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The clinical research enterprise holds the potential to generate the 
needed evidence to improve public health, yet it is vastly under-
performing. Clinical research is being outpaced by advances in under-
standing of the biology of health and underlying pathophysiology of 
disease. Major advances integrating genomics, biotechnology, compu-
tational biology and large-scale population-based studies with deep 
molecular and imaging data increase the breadth and depth of our un-
derstanding of health and disease and generate multiple potential bio-
logical targets [1,2]. Likewise, health care systems are accumulating 
data in an unprecedented pace, which could lend insights into individual 
and population-based risk for poor health outcomes. However, our 
clinical research system is not keeping up with the rest of science. 

We aspire to a learning health care system where data can be turned 
into knowledge regarding the best treatments or strategies of care to 
improve health for all [3,4]. Instead, we have a sluggish system that is 
inadequate for solving important healthcare problems, even in the face 
of declining life expectancy in the United States (US) [5]. While the 
COVID-19 pandemic has recently contributed to the decline, life ex-
pectancy has been declining for a decade due to drug overdoses, wors-
ening cardiovascular disease, and other chronic health conditions [6]. 
Even the age-standardized rate of cardiovascular disease, which had 
been declining in high income countries, has been steadily rising [7]. 
These failings articulate an urgent need to implement cost-effective 
evidence generation systems, policies, and best practices. More evi-
dence, generated through clinical trials, could help achieve substantial 
improvements in population health. 

However, the barriers for conducting clinical trials in the US are 
many; they include high financial costs, long duration, administrative 
complexity, low recruitment and retention of participants, and a large 
disparity between what we learn from clinical research and translation 
of this knowledge to actual medical care. The differing cultures of 
different stakeholders including academic centers, industry, and gov-
ernment agencies create additional challenges. Over the last decade, 
many have enumerated the increasing costs of clinical trials with 

resultant renewed interests in simplifying the conduct of clinical trials or 
developing new methods for evidence generation [8,9]. Yet, despite 
these reports and national attention, the cost of trials is still too high due 
to the inefficiencies and complexities of trials [10,11]. Previous solu-
tions recommended greater use of electronic health records (EHR), 
looser trial enrollment restrictions, simplified clinical trial protocols, 
reduced source data verification, wider use of mobile technologies, use 
of lower cost-facilities or at-home procedures, and improvements in the 
overall review processes. While progress has been made on some of 
these fronts, there remains much to do. The pandemic accelerated in-
terests in the development of rapid cycle, innovative trials [12–14], 
which have served as proof-of-concept for improving the clinical trial 
ecosystem. However, it will take much effort to expand this progress 
beyond the pandemic environment and reduce barriers to enable fast, 
efficient, cost-effective clinical research to address the major public 
health problems that burden society. 

In this thematic issue of Contemporary Clinical Trials on Pragmatic 
and Virtual Trials, we have brought together leaders who are rethinking 
clinical trials covering key aspects of the development, conduct, and 
oversight of clinical trials. The articles include practical approaches and 
real-world experience on how clinical trials can be done better while 
maintaining high-quality results with digital technology, direct-to- 
participant methods, and electronic health records. However, the 
decentralized approaches involved in many pragmatic and virtual trails 
have their own challenges, including retention of participants and fi-
delity to interventions [15,16]. There are also outstanding ethical issues 
and dilemmas that need to be considered, especially because greater 
access to data that includes details regarding personal health, economic 
status, and social determinants of health raises important privacy and 
ethical considerations that researchers should consider and that patients 
should understand. The balance of societal benefit versus individual 
protections on privacy or decisions is critically important, particularly in 
an era in which trust in science is at a critical juncture. The articles in 
this issue are designed to recognize the advances in evidence generation 
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while sharing the challenges and gaps that still need to be addressed. 
Ultimately, the clinical research ecosystem must improve, not only to 
keep pace with the advances in basic or translational science, but to 
improve population health in meaningful ways such that life expectancy 
and quality of life can improve. 
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J. Fernández-Solà, G. Fowkes, E. Gakidou, S.M. Grundy, F.J. He, G. Howard, F. Hu, 
L. Inker, G. Karthikeyan, N. Kassebaum, W. Koroshetz, C. Lavie, D. Lloyd-Jones, H. 
S. Lu, A. Mirijello, A.M. Temesgen, A. Mokdad, A.E. Moran, P. Muntner, J. Narula, 
B. Neal, M. Ntsekhe, G. Moraes de Oliveira, C. Otto, M. Owolabi, M. Pratt, 
S. Rajagopalan, M. Reitsma, A.L.P. Ribeiro, N. Rigotti, A. Rodgers, C. Sable, 
S. Shakil, K. Sliwa-Hahnle, B. Stark, J. Sundström, P. Timpel, I.M. Tleyjeh, 
M. Valgimigli, T. Vos, P.K. Whelton, M. Yacoub, L. Zuhlke, C. Murray, V. Fuster, G.- 
N.-J.G.B.O.C.D.W. Group, Global burden of cardiovascular diseases and risk fac-
tors, 1990-2019: update from the GBD 2019 study, J. Am. Coll. Cardiol. 76 (25) 
(2020) 2982–3021. 

[8] M. Institute of, The National Academies Collection, Reports funded by National 
Institutes of Health, Envisioning a Transformed Clinical Trials Enterprise in the 
United States: Establishing An Agenda for 2020: Workshop Summary, National 
Academies Press (US) Copyright © 2012, National Academy of Sciences, Wash-
ington (DC), 2012. 

