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ABSTRACT

Objectives Evaluate gender differences in authorship of
COVID-19 articles in high-impact medical journals compared
with other topics.

Design Cross-sectional review.

Data sources Medline database.

Eligibility criteria Articles published from 1 January to 31
December 2020 in the seven leading general medical journals
by impact factor. Article types included primary research,
reviews, editorials and commentaries.

Data extraction Key data elements were whether the study
topic was related to COVID-19 and names of the principal
and the senior authors. A hierarchical approach was used to
determine the likely gender of authors. Logistic regression
assessed the association of study characteristics, including
COVID-19 status, with authors’ likely gender; this was
quantified using adjusted ORs (aORs).

Results We included 2252 articles, of which 748 (33.2%)
were COVID-19-related and 1504 (66.8%) covered other
topics. A likely gender was determined for 2138 (94.9%)
principal authors and 1890 (83.9%) senior authors. Men
were significantly more likely to be both principal (1364 men;
63.8%) and senior (1332 men; 70.5%) authors. COVID-19-
related articles were not associated with the odds of men
being principal (aOR 0.99; 95%Cl 0.81 to 1.21; p=0.89)

or senior authors (aOR 0.96; 95%Cl 0.78 to 1.19; p=0.71)
relative to other topics. Articles with men as senior authors
were more likely to have men as principal authors (@OR
1.49; 95%Cl 1.21 to0 1.83; p<0.001). Men were more likely
to author articles reporting original research and those with
corresponding authors based outside the USA and Europe.
Conclusions Women were substantially under-represented
as authors among articles in leading medical journals; this was
not significantly different for COVID-19-related articles. Study
limitations include potential for misclassification bias due to
the name-based analysis. Results suggest that barriers to
women’s authorship in high-impact journals during COVID-19
are not significantly larger than barriers that preceded the
pandemic and that are likely to continue beyond it.
PROSPERO registration number CRD42020186702.

INTRODUCTION
The COVID-19 pandemic has created an
unprecedented global crisis, necessitating
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Strengths and limitations of this study
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» The study used a systematic approach to study
gender disparity in authorship of articles published
in medical journals with the highest impact factor
during the 2020 calendar year during which the
COVID-19 pandemic began.

» The study predominantly relied on a name-based
analysis, which may lead to misclassification of non-
binary authors and those with non-Western names.

» The study was limited to studying authorship of
high-impact medical journals and does not address
other aspects of academic productivity.

» The analysis does not account for a potentially low-
er proportion of female-to-male researchers in the
medical sciences.

the generation of new knowledge and novel
solutions to address the challenges it has
produced. The pandemic has also forced soci-
eties to adopt physical distancing measures
that include widespread work-from-home
policies' * and closure of schools and daycare
centres, leading to increased family caregiving
needs.” * This is more likely to have affected
women, since they traditionally shoulder a
disproportionate burden of household and
caregiving responsibilities.’

The need for solutions to the challenges
created by COVID-19 has resulted in valuable
academic opportunities within the medical
sciences. The short window to pivot towards
COVID-19 research, coupled with the barriers
experienced disproportionately by women,
has contributed to greater uptake of COVID-
19-related academic opportunities by men.*”™®
Preliminary analyses of American medical
publications suggest that female principal
authors’ publishing rates have dropped 19%
during the pandemic when compared with
the previous year.” High-impact publications
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are important measures of academic productivity and
hold implications for academic promotion, research
funding and other professional opportunities.'’™"* It has
been demonstrated that, in general, men are more likely
than women to publish in high-impact medical journals."*
It remains unclear if this disparity extends to the novel
realm of COVID-19-related publications.

Accordingly, we conducted a cross-sectional review of
articles published during the 2020 calendar year in high-
impact medical journals to study gender differences in
authorship of COVID-19 articles, with comparison to arti-
cles about other medical topics during the same period.
We hypothesised that COVID-19-related publications
were more likely to have men as principal and senior
authors (rather than women). We also hypothesised that
the gender-associated disparity in principal and senior
authorships would be more pronounced for COVID-19-
related articles compared with those about other medical
topics.

