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Pulmonary medicine; Background: Gender disparity in authorship broadly persists in medical literature, little is known
Gender distribution; about female authorship within pulmonary medicine.

Female first and last Methods: A bibliometric analysis of publications from 2012 to 2021 in 12 journals with the high-
authorship est impact in pulmonary medicine was conducted. Only original research and review articles

were included. Names of the first and last authors were extracted and their genders were identi-
fied using the Gender-APl web. Female authorship was described by overall distribution and dis-
tribution by country/region/continent and journal. We compared the article citations by gender
combinations, evaluated the trend in female authorship, and forecasted when parity for first
and last authorship would be reached. We also conducted a systematic review of female author-
ship in clinical medicine.

Results: 14,875 articles were included, and the overall percentage of female first authors was
higher than last authors (37.0% vs 22.2%, p<0.001). Asia had the lowest percentage of female
first (27.6%) and last (15.2%) authors. The percentages of female first and last authors increased
slightly over time, except for a rapid increase in the COVID-19 pandemic periods. Parity was pre-
dicted in 2046 for the first authors and 2059 for the last authors. Articles with male authors were
cited more than articles with female authors. However, male-male collaborations significantly
decreased, whereas female-female collaborations significantly increased.

Conclusions: Despite the slow improvement in female authorship over the past decade, there is
still a substantial gender disparity in female first and last authorship in high-impact medical
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journals in pulmonary medicine.
© 2023 Sociedade Portuguesa de Pneumologia. Published by Elsevier Espafa, S.L.U. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nc-nd/4.0/).

Introduction

In modern-day society, gender disparities broadly persist in
many professions. Despite the increasing numbers of women
in the medical field, they are under-represented in leader-
ship positions,”? editorial boards,>> and conference
speakers.®’ As authorship plays a crucial role in faculty pro-
motion, grant application, and academic position,®'® under-
standing gender distribution of prominent author positions
helps clarify the roles women hold in an academic environ-
ment.

In recent years, gender equity in academic medicine has
attracted interest from different medical disciplines.'’"”
Except for nursing,'® obstetrics and gynecology,'® and der-
matology,”® most clinical specialties have reported that
women have lower representation than men in published
articles,'?”"” especially in the last author position.'?'*"” In
articles published between 2008 and 2018 in 40 critical care
medicine journals, fewer than one-third of first authors and
one-fifth of last authors were women. "

Gender disparities in authorship vary between geographic
areas and journals. The reported proportions of first and last
women authors in countries vary by medical specialties. For
example, the percentage of women first authors in radiology
was reported to rank high in Asian countries like China and
South Korea,?' in contrast to their representation in surgical
medicine,?? neurosurgical science,”® and critical care
medicine.'*?%%5 Female authorship in high-impact journals
is low, especially in the last author position.2®%” Also,
articles with male authors are cited more often than articles
with female authors.?®?° so we sought to explore if there
are similar trends in pulmonary medicine journals.

This study aimed to investigate the gender distribution of
authorship among high-impact medical journals in pulmo-
nary medicine over the past decade. Additionally, to com-
pare authorship distribution in pulmonary medicine to other
medical specialties, we reviewed the publications with the
topic of gender distribution in the academic literature on
clinical medicine. Because the first authorship typically
belongs to the person responsible for most of the work, and
the last author is often considered the senior author who
supervises the project, we used those positions for this

paper.

Material and methods
Data source

We included the top eight journals that were ranked by jour-
nal citation reports (JCRs, 2020) in the category of the respi-
ratory system (https://jcr2.clarivate.com), according to
the Web of Science database core collection. These journals
included Lancet Respiratory Medicine, American Journal of
Respiratory and Critical Care Medicine (AJRCCM), European
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Respiratory Journal (ERJ), Journal of Thoracic Oncology,
Journal of Heart and Lung Transplantation, Chest, Thorax,
and European Respiratory Review. In addition, we included
four general medical journals with the highest impact fac-
tors (British Medical Journal [BMJ], Journal of the American
Medical Association [JAMA], Lancet, and New England Jour-
nal of Medicine [NEJM]). For the four general medical jour-
nals, only articles with study content related to pulmonary
medicine were included, with article titles and abstracts
screened independently by two researchers. Any disagree-
ment regarding if it was pulmonary medicine related article
was resolved by discussion with a third researcher.

