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Editorial 

Methodological education in response to the quality of COVID-19 publications 

1. Introduction 

The recent retraction from major medical journals of two articles on 
coronavirus 2019 disease (COVID-19) [1,2] reminds us that continued 
education in clinical methodology is an essential part of medicine [3]. 
Clinicians study and apply the messages coming from the medical 
literature, influenced by message dissemination and authoritative 
opinions, but they are rarely offered the chance to be educated or 
re-educated on the basics of reliable research and on critically 
appraising [4] the data that support their practice. We recently identi-
fied several pitfalls of COVID-19 study designs that typically lead to 
inconclusive or futile results [5,6]; for example, insufficient power to 
prove the working hypotheses, soft endpoints subject to assessment bias 
in the context of open label studies, lack of appropriate comparators, 
nonrandomised treatment allocation, data duplication or fragmentation, 
and retrospective analyses of observational data [5]. We here describe 
common types of clinical studies and the information they are most 
suited (or unsuited) to provide. We also propose steps for improving the 
quality of future investigations. 

2. Types of studies 

2.1. Observational 

These look at baseline characteristics – such as age, sex, ethnicity, 
global distribution - in healthy individuals (epidemiology) or patients 
(natural history) at a given moment (cross-sectional) or over time 
(longitudinal). Standardised and prospectively collected environmental, 
clinical or biomolecular variables can be related to disease incidence or 
progression or other outcomes. In apparently healthy individuals living 
in Framingham, Massachusetts, linking certain baseline traits to subse-
quent adverse events led to the identification of the classical cardio-
vascular risk factors [7]. Circulating risk markers for cardiovascular 
diseases, such as fibrinogen, D-dimer, troponin or natriuretic peptides, 
have been identified in a similar way [8]. Observational studies are 
suited to describe the natural course of disease development, to identify 
patho-biological associations, or to discover the effects of specific ex-
posures, by comparing the ‘spontaneous’ characteristics of those who 
develop a certain outcome (cases) versus those who don’t (controls). 

In contrast, observational studies may be highly misleading and are 
therefore contraindicated to conclude on the consequences of medical 
interventions. Indeed, any human intervention carries a significant risk 
of (likely appropriate) selection bias. In medical practice, for instance, 
proton pump inhibitors (PPIs) versus none are given preferentially to 
comorbid patients, and vitamin K antagonists versus direct oral 

anticoagulants (DOACs) are given preferentially to patients with 
advanced renal impairment. Concluding from these behaviours that PPIs 
cause disease or that warfarin causes renal impairment would be 
reversing the direction of causality. While observational studies and 
registries may increasingly become complementary to randomised 
controlled trials to assess effectiveness and safety of certain in-
terventions in the real world setting, referring to observational studies 
for the comparison of different treatments can often lead to unreliable 
conclusions, even after attempts to reduce the impact of treatment- 
selection bias through propensity-score matching [9]. This was the 
case of many observational studies that indirectly ‘compared’ different 
DOACs and warfarin in patients with atrial fibrillation, producing con-
flicting, inconclusive results [10,11]. Other examples illustrating the 
risks of inferring any ‘effects’ of human intervention from observational 
studies, particularly retrospective ones, include the early observation 
suggesting that nurses taking hormone replacement therapy (HRT) fared 
better than those who did not. Use of HRT likely identified women who 
were more attentive to their health than those not taking HRT, a dif-
ference that may well explain the lower occurrence of cardiovascular 
events among users, despite subsequent randomised controlled trials 
showing adverse effects of HRT on stroke and venous thromboembolism 
[12]. In patients taking clopidogrel, early observations reported that PPI 
use was linked to adverse cardiovascular events compared to non-PPI 
use, suggesting adverse clopidogrel-PPI interaction [13]. However, pa-
tients on PPI were at higher bleeding risk and likely more comorbid than 
those non-PPI users, and this may well explain the apparent unfav-
ourable clopidogrel-PPI association, which was not supported by sub-
sequent randomised data [14]. 