METHODS

We used the Clarivate 2019 Journal Citation Reports'’
to identify the seven general medical journals with
the highest impact factors: the New England Journal
of Medicine (NEJM), the Lancet, the Journal of the
American Medical Association (JAMA), Nature Medi-
cine, the BMJ, Annals of Internal Medicine and JAMA
Internal Medicine (Nature Reviews Disease Primers
was excluded since it predominantly publishes review
articles). We searched the Medline database for all
articles published in these journals between 1 January
2020 and 31 December 2020 using the PubMed plat-
form. These dates were chosen to cover the period
immediately before the institution of widespread
school closures and work-from-home policies, in addi-
tion to the months following these changes.'®™" We
included article types that reported primary research,
reviews, editorials and commentaries. Other article
types such as anecdotes, creative writing pieces and
news were excluded. The specific included/excluded
article types from each journal are provided in online
supplemental table 1. The following search strategy
was used:

((((((((“The New England journal of medicine”[-
Journal]) OR (“the lancet”[Journal]))

OR (“JAMA”[Journal])) OR (“British medical jour-
nal”[Journal])) OR (“Nature medicine”[Journal]))
OR (“Annals of internal medicine”[Journal])) OR
(“JAMA internal medicine”[Journal])) AND

((*2020/01/01”[Date - Publication]
“2020/12/31”[Date - Publication]))

The Covidence data extraction tool (https://www.
covidence.org/) was used to facilitate article selection
and data collection. The key data elements extracted
were whether the study topic was related to COVID-19

(or not) and the names of the principal author and
the senior author (where applicable). The first-listed
author was classified as the principal author, while the
last-listed author was classified as the senior author, as
authorship order in most medical journals correlates
with levels of contributions.'”” ' The Genderize tool
(https://genderize.io/) was used to determine the
likely gender of the author based on their first name,
using a 90% probability threshold to determine the
likely gender. This tool has been applied in multiple
studies examining gender differences in research
output.”* If the probability was <90%, the author’s
institutional website was reviewed to determine the
author’s likely gender. Since Chinese first names are
not gender-specific, reviewers fluent in the relevant
dialect used the Chinese-language version of institu-
tional website to determine the likely gender of the
author based on review of the name in Chinese char-
acters. If a likely gender could not be assigned after
this hierarchical approach, it was classified as ‘unde-
termined’. If a specific author was not provided (eg, a
research or editorial team was listed), then the author
gender was classified as ‘not provided’. Additional data
collected included the article type and the country
where the institution of the corresponding author was
based. For articles where the corresponding authors
listed multiple countries, the article was categorised as
an ‘international collaboration’.

Statistical analyses

The characteristics of included articles were summarised
using counts (with percentages). We determined the
proportion of likely women and men as principal and
senior authors. We categorised articles based on whether
the topic was related to COVID-19 or other medical
topics. Articles were also categorised as primary research
articles (original research or systematic reviews/meta-
analyses) or non-research articles (narrative reviews,
other reviews, editorials or commentaries). We used
logistic regression to study the univariable relationship
between COVID-19 study status (ie, COVID-19-related vs
other medical topics) and the likely gender of the prin-
cipal author (which served as the model outcome). The
analysis was repeated in separate models to study the
association of COVID-19 study status with senior author-
ship. We then studied the association between COVID-19
study status and the likely gender of principal and senior
author while adjusting for the location of the publishing
institution (the USA, Europe or others) and primary
research versus non-research articles. The likely gender
of the senior author was also included as a covariate in
the model analysing predictors of the likely gender of the
principal author.

We conducted a sensitivity analysis where we excluded
studies for which author’s likely gender could only be
determined by review of an institutional website that was
not published in English, given the greater potential for
misclassification bias. All analyses were conducted using
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SAS V.9.4 and were two-tailed, with the threshold for
statistical significance set at 0.05.

