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ABSTRACT
Objective Authorship and number of publications are
important criteria used for making decisions about
promotions and research funding awards. Given the
increase in the number of author positions over the last
few decades, this study sought to determine if there had
been a shift in the distribution of authorship among those
publishing in high-impact academic medical journals over
the last 12 years.
Design This study analysed the distribution of authorship
across 312 222 original articles published in 134 medium-
impact to high-impact academic medical journals between
1 January 2008 and 31 December 2019. Additionally, this
study compared the trends in author distributions across
nine medical specialties and a collection of cross-specialty
high-impact journal articles.
Primary outcome measures The distribution of
authorship was assessed using the Gini coefficient (GC), a
widely used measure of economic inequality.
Results The overall GC for all articles sampled across
the 12-year study period was 0.49, and the GCs for the
first and last authorship positions were 0.30 and 0.44,
respectively. Since 2008, there was a significant positive
correlation between year and GC for the overall authorship
position (r=0.99, p<0.001) the first author position
(r=0.75, p=0.007) and the last author position (r=0.85,
p<0.001) indicating increasingly uneven distribution in
authorship over time. The cross-specialty high-impact
journals exhibited the greatest rate of increase in GC over
the study period for the first and last author position of any
specialty analysed.
Conclusion Overall, these data suggest a growing
inequality in authorship across authors publishing in
high-impact academic medical journals, especially
among the highest impact journals. These findings may
have implications for processes such as promotions and
allocation of research funding that use authorship metrics
as key criteria for making decisions.

INTRODUCTION
Authorship and number of publications
are important criteria used for making
decisions about promotions and research
funding awards. However, over the last few

Strengths and limitations of this study
►► This bibliometric study analyses 312 222 original re-

search articles published in 134 medium-impact to
high-impact academic medicine journals from 2008
to 2019.
►► The distribution of authorship can be easily captured
and understood by using the Gini coefficient, commonly used to measure economic inequality.
►► Additional sensitivity analyses were conducted to
assess the impact of the number of available author
positions, consortia publications, number of articles
published per year and number of articles sampled
per specialty on the distribution of authorship.
►► Automated sampling of articles and author names
makes it challenging to correctly link authors across
articles.
►► Further work is needed to understand the effects of
disparity in publication, as it may be an indicator of
differences in productivity or lack of equity in access
to funding resources.

