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Abstract

Background: The COVIH29 pandemic has severely a ected health systems and medical research worldwide but its
impact on the global publication dynamics and fo@VIB19 research has not been measured. We hypothesized
that the COVIR19 pandemic may have impacted the scienti ¢ production of G@VIBL9 research.

Methods: We conducted a comprehensive meta-research on studies (original articles, research letters and case
reports) published between 01/01/2019 and 01/01/2021 in 10 high-impact medical and infectious disease journals
(New England Journal of Medicine, Lancet, Journal of the American Medical Association, Nature Medicine,
Medical Journal, Annals of Internal Medicine, Lancet Global Health, Lancet Public Health, Lancet Infectious Disease
and Clinical Infectious Disease). For each publication, we recorded publication date, publication type, number of
authors, whether the publication was related to C&l@lQvhether the publication was based on a case series,
and the number of patients included in the study if the publication was based on a case report or a case serjes. We
estimated the publication dynamics with a locally estimated scatterplot smoothing method. A Natural Language Pro
cessing algorithm was designed to calculate the number of authors for each publication. We simulated the number of
non-COVIBL9 studies that could have been published during the pandemic by extrapolating the publication dynam-
ics of 2019 to 2020, and comparing the expected number to the observed number of studies.

Results: Among the 22,525 studies assessed, 6319 met the inclusion criteria, of which 1022 (16.2%) were related to
COVIEL9 research. A dramatic increase in the number of publications in general journals was observed from Febru-
ary to April 2020 from a weekly median number of publications of 4.0 (IQR: 2.8-5.5) to 19.5 (IQR: 42.84,8) (p
followed afterwards by a pattern of stability with a weekly median number of publications of 10.0 (IQR: 6.0-14.0) until
December 2020 (p 0.045 in comparison with April). Two prototypical editorial strategies were found: 1) journals

that maintained the volume of noBOVIBL9 publications while integrating COMI®research and thus increased
their overall scienti ¢ production, and 2) journals that decreased the volume G019 publications while
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integrating COVH29 publications. We estimated using simulation models that the COVID pandemic was associated
with a 18% decrease in the production of €@VIBLI research. We also found a signi cant change of the publica-
tion type in COVHD9 research as compared with n6@VIBL19 research illustrated by a decrease in the number

of original articles, (47.9% in COMDublications vs 71.3% in n6@VIBLY publications, p&001). Last, COVID

19 publications showed a higher number of authors, especially for case reports with a median of 9.0 authors (IQR:
6.0-13.0) in COVID publications, compared to a median of 4.0 authors (IQR: 3.0-6.0r@\ABM9 publications
(p<0.001).

Conclusion: In this meta-research gathering publications from high-impact medical journals, we have shown that
the dramatic rise in COVID publications was accompanied by a substantial decrease &f®\gBL9 research.

Meta-research registration: https://osf.io/9vtzp/.
Keywords: COVIBL9, Meta-research, Publications, High-impact journals

Background medical research [23], increasing academic and career
With a total of 3,541,881 deaths among 170,360,315-conpressure, increasingly limited funding and the rising
rmed cases [1] as of May 31st, 2021, the coronavirushumber of collaborations [23]. However, the impact
disease 2019 (COVID-19) pandemic has placed a straif a pandemic on the number of authors has not been
on health systems worldwide. According to the Organi investigated.

zation for Economic Co-operation and Development, We made the hypothesis that a worldwide pandemic
an estimated 7 billion dollars, dedicated to COVID-19 such as COVID-19 may impact the medical research and
research, were unlocked worldwide in the rst 9 months in particular non COVID-19 scienti ¢ production [15].

of 2020 [2]. Linked to that, major collaborative e orts  erefore, to address these questions, we conducted a
have been launched to urgently address COVID-19meta-research to comprehensively investigate the e ects
related medical issues [3], sometimes at the expense of of the COVID-19 pandemic on the medical research pub
non-COVID-19 research [5]. Some medical elds have lication dynamics and the impact of COVID-19 research
experienced a decrease in funding allocation and pubon non-COVID-19 research.

lications [6], which had potentially a ected patient care

outside of COVID-19. For instance, the pandemic hasMethods

seriously impacted cancer patients with treatment delaysSearch strategy

and reduced access to healthcare [7]. Similarly, it has hatlVe followed the Preferred Reporting Items for System
detrimental e ects on organ allocation and transplanta atic Reviews and Meta-Analyses (PRISMA) statement to
tion worldwide [8], with a signi cant reduction in the design and report our meta-research, where applicable
number of transplanted organs per day, with disastrous(see protocol). A literature search of PubMed was per
consequences for patients whose lives depend on gettinfprmed between January 1st 2019 and January 1st 2021,
transplanted. for articles published in medical, broad journals and jeur

