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Abstract

Background: Women are currently underrepresented in academic psychiatry. Since publication
activity reflects both leadership and participation in academia, we examined temporal trends in
women authorship by conducting a large-scale bibliometric study of psychiatry journals.

Methods: We examined changes in proportions of women in the first, last, and overall authorship
positions over time, relationship to journal impact factor and editorial board makeup, and rates of
transition to senior author status using original research articles published in the 24 highest-impact
psychiatry journals between January 2008 and May 2018.

Results: In 30,934 articles, women represented 40.0% of all authors in 2008 and 44.8% in 2018,
with a significant increase in the percentage of women first authors (2008:43.5%, 2018:49.5%;
=0.64, p=.002) and last authors (2008:30.0%, 2018:35.7%; $=0.64, p=1e-05). Articles with
women last authors were significantly more likely than those with men last authors to have a
woman as first author (X2=126.1, p<2.2e-16). Women exhibited slower rates of transition to the
last author position (log rank p=2e-16); time to 10% transition was 5 years for men and 9 years for
women.

Conclusions: These results indicate continued improvement in the representation of women
authors in psychiatry journals resulting in near parity in first authors. However, slower rates of
transition to the senior author position and continued underrepresentation of women as senior
authors suggest ongoing challenges in achieving gender parity in academic leadership. At the
present rate of change for last authors (.64% increase per year), women would achieve parity in
senior authorship in ~20-25 years.
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Introduction:

As of 2017, women comprise a majority of medical students (50.7%), psychiatry residents
(52.2%), and students enrolled in psychology graduate departments (up to 80%) in the
United States.(1, 2) However, they remain underrepresented among psychiatry academic
faculty.(3) The percentage of women diminishes with increasing seniority among psychiatry
medical school faculty, from 57% of assistant professors to 32% of full professors in 2017.
(3) Similarly among psychology graduate school faculty, the proportion of full professors
who were women in 2014 was nearly half (35%) that of assistant professors who were
women (60%).(1) The underrepresentation of women in academic psychiatry is also evident
outside of the United States. For example, in the United Kingdom in 2010, women
accounted for 35% of all academic psychiatrists in the Royal College of Psychiatrists, and in
Turkey, 33% of all academic psychiatry positions in 2011 were held by a woman.(4, 5)

The decreased representation of women in higher academic positions has been termed the
“leaky pipeline,” and it remains one of the most persistent features of gender disparity across
academia.(1) In recent years, the causes, consequences, and potential solutions to this gender
disparity have come to the foreground of both theoretical discussions and empirical research.
(6) The root of this phenomenon has been suggested to be multifactorial, as women in
research careers may face additional challenges including insufficient mentoring, difficulty
obtaining research funding, subtle or overt discrimination, as well as pressure to balance
personal and work responsibilities.(4, 7) There have been efforts to address these challenges,
including institutional guidelines, training to improve awareness of gender bias, as well as
public sector initiatives to improve support systems for women.(4, 8) However, recent
research suggests that gender disparities persist within academic psychiatry, as well as in
psychology graduate departments, and that the rate of improvement may be slowing.(1, 7, 9)

Publication activity reflects both leadership and inclusiveness and is a key criterion for
promotion and research funding awards, making it one of the most important metrics of
academic success. Women’s participation in academic publication therefore provides a
measure, albeit an imperfect one, of progress toward parity within academia. Three prior
reports examined gender and temporal trends in authorship within psychiatry, including
author position: one examining articles on eating disorders and two looking at articles
published in the three highest-impact journals.(7, 10, 11) However, these studies were only
able to analyze a small subset of psychiatry journals and articles. To further inform efforts to
address gender disparity in psychiatry, we conducted a large-scale bibliometric study of
gender representation within the highest-impact psychiatry journals over the last 10 years.
We aimed to assess (a) change in the representation of women as authors in the first and last
author positions, as these positions are notable indicators of research participation and
leadership; (b) association between the gender of first and last authors; (c) associations
between journal metrics (i.e., journal impact factor and the gender composition of journal
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editors) and the representation of women as authors; and (d) other factors that may influence
gender differences in authorship such as time to transition from first to last author position,
and gaps in publication.