Out of 3802 studies on COVID-19 that have been registered on 
ClinicalTrial.gov as of October 17, 2020, 1600 (42 %) are observational. 
A large number of them are assessing the ‘effects’ of different thera-
peutic strategies for patients affected by COVID-19. Clinicians should be 
very careful in interpreting the reported findings and in drawing con-
clusions from them. 

2.2. Interventional 

These studies are best suited to compare the effects of treatment A 
versus treatment B, C, D, etc. They should be large, simple, randomised, 
meaningful and, if necessary, adaptive [15]. 

For COVID-19, any proposed treatment that is not specific but is 
repurposed cannot be expected to provide miraculous results, but rather 
small to moderate favourable effects. To reliably demonstrate a mod-
erate benefit, several thousand patients are needed. Even small or 
moderate relative reductions of deaths will produce an enormous impact 
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on the absolute number of survivors from a COVID-19 infection. Large 
numbers are needed to evaluate the effects of a treatment in subgroups, 
stratified by age, sex, comorbidities, severity of the disease, etc. [5]. 
COVID-19 is a global problem. Different healthcare systems and 
socio-economic conditions have an impact on the outcomes of affected 
patients. These differences can only be revealed by a large, global trial. 

With COVID-19, every country has had to enact a form of emergency- 
disaster medicine. Hospitals have had to change their organisation and 
structure. Under these circumstances, it is not always possible to follow 
the usual interpretation of Good Clinical Practice-International Confer-
ence on Harmonisation rules. We need to maintain the basic principles 
that safeguard the rights and safety of patients and the scientific integ-
rity of the study, while putting aside obsessive details. Simplicity is the 
keyword, and streamlined trials are the appropriate tool. The partici-
pation in a streamlined trial should consist of no more than a brief web 
connection to randomise the patient and to receive the treatment arm. 
Forget paper documentation with endless forms to complete. Just web 
inclusion of a small number of relevant variables. The primary and 
secondary endpoints need to be easy to detect and indisputable, such as 
hospital mortality or need of mechanical ventilation at hospital 
discharge. In practice, no more than 10–15 min of activity per patient to 
adequately complete the study. 

Randomisation is necessary to avoid bias when interpretating the 
results and to avoid fuelling overenthusiastic expectations. A recent 
NEJM article comprehensively discusses why it is essential to trust 
randomisation when a benefit/safety profile of a treatment is under 
investigation [3]. 

Finally, why adaptive? The dramatic COVID-19 pandemic is 
incompatible with the usual approaches to drug trial conduction. Sci-
entists and physicians are urged to find out immediate ways to control 
the aggressive speediness of the infection. Thus, several forced condi-
tions must be considered. First, trials must go straight to efficacy, based 
on hard endpoints such as all-cause mortality while trying to ensure 
reasonable safety, and the treatments should be universally applicable. 
Second, the time required to get results must be as short as possible. 
Third, the trial design and management should be flexible enough to 
give the trial’s leading committee the chance to identify the most 
favourable treatment among different non-specific pharmacological 
hypotheses. The above conditions are extremely challenging. No one can 
be sure of testing the right drug at the first attempt, in terms of clinically 
significant effect and universal applicability, so it is reasonable to test 
several drugs in parallel. No one can be sure about optimal treatment 
doses and duration to get a permanent effect, so it might be wise to have 
more than one arm testing different doses and lengths of treatment. 
Nobody can exclude the testing of ineffective drugs against an infectious 
agent fully unknown until a few months ago, so interim analyses should 
closely monitor the study to capture early signals of activity or non- 
activity or safety concerns, in order to make appropriate decisions. 
Briefly, the actions, usually pre-planned, in an adaptive design, should 
be [16]: 1) refining the sample size, 2) abandoning treatments and 
replacing them with others, 3) changing doses and treatment schemes, 
4) changing the patients’ allocation ratio to trial arms, 5) identifying 
patients most likely to benefit and focusing recruitment efforts on them, 
and 6) stopping the whole trial at an early stage for clear evidence of 
benefit, harm, or lack of efficacy. 