Overall, there has been a substantial redistributionnals specializing in infectious disease and public health
of resources which has signi cantly impacted the non- with an impact factor greater than 8. It hence included
COVID-19 medical research worldwide [9], including the ten following journals: New England Journal of Medi
clinical trials [10,11]. In addition, leading scientists have cine, Lancet, Journal of the American Medical Associa
voiced concerns about science expediency [12] and thdion, Nature Medicine, British Medical Journal, Annals of
lowering of scienti ¢ standards [13]14]. Together, these Internal Medicine, Lancet Global Health, Lancet Public
phenomena could have played a signi cant role on theHealth, Lancet Infectious Disease and Clinical Infectious
dynamics of publication and worldwide medical research. Disease.

Moreover, recent research has reported a rising num  Two researchers (VG, KL) independently implemented
ber of authors in COVID-19 publications [15], especially the search strategy and did the data extraction to ensure
in case reports [1617], which may also re ect a lower that the same references were identi ed. e references
ing in scienti ¢ standards [12,13]. In medical science, of the included medical articles and relevant reviews
there has been a constant rise in the number of authorsvere scanned for potentially relevant medical articles
since the 1950s [18]. is phenomenon has been high that may have been missed in the literature search. We
lighted in numerous medical specialties [19-21] and mayalso requested potentially eligible medical articles from
be the aggregate consequence of multiple forces, suchontent experts. e search strategy is presented in the
as the growing complexity [22] and interdisciplinarity of supplementary methods with the study protocol, which
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has been retrospectively registered, dittps://osf.io/ Number of authors dynamics and impact on medical

9vtzp/. research
We aimed at estimating the overall trend of the num
Inclusion criteria ber of authors dynamics and the associations with the

We included all English-language publications with origi publications type. To do so, we used the LOESS method
nal data, comprising original articles, research lettersdescribed above. We represented the weekly-estimated,
(and corresponding synonyms) and case reports. Publicamedian number of authors for the number of authors
tions without original data (editorial, perspective, view dynamics. We further compared the di erence in the

point, narrative reviews, etc.) were excluded. median number of authors between COVID-19 and
non-COVID-19 publications, strati ed by publication
Screening and data extraction type, with the Wilcoxon test.

All references were screened according to the titles,

abstracts and full texts by 20 reviewers (MR, VG, KL,Simulation of the number of unpublished non-COVID-19

SA, QD, AT, RB, NS, AG, CD, ZD, MD, SN, EB, BR, ACstudies

JD, SY, ECG, FT). e following data from each article We aimed at estimating the number of non-COVID-19
were extracted: (1) basic information: journal, title, pub studies that could have been published during the pan
lication date, name of rst author, (2) publication type, demic period. First, using the LOESS method described
(3) number of authors (for consortia, we considered theabove, we extrapolated the publication dynamics
total number of authors), (4) whether the publication was observed from January 1st 2019 to the start of the pan
COVID-19 related or not, (5) whether the publication demic which was set on the 30th January 2020,- fol
was based on case series, (6) number of patients for cat®ving the o cial declaration of the World Health
reports and case series. Uncertainty in the categorizationOrganization [24]. Based on this trend, we then simu
was resolved through a weekly discussion with all mem lated the number of non-COVID-19 studies that could
bers. After the screening completion, three independ have been published, from 31st January 2020 to 31st
ent reviewers (MR, VG, KL) randomly checked 20% ofDecember 2020, if the pandemic had not occurred. We
the references for each reviewer - except theirs. If morethen subtracted the number of non-COVID-19 studies
than 3% of inconsistencies were observed for one givethat were actually published to obtain the nal, simu
reviewer, a re-evaluation with re-adjudication was con lated number of unpublished non-COVID-19 studies.

ducted for all the references of the reviewer. All analyses were performed with Endnote (Endnote
X9, omson Reuters), NoteExpress (Version 3.2, Bei

Data analysis jing Aegean Software Co., Ltd.,) and R (version 3.2.1, R

Publication dynamics Foundation for Statistical Computing) software. Data

We aimed at estimating the overall trend of the publica are available upon reasonable request.