Methods and Materials:

We identified all psychiatry journals (n=33) with an impact factor greater than 4 publishing
original research according to the most recent Web of Science Journal Citation Reports
(2016).(12) Using the RISmed package in R (version 1.1.423), we curated a list of articles
published in these 33 journals between January 1, 2008 and May 1, 2018.(13) Focusing on
original research, article type was limited to journal articles; comments, editorials, review
articles, retracted articles, and erratums were excluded a priori. Biographies, personal
narratives, portraits, introductory journal articles, practice guidelines, consensus
development conferences, congresses, clinical conferences, addresses, guidelines, duplicate
publications, legal cases, interviews, and news articles were also excluded. Figure 1 shows
the process of article selection, and the number of articles excluded from the study.

For each article, a list of named authors (excluding consortium collaborators / investigators
listed in PubMed) was compiled using the EasyPubMed package in R by searching PubMed
for the PMID, returning the article’s extensible markup language (XML) code, and
extracting authors’ first name, last name, and initials.(14) We used the genderize.io
application programming interface (API) for R to assign gender to each author based on
their first name. Genderize.io predicts a gender and probability of gender for each name.(15)
At the time of the study, this program contained 216,286 distinct names from 79 different
countries, and prior research has demonstrated the high reliability of this gender
identification method.(16) Consistent with prior work, gender was only assigned to an
author when the program predicted the gender of their first name with a probability of 60%
or greater.(17)

We calculated the overall percentage of authors who were women, percentage of first
authors who were women, and percentage of last authors who were women. All percentages
were calculated out of the total number of authors within each authorship position for whom
gender could be deduced based on their first name (in other words, the denominator would
be the total number of male and female authors). To determine the association between
author gender proportions and journal prominence, we calculated the correlation between
each of these three measures (overall percentage of women authors, percentage of first
authors who were women, and percentage of last authors who were women) and journal
impact factor using Spearman’s rank order correlation. To determine if the change in impact
factor was associated with the change in female representation over time, we calculated the
correlation between the rate of change in impact factor and rate of change in female
representation using Spearman’s rank order correlation. For journals that did not begin
publishing until after 2008 (Journal of Behavioral Addiction and Lancet Psychiatry), the rate
of change for both variables was calculated between 2016, and the first year in which an
impact factor was available.
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We used linear regression to model temporal trends in author gender ratios for each outcome
measure. Finally, we repeated these linear models in the five journals with the highest-
impact factor in 2016 for which author gender could be identified above the 70% threshold
(Lancet Psychiatry, Biological Psychiatry, World Psychiatry, American Journal of
Psychiatry, and JAMA Psychiatry).

In secondary analysis, we sought to examine factors that may influence gender disparity in
authorship. First, a list of editors and editorial board members for each journal were
compiled as of June 2018, and gender was assigned to each editor/board member as above.
We then determined the correlation between the proportion of women editors and the
proportion of women on the editorial board to the proportion of overall authors who were
women. We also examined the relationship between the gender of the first author and the
gender of the senior author, using a chi square test after excluding single-author articles.
Finally, we considered two potential indicators of disruption in academic progress, namely
time to transition to senior authorship and largest gap in publication (for any authorship
position). The former linked individuals by matching first and last name (excluding middle
initials, which may not be consistently included) and examined time to incident senior
authorship among all those authors with a gender identified who published in 2008 as a non-
senior author. We performed standard Kaplan Meier log-rank analysis to compare the time to
transition to last author between men and women, with censoring at the end of the study
period. We also estimated the longest gap in publications (number of years in which an
author did not publish in any of the represented journals) for each author. We analyzed
differences in the longest gap in publications between men and women using a Mann-
Whitney U-test.

