studies.
In our eagerness to use real-world data, we must insist on

ensuring that the scientific process is followed, that high-quality
data are used, and that methods are transparent and reproducible.
The bar for this work needs to be set high, but we must also be
able to move quickly. Examples such as the 4CE Collaborative
show that both can be achieved. Now is the time to keep the
momentum going.

Received: 18 June 2020; Accepted: 30 June 2020;

www.nature.com/npjdigitalmed

Scripps Research Translational Institute

1
2
3
4
5
6
7
8
9
0
()
:,;

http://crossmark.crossref.org/dialog/?doi=10.1038/s41746-020-00309-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41746-020-00309-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41746-020-00309-z&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41746-020-00309-z&domain=pdf
https://doi.org/10.1038/s41746-020-00309-z
https://doi.org/10.1038/s41746-020-00309-z
www.nature.com/npjdigitalmed


Wade L. Schulz1,2, Joseph C. Kvedar 3 and
Harlan M. Krumholz 2,4,5✉

1Department of Laboratory Medicine, Yale School of Medicine, New
Haven, CT 06510, USA. 2Center for Outcomes Research and

Evaluation, Yale New Haven Hospital, 1 Church Street, New Haven,
CT 06510, USA. 3Partners HealthCare and Harvard Medical School,

Boston, MA 02115, USA. 4Section of Cardiovascular Medicine,
Department of Internal Medicine, Yale School of Medicine, New

Haven, CT 06510, USA. 5Department of Health Policy and
Management, Yale School of Public Health, New Haven, CT 06510,

USA. ✉email: harlan.krumholz@yale.edu

Received: 18 June 2020; Accepted: 30 June 2020;

REFERENCES
1. Haimovich, A. et al Development and validation of the COVID-19 severity index

(CSI): a prognostic tool for early respiratory decompensation. medRxiv, https://doi.
org/10.1101/2020.05.07.20094573 (2020).

2. Morales, D. R. et al. Renin-angiotensin system blockers and susceptibility to COVID-
19: a multinational open science cohort study. medRxiv, https://doi.org/10.1101/
2020.06.11.20125849 (2020).

3. International Consortium for Clinical Characterization of patients with SARS-CoV-2
by EHR (4CE) Consortium. npj Digital Med. https://doi.org/10.1038/s41746-020-
00308-0 (2020).

4. Mehra, M. R., Desai, S. S., Kuy, S. R., Henry, T. D. & Patel, A. N. Retraction: cardio-
vascular disease, drug therapy, and mortality in Covid-19. N. Engl. J. Med. https://
doi.org/10.1056/NEJMc2021225 (2020).

5. Mehra, M. R., Desai, S. S., Ruschitzka, F. & Patel, A. N. Retracted: hydroxychloroquine
or chloroquine with or without a macrolide for treatment of COVID-19: a multi-
national registry analysis. Lancet, https://www.sciencedirect.com/science/article/
pii/S0140673620311806?via%3Dihub (2020).

6. i2b2—Informatics for Integrating Biology & the Bedside. https://www.i2b2.org/.
7. OHDSI—Observational Health Data Sciences and Informatics. https://ohdsi.org/.
8. National Center for Advancing Translational Sciences. National COVID Cohort

Collaborative (N3C). https://ncats.nih.gov/n3c.

AUTHOR CONTRIBUTIONS
All authors were involved in the initial drafting and detailed reviewing and editing of
the manuscript.

COMPETING INTERESTS
W.L.S. was an investigator for a research agreement, through Yale University, from the
Shenzhen Center for Health Information for work to advance intelligent disease
prevention and health promotion; collaborates with the National Center for
Cardiovascular Diseases in Beijing; is a technical consultant to HugoHealth, a

personal health information platform, and co-founder of Refactor Health, an AI-
augmented data management platform for healthcare; and is a consultant for
Interpace Diagnostics Group, a molecular diagnostics company. H.M.K. works under
contract with the Centers for Medicare & Medicaid Services to support quality
measurement programs; was a recipient of a research grant, through Yale, from
Medtronic and the Food and Drug Administration to develop methods for
postmarket surveillance of medical devices; was a recipient of a research grant from
Medtronic and is the recipient of a research grant from Johnson & Johnson, through
Yale University, to support clinical trial data sharing; was a recipient of a research
agreement, through Yale University, from the Shenzhen Center for Health
Information for work to advance intelligent disease prevention and health
promotion; collaborates with the National Center for Cardiovascular Diseases in
Beijing; receives payment from the Arnold & Porter Law Firm for work related to the
Sanofi clopidogrel litigation, from the Martin/Baughman Law Firm for work related to
the Cook Celect IVC filter litigation, and from the Siegfried and Jensen Law Firm for
work related to Vioxx litigation; chairs a Cardiac Scientific Advisory Board for
UnitedHealth; was a participant/participant representative of the IBM Watson Health
Life Sciences Board; is a member of the Advisory Board for Element Science, the
Advisory Board for Facebook, and the Physician Advisory Board for Aetna; and is the
co-founder of HugoHealth, a personal health information platform, and co-founder of
Refactor Health, an enterprise healthcare AI-augmented data management company.
J.C.K. is an advisor to and shareholder in LuminDx, and FDNA. He is an advisor to Flare
Capital, Puretech, ResApp Health, GoodRx and NuRx. He is a shareholder in and on
the board of directors of Mobile Help. He is a shareholder in b.well and MD
Revolution.

ADDITIONAL INFORMATION
Correspondence and requests for materials should be addressed to H.M.K.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2020

2

npj Digital Medicine (2020)   108 Scripps Research Translational Institute

1
2
3
4
5
6
7
8
9
0
()
:,;

http://orcid.org/0000-0002-7517-2291
http://orcid.org/0000-0002-7517-2291
http://orcid.org/0000-0002-7517-2291
http://orcid.org/0000-0002-7517-2291
http://orcid.org/0000-0002-7517-2291
http://orcid.org/0000-0003-2046-127X
http://orcid.org/0000-0003-2046-127X
http://orcid.org/0000-0003-2046-127X
http://orcid.org/0000-0003-2046-127X
http://orcid.org/0000-0003-2046-127X
mailto:harlan.krumholz@yale.edu
https://doi.org/10.1101/2020.05.07.20094573
https://doi.org/10.1101/2020.05.07.20094573
https://doi.org/10.1101/2020.06.11.20125849
https://doi.org/10.1101/2020.06.11.20125849
https://doi.org/10.1038/s41746-020-00308-0
https://doi.org/10.1038/s41746-020-00308-0
https://doi.org/10.1056/NEJMc2021225
https://doi.org/10.1056/NEJMc2021225
https://www.sciencedirect.com/science/article/pii/S0140673620311806?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0140673620311806?via%3Dihub
https://www.i2b2.org/
https://ohdsi.org/
https://ncats.nih.gov/n3c
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Agile analytics to support rapid knowledge pipelines
	References
	Author Contributions
	Competing interests
	ADDITIONAL INFORMATION