decades there has been a well-documented
increase in the size of the author list on peer-
reviewed medical journal articles.1 Referred
to as ‘authorship inflation’, this increase in
the number of authors may be due to the
growing complexity of medical research and
an increased number of collaborations and
consortium teams.1 Alternatively, authorship
inflation may also be due to honorary authorship. This could include the desire to include
more senior, well-established authors in the
hope that they will help facilitate the acceptance and publication of a manuscript.2 Additionally, and potentially more insidiously,
senior authors could demand inclusion on
manuscripts even without significant contribution, a concept known as the White Bull
effect.3
In 2003, the International Committee of
Medical Journals (ICMJE) implemented
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METHODS
Article selection
This study used author information from 312 222 original articles published between 1 January 2008 and 31
December 2019. The methods for selecting journals and
compiling these articles have been previously published.10
To briefly summarise, we identified the top 15 journals
by impact factor for 9 medical specialties (paediatrics,
radiology, anaesthesiology, obstetrics and gynaecology,
neurology, general medicine, dermatology, psychiatry
and oncology) along with 4 additional high-impact cross-
specialty journals (New England Journal of Medicine, Journal
of the American Medical Association, British Medical Journal,
and The Lancet; online supplemental table S1).11 Metadata for articles published during the above time period
were scraped from PubMed, and then the article list was
limited to original research articles. Other article types,
including comments, editorials, review articles, guidelines
and retracted articles, were excluded. Article and author
information for original research articles were compiled
by scraping the extensible markup language (XML) code
for each article using the RISmed package (V.2.1.7) and
the EasyPubMed package (V.2.5) in R (V.3.5.1).12
Five journals (Ultrasound in Obstetrics & Gynecology; Seminars in Perinatology; Clinics in Perinatology; Journal of the
American Academy of Child and Adolescent Psychiatry; Journal
of Neurology, Neurosurgery, and Psychiatry) were included
among the top 15 journals by impact factor for more than
one specialty. The author lists from articles published in
these journals were duplicated only for the analyses of
author distribution separated by specialty.
Data cleaning
Author names were cleaned in order to standardise
presentation across articles. The cleaning procedures
are outlined in the online supplemental file 1. Briefly,
the data were cleaned to remove special characters, and
authors with blank first or last names were excluded. Each
author’s name was defined as the concatenated string of
their first and last name separated by a space.
Primary analyses
To assess the distribution of authorship across individuals,
the GC was calculated using the DescTools package in R
(V.0.99.30). Please refer to the online supplemental file 1
for an example of the dataset and the calculation of the
GC. GCs were calculated for the entire author list as well
as for authors listed in first author position or in the last
author position to assess equality across these important
positions.
Next, the change in GC over time for each authorship
position (overall authorship, first authorship and last
authorship) was assessed using Spearman rank-
order
correlation. Finally, to compare the equality of authorship between specialties, the GC for each of the nine
medical specialties and the high-
impact cross-
specialty
journal was calculated, and the change in GC over time
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stricter guidelines to distinguish authorship from other
forms of contribution to research, and has further
adjusted these recommendations in the subsequent
years.4 Yet even with these recommendations, the number
of author positions continues to grow at a rate that is inadequately explained by the growing complexity of biomedical research.1 4 5
Prior work has not determined if this increase in the
number of author positions has shifted the distribution
of authorship across individuals. In other words, has
the increase in author positions increased the number
of publications across all authors, or has it increased
the number of publications associated with a few
individuals?
Given the importance of authorship for academic
promotion and obtaining research funding, a better
understanding of trends in author distributions would
help to contextualise and inform decisions that rely on
authorship as a metric. More generally, the extent to
which authorship is concentrated among a small number
of individuals may inform us about the distribution of
authority in a given specialty—that is, to what extent can
a modestly sized group of individuals impact an area of
medicine?
The distribution of authorship can be easily captured
and understood by using the Gini coefficient (GC).6
Commonly used to measure economic inequality, the
GC measures the distribution of a certain resource across
a given population.7 The coefficient ranges from 0 to 1
with 0 indicating complete equality across individuals
sampled, and 1 indicating complete inequality, or 1 individual holding all of the resources within the sampled
cohort. Therefore, a smaller GC indicates a more equal
distribution of resources across individuals, and a larger
GC indicates a less equal distribution of resources among
individuals.
While, to the best of our knowledge, the GC has not been
previously applied to authorship, GCs have been used to
assess distribution of resources outside of economics.
Within healthcare, this includes assessments of disparities in geographical distributions of healthcare resources
as well as the distribution of health-related quality of life
across time and different cohorts within the USA.8 9 In this
manuscript, we extend the use of the GC to summarise
the distribution of authorship within academic medicine,
assessing if a few authors are publishing more frequently
(a high GC) or if authorship positions are spread more
equally across individuals (a low GC). These analyses also
sought to better understand changes in the distribution
of authorship among high-
impact academic medical
journals over the last 12 years. Therefore, we aimed to
(1) assess the overall distribution of authorship within
high-impact academic medical journals, especially for the
meaningful first and last author positions, (2) evaluate
trends in author distributions over the last 12 years, and
(3) examine and compare the trends in author distributions across medical specialties.

Open access

Sensitivity analyses
ORCID IDs
Since the methodology for matching authors by name
is potentially limited by authors with the same name—a
challenge in name disambiguation studies known as
name homography—we attempted to quantify the rate
of authors with the same name by comparing names
across ORCID IDs. To do so, we downloaded 2019
ORCID Public Data File which is freely available data
containing public information for all records in the
ORCID database at the time the snapshot was taken
(October 2019).13 We extracted the given (first) and
last (family) name for each record in this database and
cleaned the database using the same methods used to
clean the authorship database used in the main analysis. Then, we calculated the number of authors with
matching names, assuming that each ORCID ID referred
to a unique author.
Next, in an attempt to account for the extent to which
initials identified distinct authors, we also cleaned the
ORCID database to remove initials, and recalculated the
number of ORCID records with matching names. The
method used to identify and remove initials is outlined in
the online supplemental file 1.
Controlling for author list length, consortia and number of articles
published per year
We conducted additional sensitivity analysis to exclude
the possibility that changes in GC were driven by three
trends in medicine publishing that directly impact the
author list: publishing articles with longer author lists,
publishing via consortia and the increase in number
of articles published. Therefore, we conducted a sensitivity analysis to determine if the extreme right tail of
author list lengths influenced the measurement of GC
by repeating the primary analyses solely among articles
with 20 or fewer authors. This threshold was chosen a
priori to exclude articles with the largest author lists,
while also keeping at least 95% of articles for analysis.
The second sensitivity analysis assessed the change in
GC over time in articles without a consortium listed
as the last author. Finally, the third sensitivity analysis
repeated the primary analysis while randomly sampling
20 000 articles from each year without replacement and
calculated the GC for each author position in each year.
This sampling was repeated 10 times. The limit of 20
000 was determined a priori by assessing the smallest
number of articles published in any 1 year (n=24 144)
and selecting a limit below that minimum. The change
in GC over time for each model was assessed using
Spearman rank-order correlations.

