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Abstract

Rationale: The coronavirus disease (COVID-19) pandemic has
negatively affected women more than men and may influence the
publication of non–COVID-19 research.

Objectives: To evaluate whether the COVID-19 pandemic is
associated with changes inmanuscript acceptance rates among
pulmonary/critical care journals and sex-based disparities in these rates.

Methods: We analyzed first, senior, and corresponding author
sex (female vs. male, identified by matching first names in a
validated Genderize database) of manuscripts submitted to four
pulmonary/critical care journals between January 1, 2018 and
December 31, 2020. We constructed interrupted time series
regression models to evaluate whether the proportion of female
first and senior authors of non–COVID-19 original research
manuscripts changed with the pandemic. Next, we performed
multivariable logistic regressions to evaluate the association of
author sex with acceptance of original research manuscripts.

Results: Among 8,332 original research submissions, women
represented 39.9% and 28.3% of first and senior authors,

respectively. We found no change in the proportion of female
first or senior authors of non–COVID-19 or COVID-19
submitted research manuscripts during the COVID-19 era.
Non–COVID-19 manuscripts submitted during the COVID-19
era had reduced odds of acceptance, regardless of author sex
(first author adjusted OR [aOR], 0.46 [95% confidence interval
(CI), 0.36–0.59]; senior author aOR, 0.46 [95% CI, 0.37–0.57]).
Female senior authorship was associated with decreased
acceptance of non–COVID-19 research manuscripts (crude rates,
14.4% [male] vs. 13.2% [female]; aOR, 0.84 [95% CI, 0.71–0.99]).

Conclusions: Although female author submissions were not
disproportionately influenced by COVID-19, we found evidence
suggesting sex disparities in manuscript acceptance rates. Journals
may need to consider strategies to reduce this disparity, and
academic institutions may need to factor our findings, including
lower acceptance rates for non–COVID-19 manuscripts, into
promotion decisions.
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The coronavirus disease (COVID-19)
pandemic has profoundly disrupted
academic endeavors worldwide, with a
disproportionately negative impact on female
physicians and scientists compared with their
male colleagues (1, 2). In a survey of more
than 5,000 faculty, staff, and trainees at a large
academic medical institution, nearly half of
participants were moderately or seriously
worried that the COVID-19 pandemic
negatively affected their career development.
In particular, women with children were
more likely to consider reducing their hours
or leaving the workforce altogether (3).
Similarly, in a study of scientists based in
the United States and Europe, women
(particularly those with young dependents)
reported larger declines in their research-
dedicated time during the pandemic
compared with their male colleagues (4).

Not surprisingly, women’s scholarly
output has disproportionately suffered
during the pandemic (5, 6). One study
estimated that female first authors published
COVID-19–related manuscripts at a 19%
lower than expected rate than manuscripts
published in similar journals before the
pandemic began, suggesting that women
may have less flexibility to pivot their focus
toward timely research topics (7). Because
manuscript publication in high-impact
journals is a crucial measure of scientific
productivity and necessary for career
advancement, these findings highlight how
the COVID-19 pandemic may amplify
existing sex-based disparities in academic
medicine (8–20).

Furthermore, the torrent of articles
published on COVID-19 since early 2020
also may have negatively impacted research
unrelated to COVID-19 (21, 22).
COVID-19–related studies were published
at much faster rates during 2020 than are
typical for most journals (21), whereas the
number of non–COVID-19 research
manuscripts published in leading medical
journals decreased during the same time
period (23). The quality of published studies,
of which manuscript acceptance rate is an
indirect indicator, may also have been
influenced by the urgency to publish
COVID-19–related research.

Rapid review and publication of
research related to COVID-19 is crucial to
inform clinicians, administrators, and policy
makers as part of efforts to save lives during a
public health emergency. However, it is also
imperative that high-quality research on
non–COVID-19 topics continue to be
disseminated despite and throughout the
pandemic. For this reason, we sought to
describe submission changes after the
COVID-19 pandemic started and to evaluate
whether the pandemic was associated with
changes in manuscript acceptance rates
among four journals focused on pulmonary
and critical care medicine, a field with a
clinical and research workforce on the front
line combating the pandemic. Because the
COVID-19 pandemic has disproportionately
affected female physicians and scientists, we
also aimed to evaluate if the pandemic was
associated with potential sex-based
disparities in these rates. We hypothesized
that 1) the pandemic would be associated
with reduced acceptance rates among
non–COVID-19 original research articles,
2) aminority of submittedmanuscripts before
and during the COVID-19 pandemic would
be from female first or senior authors, and
3) acceptance rates (as a proxymeasure of
manuscript quality) would not differ by sex.