2.3. Looking backwards or forward 

Looking back (retrospectively) at existing data means, most likely, 
that the data were not gathered for that particular analysis. Therefore 
the data may be untrustable because of missing data, different 
measuring scales and biases in collecting the data. Looking ahead 
(prospectively) can minimise the gaps, reduce the degree of heteroge-
neity and avoid some inevitable biases. COVID-19 examples showing 
how prospective data can refute earlier conclusions drawn from retro-
spective analyses include a prospective study of unselected hospitalised 

COVID-19 patients, in which measurements of established cardiovas-
cular markers did not provide prognostic information beyond that ob-
tained from basic respiratory, haemodynamic, temperature and level of 
consciousness measures [17]. Earlier retrospective series of hospitalised 
COVID-19 patients had suggested that biomarkers reflecting cardio-
vascular disease and inflammation were strongly associated with poor 
prognosis; however, retrospective studies carry significant risk of se-
lection bias, as the indication for measurements is at the discretion of the 
treating physician [17]. Prospective randomised trials were able to show 
lack of benefit and potential harm (by prolonging the QT interval) of 
hydroxychloroquine [18–20], whereas retrospective case series of hos-
pitalised COVID-19 patients had led to contradictory conclusions, sug-
gesting both benefit and harm [1]. 

2.4. Pathophysiological 

These studies don’t necessarily have to be large, as shown by revo-
lutionary medical discoveries, such as Mendel’s on recessive and 
dominant alleles or Koch’s on the infective aetiology of tuberculosis, 
initially based on limited numbers of observations. They should, how-
ever, not escape the rigour of being standardised, controlled, pre-
specified, reproducible internally and by others, registered, and possibly 
performed by ‘blinded’ operators. 

3. Proposals for improvements 

3.1. Urgent methodological re-education 

Several years ago an outstanding article [20] strongly recommended 
the conduction of large, simple, randomised trials when evidence-based 
data are needed to find effective treatments in clinical conditions of high 
epidemiological impact. Following the article’s recommendation, car-
diovascular research changed dramatically, providing in just a few years 
reliable results on an effective treatment for acute myocardial infarction 
that modified the management of this condition that, in those days, was 
burdened by a very high mortality [21,22]. Today, in the days of 
COVID-19, this lesson seems to be lost. An urgent methodological 
education/re-education is necessary. Academic institutions and public 
or private research organisations should promote initiatives to improve 
knowledge of methodological principles to conduct correct scientific 
research, remembering that only scientifically valid research can be 
considered ethical. 

3.2. Registry-based randomised clinical trials for therapeutic interventions 

The dispersion of resources caused by the conduct of studies with 
insufficient statistical power and therefore at high risk of being incon-
clusive could profitably be channelled into the planning of clinical 
studies of adequate size with sufficient statistical power to produce 
reliable results. Recent approaches to conducting clinical trials, 
although obviously acceptable, are very expensive, complex, time 
consuming and, in some cases, with strong representativeness limita-
tions. A possible solution is the registry-based randomised clinical trial. 
By including a randomisation module in a large inclusive clinical reg-
istry with unselected consecutive enrolment, the advantages of a pro-
spective randomised trial can be combined with the strengths of a large- 
scale all-comers’ clinical registry. This approach could lead to a dra-
matic increase in the amount of definitive evidence about treatments 
and at a very reduced cost. Moreover, we might face an innovative 
ethical paradigm characterised by the expectation that participation in 
clinical trials is the norm rather than the exception. 

In conclusion, in these unprecedented difficult times, critical 
appraisal and renewed rigour of investigators, journal review bodies and 
regulatory authorities have never been more welcome. 

Editorial                                                                                                                                                                                                                                           



Pharmacological Research 164 (2021) 105381

3

Funding 

None. 

Author contribution 

All authors contributed equally to critical evaluation and to the 
whole content of the manuscript. 