fourth and fifth sensitivity analyses were completed. The
first assessed the change in GC for the entire collection
of articles excluding articles published in the four cross-
specialty journals. This analysis aims to determine if the
finding that the overall increase in GC over time looking
across specialties was driven by the articles published in
the cross-specialty journals, or if articles published in non-
cross specialty journals also demonstrated an increase in
inequality.
Additionally, the cross-
specialty journal category
included a smaller number of journals and therefore articles than the other specialties. To control for the potential impact of different number of articles (and therefore
author positions), we repeated the analyses comparing
GC between specialties after sampling for 1000 articles per specialty per year. This limit was determined by
assessing the smallest number of articles published in one
specialty in any 1 year (n=1362 articles) and selecting a
limit below that minimum.
Gender and authorship distribution
Demographic factors including gender are likely to
impact the distribution of authorship. To assess the
impact of gender on the authorship distribution, we
used a well-
validated software (
Genderize.
io (https://
genderize.io)) to predict the gender of each author using
their first name using 60% as the confidence threshold
for assigning a gender to an author. Additional information on this method has been published previously.10 14
Then we assessed the distribution of authorship within
each gender both in the overall cohort and over the study
period.
All analyses were conducted in R (3.5.1).12
Patient and public involvement
There was no patient or public involvement in this study.

RESULTS
Our data contained 2 254 432 author positions and 936
574 unique authors. Only 0.017% of identified authors
(156/936 574) had published more than 100 articles
during the 12-year study period. The maximum number
of articles attributed to one author during the entire
study period was 337 articles (online supplemental figure
S1). These data demonstrate an increase in the number
of articles published each year, and an increase in the
number of author positions available each year (online
supplemental figure S2).

Controlling for variance across specialties
Given the substantial increase in GC within the high-
impact cross-specialty journals over the study period, a

Primary analyses
Whole cohort
To reorient readers, the GC ranges from 0 to 1 with 0 indicating complete equality across individuals sampled and 1
indicating complete inequality or 1 individual holding all
of the resources within the sampled cohort. A smaller GC
indicates a more equal distribution of resources across
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for each specialty was assessed using Spearman rank-
order correlations.
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individuals, and a larger GC indicates a less equal distribution of resources among individuals.
The overall GC for all articles sampled across the
12-year study period was 0.49, and the GCs for the first
and last authorship positions were 0.30 and 0.44, respectively. This indicates that there was more inequality of
authorship among overall authorship and last authors
than among first authors.
Looking across time, figure 1 shows the change in GC
from 2008 to 2019 for each authorship position. There
was a significant positive correlation between year and GC
for the overall authorship position (r=0.99, p<0.001), the
first author position (r=0.75, p=0.007) and the last author

Figure 2

4

position (r=0.85, p<0.001). This positive increase in GC
over time indicates that the distribution of authorship was
becoming more unequal over the study period for each of
the author positions analysed.
Specialty analysis
Online supplemental table S2 and figure 2 present
the GC by authorship position by specialty for the
entire collection of articles during the study period.
The lowest GC for overall authorship (ie, the most
widely distributed among individuals) was observed
in internal medicine (0.30), cross-
specialty journals
(0.34) and anaesthesiology (0.36); the highest GC (ie,

Gini coefficient by authorship position separated by specialty.
Hart KL, Perlis RH. BMJ Open 2021;11:e046002. doi:10.1136/bmjopen-2020-046002
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Figure 1 Change in Gini coefficient by authorship position (A. overall authorship, B. first authorship, and C. last authorship)
over time.
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Change in Gini coefficient by authorship position over time separated by specialty.

highest inequality of authorship) was observed among
radiology (0.47), neurology (0.46), and obstetrics and
gynaecology (0.44). Among first authors, oncology
(0.20), internal medicine (0.20) and paediatrics (0.23)
had the lowest GCs. Cross-
specialty journals (0.38),
radiology (0.28), and obstetrics and gynaecology (0.27)
had the highest GCs. Among last authors, the specialties
with the lowest GC for overall authorship were internal
medicine (0.28), paediatrics (0.34) and anaesthesiology (0.36). The specialties with the highest GCs were
radiology (0.46) and neurology (0.42).