Methods

We obtained data on all manuscripts
submitted to three journals published by the
American Thoracic Society (ATS) (American
Journal of Respiratory and Critical Care
Medicine [AJRCCM], American Journal of
Respiratory Cell and Molecular Biology
[AJRCMB], and Annals of the American
Thoracic Society [AnnalsATS]) and the
journal published by the American College
of Chest Physicians (CHEST) between
January 1, 2018, and December 31, 2020.
We did not include manuscripts submitted
to ATS Scholar, because this journal was first
published in February 2020. Only first names
of authors were provided by the journals.
This study was approved by the Veterans
Affairs Institutional Review Board (5027).

Cohort
Our primary cohort consisted of original
research manuscripts and/or original
contributions (as defined by ATS journals
[24–26]) submitted via the online submission
systems. We excluded manuscripts
submitted to CHEST from the primary
cohort because they did not include
information regarding first and senior author
sex. We divided the primary cohort into two
mutually exclusive subgroups: COVID-19
and non–COVID-19 manuscripts.
COVID-19 manuscripts were defined as
those submitted on or after March 11, 2020
(the date COVID-19 was declared a
pandemic by theWorld Health
Organization, defined as the COVID-19 era)
(27), and that included “COVID,”
“coronavirus,” or “SARS-CoV-2” in their
titles. We defined non–COVID-19
manuscripts as those submitted at any point
over the 3-year study period that did not
have “COVID,” “coronavirus,” or SARS-
CoV-2” in their manuscript titles. Any
manuscript not meeting either criterion was
excluded.

We considered two sensitivity cohorts.
First, we expanded our cohort to include all
manuscript types (e.g., including editorials,
commentaries, letters). Second, we included
original research submitted to ATS journals
and CHEST (when examining corresponding
author sex).

Exposures and Outcomes
We performed two distinct primary analyses.
In the first analysis, the primary exposure
was first author sex (female vs. male). In the
second analysis, the primary exposure was
senior author sex (female vs. male), defined
as the last author listed for a given
manuscript. Corresponding author sex was
our primary exposure in sensitivity analyses.
We identified author sex by matching first
names to entries in a validated Genderize
database containing 216,286 names across 79
countries and 89 languages (28) and that
previously has been found to have a
misclassification rate of 1.7% (29). We
merged these data with a gender package in
R that relies on historical data from the
U.S. Census Bureau and Social Security
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registrations to determine whether a name
was associated with a particular sex during
our specified time frame (30). If we were
unable to identify an author’s sex, we
excluded that manuscript from its
corresponding analyses. (For example, if we
identified senior author but not first author
sex, the paper was only included in the senior
author analysis.) For manuscripts with one
author only, that author was considered both
first and senior author. Our primary
outcome was manuscript acceptance,
classified as either acceptance (i.e., outright
or after “revise/resubmit”) or rejection
(either before or after review).

Other Data Elements
Data obtained from all journals included the
first names and countries of corresponding
authors, manuscript title, date of submission,
study type (e.g., original research manuscript,
systematic review, editorial), and final
decision (e.g., accepted for publication,
rejected after review). In addition, ATS
journals’ data included the number of
authors, first names and countries of all
authors, whether the manuscript was
received as a transfer from AJRCCM (to
AJRCMB orAnnalsATS), and subject
categories (31). Countries were grouped into
United Nations world regions (32).

Analysis
We used descriptive statistics as appropriate
to examine the proportion of women in first
and senior author positions among all
manuscripts. We usedWilcoxon rank-sum
testing to evaluate differences in the number
of submissions and acceptance rates over
time, and we used chi-square testing to
compare author sex in COVID-19 and
non–COVID-19 manuscripts by calendar
month and world region. Next, we
constructed interrupted time series
regression models to assess whether the
proportion of female first and senior authors
of non–COVID-19 manuscripts changed
coincident with the COVID-19 pandemic.
For these analyses, first and senior author sex
were modeled separately. We included three
independent variables: month of submission
since January 2018 (modeled as linear),
submission during the COVID-19 pandemic
(modeled as binary), and month of
submission since the beginning of the
COVID-19 pandemic (modeled as linear
with value of 0 before March 11, 2020) (33).