tion dynamics and the associations with the publications

type and journals. To do so, we used a locally estimateqResults

scatterplot smoothing (LOESS) method using the smoothA total of 22,525 references were identied in the
function in R. We represented the weekly number of top ten medical journals, of which 3663 (16.3%) were
publications over time, and we used the Wilcoxon testCOVID-19 related publications and 18,862 (83.7%)
to compare the weekly number of publications betweenwere non-COVID-19 related publications (Fidl). After

periods of time. removing duplicates and publications which did not
include original data (editorial, perspective, viewpoint,
Publication type and COVID-19 narrative reviews, etc.), 6319 publications with origi

We aimed at investigating the publication type in nal data remained for the nal analyses. One thousand
COVID-19 studies and non-COVID-19 studies, which twenty-two were related to COVID-19 (16.2%), and
are characterized by case report, research letter, originab297 (83.8%) were not.

article. e Chi? test was used to assess the di erence in

proportions of these publication types. Impact of the COVID-19 pandemic on the publication
dynamics
Calculation of the number of authors Overall publication dynamics

We aimed at investigating the number of authors and the|n the year 2020, COVID-19 publications accounted for

associations with the type of publications. A Natural Lan 1022 (25.9%) of the total number of publications while
guage Processing algorithm was speci cally designed to
calculate the number of authors for each publication.
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Publications identified with PubMed.
No publications were identified manually.

|

v v

3,663 18,862
2,641 COVID-19 related publications COVID-19 not related publications 13,565

Records excluded ) l [ ,  Records excluded
- Duplicates v - Duplicates
- Comments - Comments
- Opinion pieces - Opinion pieces
COVID-19 related COVID-19 not related
publications with data publications with data
- 490 original articles - 3,759 original articles
- 424 research letters - 800 research letters
- 108 case reports - 718 case reports

Fig. 1 Study owchart. The owchart depicts the review process and the inclusion/exclusion criteria. PubMed data source were used for|identifying
publications from the 10 high-impact medical journals included in the present study (New England Journal of Medicine, Lancet, Journal of the
American Medical Association, Nature Medicine, British Medical Journal, Annals of Internal Medicine, Lancet Infectious Disease, Lancet Global
Health, Lancet Public Health and Clinical Infectious Disease). We did not retrieve any additional publications with manual search

the non-COVID-19 ones accounted for 2930 publica Health journals signicantly decreased their produc
tions (74.1%). tion of non-COVID-19 studies after starting to publish

In the general journals (gathering NEJM, Lancet, COVID-19 studies: their median, weekly number of non-
JAMA, Nature Medicine, BMJ and Annals of Internal COVID-19 publications was of 19.0 (IQR 15.5-22.5),
Medicine), COVID-19 publications showed a signi cant and 15.0 (IQR 10.5-22.5) in 2019 and 2020 respectively
increase starting in January 30th 2020, from a mediar(p 0.002).
number of 4.0 (IQR: 2.8-5.5) publications in February to e NEJM, Annals of Internal Medicine and Lancet
19.5 (IQR: 15.8-24.8) in April 2020 (p <0.001) (F2\). Infectious Disease journals maintained their production
After this peak, COVID-19 publications displayed stabil of non-COVID-19 publications during the pandemic
ity with a weekly plateau of 10.0 (IQR: 6.0-14.0) publi while starting to publish COVID-19 studies: their
cations until December (p 0.045 in comparison with median, weekly number of non-COVID-19 publications
April). was of 15.0 (IQR 10.0-17.5), and 13.0 (IQR 10.0-17.0) in

Non-COVID-19 publications showed stability in 2019 2019 and 2020 respectively (p 0.467).
with a median number of 28.0 (IQR: 25.0-33.0) publica e Clinical Infectious Disease journal presented with
tions between January and December 2019. In contrasta distinct pattern, and increased its production of non-
when the pandemic started, a decrease was observe@OVID-19 publications in 2020, while starting to addi
and reached a median number of 22.0 (IQR: 20.5-23.3)ionally publish COVID-19 studies: its median, weekly
publications in June 2020 (p 0.074). After this decrease, number of non-COVID-19 publications was of 12.0 (IQR
non-COVID-19 publications showed a slight increase 10.5-13.5), and 28.5 (IQR 24.0-33.0) in 2019 and 2020
with a weekly number of 26.0 (IQR: 23.5-30.5) pubkca respectively (p <0.001).
tions until December 2020 (p 0.149 in comparison with

June). Simulation of the number of unpublished non-COVID-19
We present in the supplementary Fid.the publication studies
dynamics for all journals. Based on the publication dynamics in the time period
from January 1st 2019 to January 30th 2020, we extrapo
Publication dynamics per journal lated what the publication dynamics of non-COVID-19