Figure 3 presents the change in GC by specialty over time
and table 1 presents the Spearman rank-order correlations
for each specialty over time. Of note, the cross-specialty
high-impact journals have the greatest rate of increase in
GC for the first and last author position, indicating increasingly uneven distribution in authorship over time.
Sensitivity analyses
The 2019 ORCID Public Data File contained 7 314 172
entries. After cleaning to remove special characters, 7 015
154 entries met criteria for inclusion. Of those records, 1 763

Table 1 Spearman rank-order correlations by author position by specialty
Specialty
Anaesthesiology
Cross-specialty

Overall authorship

First authorship

Last authorship

R

R

R

P value

0.34
0.84

0.28
0.001

0.22
0.95

P value
0.48
<0.001

0.41
0.96

P value
0.18
<0.001

Dermatology

0.92

<0.001

0.80

0.003

0.87

<0.001

Internal medicine

0.78

0.004

0.80

0.003

0.87

<0.001

Neurology

0.96

<0.001

0.67

0.02

0.94

<0.001

Obstetrics and gynaecology

−0.57

0.06

−0.57

0.06

−0.17

0.59

Oncology

0.62

0.03

0.65

0.03

0.43

0.16

Paediatrics

0.73

0.01

0.63

0.03

0.80

0.003

Psychiatry
Radiology

0.73
−0.09

0.01
0.78

0.66
−0.34

0.02
0.28

0.49
−0.24

0.11
0.46
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Gender analyses
Looking across the entire cohort the distribution of authorship among authors identified as men was more unequal
(higher GCs) than among authors identified as women
(online supplemental table S5). However, looking across
time, there was a greater increase in the GC among first and
last authors identified as women than first and last authors
identified as men (figure 4; online supplemental table S6).
DISCUSSION
In this bibliometric study assessing the distribution of
authorship across individuals publishing 312 222 origimpact to high-
inal research articles in 134 medium-
impact academic medical journals, we find moderate and
inequality in authorship distribution. The first author
position exhibited a more even distribution of authorship,

indicated by a lower GC of 0.30 compared with 0.49 for all
authors and 0.44 for senior authors. Looking over time,
we see an increase in the GC for the entire author block as
well as for the first and last author positions indicating an
increase in the inequality of authorship distribution for
all three authorship metrics. Sensitivity analyses demonstrated that the shift in the distribution of authorship is
not being driven by especially large author lists, consortium collaborations or the number of articles published
each year.
The skew in author distribution is particularly apparent
when examining the distribution in authorship within
high-
impact cross-
specialty journals over time. These
journals showed the greatest increase in GC, as compared
with the other specialty groups for the first and last
author position. However, it is important to note that
we also observed an increase in author inequality for
overall authorship and last authorship among articles
not published in the high-impact cross-specialty journals.
This indicates that authorship inequality is increasing
across academic medicine not just in the high-impact
cross-specialty journals.
Although these effects are robust, their meaning will
require further analysis. In economics, disparity in wealth
has been associated with a range of negative outcomes.15
Disparity in publication, however, may not be intrinsically bad—some researchers will inevitably be more
productive than others, so it is not reasonable to expect a
uniform distribution of publications. Indeed, prior work
demonstrated that hyperproductive authors vary in the
types of articles produced with some producing primarily
letters and review articles and others producing primarily
reports of clinical trial data.16
On the other hand, where authorship distribution
is particularly uneven, it may reflect an underlying
lack of equity in access to resources—that is, a small
number of investigators control data and funding, to