Finally, we performed a series of
multivariable logistic regressions to

separately evaluate 1) whether the pandemic
is associated with changes in manuscript
acceptance rates for non–COVID-19
research, 2) whether first author sex is
associated with acceptance rates of original
research for both non–COVID-19 and
COVID-19 manuscripts, and3) whether
senior author sex is associated with
acceptance rates of original research for both
non–COVID-19 and COVID-19
manuscripts. Non–COVID-19 and
COVID-19 manuscripts were considered
separately. Each model was adjusted for
author world region and journal;
non–COVID-19 manuscript models were
also adjusted for subject category. These
covariates were selected a priori on the basis
of concerns that they may be associated both
with our exposures (first and, separately,
senior author sex) and our outcome
(manuscript acceptance). In addition, among
the non–COVID-19 cohort, we evaluated
whether the COVID-19 era is an effect
modifier for the association of author sex
with manuscript acceptance. For this
analysis, we included an interaction term
between the submission during the
COVID-19 era (on or after March 11, 2020)
with author sex. Margins for each author sex
were calculated from each model assuming
all covariables (all independent variables
other than author sex) were at population
mean values.

Sensitivity Analyses
We performed several sensitivity analyses.
First, across ATS journals, we evaluated the
association of author sex with acceptance
rates among all manuscript types and then
excluding papers transferred toAJRCMB or
AnnalsATS from AJRCCM. Next, among all
original research submissions to ATS
journals and CHEST, we evaluated the
association of corresponding author sex with
acceptance rates. Last, we evaluated all
submissions (not limited to original research
manuscripts) to ATS journals and CHEST.
Given low rates of missingness (�5%),
complete cases were used for all analyses.

Statistical significance was determined
on the basis of a P, 0.05 threshold. No
adjustments were made for multiple
comparisons, because each primary analysis
(for first and, separately, senior author sex)
was distinct. All nonprimary analyses (e.g.,
sensitivity analyses) should be considered
supportive and hypothesis generating.

Results

Manuscript Submissions
We identified 8,373 original research
manuscripts that were submitted to all ATS
journals during the study period, 880 of
which related to COVID-19 (Figure 1). The
total number of submitted research
manuscripts increased during the COVID-19
era (median [interquartile range], 189.5
[183–209] before COVID-19 to 335
[306–366] during the COVID-19 era;
P, 0.001) (see Figure E1 in the data
supplement). Of the 7,493 non–COVID-19
manuscripts, we identified the sex of 95.0%
of first authors and 94.8% of senior authors.
After excluding 41 COVID-19–related
manuscripts submitted before March 11,
2020, our cohort consisted of 839 COVID-19
manuscripts; we identified the sex of 95.4%
of first authors and 92.6% of senior authors.
In addition, among 15,870 original research
manuscripts with corresponding authors
across both CHEST and ATS journals, we
identified the sex of the corresponding
author in 86.8% of COVID-19 manuscripts
and 89.9% of non–COVID-19 manuscripts
that were published on or after March 11,
2020 (Figure E2).

Table 1 shows the characteristics of the
original research submissions to the ATS
journals. Among all research manuscripts
with nonmissing sex submitted during the
study period, women represented 39.9%
and 28.3% of first and senior authors,
respectively. In unadjusted analyses, 41.6%
of submitted manuscripts had female first
authors before the pandemic, compared
with 37.0% submitted during the
pandemic.

Using an interrupted time series
approach, we found no step up or down in
the proportion of female first or senior
authors of submitted non–COVID-19
research manuscripts during the COVID-19
era (regression coefficient [95% confidence
interval (CI)] for submission during
COVID-19 era, first author,20.03 [20.10,
0.03]; P=0.35; senior author, 0.00 [20.06,
0.06]; P=0.89) (Figure 2). Similarly, during
the pandemic, the proportion of female first
and senior authors of submitted COVID-19
research manuscripts did not vary
significantly over time or by world region
(Figure 3). However, there were significant
geographic differences in authorship sex for
non–COVID-19 research manuscripts
(Figure E3). Specifically, Africa had the

ORIGINAL RESEARCH

Gershengorn, Vranas, Ouyang, et al.: COVID-19 Pandemic and Author Sex 217



highest proportion of female first and senior
authors (first, 54%; P, 0.001; senior, 47%;
P=0.014). South America (35%) and Asia
(37%) had the fewest female first authors;
South America, Asia, Europe, and North
America (26–29%) had the fewest female
senior authors.