[9] A. Sertkaya, A. Birkenbach, A. Berlind, J. Eyraud, Examinataion of Clinical Trial 
Costs and Barriers to Drug Development, Eastern Research Group, Inc, Washington, 
DC, 2021. 

[10] O.J. Wouters, M. McKee, J. Luyten, Estimated Research and Development invest-
ment needed to bring a new medicine to market, 2009-2018, JAMA 323 (9) (2020) 
844–853. 

[11] J.A. DiMasi, H.G. Grabowski, R.W. Hansen, Innovation in the pharmaceutical in-
dustry: new estimates of R&D costs, J. Health Econ. 47 (2016) 20–33. 

[12] J. Nikolovski, M. Koldijk, G.J. Weverling, J. Spertus, M. Turakhia, L. Saxon, 
M. Gibson, J. Whang, T. Sarich, R. Zambon, N. Ezeanochie, J. Turgiss, R. Jones, 
J. Stoddard, P. Burton, A.M. Navar, Factors indicating intention to vaccinate with a 
COVID-19 vaccine among older U.S. adults, PLoS One 16 (5) (2021), e0251963. 

[13] J.A. Spertus, M.C. Birmingham, J. Butler, I. Lingvay, D.E. Lanfear, A. Abbate, M. 
L. Kosiborod, C. Fawcett, P. Burton, C.V. Damaraju, J.L. Januzzi, J. Whang, Novel 
trial design: CHIEF-HF, Circ. Heart Fail. 14 (3) (2021), e007767. 

[14] C.B. Forrest, H. Xu, L.E. Thomas, L.E. Webb, L.W. Cohen, T.S. Carey, C.H. Chuang, 
N.M. Daraiseh, R. Kaushal, J.C. McClay, F. Modave, E. Nauman, J.V. Todd, 
A. Wallia, C. Bruno, A.F. Hernandez, E.C. O’Brien, H.R.R. Group, Impact of the 
early phase of the COVID-19 pandemic on US healthcare workers: results from the 
HERO registry, J. Gen. Intern. Med. 36 (5) (2021) 1319–1326. 

[15] E. Pfaff, A. Lee, R. Bradford, J. Pae, C. Potter, P. Blue, P. Knoepp, K. Thompson, C. 
L. Roumie, D. Crenshaw, R. Servis, D.A. DeWalt, Recruiting for a pragmatic trial 
using the electronic health record and patient portal: successes and lessons learned, 
J. Am. Med. Inform. Assoc. 26 (1) (2019) 44–49. 

[16] W.S. Jones, H. Mulder, L.M. Wruck, M.J. Pencina, S. Kripalani, D. Munoz, D. 
L. Crenshaw, M.B. Effron, R.N. Re, K. Gupta, R.D. Anderson, C.J. Pepine, E. 
M. Handberg, B.R. Manning, S.K. Jain, S. Girotra, D. Riley, D.A. DeWalt, J. Whittle, 
Y.H. Goldberg, V.L. Roger, R. Hess, C.P. Benziger, P. Farrehi, L. Zhou, D.E. Ford, 
K. Haynes, J.J. VanWormer, K.U. Knowlton, J.L. Kraschnewski, T.S. Polonsky, D. 
J. Fintel, F.S. Ahmad, J.C. McClay, J.R. Campbell, D.S. Bell, G.C. Fonarow, S. 
M. Bradley, A. Paranjape, M.T. Roe, H.R. Robertson, L.H. Curtis, A.G. Sharlow, L. 
G. Berdan, B.G. Hammill, D.F. Harris, L.G. Qualls, G. Marquis-Gravel, M. 
F. Modrow, G.M. Marcus, T.W. Carton, E. Nauman, L.R. Waitman, A.N. Kho, E. 
A. Shenkman, K.M. McTigue, R. Kaushal, F.A. Masoudi, E.M. Antman, D. 
R. Davidson, K. Edgley, J.G. Merritt, L.S. Brown, D.N. Zemon, T.E. McCormick 3rd, 
J.D. Alikhaani, K.C. Gregoire, R.L. Rothman, R.A. Harrington, A.F. Hernandez, A., 
Team, comparative effectiveness of aspirin dosing in cardiovascular disease, 
N. Engl. J. Med. 384 (21) (2021) 1981–1990. 

Adrian F. Hernandez* 

Duke Clinical Research Institute, Duke University School of Medicine, 
Durham, NC, USA 

* Corresponding author at: 300 W. Morgan Street, Durham, NC 27701, 
USA. 

E-mail address: Adrian.hernandez@duke.edu. 

A.F. Hernandez                                                                                                                                                                                                                                  

http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0005
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0010
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0015
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0015
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0015
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0020
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0020
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0020
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0025
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0025
https://www.cdc.gov/nchs/pressroom/nchs_press_releases/2021/202107.htm
https://www.cdc.gov/nchs/pressroom/nchs_press_releases/2021/202107.htm
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0035
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0040
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0040
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0040
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0040
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0040
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0045
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0045
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0045
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0050
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0050
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0050
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0055
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0055
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0060
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0060
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0060
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0060
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0065
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0065
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0065
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0070
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0070
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0070
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0070
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0070
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0075
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0075
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0075
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0075
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
http://refhub.elsevier.com/S1551-7144(22)00142-2/rf0080
mailto:Adrian.hernandez@duke.edu

	Preface to theme issue on pragmatic and virtual trials: Progress and challenges
	Author contributions
	Data availability statement
	Funding source
	Financial disclosures
	Acknowledgements
	References


