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ARTICLE INFO ABSTRACT

Handling Editor: Blair T. Johnson Rationale: The SARS-CoV2 pandemic led to drastic social restrictions globally. Early data suggest that women in
science have been more adversely affected by these lockdowns than men, with relatively fewer scientific articles

Keywords: authored by women. However, these observations test broad populations with many potential causes of disparity.

COVID-19

Australia presents a natural experimental condition where several states of similar demographics and disease

gzrsgii impact had differing approaches in their social isolation strategies. The state of Victoria experienced 280 days of
Productivity lockdowns from 2020 to 2021, whereas the comparable state of New South Wales experienced 107 days, most of
Publishing these in 2021, and other states even fewer restrictions.
R Objective and methods: To assess how the gender balance changed in Australian biomedical publishing with the
SARS-CoV2 lockdowns, we created a custom workflow to analyse PubMed data from more than 120,000 published articles
Women submitted in 2019-2021 from Australian authors.
Results: Broadly, Australian women have been incredibly resilient to the challenges faced by the lockdowns.
There was an increase in the number of published articles submitted in 2020 that was equally due to women as
men, including from Victoria. On the other hand, articles specifically addressing COVID-19 were significantly less
likely to be authored by women than those on other topics, a finding not likely due to particular gender
imbalance in virology or viral epidemiology, since publications on HIV followed similar patterns to previous
years. By 2021, this imbalance had reversed, with more COVID-19-related papers authored by women than men.
Conclusions: These data suggest women from Victoria were less able to rapidly transition to new research early in
the pandemic but had accommodated to the new conditions by 2021. This work indicates we need strategies to
support women in science as the pandemic continues and to continue to monitor the situation for its impact on
vulnerable groups.
1. Introduction some form of closure of businesses and schools in at least 186 countries
(Hale et al., 2021). The COVID-19 pandemic impact on workloads has
1.1. Study background been profound. For the scientific community these lockdowns impacted
access to laboratories and primary experimentation, necessitated rapid
The appearance of SARS-CoV2 in late 2019 and its subsequent world- transitioning to exclusive online undergraduate and higher degree
wide infection of the human population has meant drastic social re- (graduate) student research programs, and were compounded in some
sponses to the global healthcare emergency. These have included at least cases by the necessity to educate younger children who were no longer
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attending school (Myers et al., 2020; Krukowski et al., 2021). Evidence
from early in the pandemic has suggested women have been more
heavily impacted by many of these societal changes than men (Myers
et al., 2020). In assessment of journal articles published, as a surrogate
for productivity, Nguyen et al. showed women published fewer articles
in ophthalmology journals in 2020 relative to previous years (from 528
articles analyzed) (Nguyen et al., 2021). Ipe et al. particularly revealed a
detrimental impact on women first authors in transfusion medicine
publishing (Ipe et al., 2021). We have shown similar effects, again
highlighting a particular impact on first authors, in articles published in
the cross-disciplinary journal Brain Behavior and Immunity (with 265
articles analyzed) (Ribarovska et al., 2021). A more comprehensive
investigation by Squazzoni and colleagues has examined data from more
than 5 million authors submitting papers to Elsevier journals. These data
only cover submissions, not acceptances, but suggest that overall
manuscript submissions increased in 2020 relative to 2019 (by 30%) but
that this increase was significantly less substantial in women than in
men (Squazzoni et al., 2021). The impact on women’s productivity was
similar across the health and medicine, life sciences, physical sciences
and engineering, social sciences, and economics disciplines, but younger
women (less than 20 years after their first publication) were more
impacted than older. These data also demonstrate that women submit-
ted fewer COVID-19-related manuscripts than men did in the same time
frame (Squazzoni et al., 2021). Notably, faculty with younger children
(0-5 years) may have been more heavily impacted (Krukowski et al.,
2021).

These studies have provided valuable insight into the potential for a
women-specific impact on productivity during the COVID-19-related
lockdowns. However, many of these investigations have been limited
by their small scale, field specificity, and potentially their prematurity in
that most cover submissions rather than publications. The difficulty in
automating meta-data collection and gender assignment has meant that
most studies have been small-scale and focused on individual journals.
In addition, the protracted time frame involved in publishing a scientific
work (Balas and Boren, 2000; Wratschko, 2009, Grant, 2003) may mean
that the full impact of the COVID-19 lockdowns is still becoming evident
in scientists’ publication records. There is therefore a clear need to
generate enduring knowledge assets utilizing high-throughput data--
processing methodologies that can be continually built on into the future
so that we may understand the full impact of this and future global di-
sasters on the research community. Such data are essential for informing
scientific policy to ensure inroads made by women into achieving parity
with men are not reversed by external impacts such as this pandemic. As
we uncover here, such data may also reveal important sub-sectors of
resilience to such impacts, representing resources that can be better
exploited going forward. Such studies that have been published so far on
this topic have also been complicated by the vastly different impacts the
pandemic has had on different populations around the world, meaning it
is difficult to understand the primary causes of any impacts in each case.

Australia represents a uniquely well-positioned country from which
to directly examine the effects of the pandemic upon productivity in
scientific research. A key contributor to high-quality international-grade
research, Australia has a relatively manageable yearly publication
output making computational analyses highly feasible. Comprising six
states and two territories of separate jurisdictions and separate
pandemic-related health policies, Australia was largely free of the
medical impacts of the virus through 2020 and early ‘21 (relative to
other nations) (ABC_NEWS, 2021). Yet social responses to the pandemic
were significant in some states. The state of Victoria, for instance, saw
one of the world’s longest lockdowns in the early course of the
pandemic, with more than 150 days of schools-closure and
work-from-home restrictions in 2020 (and more than 280 days total to
the end of November 2021) (ABC_NEWS, 2021). In contrast, other states
of comparable size, including South Australia, Western Australia, and
Queensland, had few COVID-19 cases and no such dramatic lockdown
periods. This strategy protected Victoria from COVID-19-related deaths
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and infections in this early phase but also yielded a 20-30% increase in
mental health issues, with women being impacted more than men, a
pattern that has been seen with lockdown strategies in other countries
(Weitzer et al., 2021). Consequences of the COVID-19 pandemic on the
scientific research community that particularly impact women are
therefore likely to be readily detected by a comparison of the state of
Victoria with other Australian populations and these data are likely to be
highly relevant to women worldwide.