Non–COVID-19 Manuscript
Acceptance Rates
Despite the increase in submission rates of all
researchmanuscripts during theCOVID-19
era, the number of acceptedmanuscripts per
month (bothCOVID-19 and non–COVID-19)
decreased (median [interquartile range], 28

[25–36] beforeCOVID-19 to 25 [4–29]
during theCOVID-19 era;P, 0.001).
Among non–COVID-19manuscripts, we
found that 14.0% withmalefirst authors
and 13.5% with female first authorswere
accepted for publication. Similarly, 14.4% of
non–COVID-19manuscripts withmale senior

Exclusions

* included in sensitivity analysis

† out of 7,427 (56 manuscripts with only 1 author)

‡ out of 828 (11 manuscripts with only 1 author)

Submissions to all ATS
journals

(1/1/18/–12/31/20)
N=14,387

Submissions to
AJRCCM, AJRCMB,

AnnalsATS
(1/1/18/–12/31/20)

N=14,195

Original Research
Articles

(1/1/18/–12/31/20)
N=8,373

Original Research
Articles

(1/1/18/–12/31/20)
N=8,332

Non-COVID-19 articles
(1/1/18/–12/31/20)

N=7,493

COVID-19 articles
(3/11/20–12/31/20)

N=839

1st author
gender
known

N=7,120

Last
author
gender
known

N=7,100†

1st author
gender
known
N=800

Last
author
gender
known
N=777‡

Missing author
gender

1st: N=39
Last: N=51‡

Missing author
gender

1st: N=373
Last: N=337†

COVID-19 articles
submitted prior to

3/11/20
N=41

Non-Original
Research

Submissions*
N=5,822

Submissions to ATS
Scholar
N=192

Figure 1. Flow diagram. AJRCCM=American Journal of Respiratory and Critical Care Medicine; AJRCMB=American Journal of Respiratory
Cell and Molecular Biology; AnnalsATS=Annals of the American Thoracic Society; ATS=American Thoracic Society.
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authorswere accepted for publication
comparedwith 13.2% of non–COVID-19
manuscripts with female senior authors
(Table E1). Inmultivariable analyses adjusted
for authorworld region and journal aswell as
subject category, we found that the pandemic

was associatedwith reduced odds of
acceptance of non–COVID-19manuscripts,
regardless offirst or senior author sex (first
author analysis, 0.46 [0.36, 0.59];P, 0.001;
senior author analysis, 0.46 [0.37, 0.57];
P, 0.001) (Table 2). Therewas no association

betweenfirst author sex and the odds of
acceptance for non–COVID-19 research
manuscripts. However, female senior
authorshipwas associatedwith lower odds of
acceptance thanmale senior authorship
(adjusted odds ratio [95% CI], 0.84 [0.71, 0.99];

Table 1. Cohort characteristics*

Full Cohort (n) Female First Author† [n (%)] Female Senior Author† [n (%)]

No. of manuscripts (%) 8,332 3,157 (39.9) 2,227 (28.3)
Journal
AJRCCM 5,316 1,969 (39.0) 1,379 (27.5)
AJRCMB 1,029 413 (42.9) 293 (30.1)
AnnalsATS 1,987 775 (40.6) 555 (29.4)

Transfer from AJRCCM 698 265 (40.1) 226 (33.8)
No. of authors, median (IQR) 9 (6, 13) 9 (7, 13) 9 (6, 13)
Subject category‡

Asthma 256 102 (42.0) 78 (31.8)
Behavioral science 104 56 (55.4) 25 (25.8)
Cell & mol biology 116 51 (44.7) 23 (20.9)
Critical care 721 215 (31.8) 156 (22.7)
Environmental hlth 144 57 (41.0) 48 (35.3)
Lung disease 849 318 (39.0) 209 (26.2)
Microbio & infn 391 121 (32.8) 90 (24.1)
Mycobacteria 224 97 (45.8) 74 (34.1)
Other 235 90 (40.5) 54 (25.0)
Pediatrics 92 40 (46.0) 39 (45.3)
Sleep 218 89 (43.0) 62 (29.4)
Vascular biology 83 25 (32.1) 25 (33.3)
More than one category 4,717 1,830 (40.8) 1,299 (29.1)