Sensitivity analysis examined a less stringent threshold for journal inclusion (i.e., 50%
confidence in status). As these results did not differ meaningfully from primary results, they
are presented in supplemental materials but not addressed further. A second sensitivity
analysis examined the more stringent cutoff for author gender determination using a 95%
probability threshold for determining author gender; this excluded an additional 7.9% of
authors. The primary analyses looking at change in female representation over time and the
relationship of female authorship metrics and impact factor were repeated.

The present study is exempt from IRB review given that the data analyzed was public data
available on the Internet.

We collected 58,331 articles published in 33 psychiatry journals from January 2008 to May
2018. Limiting to original research, we identified a collection of 40,899 articles. Seven
journals were excluded from analyses because we were unable to identify gender for at least
70% of their authors (Acta Psychiatrica Scandinavica, Epidemiology and Psychiatric
Sciences; Molecular Psychiatry; Psychological Medicine, Translational Psychiatry; Journal
of Neurology, Neurosurgery, and Psychiatry, and Journal of Psychopharmacology).
Additionally, two journals were excluded due to a low number of indexed journal articles
published per year (Neuropsychiatry, mean = 5.5 articles, SD = 3.5; Current Opinion in
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Psychiatry, mean = 8.9 articles, SD = 14.8). This yielded a collection of 30,934 articles from
24 journals for analysis.

In this collection, gender was predicted at a probability of 60% or greater for 89.1% of
authors (Table 1). Of authors with a gender identified, women represented 42.7% of all
authors, 46.8% of first authors, and 33.4% of last authors. Overall representation of women
authors per journal ranged from 32.4% to 53.9%, the percentage of women first authors
ranged from 21.1% to 62.7%, and the percentage of women last authors ranged from 27.3%
to 44.7%. Additional descriptive statistics for each journal are presented in Table 1. Over the
10-year study period, there were significant increases in the overall percentage of women
authors (B = 0.48, p=7.3e-6), in the percentage of women first authors (f = 0.64, p=.002),
and in the percentage of women last authors (f = 0.66, p = 1e-05). Figure 2 shows the
change in female representation over time for each authorship position, separated by journal.

There were no significant associations between journal impact factor and overall percentage
of women authors (rg = - 0.37, p = 0.08), percentage of women first authors (rg =- 0.25, p=
0.23), or percentage of women last authors (rs = —0.16, p= 0.47; Figure 3). However, there
was a significant negative correlation between the rate of change in impact factor, and the
rate of change in the percentage of female representation (rs = - 0.44, p=0.03). That is to
say that a large increase in impact factor over the study period corresponded with a decrease
in the overall representation of women over the study period, and a small change in impact
factor corresponded with an increase in female representation over the study period.

Among the five highest-impact journals, results were qualitatively similar in magnitude.
There was no significant change in the percentage of women first authors over time (p =
0.66, p=0.18). However, there were significant increases in the overall percentage of
women authors (B = 0.62, p= 0.009) and the percentage of women last authors (§ = 0.92, p
= 0.001; Supplemental Figure 3). Since World Psychiatry has a much higher impact factor
than the other included journals, and mostly publishes commentaries, we repeated the
analyses in the five highest-impact journals excluding World Psychiatry. There were no
significant correlations between impact factor and the representation of female authors, but
again there was a significant increase in the overall proportion of female authors (B = 0.44, p
= 0.002) and the proportion of female last authors (B = 1.45, p< 0.001).

Using the more stringent cutoff for assigning gender to authors (95%), results for the
primary analyses were quantitatively similar in magnitude. There were significant increases
in the overall percentage of women authors (p = 0.47, p< .001), in the percentage of women
first authors (B = 0.60, p=.004), and in the percentage of women last authors ( = 0.57, p
<.001). There were no significant correlations between impact factor and the representation
of female authors.