Here, we hypothesized that a women-predominant impact of the
pandemic-related lockdowns would be reflected in a downturn in the
numbers of scientific articles submitted and published by Australian
women across the 2020 and 2021 periods, an impact that would be
particularly evident in the state of Victoria. We aimed to test this by
building a custom workflow using the R programming language; a
strategy that can be continually updated into the future to provide
ongoing assessment of publication patterns.

1.2. Review of relevant literature

To first assess what current information was available on this topic,
we conducted a review of the available literature related to biomedical
science (Supplementary Tables 2-4). Broadly, 27 of the 38 relevant ar-
ticles we found identified a significant reduction in women’s produc-
tivity in 2020 relative to 2019 and/or in COVID-19-related articles
relative to all others, although not all measured parameters were
affected. Nine articles identified no or minimal changes (Jordan and
Carlezon, 2021; Cook et al., 2021; Quak et al., 2021; Williams et al.,
2021; Bittante et al., 2020; Mah et al., 2022; Mannix et al., 2022; Mar-
escotti et al., 2022; Ryskina et al., 2022) and one of the articles identified
a significant increase in publications by women in 2020 (DeFilippis
et al., 2021). Together these works suggest the pandemic has adversely
affected women’s productivity but that the nuances of such effects are
varied.

The 5 million-author study on submissions by Squazzoni and col-
leagues revealed an increase in manuscript submissions in 2020 relative
to 2019 that was more robust in men than women and that manuscripts
reporting COVID-19-related work were similarly affected (Squazzoni
et al., 2021). In smaller studies of submitted articles, others have re-
ported either a 4-7% decrease in authorships by women (Kibbe, 2020), a
decrease in last author publications by women (Ayyala and Trout,
2021), or no gender-related differences in submissions (Jordan and
Carlezon, 2021).

The other large-scale studies on this topic are those assessing gender
balance in the registration of pre-prints (Supplementary Table 3). We
found six of these, each assessing tens of thousands of articles. These
studies agree that overall submissions increased in 2020 relative to 2019
(Wehner et al., 2020; Viglione, 2020; Vincent-Lamarre et al., 2020;
Muric et al., 2021; Ucar et al., 2022), with several reporting smaller
increases in submissions by women than by men in various databases
(Viglione, 2020; Vincent-Lamarre et al., 2020; Muric et al., 2021; Ucar
et al., 2022; King and Frederickson, 2021). Notably, Wehner showed a
statistically significant increase over time in the gender gap between
corresponding authors in medRxiv (from 23% in January 2020 to 55% in
April 2020) but not in bioRxiv (from 46% in January 2020 to 47% in
April 2020) (Wehner et al., 2020) findings supported by (King and
Frederickson, 2021).

Studies of fully peer-reviewed accepted and published articles have,
to date, been smaller and restricted to specific journals or groups of
journals within a particular field. Five of these articles purporting to
investigate gender discrepancies in publishing within the pandemic
offer no year comparator to relate their data specifically to this time
frame (Bittante et al., 2020; Vasti et al., 2021; Pinho-Gomes et al., 2020;
Misra et al., 2021; Mazzalai et al., 2022). These articles do reinforce the
understanding that women publish fewer papers than men across
medical research but allow limited interpretation of the impact of
COVID-19.
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DeFilippis and colleagues were the only group to identify an increase
in the productivity of women relative to men; this in cardiology journals
with a study of around 1600 articles. However, they do record that
women published less COVID-19-related work than men within the time
frame of the study (DeFilippis et al., 2021). Cook et al. found no dif-
ferences in the gender of first authors in obstetrics journals during the
pandemic relative to before it, with a data set of 655 articles (Cook et al.,
2021). Likewise, various reports have shown no gendered impact in
medical imaging journals, gynaecologic oncology, emergency medicine,
and other related fields (Quak et al., 2021; Mah et al., 2022; Mannix
et al., 2022; Ryskina et al., 2022). Two others have reported no differ-
ences in the proportions for accepted papers despite fewer articles
submitted by women (Williams et al., 2021; Marescotti et al., 2022). On
the other hand, four articles have shown strong notable impacts of the
pandemic on women’s productivity in terms of final publication.
Nguyen et al. found that women published fewer articles in ophthal-
mology journals in 2020 relative to previous years (528 articles
analyzed) (Nguyen et al., 2021). Ipe et al. particularly revealed a
detrimental impact on first authors that was not seen for senior authors
in transfusion medicine publishing (Ipe et al., 2021) and we showed
similar effects, again highlighting a particular impact on first authors, in
articles published in Brain Behavior and Immunity (265 articles) (Rib-
arovska et al., 2021). Recently, a large scale study of over 400,000 ar-
ticles has shown an increase in the publishing gender gap by 7% from
2019 to 2020 with a particular effect on early and mid-career women,
those in biology and clinical medicine, and those who were initially
highly productive (Madsen et al., 2022).

Finally, a consideration that has been explored in the existing liter-
ature is the contribution of women to publications related to COVID-19.
These data are interesting from an immediacy point of view since they
eliminate the need for considerations of the years a primary data
fundamental science manuscript can take from inception to publication.
Four articles have exclusively and directly addressed the question of
whether women are publishing fewer COVID-19-related articles. The
most comprehensive of these is by Lerchenmuller and colleagues
comparing 42,898 publications on COVID-19 to 483,232 publications on
all topics in the same journals the year prior (Lerchenmuller et al.,
2021). These authors conclude that the “gap” (the percentage of articles
on which men versus women were first authors) widened by 14 per-
centage points during the COVID-19 pandemic. Andersen et al. came to a
similar conclusion with a database of 101,212 articles (Andersen et al.,
2020). Similarly, Gayet-Ageron et al. (63,259 articles) show that women
are under-represented in COVID-19 research (Gayet-Ageron et al.,
2021). With an assessment of 332,458 articles about COVID-19 or
related coronaviruses, Liu et al. conclude that women had a smaller
increase in first authorship than men in 2019-2020, mixed-gender
collaboration was reduced, and articles authored by women were
cited less often than expected based on pre-pandemic citation rates.
Encouragingly, they found pre-pandemic publishing and citation levels
were restored by September 2020 (Liu et al., 2022). Brown et al. (980
articles) show no association between COVID-19 status and having at
least one woman first author overall, except that COVID-19-related
publications by women were less likely to be invited works (Brown
et al., 2021) and Gabster et al.’s work reflected this with fewer women
publishing commentaries on COVID-19 in the Lancet from January to
May 2020 than published commentaries in 2018 (Gabster et al., 2020).