World region of first author§

N America 3,550 1,362 (39.9) 998 (29.0)
Europe 2,097 876 (43.2) 575 (28.3)
Aust/NZ/Oceania 263 117 (45.7) 80 (31.6)
Cent/S Am, Carib 156 53 (35.8) 42 (28.4)
Asia 1,936 639 (36.6) 441 (26.2)
Africa 53 28 (52.8) 22 (45.8)

World region of senior author¶

N America 3,639 1,368 (39.1) 1,026 (28.9)
Europe 2,081 857 (42.6) 575 (28.6)
Aust/NZ/Oceania 242 113 (48.5) 79 (33.2)
Cent/S Am, Carib 141 53 (39.8) 40 (29.4)
Asia 1,803 605 (37.0) 429 (27.0)
Africa 49 26 (54.2) 23 (46.9)

COVID-19–related|| 839 259 (32.4) 212 (27.3)
Timing of submission**
Pre-COVID-19 era (1/1/18–3/10/20) 5,168 2,041 (41.6) 1,371 (28.0)
COVID-19 era (3/11/20–12/31/20) 3,164 1,116 (37.0) 856 (28.8)

Final decision††

Provisional accept 1,009 385 (39.6) 262 (26.5)
Reject after review 2,650 1,071 (42.5) 706 (27.9)
Reject no review 4,402 1,591 (38.2) 1,172 (28.6)

Definition of abbreviations: AJRCCM=American Journal of Respiratory and Critical Care Medicine; AJRCMB=American Journal of Respiratory
Cell and Molecular Biology; AnnalsATS=Annals of the American Thoracic Society; Aust/NZ/Oceania=Australia/New Zealand/Oceania; Cent/S
Am, Carib=Central America/South America/Caribbean; COVID-19=coronavirus disease; hlth= health; infn= infection; IQR= interquartile range;
Microbio=microbiology; mol =molecular; N America=North America.
*Chi-square testing for categorial and Mann-Whitney U testing for continuous variables.
†Unable to determine author sex of 412 (4.9%) of first authors and 456 (5.5%) of senior authors.
‡Missing data for subject category in 182 (2.2%) of cohort; P, 0.001 for subject category by first and senior author sex.
§Missing data for first author world region in 227 (2.7%) of cohort; P,0.001 for first author world region by first author sex and P=0.023 by
senior author sex.
¶Missing data for senior author world region in 377 (4.5%) of cohort; P, 0.001 for senior author world region by first author sex and P=0.027 by
senior author sex.
||P, 0.001 for COVID-19–related by first author sex.
**P,0.001 for timing of submission by first author sex.
††Missing data for final decision in 271 (3.3%) of cohort; P=0.002 for final decision by first author sex.
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A First Author*

B Senior Author†

# of
manuscripts: 162 193 179 175 204 154 202 161 176 175 194 214 207 143 241 243 243 185

182 191 157 183 179 180 241 204 173 200 181 168 201 69 227 255 237 241 200

164 197 175 178 212 158 200 163 176 173 188 216 208 145 239 247 245 180
178 197 157 182 174 182 239 202 177 196 185 164 194 65 225 250 234 240 195# of

manuscripts:
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* Chi square p-value for unadjusted analysis: p=0.10; Regression coefficients for COVID-19 era
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† Chi square p-value for unadjusted analysis: p=0.21; Regression coefficients for COVID-19 era
submission from interrupted time series linear regression (95% confidence interval): 0.00 (–0.06, 0.06), p=0.89

Figure 2. The proportion of women authors of non–COVID-19 manuscripts, stratified by submission month. (A) First author. (B) Senior author.
Regression predictions determined from interrupted time series linear regression. *Chi-square P value for unadjusted analysis: P=0.10.
Regression coefficients for COVID-19 era submission from interrupted time series linear regression (95% confidence interval): 20.03 (20.10,
0.03); P=0.35. †Chi-square P value for unadjusted analysis: P=0.21; regression coefficients for COVID-19 era submission from interrupted time
series linear regression (95% confidence interval): 0.00 (20.06, 0.06), P=0.89. CI =confidence interval; COVID-19=coronavirus disease.
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P=0.039), with an absolute difference in
acceptance rate of 1.7% (P=0.034). In
addition, the interaction term for authorship
sex andCOVID-19 era submission for
non–COVID-19manuscripts was not
significant (Table E2).