Figure 4 Change in Gini coefficient by authorship position (A. overall authorship, B. first authorship, and C. last authorship)
over time separated by gender.
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106 (25.13%) contained a name that was identical to at least
one other author. After processing to remove initials, 1 759
008 records out of 6 904 982 (25.47%) records contained a
name that was an identical match to at least one other record.
The sensitivity analyses assessing the impact of author list
length, consortia and number of articles published per year
did not differ meaningfully from the primary analysis. They
are outlined in detail within the online supplemental figures
S3–S5 and supplemental tables S3 and S4.
The sensitivity analysis demonstrated that the increase
in GC within the high-
impact cross-
specialty journals was
not driven by the smaller number of articles published in
the cross-
specialty journals (online supplemental figures
S6–S8). Additionally, after excluding articles published in
cross-specialty journals, the first and last author positions still
demonstrated a significant positive correlation between year
and GC for overall authorship (r=0.92, p<0.001) and the last
author position (r=0.69, p=0.02). However, the first author
position did not demonstrate a positive correlation between
year and GC (r=0.48, p=0.12).
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focused on improving research assessment and evaluation, including the San Francisco Declaration on
Research Assessment (2012) and the Leiden Manifesto
(2015) which was recently adopted by Elsevier.22 25 26
These works emphasise the importance of contextualising these quantitative metrics alongside other indicators of success.22 23 25
We note a few limitations in interpreting these results.
The automated sampling of articles and author names
allows for the analysis of an extensive number of articles
and journals. While this is a substantial advantage of this
method, this automated sampling may lead to the combination of authors with the same first and last name, a
problem known as name homography.27 Without manually checking all authors included, it would be impossible
to identify these combinations. However, in our sensitivity
analysis of names compiled from ORCID IDs, we noted
that 25.13% of the names matched the name for another
ORCID ID. This rate of name homography aligns with
prior work on author disambiguation which showed that
between 4% and 30% of authors had a name matching
another author, depending on the database.27 ORCID
IDs may show a higher rate of name homography because
people with a name similar to other authors may be more
likely to create an ORCID ID to distinguish their own
work.
Another potential limitation is that automatic sampling
makes it challenging to check that an author’s name is
consistently formatted across articles. Indeed, our prior
work has noted inaccurate indexing of author names
in PubMed, (ie, only including author initials instead
of author full name).10 Therefore, we may be failing to
combine all articles for a given author. This is a problem
known as name variability. Prior work on author name
disambiguation in non-medical databases identified rates
of name variability between 1% and 23% depending on
the level of detail included in the database (initials vs full
names).27 Our analysis removing initials from ORCID
IDs demonstrated that removal of initials only accounted
for a small increase in name homography potentially
indicating an increased importance of name homography over name variability in this space. The inclusion
of ORCID identifiers should help to ameliorate this
problem, once they are universally adopted.
Another potential limitation is our choice to analyse
first and last author as the key positions within the author
list. Recent work has indicated that listing authors in
descending order by contribution is almost unanimously
accepted. However, survey respondents were split on the
importance of the second author versus the last author.28
While further guidelines on this distinction are still
needed, our choice to analyse the last author position is
based off of the distinction that last authorship is more
widely regarded as the prominent position within medical
research.
While not necessarily a limitation, it is important to
note that the GCs calculated for each specialty are precise
measurements quantifying the Lorenz curve. Therefore,
7
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the exclusion of others. This concern for authorship
concentration among a small number of authors is not
new, with differential credit accruing to more famous
authors referred to as ‘the Matthew effect’ in a 1968
Science paper.17 This concern parallels those relating
to federal grant funding, which precipitated efforts to
reduce the concentration of competitive grant support
among senior researchers.18 Such concentration may
also play a role in perpetuating other forms of inequity
in academic medicine.10 14 19Another potential consequence is academic monoculture—that is, inhibition
of new or less widely accepted hypotheses that are not
supported by a small number of powerful investigators.20
By slowing the emergence of initially unpopular ideas,
like the association of Helicobacter pylori infection with
gastric ulcers,21 the concentration of authorship may
inadvertently delay the development of new treatments.
Additionally, while there has been an increase in the
representation of women within academic medicine,
our results indicate that publications are becoming
more unequally distributed across women, especially
for the first and last author position.10 Therefore, even
though there has been an increase in the number of
publications with a woman as the last author, this finding
may be somewhat driven by the increased productivity
of a small group of individuals (indicated by substantial increased GC in the last author position over time).
Therefore, we must be careful to not mistake the success
of a few as individuals as an indicator of equity of access
and resources for the larger cohort. Furthermore,
additional research is needed to examine how other
demographic factors including age, race, ethnicity and
nationality influence the distribution of authorship.
The present study cannot address these questions but
may help to motivate their investigation. By demonstrating that the distribution of authorship is becoming
increasingly unequal, especially among high-
impact
journals, our work provides further evidence for the
need to conceptualise academic success as a multifaceted concept that does not solely rely on publication
statistics. Over the last 10 years, there has been increased
awareness of the pitfalls of using publication-based indicators (including number of publications, h/g-
index
or impact factor of the journals in which an author
publishes) as metrics of academic success. While these
indicators represent succinct, easily calculated measurements, their quantitative nature can fail to capture
important, more qualitative, aspects of an individual’s
performance or prowess.22 23 Additionally, these metrics
may be skewed by the well-documented trend of authorship inflation. For example, a recent report indicated
that manuscripts with hyperauthorship (more than 100
authors or representation of authors from more than
30 countries) have aberrant citation patterns leading to
elevated citation rates.24
In addition to efforts by the ICMJE and individual
journals to ensure all authors meet the threshold for
inclusion, multiple publications and initiatives have
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CIs cannot be calculated from the GC and all comparisons of GC between specialties are qualitative in nature.
However, this could be viewed as a strength of the methodology as programmatic scraping makes it feasible to
analyse a large number of articles and journals. Additionally, we chose not to correct for multiple comparisons in
our correlations between GC and year nor in our sensitivity analyses due to the large sample of the data and
the novelty of this approach to examining authorship
distributions.
Another limitation of this study is that we are unable
to examine factors that may influence the decision to
submit manuscripts to a high-impact journal or factors
that impact the acceptance of a manuscript for publication within a journal. Prior work has demonstrated that
double-blind peer review increases both the representation of women and marginalised groups as authors, and
may decrease any unfair advantage given to well-known
authors or individuals working at prestigious institutions.29–31 Future work should continue to examine
factors that may influence submission and acceptance
rates by under-represented cohorts.
Finally, these data do not assess the relationship
between authorship distributions and funding. While
funding information is available on PubMed and other
sources, it is not easily scrapped or processed. Therefore,
it is outside of the scope of the current project. Future
work is needed to examine the relationship between
funding and authorship inequalities, especially in high-
impact journals.
Overall, these data suggest a growing inequality in
authorship across authors publishing in high-
impact
academic medical journals, especially among the
highest impact journals. These findings may have implications for processes such as promotions and allocation
of research funding that use authorship metrics as key
criteria for making decisions. More broadly, they point
to the importance of understanding how such shifts
in distribution may impact the medical literature, and
whether interventions to moderate these shifts may be
needed.
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Supplemental Methods:

