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Analysis of High-Impact Cardiology Journals
Ersilia M. DeFilippis , MD; Lauren Sinnenberg, MD; Nadim Mahmud , MD, MS, MPH, MSCE;  
Malissa J. Wood, MD; Sharonne N. Hayes , MD; Erin D. Michos , MD, MHS; Nosheen Reza , MD

BACKGROUND: The purpose of this study was to examine gender differences in authorship of manuscripts in select high-impact 
cardiology journals during the early coronavirus disease 2019 (COVID-19) pandemic.

METHODS AND RESULTS: All manuscripts published between March 1, 2019 to June 1, 2019 and March 1, 2020 to June 1, 
2020 in 4 high-impact cardiology journals (Journal of the American College of Cardiology, Circulation, JAMA Cardiology, and 
European Heart Journal) were identified using bibliometric data. Authors’ genders were determined by matching first name 
with predicted gender using a validated multinational database (Genderize.io) and manual adjudication. Proportions of women 
and men first, co-first, senior, and co-senior authors, manuscript types, and whether the manuscript was COVID-19 related 
were recorded. In 2019, women were first authors of 176 (22.3%) manuscripts and senior authors of 99 (15.0%) manuscripts. 
In 2020, women first authored 230 (27.4%) manuscripts and senior authored 138 (19.3%) manuscripts. Proportions of woman 
first and senior authors were significantly higher in 2020 compared with 2019. Women were more likely to be first authors if 
the manuscript’s senior author was a woman (33.8% for woman first/woman senior versus 23.4% for woman first/man senior; 
P<0.001). Women were less likely to be first authors of COVID-19-related original research manuscripts (P=0.04).

CONCLUSIONS: Representation of women as key authors of manuscripts published in major cardiovascular journals increased 
during the early COVID-19 pandemic compared with similar months in 2019. However, women were significantly less likely to 
be first authors of COVID-19-related original research manuscripts. Future investigation into the gender-disparate impacts of 
COVID-19 on academic careers is critical.
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The coronavirus disease 2019 (COVID-19) pan-
demic has had far-reaching impacts on cardio-
vascular medicine. Beyond disruptions to clinical 

care and delivery, many researchers are working re-
motely while balancing competing household or com-
munity responsibilities. These responsibilities may fall 
disproportionately on women. Data from early in the 
COVID-19 pandemic showed that female authorship of 
manuscripts related to COVID-19 did not maintain the 
expected pace.1,2 An analysis of submitted preprints 
and registered reports demonstrated that the number 

of submitted manuscripts with women as first authors 
declined precipitously during the early pandemic pe-
riod, most notably in the medical field, suggesting 
an emerging disparity for early career researchers.2 
The purpose of this study was to examine gender 
differences in authorship of manuscripts in select 
high-impact cardiology journals during the COVID-19 
pandemic. We hypothesized that women were less 
likely to be represented as first and senior authors of 
manuscripts published in these journals during the 
pandemic compared with a similar period in 2019.
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METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Manuscript Identification
We identified all manuscripts published between March 
1, 2019 to June 1, 2019 and March 1, 2020 to June 
1, 2020 in 4 high-impact cardiology journals: Journal 
of the American College of Cardiology, Circulation, 
JAMA Cardiology, and European Heart Journal, using 
a PubMed/MEDLINE query with the following limits: 
“create date” and journal name.

The following data were abstracted: (1) create date 
of the citation representing the earliest manuscript 
publication date, including online ahead of print; (2) 
first and co–first author first and last names; (3) se-
nior and co–senior author first and last names; (4) 
manuscript type; and (5) whether the manuscript was 
COVID-19-related. Manuscript types included original 
research (including research letters, original investi-
gations, systematic reviews, and meta-analyses), re-
views, editorials (including editorials, commentaries, 
viewpoints, and letters), case reports (including image 
challenges, case reports including case series of up to 
5 patients), and “other.” COVID-19-related manuscripts 
were designated if published in 2020 and article title or 
keywords mentioned any of the following: SARS-CoV; 
coronavirus; COVID-19; pandemic; or hydroxychlo-
roquine. Citations associated with manuscript errors 
and corrections, journal highlights, editor’s notes, and 
committee or council reports, as well as manuscripts 
without authors listed, were excluded (n=40 for 2019, 
n=35 for 2020).