RESULTS

Included publications

We identified 2252 publications that met our inclusion
criteria (flow diagram provided in online supplemental
figure 1). Most publications reviewed (n=1194; 53.0%)
were original research or systematic reviews articles (see
online supplemental figure 2). A total of 30 (1.3%) publi-
cations were categorised as international collaborations.
The location of the corresponding author’s institution
could not be determined for 75 (3.3%) publications as
they were authored by teams without specifying an insti-
tution for the corresponding author. Of the remaining
2147 (95.3%) publications, the corresponding authors
were associated with institutions from the USA in 1160
(54.0%) publications, the UK in 360 (16.8%) publica-
tions and other European countries in 232 (10.8%) publi-
cations (see online supplemental figure 3). In total, there
were 748 (33.2%) COVID-19-related articles and 1504
(66.8%) articles that were not related to COVID-19 (see
online supplemental figure 2).

Likely genders of authors

Of the 2252 included publications, 104 (4.6%) attributed
authorship to a team, rather than an individual, while a
likely gender of the principal author could not be deter-
mined for 10 (0.4%) articles. Among the remaining
2138 (94.9%) articles where the likely gender of the
principal author could be determined, the proportion
of likely male principal authors (n=1364 articles; 63.8%)
was markedly higher than likely women (n=774; 36.2%).
There were 355 (15.8%) articles that were authored by a
single person, who we categorised as a principal author
(ie, no senior author). Of the 1897 publications that listed
a senior author, this was attributed to a team, rather than

an individual, in six (0.3%) articles, and the likely gender
of the senior author could not be determined for one
(0.05%) article. Among the remaining 1890 (99.6%) arti-
cles, the proportion of likely male senior authors (n=1332
articles; 70.5%) was more than twice that of likely women
(n=558;29.5%).

There were 685 publications related to COVID-19 for
which the likely gender of the principal author could
be determined (see figure 1). Within these articles, the
principal authors were likely men in 441 (64.3%) arti-
cles and likely women in 244 (35.6%) articles. For arti-
cles unrelated to COVID-19, the principal author’s likely
gender could be determined for 1453 articles. The prin-
cipal authors were likely men in 923 (63.5%) articles and
likely women in 530 (36.5%) articles. These results are
summarised in figure 1.

Shifting to senior authorship, the likely gender of the
senior author could be determined for 618 COVID-19-
related articles. Within these articles, the senior authors
were likely men in 431 (69.7%) articles and likely women
in 187 (30.3%) articles. There were 1272 articles unre-
lated to COVID-19 where the likely gender of the senior
author could be determined; they were likely men in 901
(70.8%) articles and likely women in 371 (29.2%) arti-
cles. These results are summarised in figure 2.

Predictors of likely author gender

Univariable logistic regression showed that there was no
significant association between the subject of an article
(COVID-19 or other medical topics) and the author’s
likely gender. The univariable OR thata COVID-19-related
publication was authored by a man (relative to articles on
other topics) was 0.99 (95% CI 0.81 to 1.21; p=0.90) for
principal authors and 0.95 (95% CI 0.77 to 1.17; p=0.62)
for senior authors. After multivariable regression, there
remained no association between COVID-19 status and
the likely gender of the principal author (see table 1) or

Likely Gender of Principal Authors Among Non-COVID-19 and
COVID-19 Publications
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Figure 2 Senior authors’ likely genders identified among non-COVID-19-related and COVID-19-related publications (submitted

as separate file).

senior author (see table 2). In contrast, the likely gender
of the senior author was significantly correlated with the
likely gender of the principal author. When the senior
author was likely a man, the adjusted OR for a likely male
principal authors was 1.49 (95% CI 1.21 to 1.83; p<0.001).

Among all publications reviewed (regardless of topic),
those published by corresponding authors based in the
USA were less likely to have men as principal authors
(adjusted OR 0.80;95% CI 0.65 to 1.00; p=0.046) or senior
authors (adjusted OR 0.79; 95% CI 0.63 to 1.00; p=0.046)
compared with those outside the USA or Europe (please
see table 1). Furthermore, articles reporting original
research or systematic reviews were significantly more
likely than non-research articles to have men as principal
authors (adjusted OR 1.27; 95% CI 1.05 to 1.54; p=0.02)
or senior authors (adjusted OR 1.55; 95% CI 1.27 to 1.90;
p<0.001).