As shown in Fig.2B, the Lancet, JAMA, BMJ, Nature studies could have been from February 1st 2020 to
Medicine, Lancet Global Health and Lancet Public December 31st 2020 (see methods), if the pandemic had
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not occurred (supplementary Fig2). We removed the (supplementary Fig3A). In original articles and research
studies published in the Clinical Infectious Disease jeur letters based on case series, the ratio was 0.5 (IQR:
nal, given its very speci c distribution that would bias the 0.2—2.0) and 0.7 (IQR: 0.2-3.2) for COVID-19 and non-
simulation. COVID-19 publications respectively (p0.057) (supple-
Based on the simulation, we estimated that 1632 non-mentary Fig. 3B).
COVID-19 studies could have been published without
the pandemic, in the nine selected journals, from Feb Discussion
ruary 1st 2020 to December 31st 2020. Since 1344 nonin this meta-research gathering 22,525 publications in
COVID-19 studies were published, this represents 28810 major medical journals between 2019 and 2020, 6319
unpublished non-COVID-19 studies, which thus corfre publications with original data (gathering original arti
sponds to an estimated decrease of 18% in the proeduccles, research letters and case reports) were identi ed
tion of non-COVID-19 research. after reviewing. is study revealed the e ects of the
COVID-19 pandemic on the publication dynamics and
the impact of COVID-19 research on non-COVID-19
research.
e exponential rise of COVID-19 publications began
February 2020, as the World Health Organization
clared COVID-19 as a global public health emer

Impact of the COVID-19 pandemic on the publication type
Among the 1022 COVID-19 publications, original arti
cles, research letters and case reports accounted for

490 (47.9%), 424 (41.5%) and 108 (10.6%) publicatio@e
respectively. Among the 5297 non-COVID-19 publica .
tions, original articles, research letters and case reportsgenc.y [24]. Only 4. months Iatgr, glmost half of publ!shed
accounted for 3779 (71.3%), 800 (15.1%) and 718 (13_6%5edlcal research in top medical journals was dedicated

publications respectively. (P 6001 for dierence) t? COVID'qu’ llustrating the commitment of edm?
(Fig. 3) rial leadership to promote research related to the virus

and provide time-sensitive data to scienti cally address
the problematics related to the pandemic [226]. As a
COVID-19 pandemic and author multiplicity consequence, based on our simulation, there was a 18%
e number of authors dynamics are presented in Figd.  decrease in the production of non-COVID-19 research,
For original articles, the median number of authors revealing to what extent the COVID-19 research has
was 15.0 (IQR: 10.0-24.0) and 13.0 (IQR: 8.0-19.0) fafleeply impacted the non-COVID-19 research, a phe
COVID-19 and non-COVID-19 publications respectively nomenon highlighted and criticized by many researchers
(p <0.001) (Fig5A). In research letters, the number of and key opinion leaders [6, 7, 9].
authors was 7.0 (IQR: 5.0-11.0) and 8.0 (IQR: 5.0-14.0) Overall, although most journals have created a specic
for COVID-19 and non-COVID-19 publications respec section dedicated to the COVID-19 research [228],
tively (p 0.086) (Fig. 5B). In case reports, the number of they responded di erently to the pandemic. Two main
authors was 9.0 (IQR: 6.0-12.0) and 4.0 (IQR: 3.0-6.0) fasditorial strategies were identi ed based on the publica
COVID-19 and non-COVID-19 publications respectively tion dynamics. First, we identi ed the journals that main
(p <0.001) (Fig5C). In original articles and research tet tained the production of non-COVID-19 research while
ters based on case series, the number of authors was 13#fcorporating COVID-19 research. In these journals,
(IQR: 7.0-20.0) and 14.0 (IQR: 8.0-20.0) for COVID-19as more published studies imply that editors worked on
and non-COVID-19 publications respectively (0.393)  more studies, it results that they probably dedicate, in
(Fig. 5D). average, less time to conduct the editorial review. ere
To consider the in uence that the number of patients fore, it is possible that the scienti c standards may have
in case report and case series may have on the number gleen, in some situations, considered with lower attention
authors, we calculated the ratio of the number of authorshecause of the need to provide timely scienti ¢ advances
to the number of patients in case report and case serieselated to the pandemic. Second, we identi ed the jour
In publications based on case report, the ratio was 6.thals that decreased the production of non-COVID-19
(IQR: 3.0-10.0) and 4.0 (IQR: 3.0-5.0) for COVID-19research while incorporating COVID-19 research, thus
and non-COVID-19 publications respectively (p <0.001) maintaining their overall production. In these journals,

(See gure on next page.)