Articles published in the 12 journals between January 1%,
2012, and December 315, 2021 were searched on Web of Sci-
ence core collection. Only original research studies and
reviews were included. Articles with a single author were
excluded.

Article information extraction

The article information was obtained from Web of Science
database and extracted by Python programming software,
including publication date, journal, article type, title,
abstract, citation, and author information. Detailed infor-
mation about data extraction is available in the Supplement
(page 2). Gender was identified for authors listed in the first
and last positions. For the authors who had multiple affilia-
tions, the affiliation listed first was used.

Author’s gender identification

The extracted authors’ names were entered in Gender-API
(https://gender-api.com/), which has been used to identify
gender based on name with a reported accuracy of over
98%.3%3" Gender-API reports gender (male, female, or null)
and the predicted accuracy of the determination. If the
author’s gender was not identified (null) or the predicted
accuracy was < 60%, a manual search on Google and/or
social media was conducted using the author’s name and
affiliations listed in the publication. The author’s photo
and/or biographies by pronouns were used to identify gen-
der. When either or both the first and last authors’ genders
could not be identified, the articles were excluded.

Evaluation on the publications of female authorship
in clinical medicine

We also reviewed the publications on female authorship in
clinical medicine. Two investigators independently searched
the PubMed database for articles with a focus on female
authorship in clinical medicine published in English from
January 1%, 2012 to December 31%%, 2021. The literature
search strategy and eligibility criteria for including studies
are available in the Supplement page 3.
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To explore the association between the percentages of
female faculty/physicians and female authorship in differ-
ent disciplines of clinical medicine, we extracted the per-
centages of female physicians and female faculty reported
by AAMC.3? The percentages of female first and last author-
ship from articles published from January 1%, 2018, to
December 31%, 2019, in relevant disciplines were calculated
as an average.

Statistical analysis

The distribution of female first and last authors was reported
as percentages by overall, article type, countries/regions/
continents, and journals. The differences were analyzed
using chi-square test. To evaluate female first and last
authorship changes over time, linear regression was per-
formed to forecast the year in which parity would be
reached between women and men for first and last author-
ship. Similarly, linear regression was used to analyze the
changes over time in female first and last authors by coun-
try/region, journal, and gender pairs from 2012 to 2021. To
understand the pattern of the pairs of first and last authors,
we paired the first and last authors by gender to create four
categories, including: (1) female-female, (2) female-male,
(3) male-female, and (4) male-male.

The Kolmogorov-Smirnov test was used to test the nor-
mality of distribution for article citations, and Mann-Whit-
ney test was used to compare the article citations with
different pairs of genders. Multi-factor logistic regression
was performed to assess the influential factors with the first
and last author’s gender. Factors in this model included year
(reference: 2012), article type (reference: original

(Original study and Review)
Articles
(n = 24947)

For the four general medical journals,
articles were excluded if they were not
relevant to pulmonary medicine (n =
9419)

- NEJM (n = 3019)

- Lancet (n = 2520)

- JAMA(n = 1913)

- BMJ (n = 1967)

Articles (n = 15528)

Articles were excluded due to:

- no authors listed (n =11)

- only one author listed (n =279)

- the gender of the first or last authors
could not be identified (n =356)

- articles were retracted (n =7)

| Articles (n = 14875) |

Fig. 1

research), region of the author (reference: North America),
and journal (reference: European Respiratory Review).
References were chosen as they were closest to the average
overall distribution data.

The first and last authors with the highest number of
articles in pulmonary medicine during the study period were
included in the top 100 most prolific authors.

Statistical analysis was conducted using SPSS (version
22.0; IBM Corp, Armonk, New York), and visualization of sta-
tistics was performed using GraphPad Prism version 8
(GraphPad Software, La Jolla, CA). A two-sided P< 0.05 was
considered significant.