With this mixed and early evidence in mind, we compared data
across the major Australian states as a test-case for a large-scale, cross-
disciplinary assessment of the impact of the pandemic on scientific
publications. In particular, we assessed the impact of the pandemic on
publications from Victoria, a state that experienced particularly heavy
lockdown restrictions, relative to other states that did not.
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2. Methods
2.1. Original data collection and cleaning

Publishing data were downloaded from PubMed using the R pro-
gramming language (2022) and the packages RISmed (2021) and
easyPubMed (2019) on September 17, 2021 (updated July 15, 2022).
We employed the search terms (Australia [Affiliation] AND ((”2019”
[Date - Publication]: “3000” [Date - Publication])) to capture all pub-
lications associated to Australian authors from 2019, 2020, and 2021;
the end date “3000” [Date - Publication] ensured we collected articles
published beyond 2020 and 2021 that were submitted to a journal in
these years. The data were then reduced to first author, last author, or
single author to capture seniority in academia. Single authors were
allocated last author status since the gender balance of single authors
(33% women) closely resembled that of last authors (38% women)
rather than first authors (51% women) across 2019 and 2020. Total
authors refers only to first + last. Middle authors were not considered.
To focus on Australian authors, the country associated to the author was
extracted from the address data; the search term Australia [Affiliation]
finds articles where any author is affiliated to Australia. 18.3% of first
and last authors were from other countries. An author was deemed
working from Australia if we could extract the country, Australian state,
Australian city, or Australian research institute from the given address.
A binary gender-assignment (either woman or man) was then applied to
authors’ first names using the gender package in R (2020). Any unas-
signed authors names were analyzed using the Genderize API to attempt
gender-assignment. The earliest date associated to the paper of those
downloaded was used as an estimate of submission date; only papers
submitted (and then published) from 2019 and beyond were considered.
A specific submission date was indicated for 68.6% of the articles. Pa-
pers were defined as being about COVID-19 if the title or keywords of
the paper contained either “COVID-19” or “SARS-CoV2”. Data from
Australian Capital Territory, Northern Territory, South Australia, Tas-
mania, and Western Australia were pooled into a category labelled
“Other States” due to their smaller individual populations. The data are
available on GitHub.

2.2. Analysis

The data were analyzed using two-sample proportion Z-tests and -
square tests of association. Two-sample proportion Z-tests were used to
test for differences in the proportion of total research output contributed
by women authors publishing about COVID-19 in 2020 and to test for an
ongoing effect between 2020 and 2021. Chi-square tests of association
were used to test for differences between the total research output
contributed by women authors publishing between 2019 and 2021, and
used to test whether there was a gender bias in total research output
across states in Australia during the lockdown period (March 2020 until
December 2020). All p values were then adjusted using false discovery
rate adjustments (Benjamini et al., 2001) and deemed significant if they
fell below 0.05. Two of the variables analyzed had missing data. In total,
we failed to extract the state of 1% (n = 1913) of authors from the given
address, and the gender of 6.1% (n = 11,924) of authors (6.4% in 2019,
5.9% in 2020 and 6.0% in 2021). We did not impute the missing data to
avoid circular arguments in our analyses and inflated p-values as a
result.

3. Results

3.1. The gender-specific impact of COVID-19 on publishing across
Australia

The download and cleaning process resulted in information about
213,225 authors from 121,799 papers submitted for publication be-
tween January 2019 and December 2021 and subsequently published
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and indexed on Pubmed. A gender was assigned to 85.7% of authors
using R and a further 8.2% we assigned using the Genderize API. Of the
authors with assigned gender, 44.8% were categorized as women. Only
authors with an assigned gender were considered, leaving 200,134 au-
thors in the analysis (Supplementary Table 1). Accuracy in gender
assignment with the R software package was established at 99% from a
sample of ~100 society registrants personally known to the authors.

The total included number of Australian authors of published papers
in 2019 was 56,383, 68,450 in 2020, and 58,336 in 2021. Of this, 24,928
(44.2%) of authors in 2019 were identified as women, 30,685 (44.8%) in
2020, and 26,437 (45.3%) in 2021 with a significant association be-
tween gender and publishing year (y? = 14.248, df = 2.0, p = 0.002;
Fig. 1, Table 1). This relationship was observed for last authors (> =
10.201, df = 2.0, p = 0.01), but not first authors (y?> = 5.952, df = 2.0, p
= 0.064). A post hoc analysis revealed this relationship is due to an in-
crease in the representation of women authors from 2019 to 2021
(Fig. 1, Table 1).

3.2. The gender-specific impact of COVID-19 on publishing by Australian
state

To test whether the COVID-19-related lockdowns acutely affected
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Table 1
The gender-specific impact of COVID-19 on publishing across Australia for
January 2019 to December 2021.