For the 2019 analysis, we identified a total of 788 
first authors and 661 senior authors. For the 2020 
analysis, we identified a total of 838 first authors and 
716 senior authors. For the primary analysis (n=1627 
manuscripts), first author designation was assigned 
to the first listed author name and senior author 
designation was assigned to the last listed author 
name for all manuscripts, including those with 2 or 
more first or senior authors. An exploratory analysis 
was performed for the subset of manuscripts with 
2 co–first and/or 2 co–senior authors in which co–
first and co–senior authors were assigned as noted 
by the journal. A similar analysis for manuscripts 
with more than 2 co–first (n=12 for 2019; n=12 for 
2020) or 2 co–senior authors (n=4 for 2019; n=3 
for 2020) was not performed. We performed a sen-
sitivity analysis excluding manuscripts published in 
March 2019 and March 2020 (n=556) to more ro-
bustly identify scholarship conducted during the 
COVID-19 pandemic.

Author Gender Identification
Authors’ genders were determined by matching first 
name with predicted gender using a previously vali-
dated multinational database (Genderize.io).3 Gender 
was assigned if Genderize.io predicted the gender at 
a probability ≥95%, a higher threshold than has been 
previously used.4,5 Using this approach, 458 unique 
authors were categorized as “unknown” or not meet-
ing the 95% probability threshold. These names were 
manually reviewed by E.M.D. and L.S. and matched 
with websites linking publications to authors to con-
firm gender and authorship. Particular attention was 
paid to the use of pronouns to be consistent with the 
self-identification of the authors. Those manuscripts 
for which first and senior author genders could not 
be manually adjudicated were excluded. Given that 
these data were publicly available, institutional review 
board approval was not required as per institutional 
policy.

Statistical Analysis
Summary statistics were used to describe the total 
numbers of manuscripts, types of manuscripts, and 
numbers of COVID-19-related manuscripts pub-
lished, and genders of first and senior authors of 
these manuscripts during the 2019 and 2020 periods. 
Categorical variables were described as frequencies 
and percentages and were compared using χ2 or 
Fisher exact testing, as indicated. An α-threshold of 
P<0.05 was used for statistical significance. Analyses 
were performed using Stata, version 15.1/IC (College 
Station, TX).

RESULTS
The gender proportions of first and senior authorship, 
stratified by year, manuscript type, and COVID-19 re-
lationship are shown in the Table. For 2019, a total of 
837 manuscripts were abstracted from the 4 journals. 
After exclusion criteria were applied, the authorships 
of 797 manuscripts were reviewed. For 2020, a total 
of 885 manuscripts were abstracted, and the author-
ships of 849 manuscripts were reviewed. Nineteen 
additional manuscripts were excluded because of in-
ability to identify first or senior author gender, leaving 
1627 manuscripts for primary analysis.

Authorship Gender by Year
During the 2019 period, women were first authors of 
176 (22.3%) manuscripts and senior authors of 99 
(15.0%) manuscripts. In 2020, women first authored 230 
(27.4%) manuscripts and senior authored 138 (19.3%) 
manuscripts. The proportions of woman first and sen-
ior authors were significantly higher in 2020 compared 
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with 2019 (P=0.02 and P=0.04, respectively) (Figure). 
In aggregate, women were significantly more likely to 
be first authors if the manuscript’s senior author was a 
woman (33.8% for woman first/woman senior versus 
23.4% for woman first/man senior; P<0.001).

Authorship Gender by Manuscript Type
Women first authored a significantly higher proportion 
of editorials in 2020 compared with 2019 (27.6% ver-
sus 16.9%; P=0.001). There were no differences in the 
proportions of woman first or senior authors of origi-
nal research, case reports, reviews, or other manu-
script types in 2020 compared with 2019 (Table).

Authorship Gender of COVID-19-Related 
Manuscripts
During the 2020 period, 154 (18.4%) manuscripts 
were related to COVID-19. Of these manuscripts, 
63 (40.9%) were editorials, 29 (18.8%) were origi-
nal research, 17 (11.0%) were case reports, and 12 
(7.8%) were reviews. Women were first authors on 43 
(27.9%) and senior authors on 33 (23.9%) COVID-19-
related manuscripts.

Of COVID-19-related manuscript types, women 
were most often the first and senior authors of editori-
als (36.5% and 27.8%, respectively). The proportion of 
woman senior authors of COVID-19-related editorials 
was higher compared with non-COVID-19-related edi-
torials. Women were significantly less likely than men to 
be first authors of COVID-19-related original research 
manuscripts (P=0.04).

Exploratory Analysis
The genders of 119 co–first authors and 53 co–senior 
authors were determined; of these, 11 co–first authors’ 
and 3 co–senior authors’ genders were unable to be 
manually adjudicated. In the analysis of co–first author-
ship, the previously observed relative decline in woman 
first authorship of COVID-19-related original research 
was attenuated (25.7% COVID-19-related versus 29.6% 
non-COVID-19-related, P=0.70). All other comparisons 
were similar to those found in the primary analysis.