Results

14,875 articles were included in our study, including 13,297
original research studies and 1,578 reviews (Fig. 1A). Of
those included articles, 14,411 had the gender of the first
author identified by gender-API, with a probability of 99%
(98-100). Likewise, the gender of last authors was identified
by gender-API in 14,328 articles, with a probability of 99%
(99-100). In the remaining articles, a manual search was per-
formed to determine the gender.

For the evaluation, 1,331 articles were screened and 117
articles were included (Fig. 1B).

Manuscript characteristics and authorship position
by gender

Of the 14,875 articles included, 37.0% were first-auth-
ored by a woman, which was higher than the percentage

Articles obtained based on searching
strategy (n =1331)

—h Excluding articles before 2011 (n =361) |

Articles (n = 970) |

Excluding articles that did not discuss
the proportion of female first and/or last
authors (n =771)

Articles (n = 199)

Excluding articles:

- Non-clinical medical specialties (n =42)
- Focused on a single disease or a
single treatment option (n =15)

- Study on specific groups (e.g.,

authors were from one physician
society, one college, or medical
graduates, etc.) (n =25)

| Articles (n = 117) |

Flow diagram for selecting articles for (A) selection of respiratory system articles published between 2012 and 2021 and

(B) evaluation on clinical medicine. Abbreviations: BMJ, British medical journal; JAMA, Journal of the American Medical Association;

NEJM, New England Journal of Medicine.
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Table 1  Manuscript characteristics and authorship position by gender.
Percentage of female Percentage of female
first authors (95% Cl) last authors (95% Cl)
Overall 37.0(36.2—37.8) 22.2 (21.5-22.9)
Article type
Original research 37.1 (36.3—37.9) 22.2 (21.5-22.9)
Review 35.9 (33.5—38.3) 22.1 (20.1-24.1)
Region
North America 35.4 (34.3-36.5) 22.9 (21.9-23.9)
Europe 39.8 (38.6—41.0) 22.5 (21.4-23.6)
Asia 27.6 (25.2—-30.0) 15.2 (13.2-17.2)
Oceania 46.2 (42.2-50.2) 25.5 (22.0-29.0)
South America 45.5 (37.4-53.6) 20.0 (13.1—-26.9)
Africa 34.2 (25.6—42.8) 21.6 (13.9-29.3)
Journal
European Respiratory Review 37.8 (33.7—41.9) 22.4 (18.9-25.9)
Thorax 44.9 (42.3—47.5) 26.6 (24.2—-29.0)
Chest 36.5 (34.8—38.2) 21.2 (19.8—22.6)

Journal of Heart and Lung Transplantation
Journal of Thoracic Oncology

ERJ

AJRCCM

Lancet Respiratory Medicine

BMJ

JAMA

Lancet

NEJM

30.9 (28.5-33.3)
36.2 (34.1-38.3)
42.4 (40.4—44.4)
36.5 (34.5-38.5)
28.0 (24.5-31.5)
37.0(33.7-40.3)
30.1 (24.2-36.0)
31.7 (26.3-37.1)
27.3 (22.4-32.2)

18.1(16.1-20.1)
20.9 (19.1-22.7)
24.6 (22.9-26.3)
21.3 (19.6-23.0)
20.7 (17.5-23.9)
26.0 (23.0-29.0)
18.8 (13.7-23.9)
23.6 (18.7—28.5)
27.6 (22.7-32.5)

Abbreviations: Cl, confidence interval; ERJ, European Respiratory Journal; AJRCCM, American Journal of Respiratory and Critical Care
Medicine; BMJ, British medical journal; JAMA, Journal of the American Medical Association; NEJM, New England Journal of Medicine.

of female last authors (37.0% vs 22.2%, P< 0.001)
(Table 1). For original research and review articles,
female first authors were similar (37.1% vs 35.9% respec-
tively), which was also noted for last authors (22.2% vs
22.1% respectively).

Trends in overall articles gender distribution over
time

The percentage of female first authors increased signifi-
cantly from 2012 to 2021, with an average annual increase
of 0.44% (95%Cl, 0.13-0.75%, P= 0.011) (Fig. 2A), with parity
predicted in 2046 (Fig. 2B). Likewise, the percentage of
women in the last author position also increased signifi-
cantly, with an average annual increase of 0.66% (95%Cl
0.40—-0.91%, P< 0.001). At this rate, parity would be
reached in 2059.