Sensitivity analysis

The sensitivity analysis included 2216 articles where deter-
mination of likely author gender did not require review
of a non-English website. A likely gender could be deter-
mined for the principal author in 2108 articles, of whom
1342 (63.7%) were likely men. A likely gender could
be determined for the senior author in 1854 articles,

of whom 1303 (70.3%) were likely men. There was no
significant difference in the likelihood of authorship
by men based on the COVID-19 status of the study. The
univariable OR for the association of COVID-19 status
with likely principal authorship by men was 0.98 (95%
CI 0.80 to 1.20; p=0.86). After multivariable adjustment,
the OR was 0.99 (95% CI 0.81 to 1.21; p=0.91; see online
supplemental table 2). For the senior author position, the
corresponding univariable OR was 0.92 (95% CI 0.75 to
1.14; p=0.47), while the multivariable OR was 0.95 (95%
CI 0.76 to 1.18; p=0.62; see online supplemental table 3).

DISCUSSION

In this cross-sectional review, we observed that the propor-
tion of principal and senior authors who were likely men
greatly outnumbered that of likely women, both for
primary research and non-research articles. Contrary
to our hypothesis, we did not find a significant associa-
tion between the COVID-19 status of an article and the
likely gender of authors. On multivariable analysis, the
strongest predictor of a man being the primary author
was having a man as the senior author. Men were also
more likely to author articles reporting original research

Table 1 Summary of the results of multivariable logistic regression examining the association of study characteristics with the

odds that the principal author is a man

Parameter OR 95% CI P value
COVID-19-related article 0.99 0.81to 1.21 0.89
Man as senior author 1.49 1.21t01.83 <0.001
Original research or systematic review* 1.27 1.05 to 1.54 0.02
Corresponding author located in the USAT 0.80 0.65 to 1.00 0.046
Corresponding author located in Europet 1.02 0.76 to 1.38 0.88

*Relative to articles not reporting primary research.
TRelative to institutions not based in the USA or Europe.
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Table 2 Summary of the results of multivariable logistic regression examining the association of study characteristics with the

odds that the senior author is a man

Parameter OR 95% CI P value
COVID-19-related article 0.96 0.78 to 1.19 0.71
Original research or systematic review” 1.55 1.27 10 1.90 <0.001
Corresponding author located in the USAT 0.79 0.63 to 1.00 0.046
Corresponding author located in Europet 1.11 0.81to 1.52 0.52

*Relative to articles not reporting primary research.
TRelative to institutions not based in the USA or Europe.

and systematic reviews (vs non-research articles) and to
author articles with corresponding authors based outside
the USA and Europe.

Our data demonstrate persistent patterns where men
are substantially more likely to publish in high-impact
medical journals compared with women. A previous
analysis of publications from high-impact journals from
February 1994 to June 2014 reported that only 34% of arti-
cles had women as principal authors.'* After adjustment,
the proportion of women as principal authors increased
significantly from 27% in 1994 to 37% in 2014 (p<0.001)."
Our data move the conversation further by highlighting
that the disparity extends to the senior author position
and to the new field of COVID-19 research.

The COVID-19 pandemic and the associated lock-
downs have heightened pre-existing gender-based ineq-
uities in academia.” ** * This was partly mediated by
gender differences in household and family care respon-
sibilities, which are often predominantly shouldered by
women rather than men.” Furthermore, men may be
more likely to overvalue their abilities at clinical prac-
tice and research relative to women.”” > Such factors
may provide men with the time and confidence to pivot
their research towards a new track focused on COVID-19,
where very few people have prior experience. According
to a recent review of articles indexed in the Medline data-
base, women accounted for only a third of authors who
published COVID-19-related articles since the beginning
of the outbreak in January 2020.*° * Women were also
less likely to apply to funding competitions that were
launched to support COVID-19 research and less likely
to receive the allotted funding.7 8 Furthermore, an anal-
ysis of science, technology, engineering and mathematics
papers submitted to preprint servers concluded that
women submitted publications at reduced rates during
the COVID-19-associated lockdowns compared with prior
years.” Similarly, another analysis of preprint repositories
also observed a decrease in submissions by women, which
was particularly pronounced among principal authors.’