Cleaning Author Names:

The task of linking together all publications by a given author presents two potential
risks: 1) the potential to link two different authors with the same name together and 2) the
potential to fail to link two different presentations of an author’s name together due to
differences in initials, capitalization, punctuation, etc. These problems are known as name
homography and name variability, respectively. There is ongoing work using name
disambiguation using machine learning to train models to disambiguate authors, and these tools
rely on the inclusion of other variables such as email, organization, and co-authors. While
beneficial, these models remain exploratory, and emails and organizations are not reliably
available in PubMed nor are they consistent within an author across time. Therefore, we chose to
rely specifically on processing and cleaning author names as they were presented in the author
list without further attempts at disambiguation.

To address issues of name variability across journal styles, all names (first and last) were
cleaned in the following manner. Names were processed to clean Unicode text and replace
special characters such as periods, dashes, and quotation marks with spaces. After this
processing, authors with blanks for first or last name were removed. Then, all text was converted
to lowercase strings in order to control for any differences in capitalization (e.g. Mcnally vs
McNally). Finally, after trimming leading and lagging white space from first names and last
names, each author’s name was defined as the concatenated string of their first and last name
separated by a space.

Gini Coefficient Calculation:

Author information was extracted from PubMed for each author listed on an article in the
format outlined below. Each line of the database represents an author position, and includes
metadata for the article (article number, journal, year published) as well as the author specific
information (first name (forename), last name, and order within the author block). To match
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authors across articles, a concatenated string of the author’s first and last name was created
(indicated by the column “composite”). The concatenated string was cleaned using the
procedures outlined above.

Therefore, the number of rows of the data frame indicates the total number of author
positions available. Then the composite name can be used as a factor level variable to calculate a
frequency table, which contains the number of author positions occupied by each author.

The Gini() function within the DescTools package in R (0.99.30) uses this frequency
table to plot a Lorenz Curve and determine the Gini Coefficient (GC). The Lorenz Curve first
sorts the population in increasing order based on their share of resources, in this case, number of
author positions held. The x-axis presents the cumulative proportion of the population (authors)
while the y axis shows the cumulative proportion of resources (author positions) held by that
section of the population (moving from left to right).

This Lorenz Curve summarizes the distribution
of authorship across the entire author block. If all
authors held the same number of author positions, the
curve would follow the diagonal line in the center of the
image. However, because authors hold different
numbers of author positions within our database, the
Lorenz Curve deviates from the diagonal line,
indicating inequality in resources held. In the example
above, we can see that the bottom 60% of authors only
hold about 25% of author positions. Alternatively, the
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bottom 80% of authors only hold approximately 40% of the author positions. This indicates
inequality in the number of author positions held across different authors.
The GC summarizes the Lorenz Curve by calculating the area between the diagonal line
of equality and the curve. This space is the inequity gap. The further the curve is from the
diagonal line, the greater the inequality, and therefore the greater the GC.

The GC ranges from 0 to 1, with 0
representing complete equality of resources (in this
case the Lorenz Curve would follow the diagonal
line) and 1 representing complete inequality in
resources (or one individual holding all the
resources). The figure above shows the Lorenz
Curve for the overall authorship in black (GC =
0.49) and the Lorenz Curve for first authorship in
red (GC = 0.30). As you can see, the curve for first
authorship is closer to the diagonal line than the
curve for overall authorship, which is also reflected in the lower GC for first authorship. This
indicates that there is more equity in authorship distributions in the first author position than the
last author position. It is important to note that the GC represents an exact quantification of the
Lorenz Curve, and does not include confidence intervals.