During the COVID-19 pandemic 2020 and 2021), of 3372
articles published in the 12 journals, 39.0% were first-auth-
ored by a female and 25.5% had a female last author
(Fig. 2A). While in the two years before COVID-19 (2018 and
2019), of 2581 articles, 36.3% and 23.8% had women first
and last authors respectively. More females were first (P=
0.032) and last (P= 0.016) authors in the COVID-19 pandemic
than in non-pandemic periods.
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Fig. 2 Trends in overall articles gender distribution over time.
(A) Trends in female first and last authorship of respiratory sys-
tem articles published between 2012 and 2021. (B) Linear fore-
cast for first and last authors. Abbreviations: Cl, confidence
interval.
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Geographic distribution of female authors

Over 85% of the first and last authors had North American
(44.9% and 46.1% respectively) and European affiliations
(40.3% and 40.1%, respectively) (eFigure 1A in the Supple-
ment). Regarding authorship on different continents, Oce-
ania had the highest female first (46.2%) and last (25.5%)
authors, whereas Asia had the lowest female first (27.6%)
and last (15.2%) authors. Over the past decade, female first
authors increased significantly in North America (P= 0.002)
and Asia (P= 0.028); and female last authors increased signif-
icantly in North America (P= 0.026), Europe (P= 0.004), and
Oceania (P= 0.045) (eFigure 2).

When all countries were analyzed together, the United
States had the most first and last female author positions
(38.1% and 39.5%) in terms of the number of publications,
respectively (eFigure 3A). The Netherlands had the highest
proportion of female first (52.5%) and last (27.6%) authors by
country; and Japan had the lowest proportions (10.1% and
2.6% respectively) (eFigure 3B). Female first authors
increased significantly over time in the United States
(B=0.66, 95% Cl 0.31-1.02%, P= 0.003), whereas female last
authors increased significantly over time in several coun-
tries, including the United States, the Netherlands, Aus-
tralia, Switzerland, and Denmark (eFigure 4).

Author gender distribution in different journals

In terms of journals, Thorax had the highest female first
authors (44.9%), and NEJM had the lowest female first
authors (27.3%). In contrast, NEJM had the highest female
last authors (27.6%) and Journal of Heart and Lung Trans-
plantation had the lowest female last authors (18.1%) (eFig-
ure 5). Other than NEJM, all journals had a higher
percentage of female first authors than female last authors.

Over time, female first authors increased significantly in
the European Respiratory Review, Chest, and BMJ; and
decreased significantly in Lancet Respiratory Medicine
(B=-1.78, 95%Cl -3.18 to -0.38%, P= 0.019). Female last
authors increased significantly over time only in the Journal
of Thoracic Oncology (8=1.12, 95%Cl 0.71-1.54%, P= 0.001)
(eFigure 6).

First and last author gender pairs

Of the included articles, 50.9% had males in the first and last
author positions (male-male), followed by female-male
(26.9%), male-female (12.2%), and female-female (10.0%).
Over the past decade, female-female author pairs increased
(P=0.001), and between male-male author pairs decreased
(P< 0.001) (eFigure 7).

High productivity authors
Among the 100 most prolific first and last authors in pulmo-

nary medicine research during the study period, only 10 and
14 were women, respectively (eFigure 8).

Gender disparity in citations

Articles with women as first and last authors were cited less
than those with men as first (25 [9-54] vs 29 [11-64]
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citations, P< 0.001) and last authors (24 [9-56] vs 28 [10-61]
citations, P< 0.001) (eTable 1). In year-by-year data, this
pattern was consistent each year from 2018 to 2021 for the
articles with female first authors and in 2020 for articles
with female last authors. Articles with females as both first
and last authors were cited the fewest times (22 [7-49])
(eTable 2), whereas articles with males as first and last
authors were cited most (29 [11-65]). Comparisons across
the four pairs of first/last author genders were statistically
significant (P< 0.001).