Author Gender P-values
Women Men Raw Adjusted
Year - All authors (FIRST + LAST)
2019 24,928 (44.2%) 31,455
2020 30,685 (44.8%) 37,765
2021 26,437 (45.3%) 31,899 0.0008 0.002
Year - First authors
2019 13,677 (51.1%) 13,074
2020 16,729 (51.6%) 15,707
2021 14,330 (52.2%) 13,138 0.051 0.064
Year - Last authors
2019 11,251 (38%) 18,381
2020 13,956 (38.8%) 22,058
2021 14,330 (39.2%) 13,138 0.0061 0.01

the research output of women authors within Australia, we focused our
attention between March 2020, when lockdowns were introduced to
varying degrees throughout Australia, through until December 2020. In
2020, Victoria experienced 150 days of lockdown (including schools’
closure), New South Wales had several weeks of restrictions but no
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Fig. 1. The gender-specific impact of COVID-19 on publishing across Australia. Although all authors and last authors were less likely to be women, the proportion of
women publishing increased from 2019 to 2021. There was an increase in the number of submitted manuscripts in 2020 relative to 2019 and 2021 that was similar
irrespective of author gender. There was little gender difference in the number of first author papers across each year. The inset bar graph shows the total number of

papers published in each year, in the ‘000s.
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schools’ closures, and Queensland experienced around 42 days of
lockdowns including schools’ closures during this time. We compared
the publication output between Victoria, New South Wales, Queensland,
and the rest of Australia (Other) to capture varying degrees of lockdown
severity.

A chi-square association test showed a significant difference in the
number of publications authored by women overall across the states (y?
= 22.348, df = 3.0, p = 0.00018; Fig. 2, Table 2). This was also seen in
first (y?> = 14.204, df = 3, p = 0.0053) and last authors (y?> = 10.158, df
= 3, p = 0.025). A post hoc investigation of these results revealed that
this difference was driven by a significant underrepresentation of
women authors in Queensland (43.7%) and the “Other” Australian states
(43.7%), rather than in Victoria (45.8%) or New South Wales (45.6%).
However, these results are not likely due to the COVID-19 lockdowns
since the same under-representation is seen in December of 2020 as in
March (and in 2019; Supplementary Table 5).

3.3. Gender-specific publication of COVID-19-related articles

Across 2020, 3368 Australian authors submitted and published ar-
ticles about COVID-19 and/or SARS-CoV2. 1388 of these authors
(41.2%) were women, suggesting women authors were publishing
significantly less COVID-19-related research than was typical for their
publishing in general (z = 4.33, p = 0.00075; Fig. 3, Table 3). This effect
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Table 2
The gender-specific impact of COVID-19 on publishing by Australian state for
March to December 2020.

Author Gender P-values
Women Men Raw Adjusted
Author state - All authors (FIRST + LAST)
NSW 8162 (45.6%) 9735
VIC 8339 (45.8%) 9886
QLD 4444 (43.7%) 5716
Other 5475 (43.7%) 7066 0.00006 0.00018
Author state - First authors
NSwW 4428 (52.1%) 4076
VvIC 4601 (53%) 4073
QLD 2411 (50.3%) 2382
Other 2990 (50.4%) 2937 0.0026 0.0053
Author state - Last authors
NSW 3734 (39.8%) 5659
VIC 3738 (39.1%) 5813
QLD 2033 (37.9%) 3334
OTHer 2485 (37.6%) 4129 0.017 0.025

NSW: New South Wales; QLD: Queensland; VIC: Victoria; Other = Australian
Capital Territory, Northern Territory, South Australia, Tasmania, Western
Australia.

All authors

Other

QLD

7004

women

500 4 Gender
—— men

NSW VIC
- M /\_/\-/‘\

A

Mar Jun Sep Dec Mar Jun  Sep

Dec Mar Jun Sep

Dec Mar Jun Sep Dec

First authors

Mar .JL'm Sép D'ec M'ar Jt]n Sép

D;ec M'ar .Jlim Sép

" NSW VIC QLD Other
& 5001

g

S 400 M /\,M

S 300

8

e M

3 2004,

D'ec M'ar JL'm S'ep Déc

Last authors

QLD

Other

4001
300 1

200 1

NSW VIC
600 |
oo, /M\ /\w/\'/\\

»/\/\/\M\f\

Mar JLIm Sép Déc Mlar Jtlm Sép

Dtlec M'ar Jle Sép

Dlec M'ar JLJn Sép Déc

Fig. 2. The gender-specific impact of COVID-19 on publishing by Australian state. There was no significant effect of the submission month on the difference in the

number of women authoring publications across the states in 2020.
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Fig. 3. Gender-specific publication of COVID-19-related articles. Women authors published significantly fewer COVID-19-related articles than was typical for
publishing in general in 2020. The inset bar graph shows the total number of papers published in 2020, in the ‘000s.

Table 3
Gender-specific publication of COVID-19-related articles for January to
December 2020.

Author GENDER P-values

Women Men Raw Adjusted
Research topic - All authors
non-COVID-19-related 29,297 (45%) 35,785
COVID-19-related 1388 (41.2%) 1980 0.000015 0.00075
Research topic - First authors
non-COVID-19-related 16,013 (51.9%) 14,864
COVID-19-related 716 (45.9%) 843 0.0000048 0.000048
Research topic - Last authors
non-COVID-19-related 13,284 (38.8%) 20,921
COVID-19-related 672 (37.1%) 1137 0.15 0.17

was seen more heavily in first-author women researchers with 45.9% of
first authors publishing COVID-19-related work being women relative to
51.9% of first authors of other work being women (z = 4.57, p =
0.000048).

To assess if this effect was likely to be reflective of a specific paucity
of women in virology or viral epidemiology, we also compared the
proportion of Australian women publishing in HIV research in 2020.
Unlike with COVID-19-related research, the proportion of women au-
thors of HIV-related publications in 2020 (46.8%) was not significantly
different (z = —1.10, p = 0.273) to that of women authors publishing in
other areas (44.4%).

3.4. Recovery in 2021

To investigate whether the impact of publication on COVID-19-

related articles is an issue of ongoing concern, we downloaded and
processed a new batch of data from PubMed on July 15, 2022, using the
same search terms. This search returned all articles published in 2021
(35,392 articles from 62,099 first and last authors). Investigating papers
relating to COVID-19, we found the proportion of women authors had
increased to 48% in 2021 (Fig. 4), suggestive of a recovery of publishing
by women in this field. In fact, these data suggest there has been an
increased number of women authors publishing on COVID-19 in 2021
when compared with all other research (45% women authors, z = 3.29,

| 2020 || 2021

20009

15001

10004

Number of Publications

500 4

women men women men

Fig. 4. Gender-specific publication of COVID-19-related articles in 2020 and
2021. Women authors published fewer COVID-19-related articles than was
typical for publishing in general in 2020, but this was normalized in 2021.
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p = 0.00101).