COVID-19 Manuscript
Acceptance Rates
Among COVID-19 research manuscripts
(all published during the COVID-19 era), we
found that 3.2% with male first authors and
2.8% with female first authors were accepted

for publication compared with 3.1% with
male senior authors and 3.4% with female
senior authors (Table E3). We found no
association between first or senior author sex
and odds of acceptance of COVID-19
research manuscripts.
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Figure 3. Proportion of women authors of COVID-19 manuscripts, stratified by submission month and author world region. *P values for chi-
square testing—submission month, P=0.82; world region, P=0.80. †P values for chi-square testing—submission month, P=0.66; world region,
P=0.67. COVID-19=coronavirus disease.

ORIGINAL RESEARCH

Gershengorn, Vranas, Ouyang, et al.: COVID-19 Pandemic and Author Sex 221



Sensitivity Analyses
Across all sensitivity cohorts, we found that
the COVID-19 era was associated with lower
odds of acceptance of non–COVID-19
manuscripts (Table E4). Notably, when all
non–COVID-19 submission types (not just
original research) were considered,
manuscripts with female first, senior, or
corresponding authors had lower odds of
acceptance (female first author, 0.82 [0.75,
0.90], P, 0.001; female senior author, 0.86
[0.79, 0.90]; P=0.006; female corresponding
author, 0.82 [0.76, 0.88]; P, 0.001).

Discussion

In this study examining the relationship
between the COVID-19 pandemic and
manuscript submission and acceptance
rates among select U.S. pulmonary and
critical care journals between 2018 and 2020,
we identified several important findings.
First, we found that non–COVID-19
research manuscripts were approximately
50% less likely to be accepted during the
COVID-19 era, regardless of author sex.
Second, women represented less than
40% of first authors and 30% of senior
authors of both non–COVID-19– and
COVID-19–focused original research
submissions, without significant changes
observed during the COVID-19 era. Third,

among non–COVID-19 research
manuscripts, female senior authorship was
associated with reduced odds of acceptance
compared with manuscripts with male
senior authors. These results provide
important insights into the potential
influence of the pandemic on both sex
disparities in academic medicine and on the
publication of high-quality research focused
on topics unrelated to COVID-19.

The COVID-19 pandemic has led to
unprecedented increases in the volume of
COVID-19–related research submitted to
journals over the past 18 months (22, 34).
Interestingly, we found that the pandemic
has been associated with decreased
acceptance of non–COVID-19–related
research among pulmonary and critical care
journals, regardless of first or senior author
sex. In the face of limited journal space
during a public health emergency, journal
editors may have shifted their focus to
include more COVID-19–related research at
the expense of non–COVID-19–related
topics. Alternatively, the observed decrease in
odds of acceptance of non–COVID-19
manuscripts may also result from differences
in the quality of submissions over time or
changes in the review and/or editorial
processes. Regardless of the mechanism for
these findings, it is important for clinicians,
scientists, journal editors, policy makers, and
academic institutions alike to be aware of the

COVID-19 pandemic’s collateral impact on
non–COVID-19 research as well, particularly
when assessing publication records as a
measure for promotion.

In addition, our findings associating
author sex with submissions and acceptance
rates add to a growing body of literature
related to sex disparities in academic
publishing. For example, one recent study
estimated the percentage of female first
authors publishing original research in six
high-impact journals to be 37% (35).
Similarly, another study found that among
critical care literature published between
2008 and 2018, women comprised 31% of
first authors and 20% of senior authors (11),
despite representing approximately one-third
of the critical care workforce worldwide (8).
Our study builds upon the findings that, over
the past decade, the proportion of
manuscripts with female first or senior
authors in the field of pulmonary and critical
care medicine may have improved slightly,
although women still comprise a minority of
authors overall.

Several studies published during the
early phase of the pandemic demonstrated
decreased academic productivity among
female physicians and scientists (7, 36). For
example, in a recent study published in BMJ,
Gayet-Ageron and colleagues evaluated sex
disparities in manuscripts submitted to 11
European journals that are part of the BMJ

Table 2. Association of author sex and COVID-19 era with provisional acceptance

Cohort Date Range
Exposure
Variables*

First Author Sex Analysis Senior Author Sex Analysis

OR (95% CI) P Value OR (95% CI) P Value

Non–COVID-19
manuscripts†

1/1/18–12/31/20 Author female 0.91 (0.78–1.06) 0.23 0.84 (0.71–0.99) 0.039

Non–COVID-19
manuscripts‡

Pre-COVID-19
era (1/1/18–3/
10/20) vs.
COVID-19 era
(3/11/20–12/
31/20)