Multivariable analyses

When using the percentages of female authorship in 2012 as
a reference, the odds of female first and last authorship
increased overtime (Table 2). Moreover, compared to the
female authorship in North America, the odds of being the
first author were higher in Europe, Oceania, and South
America, but lower for the last author in Europe. In Asia, the
odds were lower for the first and last authorship. Further-
more, compared to female authorship in the European Respi-
ratory Review, which had a percentage of female authors
equal to the average of the 12 included journals, the odds of
female first authorship were higher in Thorax, while Lancet
Respiratory Medicine, JAMA, and NEJM had lower odds. For
Journal of Heart and Lung Transplantation, the odds were
lower for the first and last authorship.

Evaluation of female authorship in biomedical
journals

The proportions of female authorship in different disciplines
of clinical medicine varied (Table 3). Using the aggregated
data published between 2012 and 2021 to generate the over-
all proportion of female authorship in different disciplines,
the top three disciplines ranked by the percentages of
female first authorship were nursing (83.0%), obstetrics and
gynecology (60.3%), rheumatology (51.5%). Furthermore,
the top three disciplines ranked by the female last author-
ship were nursing (72.0%), obstetrics and gynecology
(41.7%), dermatology (35.6%). There were increasing pro-
portions of female first and last authors in most disciplines,
such as oncology, pediatric surgery, and anesthesiology
(eFigs. 9 and 10).

Discussion

In this study, we found that the percentages of female first
and last authors increased slightly between 2012 and 2021,
especially a significant increase during the COVID-19 pan-
demic periods. Parity was foreseen in 2046 for the first
authors and 2059 for the last authors. Articles with male-
male pairs were cited more than articles with female-female
pairs. Male-male pairs decreased significantly from 2012 to
2021, whereas female-female pairs increased significantly.
Our findings are consistent with several recent
studies illustrating gender disparities in academic publica-
tions."*> "> Our findings were not surprising considering the
low number of female physicians in pulmonary medicine
(12.3%) and critical care medicine (26.8%) in the United
States, according to AAMC.>? That said, the percentage of
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Table 2  Multivariable analyses.
0Odds of female first P Odds of female last P
authorship (95% ClI) authorship (95% CI)
Year
2012 Reference Reference
2013 1.161 (1.001—1.346) 0.048 0.944 (0.790—1.128) 0.525
2014 1.150 (0.987—-1.338) 0.072 1.145 (0.958—-1.367) 0.136
2015 1.195 (1.028—1.390) 0.021 1.151 (0.964—1.374) 0.119
2016 1.212 (1.039—1.415) 0.014 1.093 (0.911-1.312) 0.340
2017 1.297 (1.110—1.515) 0.001 1.070 (0.890—1.287) 0.474
2018 1.179 (1.006—1.380) 0.041 1.188 (0.989—1.428) 0.066
2019 1.149 (0.981—1.346) 0.086 1.193 (0.993-1.433) 0.059
2020 1.333 (1.147—-1.548) <0.001 1.367 (1.150—1.625) <0.001
2021 1.347 (1.165—1.559) <0.001 1.403 (1.186—1.660) <0.001
Article type
Original research Reference Reference
Review 0.903 (0.800—1.018) 0.095 0.927 (0.807—1.064) 0.280
Region
North America Reference Reference
Europe 1.115 (1.030—1.207) 0.007 0.891 (0.813-0.977) 0.014
Asia 0.650 (0.569—0.743) <0.001 0.563 (0.475—0.667) <0.001
Oceania 1.453 (1.222-1.726) <0.001 1.060 (0.869—1.292) 0.564
South America 1.479 (1.060—2.064) 0.021 0.803 (0.520—1.242) 0.325
Africa 0.975 (0.659—1.442) 0.897 0.861 (0.544—1.363) 0.523
Journal
European Respiratory Reference Reference
Review
Thorax 1.307 (1.050—1.627) 0.017 1.234 (0.959—-1.588) 0.102
Chest 0.986 (0.801—1.213) 0.890 0.890 (0.699—1.133) 0.346
Journal of Heart and Lung 0.748 (0.595—0.939) 0.012 0.716 (0.549—0.935) 0.014
Transplantation
Journal of Thoracic 1.058 (0.852—1.314) 0.610 0.973 (0.757—-1.252) 0.834
Oncology
ERJ 1.183 (0.961—1.457) 0.113 1.131 (0.889—-1.439) 0.318
AJRCCM 0.969 (0.782—1.200) 0.771 0.896 (0.699—1.150) 0.390
Lancet Respiratory 0.629 (0.487—0.813) <0.001 0.870 (0.649—1.164) 0.348
Medicine
BMJ 0.958 (0.652—1.408) 0.826 1.145 (0.745—-1.759) 0.536
JAMA 0.706 (0.501—-0.993) 0.046 0.744 (0.499—1.109) 0.146
Lancet 0.783 (0.571—1.073) 0.128 1.061 (0.746—1.510) 0.741
NEJM 0.632 (0.461—0.865) 0.004 1.217 (0.871-1.701) 0.249