Declaration of Competing Interest 

FA has received personal fees from Amgen, Bayer, BMS-Pfizer and 
Daiichi Sankyo outside the present work. CG has received personal fees 
from MSD, ViiV, Gilead and Janseen Cilag for services outside the pre-
sent work. GDP has received personal fees for lectures from Boheringer 
Ingelheim, Bayer, BMS-Pfizer and Daiichi Sankyo outside the present 
work. APM received personal fees from Bayer, Fresenius, Novartis for 
the participation in study committees outside the present work. 

References 

[1] G. Di Pasquale, A.P. Maggioni, C. Gervasoni, F. Andreotti, Trials and tribulations of 
coronavirus disease-2019 research: with a few bright lights in the fog, 
J. Cardiovasc. Med. (Hagerstown) 21 (2020) 841–844. 

[2] M.R. Mehra, S.S. Desai, S. Kuy, T.D. Henry, A.N. Patel, Retraction: cardiovascular 
disease, drug therapy, and mortality in Covid-19, N. Engl. J. Med. 382 (2020) 
2582, https://doi.org/10.1056/NEJMoa2007621. 

[3] R. Collins, L. Bowman, M. Landray, R. Peto, The magic of randomization versus the 
myth of real-world evidence, N. Engl. J. Med. 382 (2020) 674–678. 

[4] M. Galli, F. Andreotti, D. D’Amario, et al., Randomised trials and meta-analyses of 
double vs triple antithrombotic therapy for atrial fibrillation-ACS/PCI: A critical 
appraisal, Int. J. Cardiol. Heart Vasc. 28 (2020), 100524. 

[5] A.P. Maggioni, F. Andreotti, C. Gervasoni, G. Di Pasquale, COVID-19 trials in Italy: 
a call for simplicity, top standards and global pooling, Int. J. Cardiol. 318 (2020) 
160–164. 

[6] G. Di Pasquale, A.P. Maggioni, Studi clinici per la malattia COVID-19: navigando 
tra speranze e illusioni, in attesa di certezze, G. Ital. Cardiol. 21 (2020) 479–482. 

[7] W.B. Kannel, T.R. Dawber, A. Kagan, N. Revotskie, J. Stokes 3rd, Factors of risk in 
the development of coronary heart disease–six year follow-up experience. The 
Framingham Study, Ann. Intern. Med. 55 (1961) 33–50. 

[8] T.W. Meade, S. Mellows, M. Brozovic, et al., Haemostatic function and ischaemic 
heart disease: principal results of the Northwick Park Heart Study, Lancet 2 (1986) 
533–537. 

[9] P.C. Austin, A critical appraisal of propensity-score matching in the medical 
literature between 1996 and 2003, Stat. Med. 27 (2008) 2037–2049. 

[10] G.Y.H. Lip, A. Keshishian, S. Kamble, et al., Real-world comparison of major 
bleeding risk among non-valvular atrial fibrillation initiated on apixaban, dabi-
gatran, rivaroxaban, or warfarin. A propensity score matched analysis, Thromb. 
Haemost. 116 (2016) 975–986. 

[11] B.K. Martinez, N.A. Sood, T.J. Bunz, C.I. Coleman, Effectiveness and safety of 
apixaban, dabigatran, and rivaroxaban versus warfarin in frail patients with non-
valvular atrial fibrillation, J. Am. Heart Assoc. 7 (2018), e008643. 

[12] H.M. Boardmand, L. Hartley, A. Eisinga, et al., Hormone therapy for preventing 
cardiovascular disease in postmenopausal women, Cochrane Database Syst. Rev. 3 
(2015), CD002229. 

[13] P.M. Ho, T.M. Maddox, L. Wang, et al., Risk of adverse outcomes associated with 
concomitant use of clopidogrel and proton pump inhibitors following acute coro-
nary syndrome, JAMA 301 (2009) 937–944. 