4. Discussion
4.1. Key findings

The COVID-19 pandemic has affected all facets of society with job
losses and mental illness, in addition to the obvious health implications
of contracting the virus itself. Our study presents a large-scale assess-
ment of already-published manuscripts as well as the evaluation of
different lockdown impacts on productivity to assess the effect of the
pandemic on women in Australian biomedical scientific research. Our
data demonstrate that in the very short-term, women in Australian sci-
ence have been largely resilient to the impacts of the pandemic. We
show no overall difference in the proportion of Australian publications
listed on PubMed that were authored by women between 2019, 2020
and 2021; no difference when these data were analyzed by authorship;
and no detrimental effect of being a resident of Victoria, which experi-
enced at least 150 days of lockdowns in 2020, 280 to the end of 2021.
We do reveal a concerning early impact of the lockdowns on the pro-
portion of women in Australia publishing articles specifically related to
the virus in 2020. This finding was not likely to be due to the relative
proportion of women in the fields of virology or epidemiology in this
country, since there was no such impact of studies of HIV in the same
year. These data suggest that the capacity of women to transition rapidly
to new work and new publications was compromised early in the
pandemic. Our data accord with other observations that women pub-
lished proportionally less COVID-19-related work than men in 2020 in
biomedical fields (Lerchenmuller et al., 2021; Andersen et al., 2020;
DeFilippis et al., 2021; Gayet-Ageron et al., 2021; Liu et al., 2022).
Encouragingly, though, this deficit in COVID-19-related publishing
seems to be normalizing as the pandemic continues.

Most importantly for the conclusions of our study is that our data
collection represents a relatively early stage in the publication process
following the initial impact of the pandemic, as does all of the studies on
this topic to date. A scientific study often takes many years from
inception to publication, and the translation of fundamental discoveries
into patents, drug development, and clinical trials takes even longer
(Morris et al., 2011). Although exceedingly difficult to calculate an
across-the-board mean for the time to fruition of a scientific project
(Morris et al., 2011), three teams have independently calculated the lag
to translation to practice to be around 17 years (Balas and Boren, 2000;
Wratschko, 2009, Grant, 2003). The mean delay from submission to
publication within a single journal (i.e. not considering multiple at-
tempts at different journals) is 100 days, and this takes place after a
study is largely completed (Powell, 2016). Thus, when working with a
time-frame of 5-10 years for an output, it would not be surprising if
pronounced and ongoing detrimental effects on women are real but are
not yet evidenced in the publication record, despite the apparent re-
covery into 2021. This idea is supported by the handful of studies that
have shown a larger increase in submissions by men than by women in
2020 (Squazzoni et al., 2021; Kibbe, 2020); a larger increase in preprint
submissions by men than by women (Viglione, 2020; Vincent-Lamarre
et al., 2020; Muric et al., 2021; Wehner et al., 2020); and, as we also
show here, a greater proportional contribution by men to
COVID-19-related papers published in 2020 than by women (Ler-
chenmuller et al., 2021; Andersen et al., 2020; DeFilippis et al., 2021).

4.2. Limitations

We acknowledge that our research should be interpreted with some
caveats. We are unfortunately unable to categorize authors by self-
declared gender, since this information is yet unavailable. Some jour-
nals have started collecting preferred gender and preferred pronouns,
which will be useful going forward, but it is unclear how this informa-
tion will be applied to a wider dataset (such as all of PubMed) or applied
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retrospectively. Our own small-scale test of the gender package in R
yielded around 99% accuracy in assignment of gender based on first
name, but it should be noted most of the names in this data set were
Anglo-Saxon. Names with an Asian derivation, for example, may be less
accurately assigned with this software. Nonetheless, previous study has
identified this software as performing at least as well if not better than
manual identification for large data sets (Rincon and Dominguez, 2021).
We also expanded our assignment process with additional software,
Genderize, which was able to assign an additional 8% of names. While
we are confident that small errors in gender allocation here are likely to
have minimal effect on our conclusions in that they would be likely to
apply equally across the years, this limitation does highlight the need for
further data collection in this area. Unquestionably, comprehensive
study of other minority or disadvantaged groups in science is also
needed, and appropriate opt-in data collection on these groups is an
essential step in this process.

Publication number is, of course, a fairly crude metric of the ultimate
contribution to science. Further study on publication quality is also
needed, as well as recognition of quality over quantity at the institu-
tional and grant funding levels when considering employment, pro-
motions and award winners. In this regard, it is interesting to note that
one of the few studies that has so far investigated both submissions and
publications during 2020 notes a disproportionate increase in sub-
missions by men, but not in articles that were ultimately published
(Williams et al., 2021). Again, timing may cloud this picture, but these
data may also reflect that women have been continuing to produce
high-quality work despite the COVID-19-related challenges.

4.3. Going forward

Clearly, we need more data on this issue going forward. Even the
absolute impacts of lockdowns are very difficult to estimate. There are
no published summaries with data on exactly how many days of lock-
down each state experienced, or how many days of schools and childcare
closures for each state and district. Even within the states some social
isolation rules were applied based on post-code and were not state-wide.
Some universities had extremely stringent lock-out policies and others
allowed researchers to return to laboratories because of the critical or
timely nature of their work. We can definitively report that Victoria
experienced 280 days of lockdown (including 111 days consecutively)
within the two years, New South Wales, 107, other states markedly
fewer, but detail beyond this needs to be formalised and reported
(ABC_NEWS, 2021). Likewise, supports and funding for women re-
searchers were not uniformly applied across institutions, so it is very
difficult to estimate their impact. This paucity of data highlights that we
need to continue to carefully examine the ongoing impact of the
COVID-19 pandemic and the social strategies associated with it with
expanded studies such as this one. At an individual level, we need to
support and promote our women colleagues, including promoting the
visibility of expert women scientists. As Ioannidis et al. demonstrate,
women are involved less often in media exposure, including around
COVID-19, despite frequently being equally if not more qualified
(loannidis et al., 2021). As a small example, an analysis of the reference
list for this article using the gender program in R tells us that 50.0% of
the gender-assignable authors we list here are women (12% unassign-
able). This higher than average proportion may be due to a predomi-
nance of women investigating and commenting on gender disparity, but
nonetheless this example illustrates that it is possible and relatively
simple for authors to ensure we are quoting an appropriate balance of
researchers in our publications and this strategy could be adopted as
preferred practice by journals.