Sensitivity Analysis on the Inclusion of Initials in the ORCID Data Frame:

Since the initials of one author may not be used consistently across publications, we also
cleaned the ORCID database to remove initials, and recalculated the number of ORCID records
with matching names. Initials were defined as follows:

After replacing special characters such as periods, dashes, and quotation marks with
spaces, strings were separated at spaces to make an array of individual name parts (e.g. “Jane L”
becomes (“Jane”, “L”)). Individual name parts of only one letter long (e.g. “L”) were removed
from the name string. Recognizing that authors around the world may use individual characters
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for their first name, this rule was only applied to name parts including Latin alphabet characters
(including characters with accents). The pre-processing above to replace periods and dashes with
spaces will identify initials in the formats of “J.L.” or “J-L” but not “JL”. To capture these
initials, first names that were entirely capitalized and only contained three or fewer Latin
alphabet characters, were categorized as initials and removed. This cleaning was applied in
addition to the cleaning methods outlined for the main analysis above.

Since the removal of initials in the ORCID cohort only led to a very small increase the number of
authors with name homography, we chose not to clean initials in the main analysis.
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Figure S2: Percent Change in Author Positions and Number of Articles Published from 2008 to
2019
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Figure S3: Change in Gini coefficient by authorship position over time limited to articles with
20 or fewer authors
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Figure S4: Change in Gini coefficient by authorship position over time limited to articles
without a consortium as last author
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Figure S5: Change in Gini coefficient by authorship position over time in 10 random samplings
of 20,000 articles per year
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Figure S6: Change in Gini coefficient by authorship position over time in the entire collection
excluding articles published in the cross-specialty journals
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Figure S7: Gini coefficient by authorship position separated by specialty limiting to 1000
articles per year per specialty
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Figure S8: Change in Gini coefficient by authorship position over time limiting to 1000 articles per
year per specialty
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Table S1: Journals and Impact Factors by Specialty
Impact

Department

Category

Anesthesiology

Br J Anaesth

6.24

Anesthesiology

Factor

Internal

Category

Impact
Factor

Ann. Intern. Med.

17.2

5.79

JAMA Intern Med

16.54

Pain

5.45

PLoS Med.

11.86

Anaesthesia

4.74

J Neurosurg

Medicine

J Cachexia
Sarcopenia Muscle

9.7

4.03

BMC Med

Anesth. Analg.

4.01

J. Intern. Med.

7.98

Eur J Anaesthesiol

3.57

Mayo Clin. Proc.

6.86

Reg Anesth Pain Med

3.52

CMAJ

6.78

Clin J Pain

3.49

Nat Rev Dis Primers

6.39

Eur J Pain

3.02

Pain Physician

2.84

Am. J. Med.

5.55

Minerva Anestesiol

2.62

Ann Fam Med

4.92

Transl Res

4.65

2.44

Dtsch Arztebl Int

4.26

2.37

Palliat Med

4.22

Anesthesiol

Pain Pract
Acta Anaesthesiol
Scand
Curr Opin
Anaesthesiol
Dermatology

Department

J. Am. Acad.
Dermatol.

2.5

7 Neurology

Cochrane Database
Syst Rev

8.1

6.26

Lancet Neurol

26.28

J. Invest. Dermatol.

6.29

Nat Rev Neurol

20.26

JAMA Dermatol

5.82

Acta Neuropathol.

12.21

5.17

Brain

10.29

4.71

JAMA Neurol

10.03

Pigment Cell
Melanoma Res
Br. J. Dermatol.

Hart KL, Perlis RH. BMJ Open 2021; 11:e046002. doi: 10.1136/bmjopen-2020-046002

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

BMJ Open

Contact Derm.

4.34

Ann. Neurol.

9.89

J. Dermatol. Sci.

3.73

Alzheimers Dement

9.48

3.65

Sleep Med Rev

8.96

3.53

Neurology

8.32

Wound Repair Regen

3.04

Neuro-oncology

7.79

J Dtsch Dermatol Ges

2.87

Neuroscientist

7.39

Int Wound J

2.85

Acta Dermatovenerol
Alp Pannonica Adriat
J Eur Acad Dermatol
Venereol

Skin Pharmacol
Physiol
Am J Clin Dermatol

J. Neurol. Neurosurg.
Psychiatry

7.349

2.76

Mov. Disord.

7.07

2.76

Brain Pathol.

6.62

2.66

Alzheimers Res Ther

6.15

Photodermatol
Photoimmunol
Photomed
Obstetrics and

Hum. Reprod.

Gynecology

Update

CA Cancer J Clin

187.04

5.23

Nat. Rev. Cancer

37.15

Obstet Gynecol

5.22

Lancet Oncol.

BJOG

5.05

Cancer Cell

27.41

Hum. Reprod.