There was no significant correlation between the proportion of women authors and the
proportion of women editors (r(16) = 0.41, p=.09) or editorial board members (r(15) =
-0.24, p=0.35). Limiting to journal articles with more than one author (n = 28,557), there
was a significant association between the gender of the first and last author (X2 (1, N =
28,557) = 126.1, p<2.2e-16). In particular, articles with a woman as the last author were
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7.7% more likely to have a woman as first author compared to articles with a man as the last
author.

Finally, women showed slower rates of transition to last author as compared to men (Kaplan
Meier log rank p = 2e-16). Figure 4 shows the cumulative proportion of individuals who
have transitioned to the last author position, separated by gender. The time to 10% transition
was 5 years for men and 9 years for women. Women authors also exhibited a modest but
statistically significant difference in the maximum gap between publications (women,
median = 7 years, SD = 2.06; men, median = 7 years, SD = 2.28; U= 702950000, p <.001).

Discussion:

In this study of author gender in 30,934 original research articles published in 24 medium
and high-impact psychiatry journals between January 2008 and May 2018, women
represented 40.0% of all authors in 2008 and 44.8% of all authors in 2018, with evidence of
continued improvement over the study period. The percentage of women first authors
increased from 43.5% in 2008 to 49.5% in 2018 and the percentage of women last authors
also increased from 30.0% in 2008 to 35.7% in 2018. Our results indicate near-gender parity
in overall participation in academic publishing and in leadership of specific projects but
continued underrepresentation of women in senior leadership roles.

We expected the representation of women authors to reflect the representation of women in
academic psychiatry. According to the AAMC faculty report from 2017, women represented
51.4% of academic psychiatrists.(3) Our results indicate that the representation of women as
authors was lower than the overall representation of women as faculty. Looking across time,
from 2009 and 2017, there was an increase in the total percentage of female faculty at a rate
of 1.13% per year, and an increase in the percentage of female full professors at a rate of
1.3% per year.(3, 18) The rate of increase for female faculty was greater than the rate of
increase in female authors (0.48%) and for female last authors (0.66% per year). This
implies that while women are being promoted, the rate at which they are publishing in high-
impact psychiatry journals is not increasing at a comparable rate.

Prior works examining a smaller number of articles have shown similar improvements in the
overall representation of women as authors and in the proportion of female first authors
within psychiatry. One study which included 5,429 articles addressing eating disorders
found that female first authorship increased in specialty journals and high-impact journals
from 1997 to 2016, but that women were significantly less likely to be listed as a first or last
author in the high-impact journals.(10) Another study considered 1,732 articles in three
high-impact psychiatry journals and found an increase in the overall representation of
women as authors and as first authors from 1994 to 2007.(11) The final report found an
overall increase in the percentage of authors who were women over the last two decades in
the three highest-ranking psychiatric journals (from 24.6% in 1994 to 38.9% in 2014).
However, the rate of improvement appeared to be slowing.(7)

Despite increased overall representation, the proportion of women as last authors in the
current study remains lower (33.4% of all last authors) than the proportion of women
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authors in any authorship position or in first author positions. This result is consistent with
the “leaky pipeline” model, with the decreased representation of women at increasing levels
of seniority. The American Psychological Association and the Association of American
Medical Colleges have both recently documented this phenomenon by showing the
disproportionately low proportions of women in leadership positions such as full
professorships.(1, 3) Many factors have been proposed to explain the leaky pipeline,
including increased difficulty for women to receive promotions as compared to similarly
qualified men.(4) Indeed, in our survival analysis, we show that women take significantly
longer to transition to the last author position as compared to men authors. Longer
publication gaps alone are unlikely to account for the slower transition to last authors in
women as the maximum publication gap for women was only marginally longer than that
gap for men. While it is important to note that authors may be publishing outside of the
journals included in this study, creating longer measured gaps in publications than actually
occurred, this analysis assesses how frequently men and women are contributing to high-
impact research within the field of clinical psychiatry.