Author female 0.90 (0.76–1.07) 0.24 0.84 (0.70–1.01) 0.07
COVID-19 era 0.46 (0.36–0.59) ,0.001 0.46 (0.37–0.57) ,0.001
Author female 3

COVID-19 era
0.93 (0.63–1.38) 0.73 0.97 (0.63–1.49) 0.89

COVID-19
manuscripts§

3/11/20–12/31/20 Author female 0.91 (0.36–2.33) 0.85 1.39 (0.53–3.61) 0.50

Definition of abbreviations: CI = confidence interval; COVID-19=coronavirus disease; OR=odds ratio.
*Models also adjusted for world region of author and journal.
†For first author sex analysis, Hosmer-Lemeshow testing for goodness of fit P=0.23 and area under receiver operating characteristic
curve=0.71; for senior author sex analysis, Hosmer-Lemeshow testing for goodness of fit P=0.09 and area under receiver operating
characteristic curve=0.71.
‡For first author sex analysis, Hosmer-Lemeshow testing for goodness of fit P=0.044 and area under receiver operating characteristic
curve=0.72; for senior author sex analysis, Hosmer-Lemeshow testing for goodness of fit P=0.08 and area under receiver operating
characteristic curve=0.73.
§For first author sex analysis, Hosmer-Lemeshow testing for goodness of fit P=0.71 and area under receiver operating characteristic
curve=0.83; for senior author sex analysis, Hosmer-Lemeshow testing for goodness of fit P=0.28 and area under receiver operating
characteristic curve=0.83.
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publishing group (including two general
medicine journals and nine specialty journals,
one of which is focused on pulmonary and
critical care) (36). The authors found that
women were less well represented in first,
senior, and corresponding authorship
positions on COVID-19 research
manuscripts compared with submissions
before the pandemic; however, these sex
disparities were most prominent early in the
pandemic and narrowed over time (36).
Because women take on significantly greater
domestic and childcare responsibilities than
men do (37), it is not surprising that their
academic productivity may have been
disproportionately impacted by the
pandemic, particularly early on, when stay-at-
home orders and school closures were
widespread (1). However, in our study
focused on North American pulmonary and
critical care journals, we found no difference
in the proportion of female first or senior
authors of non–COVID-19 research
manuscripts during the COVID-19 era. These
disparate findings raise the possibility that the
pandemic differentially affected female
physicians and scientists, depending on a
variety of factors, including geographic region
and/or clinical specialty. For example,
pulmonary and critical care physicians
have been at the front line caring for
hospitalized patients with COVID-19; as
such, they had no choice but to find
alternative childcare options during school
closures, which may have enabled them to
continue their academic endeavors
simultaneously.

Encouragingly, we found no difference
in the odds of acceptance for submitted
manuscripts with female versus male first
authors. However, among non–COVID-19
manuscripts, we found that those with
female senior authors were 15% less likely to
be accepted than manuscripts with male
senior authors, with an absolute difference of
1.7%. In other words, our findings suggest
that for every 1,000 submitted manuscripts
with women as senior authors, 17 will be
rejected, which would not have been the case
if those authors had been men. Similarly,
sensitivity analyses including all submitted
non–COVID-19 manuscripts (e.g., not
limited to original research) showed that
manuscripts authored by female first, senior,
and corresponding authors were less likely to
be accepted than similar manuscripts
authored by men. Although a 15% difference
in odds of acceptance may not appear
substantial, there is no plausible biological

explanation for why manuscripts with female
senior authors would be accepted less
frequently than those with male senior
authors. It is also important to consider the
cumulative effect of these small differences
on women over time, who already lag behind
men in reaching senior positions within
academic medicine (38, 39). Although
these results should be interpreted
cautiously, given the limitations of the
Genderize database and the small absolute
difference observed, it is worthwhile to
explore potential mechanisms for these
findings.