Together our findings and those of previously published in-
vestigations suggest that women may have been disadvantaged in the
publishing arena by the pandemic-related social restrictions. In partic-
ular, we suggest a reduced capacity to transition rapidly to the imper-
ative work on understanding this SARS-CoV2. Precise reasons for this
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are not yet clear but are likely related to an increased burden of care-
giver responsibilities (Myers et al., 2020; Weitzer et al., 2021; Kru-
kowski et al., 2021; Blackburn, 2022). Our findings highlight the crucial
need for comprehensive data collection going forward, including
persistent identifiers across individuals and their project involvement,
so that we may understand the scale of the problem of gender inequity
and the ultimate value of any interventions. This work also needs to be
extended to fields outside the biomedical sciences, since a similar di-
versity of findings (from pronounced, to no impact) is being revealed in
fields as diverse as economics, ecology, and political science (Amano--
Patino et al., 2020; Dolan and Lawless, 2020; Fox and Meyer, 2021).

5. Conclusions

Our data demonstrate that in the very short-term, women in
Australian science have been largely resilient to the impacts of the
COVID-19 pandemic-related lockdowns. We report no impact of the
pandemic on the proportion of Australian publications listed on PubMed
that were authored by women, and no effect of being a resident of
heavily locked-down Victoria. However, with the present study we show
that the COVID-19 pandemic has significantly impacted the capacity of
Australian women biomedical scientists to publish work on COVID-19-
related research within the first year of the pandemic. This finding
does not seem to be directly related to the length of government-
imposed lockdowns, however. Further research in this area is essential
to pinpoint the scale of and reasons for disproportionate negative im-
pacts of the COVID-19 pandemic on women in this arena.

Credit author statement

Matthew Ryan: Conceptualization; Data curation; Formal analysis;
Investigation; Methodology; Validation; Visualization; Roles/Writing —
original draft; Writing — review & editing.Jonathan Tuke: Conceptuali-
zation; Data curation; Formal analysis; Funding acquisition; Investiga-
tion; Methodology; Software; Supervision; Validation; Writing — review
& editing.Mark Hutchinson: Conceptualization; Methodology; Project
administration; Writing — review & editing.Sarah Spencer: Conceptual-
ization; Data curation; Formal analysis; Funding acquisition; Investiga-
tion; Methodology; Project administration; Resources; Roles/Writing —
original draft; Writing — review & editing.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability
We have shared a link to the data in the Methods section
Acknowledgements

SJS’s research is supported by funding from a National Health and
Medical Research Council Career Development Fellowship II
(APP1128646), the Weary Dunlop Foundation, and the CASS Founda-
tion. MRH is supported by an Australian Research Council Future
Fellowship (FT180100565) and the Australian Research Council Centre
of Excellence for Nanoscale BioPhotonics (CE140100003). The funders
had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.socscimed.2023.115761.

Social Science & Medicine 320 (2023) 115761

References

ABC_NEWS. 2021. https://www.abc.net.au/news/2021-08-19/melbourne
-200-days-of-covid-lockdowns-victoria/100386078. ABC.net.

Amano-Patino, N., Faraglia, E., Giannitsarou, C., Hasna, Z., 2020. The Unequal Effects of
COVID-19 on Economists’ Research Productivity Cambridge-INET Working. Paper
WP2022.

Andersen, J.P., Nielsen, M.W., Simone, N.L., Lewiss, R.E., Jagsi, R., 2020. COVID-19
medical papers have fewer women first authors than expected. Elife 9.

Ayyala, R.S., Trout, A.T., 2021. Gender trends in authorship of Pediatric Radiology
publications and impact of the COVID-19 pandemic. Pediatr. Radiol. 52 (5),
868-873.

Balas, E.A., Boren, S.A., 2000. Managing clinical knowledge for health care
improvement. Yearb Med Inform 65-70.

Benjamini, Y., Drai, D., Elmer, G., Kafkafi, N., Golani, L., 2001. Controlling the false
discovery rate in behavior genetics research. Behav. Brain Res. 125, 279-284.

Bittante, C., Beatrice, G., Carletti, L., Mantovani, A., 2020. Gender disparity in
authorships of manuscripts on the COVID-19 outbreak. Z Gesundh Wiss 1-2.

Blackburn, H., 2022. The Status of Women in Science in the United States during the
COVID-19 Pandemic: A Literature Review 2020-2022. Science & Technology
Libraries.

Brown, C., Novick, T.K., Jacobs, E.A., 2021. Gender disparities in authorship of invited
manuscripts during the COVID-19 pandemic. Womens Health Rep (New Rochelle) 2,
149-153.

Cook, J., Gupta, M., Nakayama, J., EL-Nashar, S., Kesterson, J., Wagner, S., 2021. Gender
differences in authorship of obstetrics and gynecology publications during the
coronavirus disease 2019 pandemic. Am J Obstet Gynecol MFM 3, 100268.

Defilippis, E.M., Sinnenberg, L., Mahmud, N., Wood, M.J., Hayes, S.N., Michos, E.D.,
Reza, N., 2021. Gender differences in publication authorship during COVID-19: a
bibliometric analysis of high-impact cardiology journals. J. Am. Heart Assoc. 10,
e€019005.