Abbreviations: Cl, confidence interval; ERJ, European Respiratory Journal; AJRCCM, American Journal of Respiratory and Critical Care
Medicine; BMJ, British medical journal; JAMA, Journal of the American Medical Association; NEJM, New England Journal of Medicine.

female first authors (37.0%) in our study is relatively high
among all the medical specialties (Table 3).

In many specialties, including emergency medicine,
internal medicine, and surgery, the COVID-19 pandemic
reduced female researchers’ productivity,**** due to family
responsibility, childcare needs,***> and the lack of patients
or research materials.>® In contrast, we found a significant
increase in publications with females as the first and last
authors. This might be explained by the fact that pulmonary
medicine was directly impacted by the COVID-19 pandemic.
In general, the lack of childcare support and flexible working
hours might explain the reduced output of female research-
ers.

In our study, the percentage of female first authors was
nearly double that of female last authors and might be
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explained by the lack of female senior research mentors.>’
According to the 2021 AAMC report, the percentages of
female faculty in the ranks of assistant professors and
instructors is similar to that of male faculty (29% vs 29%),>?
while the percentages of female faculty in higher ranks
(Associate and full Professors) is lower than that of male fac-
ulty (13% vs 26%).>? Our study suggests that this disparity
might eventually be resolved, but this will take 20-30 years
at the current rate of change. However, efforts to promote
female authorship, grant awards, and academic leadership
positions might accelerate the process.”’ We also found a
growth in female-female pairs and a decline in male-male
pairs, which might be explained by the feminization of the
workforce®® and the increasing numbers of female senior
researchers in the field.*’
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Table 3  Percentages of female first and last authors in publications from 2012 to 2021 and percentages of female physicians and faculty reported by AAMC.

Specialties Percentage of Percentage of Percentage of Percentage of Percentage of Percentage of
Female First Female First Female Last Female Last Female Physicians Female Faculty in
Authors From 2012 Authors in 2019 Authors From 2012 Authors in 2019 in 2019 Reported 2021 Reported by
to 2021 to 2021 by AAMC AAMC