Prior work has also suggested that junior women within academia find it more difficult than
their male counterparts to find mentors, possibly due to the scarcity of women in senior
positions.(4) Our results indicate that women last authors were significantly more likely to
have a women first author listed on their manuscript. This result underscores the importance
of developing a “critical mass” of senior women who are able to support and mentor junior
women conducting research and to offer guidance, support, and modeling for how to balance
a career and responsibilities outside of work. Increasing the number of women in senior
leadership positions may help to bolster the careers of junior women in academia, since
mentors who are women (as compared to male mentors) may be more likely to take on
junior women and support their academic careers both through role-modelling and explicit
assistance and advice in their careers and personal lives.(19) Additionally, institutional
efforts to facilitate networking and mentoring, both informally and via formal research
collaborations, represent one of many potential strategies.(6, 7, 20) These initiatives need
not be limited to traditional new investigator contexts, recognizing that the transition from
early- to mid-career status may be particularly fraught.

The necessity of having women in senior positions to support other women researchers may
also extend to journal editorial boards. While there was not a significant correlation between
the proportion of authors who were women and the proportion of female editors/editorial
board members, the overall proportion of female editors/editorial board members was
generally low (mean = .39, SD = 0.23). Future work should consider how the composition of
the editorial board may impact the selection of articles for publication, the extent of the
editorial board’s influence on publication decisions and if there are biases within the review
process towards manuscripts submitted by women. Neuropsychopharmacology has recently
taken steps to improve gender parity among reviewer selection, and to bring awareness to
areas of the manuscript selection process that may be impacted by implicit bias.(21) It is
also important to consider how changes in impact factor may influence female
representation. Our results did show a significant negative correlation between the rate of
change in impact factor, and the rate of change in female representation. This implies that in
journals with an impact factor that is increasing quickly, such as new journals, it may be
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more difficult for women to have their work accepted as the impact factor increases. On the
other hand, established journals with more stable impact factors are seeing the greatest rates
of increase in female representation. Prior work has shown that implementing processes
such as double-blind review can increase the representation of women as authors.(22)
However, it is impossible to determine if the underrepresentation of women as senior authors
is due to fewer acceptances than their male counterparts, or if it is due to fewer initial
manuscript submissions, as most journals do not release demographic information on the
authors submitting manuscripts to their journal.

Among the highest-ranking psychiatry journals by impact factor, the overall representation
of women and the proportion of women last authors also increased over the last 10 years.
For both the overall proportion of women authors and the proportion of women last authors,
the rate of improvement was numerically greater in the high-impact journals than in the
overall collection of journals. This finding indicates that while the association between
journal impact factor and women authorship was generally negative (although not
statistically significant), the journals with the highest-impact factor are showing substantial
improvement in the overall proportion of women authors and the proportion of women last
authors.

Looking outside of psychiatry, studies assessing the gender gap within other academic
disciplines have shown varying results. In pediatrics, where over 70% of physicians are
women, there have been similar rates of improvements in the proportion of women as first
authors and in the proportion of women as last authors, but the proportion of senior authors
who are women still remains low (only 38.1% in 2016).(23) Academic orthopedics and
neurosurgery, two disciplines known to have an underrepresentation of women, have seen
much slower rates of increase for female authors.(24)

The issues outlined here are relevant to all areas of academia, as two recent articles looking
broadly across many fields including natural sciences, math, finance and medicine have
demonstrated.(25, 26) Specifically, the presented results on gender disparity and the
psychiatry results from the work of Holeman et al. are quantitatively similar, demonstrating
the reproducibility of the current data over a wider range of journals.(26) While these prior
works provide a broad summary of the state of gender parity, the limiting of journals to
high-impact psychiatry journals allows us to dive deeper into factors that may influence the
gender parity specific to our field. Indeed our secondary analyses, such as the time to
transition to last authorship or the relationship between the gender of the first and last
author, remain to be investigated in other areas of medicine and academia.