Dolan, K., Lawless, J.L., 2020. It takes a submission: gendered patterns in the pages of
AJPS. Am. J. Polit. Sci.

easyPubMed, D. Fantini, 2019. Search and Retrieve Scientific Publication Records from
PubMed. R package version 2.13.

Fox, C.W., Meyer, J., 2021. The influence of the global COVID-19 pandemic on
manuscript submissions and editor and reviewer performance at six ecology
journals. Funct. Ecol. 35.

Gabster, B.P., VAN Daalen, K., Dhatt, R., Barry, M., 2020. Challenges for the female
academic during the COVID-19 pandemic. Lancet 395, 1968-1970.

Gayet-Ageron, A., Ben Messaoud, K., Richards, M., Schroter, S., 2021. Female authorship
of covid-19 research in manuscripts submitted to 11 biomedical journals: cross
sectional study. BMJ 375, n2288.

Grant, J.G., L, Mason, B., 2003. Basic research and health: a reassessment of the scientific
basis for the support of biomedical science. Res. Eval. 12, 217-224.

Hale, T., Angrist, N., Goldszmidt, R., Kira, B., Petherick, A., Phillips, T., Webster, S.,
Cameron-Blake, E., Hallas, L., Majumdar, S., Tatlow, H., 2021. A global panel
database of pandemic policies (Oxford COVID-19 Government Response Tracker).
Nat. Human Behav. 5, 529-538.

Ioannidis, J.P., Tezel, A., Jagsi, R., 2021. Overall and COVID-19-specific citation impact
of highly visible COVID-19 media experts: bibliometric analysis. BMJ Open 11,
e052856.

Ipe, T.S., Goel, R., Howes, L., Bakhtary, S., 2021. The impact of COVID-19 on academic
productivity by female physicians and researchers in transfusion medicine.
Transfusion 61, 1690-1693.

Jordan, C.J., Carlezon JR., W.A., 2021. Effects of the COVID-19 pandemic on gender
representation among corresponding authors of Neuropsychopharmacology (NPP)
manuscripts: submissions during January-June, 2020. Neuropsychopharmacology
46, 269-270.

Kibbe, M.R., 2020. Consequences of the COVID-19 pandemic on manuscript submissions
by women. JAMA Surg 155, 803-804.

King, M.M., Frederickson, M.E., 2021. The Pandemic Penalty: the Gendered Effects of
COVID-19 on Scientific Productivity, vol. 7. Socius: Sociological Research for a
Dynamic World.

Krukowski, R.A., Jagsi, R., Cardel, M.I., 2021. Academic productivity differences by
gender and child age in science, technology, engineering, mathematics, and
medicine faculty during the COVID-19 pandemic. J Womens Health (Larchmt) 30,
341-347.

Lerchenmuller, C., Schmallenbach, L., Jena, A.B., Lerchenmueller, M.J., 2021.
Longitudinal analyses of gender differences in first authorship publications related to
COVID-19. BMJ Open 11, e045176.

Liu, M., Zhang, N., Hu, X., Jaiswal, A., Xu, J., Chen, H., Ding, Y., Bu, Y., 2022. Further
divided gender gaps in research productivity and collaboration during the COVID-19
pandemic: evidence from coronavirus-related literature. J Informetr 16, 101295.

Madsen, E.B., Nielsen, M.W., Bjornholm, J., Jagsi, R., Andersen, J.P., 2022. Author-level
data confirm the widening gender gap in publishing rates during COVID-19. Elife 11.

Mabh, S.J., Makkar, M., Huang, K., Anpalagan, T., Reade, C.J., Nguyen, J.M.V., 2022.
Gender imbalance in gynecologic oncology authorship and impact of COVID-19
pandemic. Int. J. Gynecol. Cancer 32, 583-589.

Mannix, A., Parsons, M., Davenport, D., Monteiro, S., Gottlieb, M., 2022. The impact of
COVID-19 on the gender distribution of emergency medicine journal authors. Am. J.
Emerg. Med. 55, 214-216.

Marescotti, M., Loreto, F., Spires-Jones, T.L., 2022. Gender representation in science
publication: evidence from Brain Communications. Brain Commun 4, fcac077.


https://doi.org/10.1016/j.socscimed.2023.115761
https://doi.org/10.1016/j.socscimed.2023.115761
https://www.abc.net.au/news/2021-08-19/melbourne-200-days-of-covid-lockdowns-victoria/100386078.%20ABC.net
https://www.abc.net.au/news/2021-08-19/melbourne-200-days-of-covid-lockdowns-victoria/100386078.%20ABC.net
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref4
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref4
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref4
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref6
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref6
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref7
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref7
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref7
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref8
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref8
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref9
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref9
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref10
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref10
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref11
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref11
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref11
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref12
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref12
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref12
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref13
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref13
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref13
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref14
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref14
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref14
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref14
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref15
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref15
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref16
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref16
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref18
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref18
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref18
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref19
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref19
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref20
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref20
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref20
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref22
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref22
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref23
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref23
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref23
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref23
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref24
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref24
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref24
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref25
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref25
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref25
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref26
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref26
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref26
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref26
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref27
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref27
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref28
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref28
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref28
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref29
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref29
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref29
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref29
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref30
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref30
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref30
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref31
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref31
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref31
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref32
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref32
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref33
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref33
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref33
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref34
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref34
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref34
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref35
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref35

M. Ryan et al.

Mazzalai, E., Turatto, F., DE Vito, C., 2022. Gender gap in scientific publications on
COVID-19 in Italy during the first wave of the pandemic: an observational study.
Front. Public Health 10, 818594.

Misra, V., Safi, F., Brewerton, K.A., Wu, W., Mason, R., Chan, A.W., Rochon, P.A., Lega, I.
C., Abdel-Qadir, H., 2021. Gender disparity between authors in leading medical
journals during the COVID-19 pandemic: a cross-sectional review. BMJ Open 11,
e051224.