[14] D.L. Bhatt, B.L. Cryer, C.F. Contant, COGENT Investigators, et al., Clopidogrel with 
or without omeprazole in coronary artery disease, N. Engl. J. Med. 363 (2010) 
1909–1917. 

[15] A. Maggioni, C. Rapezzi, L. Tavazzi, R. Ferrari, Key words to be adopted for COVID- 
19 research, Eur. Heart J. (2020), ehaa322, https://doi.org/10.1093/eurheartj/ 
ehaa322. 

[16] P. Pallmann, A.W. Bedding, B. Choodari-Oskooei, et al., Adaptive designs in clin-
ical trials: why use them, and how to run and report them, BMC Med. 16 (2018) 29. 

[17] T. Omland, C. Prebensen, R. Røysland, et al., Established cardiovascular bio-
markers provide limited prognostic information in unselected patients hospitalized 
with COVID-19, Circulation (2020), https://doi.org/10.1161/ 
CIRCULATIONAHA.120.050089. 

[18] P. Horby, M. Mafham, L. Linsell, RECOVERY Collaborative Group, et al., Effect of 
hydroxychloroquine in hospitalized patients with Covid-19, N. Engl. J. Med. 
(2020), https://doi.org/10.1056/NEJMoa2022926. 

[19] WHO Solidarity Trial Consortium, Repurposed Antiviral Drugs for Covid-19 - 
Interim WHO Solidarity Trial Results, N Engl J Med (2020), https://doi.org/ 
10.1056/NEJMoa2023184. 

[20] S. Yusuf, R. Collins, R. Peto, Why do we need some large, simple randomized trials? 
Stat. Med. 3 (1984) 409–422. 

[21] Gruppo Italiano per lo Studio della Streptochinasi nell’Infarto Miocardico (GISSI), 
Effectiveness of intravenous thrombolytic treatment in acute myocardial infarc-
tion, Lancet 1 (1986) 397–402. 

[22] ISIS-2 (Second International Study of Infarct Survival) Collaborative Group, 
Randomised trial of intravenous streptokinase, oral aspirin, both, or neither among 
17,187 cases of suspected acute myocardial infarction: ISIS-2, Lancet 2 (1988) 
349–360. 

Felicita Andreotti 
Fondazione Policlinico Universitario A. Gemelli IRCCS, Rome, Italy 

Cristina Gervasoni 
Department of Infectious Diseases, ASST Fatebenefratelli Sacco University 

Hospital, Milan, Italy 

Giuseppe Di Pasquale 
Local Health Authority, Bologna, Italy 

Aldo P. Maggioni* 
ANMCO Research Center, Florence, Italy 

* Corresponding author at: ANMCO Research Center, 50121, Firenze, 
Italy. 

E-mail addresses: maggioni@anmco.it, centrostudi@anmco.it (A.P. 
Maggioni). 

Editorial                                                                                                                                                                                                                                           

http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0005
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0005
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0005
https://doi.org/10.1056/NEJMoa2007621
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0015
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0015
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0020
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0020
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0020
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0025
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0025
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0025
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0030
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0030
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0035
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0035
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0035
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0040
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0040
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0040
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0045
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0045
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0050
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0050
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0050
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0050
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0055
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0055
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0055
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0060
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0060
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0060
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0065
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0065
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0065
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0070
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0070
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0070
https://doi.org/10.1093/eurheartj/ehaa322
https://doi.org/10.1093/eurheartj/ehaa322
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0080
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0080
https://doi.org/10.1161/CIRCULATIONAHA.120.050089
https://doi.org/10.1161/CIRCULATIONAHA.120.050089
https://doi.org/10.1056/NEJMoa2022926
https://doi.org/10.1056/NEJMoa2023184
https://doi.org/10.1056/NEJMoa2023184
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0100
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0100
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0105
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0105
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0105
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0110
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0110
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0110
http://refhub.elsevier.com/S1043-6618(20)31689-3/sbref0110
mailto:maggioni@anmco.it
mailto:centrostudi@anmco.it