We note several limitations to the current results. First, we were unable to assign gender to
10.9% of authors using the genderize.io package. While previous studies have manually
curated author gender using internet searches, this method would be unrealistic for the
comprehensive set of articles used in this study. This limitation mainly concerns gender-
neutral names (i.e., names that are approximately equally likely to denote a man or a
woman) and would bias our results toward the null (i.e. failure to see differences in rates of
women authorship). Second, the present data does not allow us to examine trends in article
submissions, rather than article publication. We therefore cannot examine whether gender
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bias affects the submission process and may reduce or delay publications from women
authors. Third, we are unable to analyze the gender representation within journals that did
not list author first name in PubMed. However, we have no reason to expect that the
excluded journals would differ substantially from the analyzed journals. Finally, we
recognize that the traditional first/last author distinction of seniority is not universally used.
We chose to use this method instead of alternatives such as the sequence-determines-credit
approach since it is the most commonly used in academic medicine, and has increased
interpretability (e.g. the proportion of senior authors who are women can be compared to the
proportion of female professors).

Overall, our results demonstrate a slow but continued improvement in the proportion of
women first authors and last authors in 24 top psychiatry journals over the last past decade.
However, the rate of improvement is less pronounced than might be expected in light of
ongoing efforts to address parity, suggesting the need to continue efforts to improve
conditions for advancement of women in academic psychiatry, and explore new strategies
for doing so.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2:
Temporal Trends for Author Gender Representation Separated by Journal (2008-2018)
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Figure 4:
Kaplan-Meier Plot of the Cumulative Proportion of Authors Who Transitioned to the Last

Author Position Separated by Gender
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Author Gender Representation by Journal (2008-2018) Sorted by Percentage of Women Last Authors

Percent of
Percent Percent Percent Authors with a
Women Women First Women Last Gender Identified
Journal Avrticles (n) Authors (%) Authors (%) Authors (%) (%)

Lancet Psychiatry 645 459 47.3 447 94.2
J Child Psychol Psychiatry 1183 53.9 62.7 44.3 92.2
Psychoneuroendocrinology 2347 49.1 62.2 42.7 86.5
JAm Acad Child Adolesc Psychiatry 1062 49.6 53.8 40.6 94.8
Addiction 2204 44.2 46.4 37.1 93.1
CNS Drugs 224 41.3 40.6 36.4 90.8
Depress Anxiety 1008 48 54.5 354 91.8
Eur Neuropsychopharmacol 1227 41.1 46 33.9 80.9
J Behav Addict 291 44.3 42.2 33.6 88.5
Aust N Z J Psychiatry 1243 44.7 445 334 92.5
Am J Psychiatry 1246 40.4 40.6 324 93.4
Br J Psychiatry 1278 41 41.7 31.4 85.3
JAMA Psychiatry 1573 40.4 41.6 311 93.4
J Psychiatr Res 2015 42.6 475 30.6 85.5
ﬁ;f/ghg;‘j/m/’syc’”’p”” macol. Biol. 1805 412 462 306 76.9
J Psychiatry Neurosci 453 415 47.8 30.3 88.2
Schizophr Bull 1321 38.7 375 30.2 89.8
Biol. Psychiatry 2313 39.7 47.3 30 91.7
Neuropsychopharmacology 2529 41.3 48.8 29.8 90.4
J Clin Psychiatry 2007 40.1 37.6 29.8 92

Bipolar Disord 759 434 50.5 29.7 91.2
Int. J. Neuropsychopharmacol. 1287 404 475 29.5 86.4
Psychother Psychosom 278 41.2 40.8 28.6 87.9
World Psychiatry 636 32.4 21.1 27.3 91.6
Total 30934 42.7 46.1 334 89.1
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