Nursing 83.0% 83.5% 72.0% NR NR NR

Obstetrics and Gynecology 60.3% NR 41.7% NR 58.9% 67.3%

Rheumatology 51.5% NR 35.3% NR 46.3% NR

Dermatology 50.6% NR 35.6% NR 51.0% 52.5%

Psychiatry 49.6% 49.5% 35.9% 35.7% 40.2% 55.6%

Family Medicine 49.3% NR 42.3% NR 41.3% 54.1%

Pediatrics 44.7% 54.4% 34.8% 37.7% 64.3% 60.3%

Stomatology 41.9% 44.7% 25.7% NR NR NR

Ophthalmology 37.5% 41.3% 25.0% 28.6% 26.7% 41.7%

Pulmonary Disease® 37.0% 36.2% 22.2% 23.0% 12.3% NR

Oncology 36.0% 34.7% 27.6% 30.1% 34.3% NR

Gastroenterology 33.7% 31.7% 18.7% 19.3% 18.9% NR

Internal Medicine 32.9% 34.3% 19.1% 16.2% 38.7% 41.9%

Otolaryngology 32.5% 36.4% 22.1% 24.6% 18.3% 36.5%

Critical Care Medicine 31.5% 32.6% 18.5% 21.4% 26.8% NR

Radiology 30.6% NR 19.8% NR NR 29.9%

Emergency Medicine 30.3% 30.2% 20.4% 22.7% 28.3% 38.5%

Anesthesiology 30.3% 40.6% 16.3% 17.6% 25.9% 37.0%

Cardiovascular Disease 28.0% 38.6% 15.8% 7.9% 14.9% NR

Surgery Medicine 22.1% 26.9% 13.7% 15.4% 22.0% 27.7%

Neurology 20.3% 20.6% 12.2% 11.6% 30.9% 42.7%

Sports Medicine 17.5% NR NR NR 27.2% NR

Abbreviations: AAMC, Association of American Medical Colleges; NR, Not Reported; a, Data from Our Research Results.
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Regarding citations of articles authored by females and
males, we found articles with female first authors were cited
fewer times than articles with male first authors within four
years of publication. These findings agree with results from
research by Chatterjee and Werner, who found that articles
by women as primary authors had fewer citations within
four years of publication.?’ Interestingly, we found that the
difference in citations between female and male first
authors was not significantly different after four years of
publication. Compared to females, males tend to have more
opportunities to present at conferences, participate in clini-
cal practice guideline development, serve as content
experts, and share their research findings,*>** which may
result in more citations shortly after study publication.?” In
the long term, citations might be more dependent on the
content and relevance of the publication, thus the citations
become similar.

Finally, we found lower percentages of female first and
last authors in Asian countries, in contrast to high percen-
tages of female authors in European countries. In particular,
we found that among the developed countries, the Nether-
lands has the highest percentages of female authorship in
contrast to the lowest proportions in Japan, this finding
agrees with research in critical care medicine* and trans-
plantation research.®® The discrepancy between Asian and
European countries might be explained by differences in cul-
tural expectations and roles/responsibilities of women in
society and family,® the overall lack of research training/
opportunities, and the lack of female mentors and academic
leaders in educational institutions.'***“® Likewise, the only
two journals that exceeded the average percentage of over-
all female first authorship among the 12 journals were Tho-
rax and ERJ, which both belonged to European scientific/
medical societies, and both societies made rules or policies
on female representations and participation,*’"*® with an
endeavor to achieve gender equality. To what extent these
rules or policies contribute to female authorship remains
unclear. Recently, Chest journal starts to collect authors’
gender during manuscript submission and whether these
data help improve gender equality requires more investiga-
tion.

Our findings suggest that female researchers should have
the same opportunities to disseminate the findings of their
research as their male counterparts. Solutions may include
increasing mentorship and sponsorship opportunities,
encouraging and inviting women to pursue formal research
training, and for senior investigators to invite early-career
women onto their teams. Further studies are needed to
identify factors that influenced our findings.

Strengths of our study include the large sample size and
comprehensive analyses of gender distribution in different
geographic areas, journals, trends over time, collaborations
between first and last author genders, and article citations
in high-impact journals of pulmonary medicine. Notably, the
journal impact factor is just one measure of scientific output
as highlighted and advocated by the Declaration on Research
Assessment (DORA), thus high-impact journals included in
this study might not represent their true academic reputa-
tion and scientific influence. Additionally, we conducted a
thorough literature search and performed an evaluation of
female authorship. This study also has limitations. First, we
only included original research and review articles published
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by pulmonary medicine journals with the highest impact fac-
tors, thus our findings may not be generalizable to all jour-
nals in academic medicine. Second, gender was determined
by an online web tool, which may have resulted in misclassi-
fication, even though genders that were assigned with a low
probability of accuracy were manually evaluated. Third,
there was a risk of misclassifying publication types. Fourth,
single-author articles were excluded. Lastly, the exact num-
ber of female researchers (the denominator) in academic
pulmonary medicine worldwide is unknown.

Conclusion

In conclusion, this study demonstrates a significant differ-
ence between female and male authorship in medical jour-
nals pertaining to pulmonary medicine. These findings
appear to differ between countries and continents, suggest-
ing that some regions and academic environments might be
more supportive of female researchers. We suggest that
efforts be made by academic institutions globally to ensure
equal opportunities for any individual pursuing research.
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