Prior studies on gender-based differences in academic
productivity did not specifically study COVID-19-related
publications relative to articles on other medical topics.
Despite the disproportionately negative impact of
COVID-19 on women in research, we observed that the
proportion of women as authors in high-impact journals

was not significantly different for COVID-19-related
articles compared with articles on other medical topics.
Similarly, analyses of ROl-equivalent applications to the
US National Institutes of Health between May 1 and
June 5 between 2017 and 2020 demonstrated a compa-
rable degree of underrepresentation of women among
principal applicants compared with prior years (25.7%
in 2020, compared with 24.6%-26.4% in 2017-2019).
An important finding is that women are significantly less
likely to be principal authors when men are the senior
author. This is congruent with literature within the
medical sciences, which demonstrates a gender associa-
tion between principal and senior authors.” *’ This holds
important implications for women at the early career
researcher stage and may contribute to their ‘leakage’
from the academic pipeline, wherein women are less
likely to climb institutional ranks and their ascent occurs
at a slower rate if it occurs." * *' ** Inequitable access to
effective mentorship has been cited as a contributing
factor to this pattern of women being filtered out as the
academic ranks rise.* ** 44

The major implication of this review is that the substan-
tial difficulty experienced by women as researchers
during the pandemic may not be markedly larger than the
barriers that they were already facing before COVID-19.
Rather, the pandemic has highlighted the omnipresent
social and structural factors that have contributed to ineq-
uitable opportunities for academic success for women."*
Itis important to recognise that these underlying factors
are long-term issues that preceded COVID-19 and are
likely to continue after the pandemic has passed. The
disparity in publication output that is independent of
COVID-19 has important long-term implications beyond
the pandemic since publication records continue to
be used as a primary measure of success in academia,
despite their limitations as a metric of academic
output.'” "' Women produce fewer academic publica-
tions than men and receive less citations per publication
produced.” 547 The disparities in publication records
may be compounded by the different approaches used
by researchers in presenting and promoting their
research. Women in the life sciences are less likely to use
language such as ‘novel’ or ‘excellent’ when describing
the significance of their research.” This trend is stron-
gest in high-impact journals where women are 21.4%
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less likely to present their work positively compared with
men and contributes, in part, to fewer citations than
men.* Thus, the discussion about the underlying dispar-
ities and the search for solutions needs to take a wider
lens that focuses on addressing long-lasting systemic and
structural disparities rather than focusing solely on tran-
sient COVID-19-related factors.

Limitations

A major limitation of the study is its reliance on name-
based analysis, which has the potential to exclude people
who identify as non-binary and misidentify other individ-
uals. We were cognizant of this issue and tried to maintain
transparency by referring to our classifications as ‘likely
male/men’ or ‘likely female/women’ throughout the
study. The author’s gender identity can evolve, and their
name, often assigned at birth corresponding to sex, may
not necessarily reflect the gender of the adult. Moreover,
the Genderize tool is limited in its ability to determine
gender associated with non-Western names due to data
and cultural considerations.”® Native-language speakers
have demonstrated success in identifying the gender
associated with these names, especially when in written
form.*® Another limitation is an implicit underlying
assumption that the work put into most articles unre-
lated to COVID-19 that were published in 2020 began
before the onset of the pandemic. Thus, the timelines of
our search may not be sufficient to paint a full picture
of the impact of COVID-19 on gender-related differences
in high-impact publications. We cannot wholly attribute
the observed sex disparity in authorship to the structural
and social factors discussed above. While women are simi-
larly represented in medical degrees or doctorates in the
life sciences,* ** as well as in residency and postdoctoral
training positions,” *' they remain under-represented in
faculty positions.24 i Thus, the disparity in female and
male principal and senior authors may be partly attributed
to the lower proportion of female-to-male researchers in

the medical sciences, particularly in higher-ranking posi-
tions, 1123 4144

CONCLUSION

Women were significantly less likely than men to be the
primary or senior authors in publications in the seven
general medical journals with the highest impact factor
between 1 January 2020 and 31 December 2020. The
underrepresentation of women was not significantly
different between COVID-19-related articles and those
on other medical topics. There was a significant positive
correlation between the likely gender of the principal
and senior author. This analysis highlights that efforts to
address gender disparities in academia need to focus on
addressing pre-existing structural inequities with long-
term lens rather than focusing exclusively on COVID-19-
specific barriers.
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