First, because our findings are from four
different journals with distinct editorial
teams, they may reflect widespread conscious
or unconscious bias during the peer review
process rather than discrimination by a given
journal. Unconscious bias is an implicit
attitude, stereotype, motivation, or
assumption that can occur without one’s
knowledge, control, or intention (40).
Gender bias can occur when women are seen
as less qualified thanmen, despite evidence
to the contrary (40, 41). Although academic
publishing is purportedly gender neutral,
there is growing evidence that the process is
decidedly gendered (41–43). For example,
most peer reviewers and editors at academic
journals are men, despite growing numbers
of women in the research workforce (44–47).
Women also receive less research funding in
science andmedicine (41, 48), leading to
fewer publications and less visibility as
researchers and authors (47). The lack of
visibility among women in senior author
positions may consciously or unconsciously
influence decisions made during the peer
review and editorial processes and therefore
represents a plausible explanation for our
findings. Ultimately, this cycle may lead to
fewer invitations as authors, peer reviewers,
and editors, together with fewer citations of
their own work, further reducing future
funding success (19, 20, 41, 48, 49). Potential
interventions include real-time data
collection that will allow journals to track,
analyze, and publish gender statistics for
submissions and acceptance (50);
implementation of deliberate strategies to
improve women’s participation on
editorial boards and in the peer review
process; and establishment of a double-blind
review process to help reduce the
impact of both conscious and unconscious
bias within academic publishing (41).

Other potential mechanisms for our
findings include the possibility that men and

women preferentially conduct different types
of research (e.g., clinical vs. bench science,
observational studies vs. clinical trials) that
vary in acceptance rates, depending on
journals’ priorities. Furthermore, women
remain underrepresented in scholarly
activities within academic medicine,
particularly those that require invitations for
participation (e.g., speaking at and/or
chairing conferences, participating in
guideline panels and editorial boards) (9, 10,
12–14, 51, 52). Because a substantial number
of non–original research manuscripts
published by leading journals are by
invitation only, it stands to reason that
womenmay be invited to publish these types
of manuscripts less frequently than their
male colleagues. In addition, the “confidence
gap” between men and womenmay
contribute to a reluctance of female scientists
to submit editorial or perspective pieces to
high-impact journals (11, 53), further
contributing to existing sex disparities in
academic medicine. Similarly, the relative
“overconfidence” of men compared with
womenmay lead reviewers to judge
manuscripts submitted by women less
favorably, particularly when they include less
objective findings such as those in
nonoriginal research. Conscious or
unconscious bias among peer reviewers or
editors who invite reviewers and issue accept
or reject decisions on manuscripts may also
represent a potential mechanism for sex-
based disparities in manuscript acceptance
rates.

Limitations
Our study has several limitations. First, we
included only four North American
pulmonary and critical care journals, which
limits the generalizability of our findings.
Second, the use of author first name alone to
identify author sex is imperfect, and there
remains a risk of misclassification of author
sex in the Genderize database or manuscripts
pertaining to COVID-19. Moreover, we
could not track individual authors and
account for nonindependence of
observations in our analysis. Similarly, we
could not ensure that individual manuscripts
were not submitted to multiple journals and
thus could have been included in our analysis
more than once; however, our results were
robust to a sensitivity analysis excluding
transfers from AJRCCM. Third, world region
was only one way to categorize country of
author residence. Fourth, residual
confounding likely exists despite our
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adjustment for potential confounders. In
addition, because our study considered only
original research papers, it is possible that a
shift to using research letters for rapid
turnaround occurred during the
COVID-19 era, which may have impacted
our results. The inability to distinguish
research letters from letters to the editor in
all journals precluded further evaluation of
this issue. Fifth, our analysis of acceptance
rates relied on the untestable assumption that
manuscript assessors (reviewers and editors)
remained stable over time. In addition, the
true denominator of women pursuing
careers as physicians and/or scientists in the
field of pulmonary and/or critical care
medicine is unknown. Finally, it is possible
that the impact of COVID-19 on female
physicians and scientists may become
more pronounced over time, particularly

because the pandemic has extended well
beyond our study period ending in
December 2020.

Conclusions
Women comprise a minority of first and
senior authors among research manuscripts
submitted to leading pulmonary and
critical care journals; this proportion was
not significantly influenced by the
COVID-19 pandemic. Our results suggest
that female senior authorship of
non–COVID-19 research manuscripts was
associated with decreased odds of
acceptance compared with manuscripts
with male senior authors, although no
difference in acceptance was seen by first
author sex. Importantly, non–COVID-19
research manuscripts were nearly 50% less
likely to be accepted during the COVID-19

era, regardless of author sex. Many
factors—professional and extraprofessional,
external and internal to the authors,
intentional and unintentional—likely
contribute to a higher percentage of
submissions being authored by men than
by women. Journals may need to consider
strategies to reduce disparities, and
academic institutions may need to factor
our findings, including lower acceptance
rates for non-COVID-19 manuscripts, into
promotion decisions. �
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