Morris, Z.S., Wooding, S., Grant, J., 2011. The answer is 17 years, what is the question:
understanding time lags in translational research. J. R. Soc. Med. 104, 510-520.

Muric, G., Lerman, K., Ferrara, E., 2021. Gender disparity in the authorship of biomedical
research publications during the COVID-19 pandemic: retrospective observational
study. J. Med. Internet Res. 23, e25379.

Myers, K.R., Tham, W.Y., Yin, Y., Cohodes, N., Thursby, J.G., Thursby, M.C., Schiffer, P.,
Walsh, J.T., Lakhani, K.R., Wang, D., 2020. Unequal effects of the COVID-19
pandemic on scientists. Nat. Human Behav. 4, 880-883.

Nguyen, A.X., Trinh, X.V., Kurian, J., Wu, A.Y., 2021. Impact of COVID-19 on
longitudinal ophthalmology authorship gender trends. Graefes Arch. Clin. Exp.
Ophthalmol. 259, 733-744.

Pinho-Gomes, A.C., Peters, S., Thompson, K., Hockham, C., Ripullone, K., Woodward, M.,
Carcel, C., 2020. Where are the women? Gender inequalities in COVID-19 research
authorship. BMJ Glob Health 5.

Powell, K., 2016. Does it take too long to publish research? Nature 530, 148-151.

Quak, E., Girault, G., Thenint, M.A., Weyts, K., Lequesne, J., Lasnon, C., 2021. Author
gender inequality in medical imaging journals and the COVID-19 pandemic.
Radiology 300, E301-E307.

Ribarovska, A.K., Hutchinson, M.R., Pittman, Q.J., Pariante, C., Spencer, S.J., 2021.
Gender inequality in publishing during the COVID-19 pandemic. Brain Behav.
Immun. 91, 1-3.

Rincon, G.B., Dominguez, A.D., 2021. Academic career advances and gender gap. Polit.
Stud. Rev. 1-21.

Social Science & Medicine 320 (2023) 115761

2021. S. Kovalchik Rismed: Download Content from NCBI Databases. R Package Version
2.3.0.

Ryskina, K.L., Anderson, J., Stites, S.D., Brown, R.T., 2022. Gender disparity in lead
authorship before and during the COVID-19 pandemic: No news is bad news? J. Gen.
Intern. Med. 37 (11), 2908-2910.

Squazzoni, F., Bravo, G., Grimaldo, F., Garcia-Costa, D., Farjam, M., Mehmani, B., 2021.
Gender gap in journal submissions and peer review during the first wave of the
COVID-19 pandemic. A study on 2329 Elsevier journals. PLoS One 16, e0257919.

Ucar, 1., Torre, M., Elias, A., 2022. Mind the gender gap: COVID-19 lockdown effects on
gender differences in preprint submissions. PLoS One 17, e0264265.

Vasti, E.C., Ouyang, D., Ngo, S., Sarraju, A., Harrington, R.A., Rodriguez, F., 2021.
Gender disparities in cardiology-related COVID-19 publications. Cardiol Ther 10,
593-598.

Viglione, G., 2020. Are women publishing less during the pandemic? Here’s what the
data say. Nature 581, 365-366.

Vincent-Lamarre, P., Sugimoto, C.R., Lariviere, V., 2020. The decline of women’s
research production during the coronavirus pandemic. Nature Index.

Wehner, M.R,, Li, Y., Nead, K.T., 2020. Comparison of the proportions of female and
male corresponding authors in preprint research repositories before and during the
COVID-19 pandemic. JAMA Netw. Open 3, €2020335.

Weitzer, J., Papantoniou, K., Seidel, S., Klosch, G., Caniglia, G., Laubichler, M.,

Bertau, M., Birmann, B.M., Jager, C.C., Zenk, L., Steiner, G., Schernhammer, E.,
2021. Working from home, quality of life, and perceived productivity during the first
50-day COVID-19 mitigation measures in Austria: a cross-sectional study. Int. Arch.
Occup. Environ. Health 94, 1823-1837.

Williams, W.A.2N.D., Li, A., Goodman, D.M., Ross, L.F., 2021. Impact of the coronavirus
disease 2019 pandemic on authorship gender in the journal of pediatrics:
disproportionate productivity by international male researchers. J. Pediatr. 231,
50-54.

Wratschko, K., 2009. Empirical Setting: the Pharmaceutical Industry. Strategic
Orientation and Alliance Portfolio Configuration. Springer, New York, NY.


http://refhub.elsevier.com/S0277-9536(23)00118-1/sref36
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref36
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref36
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref37
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref37
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref37
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref37
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref38
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref38
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref40
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref40
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref40
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref41
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref41
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref41
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref42
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref42
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref42
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref44
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref44
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref44
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref45
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref46
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref46
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref46
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref48
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref48
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref48
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref49
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref49
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref51
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref51
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref51
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref52
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref52
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref52
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref53
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref53
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref54
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref54
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref54
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref55
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref55
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref56
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref56
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref57
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref57
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref57
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref58
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref58
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref58
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref58
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref58
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref59
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref59
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref59
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref59
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref60
http://refhub.elsevier.com/S0277-9536(23)00118-1/sref60

	Gender-specific effects of COVID-19 lockdowns on scientific publishing productivity: Impact and resilience
	1 Introduction
	1.1 Study background
	1.2 Review of relevant literature

	2 Methods
	2.1 Original data collection and cleaning
	2.2 Analysis

	3 Results
	3.1 The gender-specific impact of COVID-19 on publishing across Australia
	3.2 The gender-specific impact of COVID-19 on publishing by Australian state
	3.3 Gender-specific publication of COVID-19-related articles
	3.4 Recovery in 2021

	4 Discussion
	4.1 Key findings
	4.2 Limitations
	4.3 Going forward

	5 Conclusions
	Credit author statement
	Declaration of competing interest
	Data availability
	Acknowledgements
	Appendix A Supplementary data
	References