Fig. 2 Weekly number of COVID and noncOVIBL9 publications with original data. These graphs show the publication dynamics in the journals
included, from January 1st 2019 to January 1st 2021. We present in Panel A the top six general journals (New England Journal of Medicine, Lancet,
Journal of American Medical Association, Nature Medicine, British Medical Journal, and Annals of Internal Medicine), given the distinct|distribution
in journals related to infectious diseases and public health. We present the distribution in all journals in supplementary Fig. 1. Panel B shows the
distribution in each journal. A. Overall. B. Per Journal
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Fig. 3 Publication type and COVID. This graph shows the distribution of the C@¥9lpublications and no@OVIBL9 publications, strati ed
per publication type (original articles, research letters, and case reqhitslesh was performed to assess the di erence between the
distributions. The distribution of the COXtEDpublications and no@OVIBL9 publications, strati ed per publication type in general journals is

presented in supplementary Fig. 4
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WHO declares COVID-19
a global public health emergency

Fig. 4 COVIBL9 publications and the number of authors dynamics. This graph shows the dynamics of number of authord hpBhd@ions
and nonCOVIBL9 publications, strati ed per publication type (original articles, research letters, case reports). The dynamics of number ¢

in COVIEL9 publications and no@OVIBL9 publications, strati ed per publication type, in general journals are presented in supplementary

f authors
Fig. 5
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Fig. 5 COVIBL9 publications and author multiplicity. This graph shows the number of authors irRI@@Wllications and no@OVIBL9
publications, strati ed per publication type (original articles, research letters, and case reports). The article based on case series comprised original
articles and research letters based on case series. A Wilcoxon test was performed to assess the di erence between the distributions. The number
of authors in COVAIR publications and no@OVIBL9 publications, strati ed per publication type, in general journals is presented in the
supplementary Fig. 6

the editors rejected more papers than usual [29], sup the will to provide researchers with the most up to date
porting adherence and commitment to high scienti ¢ information with, for instance, living systematic reviews
standards [13]. on COVID-19 research [35-37]. Overall, innovations and
e number of authors signi cantly diered between  discoveries have been brought and may help advancing
COVID-19 and non-COVID-19 studies in original arti medical research.
cles and case reports, which corroborates with a recent Although the worldwide population is progressively
study by Zdravkoric et al. that focused on the top three getting vaccinated, the COVID-19 pandemic still exerts
medical journals [15]. is dierence was especially a very harmful e ect on many countries [3&9]. In addi
noteworthy in case reports. Interestingly, when consider tion, the rise of many variants may challenge the e cacy
ing publications based on case series, there was ne sigf vaccines [4041] and delay the decrease in the number
ni cant di erence. of cases and deaths. Accordingly, the medical research
In addition, we showed a change in the publication beyond COVID-19 is likely to be impacted in the long
type, that was mainly driven by the high proportion run. As such, we urge researchers to help continuing
of research letters at the expense of original articles inthe evaluation on how health systems, medical research
COVID-19 publications, a phenomenon that has beenand resources are managed in pandemic time, as we
previously illustrated [15] and might re ects how will attempted to accomplish in the present study.
ingness to provoke immediate impact and provide novel
insights could possibly have a ected the quality of the Limitations

medical research worldwide [30]. Given the current Several limitations should be acknowledged. First
rapid change and adaptation in the medical research anqjue to the very high number of studies, the refer,

resources [1131], such results wpuld be of h‘Qh inter ences were not assessed by two independent review
est fpr health researchers, public health. ocials and ers. However, after the screening completion, three
pracfutlongrs who are fogused on controlling the pan reviewers randomly checked 20% of the references for
demic while also sustaining the pace of non-COVID-19 each reviewer, and a second screening was performed
research. , ) if more than 3% inconsistencies were observed. Sec
. Never'theless, these ndings should be mterpre.ted ond, for the same reason, we had to restrict the analy
n the light of the eprts made around CO\_/ID',lg’ N ses on the highly cited medical journals only. This may
particular the commitment around the estlmanon of have induced a selection bias, as the editorial strate
'COVID-19 cases and relgted dgaths vyorldmde [1], thegies might be different in lower-impact journals. How
|mplementat|on of massive, international collabo:rq ever high-impact journals likely reflect and drive the
tions [4], the fast-tracking process of COVID-19 medi trends in publications and are therefore relevant exam
cal research [32], the vaccine development [3B1], or ples to analyze the impact of the pandemic on medi

cal research. Third, we investigated the impact of the
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tion type, and the phenomenon of author multiplicity.
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