Sensitivity Analysis
The proportion of woman senior authors remained sig-
nificantly higher in 2020 compared with 2019 (P=0.04), 
while the proportion of woman first authors was not 
significantly different (P=0.06). Women remained as 
first authors of editorials at a significantly higher pro-
portion in 2020 compared with 2019 (P=0.02). There 
were no differences in the proportions of woman first 
or senior authors of other manuscript types in 2020 
compared with 2019.

DISCUSSION
In this bibliometric analysis of high-impact cardiology 
journals, we examined the representation of women 
in principal authorship positions of manuscripts pub-
lished during the beginning of the US COVID-19 pan-
demic compared with the prior year. Our key findings 
are as follows: (1) women comprise ≈25% and 20% of 
first and senior authors published in leading cardiology 

Figure.  Trends in first and senior authorship of manuscripts published in high-impact cardiology 
journals.
Percentages of women and men first and senior authors in 2019, 2020, and of COVID-19-related 
manuscripts are displayed. COVID-19 indicates coronavirus disease 2019.
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journals, respectively; (2) women were more frequently 
principal authors in the 2020 period compared with 
2019; (3) women first authored fewer COVID-19-related 
original research manuscripts compared with men; 
and (4) women were more likely to be first authors on 
manuscripts if senior authors were women.

The proportions of women as first and senior au-
thors in these major cardiology journals increased in 
2020 compared with 2019. This is consistent with prior 
work demonstrating increasing women first authorships 
in high-impact journals, although these data also sug-
gest a plateau in recent years.6 While our proportions of 
women in principal authorship positions are higher than 
the reported 17% of US female academic cardiolo-
gists,7 the women authors catalogued in our study may 
include noncardiologist physicians, other nonphysician 
health professionals, and those from non-US-based 
institutions. With respect to their academic careers, 
these women face many professional and personal 
obstacles similar to those of women cardiologists. At 
best, women cardiologists are exceeding academic 
expectations; however, it is likely that inequities persist 
in metrics regarded as among the most important for 
career advancement, and the need for increased rep-
resentation of women in cardiology remains.

We show that women were first authors of COVID-
19-related original research manuscripts significantly 
less often than men, corroborating recent demonstra-
tions of the underrepresentation of women in COVID-19 
research.8 Overall, these early findings herald a wor-
risome trend of the negative impact of COVID-19 on 
women in medicine.9 The first author position is often 
a designation for early career researchers, and our 
finding raises concern that early career female health 
professionals with less established careers and poten-
tially more domestic responsibilities may face dispro-
portionate barriers to career development during this 
time. Our exploratory analysis demonstrated an atten-
uation of this finding; however, the practice of assign-
ing multiple co-authorship for principal positions may 
be a strategy used to mitigate the authorship disparity.

In our analysis, women were significantly more likely 
to be first authors if manuscript senior authors were 
women, a finding that aligns with previous work10 and 
supports the hypothesis that championing the careers 
of women in medicine may lead to increased mentor-
ship of younger women and subsequently further op-
portunities for women’s early career advancement.11 
Beyond the worthy goal of gender equity in publication 
authorship, female-led scholarship may introduce new 
approaches to research questions. It has been shown, 
for example, that female authors are more likely to re-
port gender- and sex-disaggregated data,12 highlight-
ing underlying biological and societal differences in 
diseases and management.

Limitations of this analysis should be considered. 
First, we were unable to determine author genders of 
1.1% of manuscripts. Second, gender misclassifica-
tion may have occurred. We did not contact individual 
authors to confirm self-identified genders and were 
unable to identify individuals with nonbinary gender 
identities. Third, we recognize that some of the man-
uscripts published during these time periods do not 
necessarily reflect productivity during the March to 
June months and may represent work performed ear-
lier. For this reason, we used the earliest date of online 
publication rather than the date of an issue for those 
articles that were assigned. Furthermore, the COVID-
19-related manuscripts, given their content, should 
reflect academic productivity within the specified time 
period. Finally, because publications are trailing indi-
cators of productivity, extended surveillance may be 
needed to capture emerging authorship patterns.

CONCLUSIONS
Representation of women as first and senior au-
thors of manuscripts published in major cardiovas-
cular journals increased during the beginning of the 
COVID-19 pandemic compared with similar months in 
2019. However, women were significantly less likely to 
be first authors of COVID-19-related original research 
manuscripts. Overall, the number of cardiology publi-
cations with women in principal authorship positions 
remains low, and systematic implementation of strat-
egies to support the academic careers of women is 
critical. As the many ramifications of the COVID-19 
pandemic evolve, future studies to quantify its effects 
on women’s academic productivity are imperative.
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