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The COVID-19 pandemic has seen research dis-
seminated at a rapid rate. As the novel coronavirus 
progressed from epidemic to global pandemic during 
the first few months of 2020, there remained a general 
void of useful information about SARS-CoV-2 and its 
pathology. To quickly disseminate needed information 
about the emerging virus, publishers were encour-
aged to forego traditional paywalls around virus 
research. Researchers were also encouraged to sub-
mit their data (complete or otherwise) to preprint serv-
ers like BioRxiv and MedRxiv, early-access platforms 
that make non-peer-reviewed articles freely available 
in the public domain.1

The response from the global scientific commu-
nity was unprecedented; in just under 2 years, over 
200,000 academic papers have been published about 
COVID-19 across both journals and preprint servers. 
Indeed, publication rates during the current pandemic 
are much higher than for previous emerging infectious 
diseases, such as SARS and MERS, and acceptance 
timeframes are shorter than normal.2–5 However, this 
results in a large and somewhat unwieldy body of 
research that is difficult to filter in terms of quality, and 
concerns have arisen that the absence of a formal 
review process for preprint manuscripts, in tandem with 
relaxed standards of peer review by editors and jour-
nals, has made an already saturated research land-
scape even harder to navigate by allowing research 
of low or questionable quality into the public domain. 
These concerns are not unfounded; since the begin-
ning of the pandemic, there have been numerous 
high-profile studies that attracted significant interest  
before being retracted.

Bibliometric analyses of COVID-19 studies pub-
lished early in the pandemic noted a high degree of bias 
in most articles. Many of these demonstrated poor meth-
odological rigor across common design elements like 
inclusion criteria and adherence to standard reporting 
frameworks.6 The relationship between COVID-19 and 
smoking is illustrative. In the early months of the COVID-
19 pandemic, many observational studies reported on 
the relationship between common risk factors such as 
diabetes, coronary artery disease (COPD), and coro-
nary artery disease (CAD), and COVID-19 hospitaliza-
tion. Results were generally as expected; factors such 
as COPD and obesity were associated with greater 
disease severity and worse outcomes. However, the 
association between smoking and disease outcomes 
was unexpected. Although former smokers were at an 
increased risk of hospitalization, in-hospital disease 
severity, and mortality compared to never smokers, 
current smokers were observed to have a lower risk 
of testing positive for COVID-19. Subsequent studies 
investigated the potential effect smoking/nicotine had 
in the pathogenesis of COVID-19 infection, with some 
suggesting mechanisms by which smoking could be 
protective, such as downregulation of ACE-2 receptors 
found in the lungs and used as an entry receptor for  
SARS-CoV-2.7 

Many studies have been published on this topic, 
including over 25 meta-analyses. One such analysis, 
published in Addiction in 2021, identified 233 pub-
lished articles or preprints that report on the associa-
tion of smoking and COVID-19.8 Of these studies, 186 
were rated by the authors as being poor in quality. Of 
the remaining studies, 46 were rated as fair in quality, 
and 1 study was rated to be of good quality. Relevant 
to this breakdown is the fact that over 160 of the cited 
articles in this meta-analysis were preprint articles on 
the medRxiv site and had not formally been accepted 
as peer-reviewed publications. Nevertheless, at the 
time of this writing, Google Scholar indicates that this 
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meta-analysis has been cited 164 times. Further, the 
review has been updated from version 7 (published 
in Addiction) to an online version 12, which identi-
fies 547 total studies with 9 being of “good” quality.8 
Lower-quality studies on smoking and COVID-19 
often failed to differentiate between current or former 
smoking status, determine pack-years of smokers, or 
control for comorbidities.9-13  Other noted study flaws 
and limitations included inappropriate extrapolation 
to the general population,9 lack of statistical signifi-
cance,14 potential differences in health preventive 
behaviors between smokers and non-smokers,15 fail-
ure to adjust for confounding variables,16 incomplete 
data, selection bias, and misclassification bias.13 

The publication of so many studies on this topic 
raises several issues. First, while the initially reported 
protective effect of smoking on COVID-19 is intriguing, 
the utility of a possible protective effect of smoking for 
COVID-19 is doubtful. Even if smokers hypothetically 
exhibited some type of protection from COVID-19, the 
increased risks of neoplastic pathologies and cardio-
vascular damage associated with smoking are such 
that no amount of cigarette use would be justified 
toward protection from COVID-19. While the exist-
ence of such a paradoxical protective effect would 
doubtless be intriguing, it is unlikely to change public 
health response to the pandemic.

Next, both the mass production and dissemination 
of a large amount of research during the pandemic 
speaks to the academic community’s ability to respond 
to a public health emergency. In this case, research-
ers helped dispel unusual and misleading conclu-
sions about smoking and COVID-19. Nevertheless, 
the utility of multiple, lower-quality studies should be 
questioned. While multiple studies can contribute to 
a larger body of knowledge that can be summarized 
in meta-analyses and reviews, multiple low-quality 
studies will not aggregate into high-quality data. 
Furthermore, a large body of information, particu-
larly conflicting data, may lead to so-called “informa-
tion overload”, in which overexposure to information 
can lead to negative outcomes.17,18 Misinformation 
may also negatively affect health-protective behav-
iors. For example, a survey in Hong Kong found that 
exposure to misinformation about smoking/alcohol  

consumption and COVID-19 resulted in increased 
rates of tobacco and alcohol consumption.19 Finally, 
a large body of lower quality studies risks the com-
munication of such research to the public, which may 
negatively impact public confidence in the scientific 
and medical community.20 Whereas the goal of open 
access publication is to make scientific information 
more accessible to all, the potential for both inten-
tional and unintentional misinterpretation increases 
substantially with the proliferation of studies without 
rigorous peer review.

While research is needed in public health crises, 
the urgency for information must be balanced with 
quality research and publication safeguards. Preprint 
servers and expedited review processes can help 
research dissemination while simultaneously circu-
lating lower-quality research. Despite the desire for 
rapid research and evaluation during an infectious 
disease pandemic, scientific methods and standards 
must remain rigorous, and findings must remain open 
to critique, even when this process takes longer than 
the urgency of the situation might dictate. Though 
there is no simple solution during extenuating circum-
stances such as public health crises, researchers and 
publishers should be aware of the potential negative 
impact lower quality research can have and recog-
nize that such work can be counterproductive toward 
the goal of scientific credibility. 
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