5.02

J. Clin. Oncol.

24.01

Gynecol. Oncol.

4.96

Nat Rev Clin Oncol

20.69

4.71

Cancer Discov

20.01

Fertil. Steril.

4.45

JAMA Oncol

16.56

Pregnancy Hypertens

3.93

J. Natl. Cancer Inst.

12.59

Mol. Hum. Reprod.

3.59

Ann. Oncol.

11.86

Maturitas

3.26

Leukemia

Am. J. Obstet.
Gynecol.

Ultrasound Obstet
Gynecol

11.75 Oncology

33.9

11.7
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Reprod. Biomed.
Online

Pediatrics

3.25

Clin Perinatol

3.233

Semin. Perinatol.

3.185

J Gynecol Oncol

3.14

JAMA Pediatr

Clin. Cancer Res.
Biochim. Biophys.
Acta

9.62

9.45

Semin. Cancer Biol.

9.14

Cancer Res.

9.12

World Psychiatry

26.56

6.44

JAMA Psychiatry

15.31

Pediatrics

5.71

Am J Psychiatry

14.18

Pediatr Diabetes

4.27

Mol. Psychiatry

13.2

J Am Acad Child
Adolesc Psychiatry

Arch. Dis. Child.
Fetal Neonatal Ed.

10.25 Psychiatry

BMJ Open

4.1

J Adolesc Health

3.97

J. Pediatr.

3.87

Pediatr Allergy
Immunol
Pediatr Crit Care
Med
Pediatr Obes
Semin Fetal Neonatal
Med
Eur Child Adolesc
Psychiatry

3.19

JACC Cardiovasc

Medicine, and Imaging

Imaging

Psychiatry
Acta Psychiatr Scand
Neuropsychopharmac
ology
J Am Acad Child

3.3

Semin. Perinatol.
Radiology, Nuclear

J. Neurol. Neurosurg.

3.33

3.23

10.19

11.41

Schizophr Bull

3.4

Clin Perinatol

Biol. Psychiatry

Psychosom

3.5

3.27

11.59

Psychother

3.78

Arch. Dis. Child.

Lancet Psychiatry

Adolesc Psychiatry
Br J Psychiatry
J Child Psychol
Psychiatry
Addiction
CrossSpecialty

N. Engl. J. Med.

8.96

7.58

7.35
6.79
6.4

6.44
6.35
6.23
5.79
72.41

Hart KL, Perlis RH. BMJ Open 2021; 11:e046002. doi: 10.1136/bmjopen-2020-046002

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Radiology
Eur. J. Nucl. Med.
Mol. Imaging
Circ Cardiovasc
Imaging

7.3

Lancet

47.83

7.28

JAMA

44.41

BMJ

20.79

6.8

J. Nucl. Med.

6.65

Neuroimage

5.84

J Cardiovasc Magn
Reson
Semin Radiat Oncol
Invest Radiol
Int. J. Radiat. Oncol.
Biol. Phys.
Ultrasound Obstet
Gynecol

BMJ Open

5.6
5.36
5.2
5.13

4.71

Clin Nucl Med

4.56

Hum Brain Mapp

4.53

Radiother Oncol

4.33

Med Image Anal

4.19

Adapted from Hart KL, Perlis RH. Trends in Proportion of Women as Authors of Medical
Journal Articles, 2008-2018. JAMA Intern Med. 2019 Sep 1;179(9):1285.
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Table S2: Gini Coefficient by authorship position separated by specialty

Specialty

Overall Authorship

First Authorship Last Authorship

Internal Medicine

0.30

0.20

0.28

Pediatrics

0.37

0.23

0.34

Anesthesiology

0.36

0.25

0.36

Oncology

0.42

0.20

0.37

Psychiatry

0.43

0.25

0.39

Obstetrics and Gynecology

0.44

0.27

0.40

Cross Specialty

0.34

0.38

0.41

Dermatology

0.41

0.25

0.41

Neurology

0.46

0.26

0.42

Radiology

0.47

0.28

0.46
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Table S3: Gini Coefficients for each sensitivity analysis by author position
Excluding articles
Articles without

published in the 4

Entire

Articles with 20 or a consortium as

cross-specialty

Collection*

fewer authors

journals

last author

GC for entire author block

0.49

0.47

0.47

0.48

GC for first author position

0.30

0.29

0.29

0.28

GC for last author position

0.44

0.44

0.43

0.44

*The GCs for the primary analysis of the entire cohort are included for reference
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Table S4: Spearman rank order correlations between year and Gini coefficient for each random
sampling of 20,000 articles
Overall

First Authorship

Last Authorship

rho

P

rho

P

rho

P

Primary Analysis*

0.99

<0.001

0.75

0.007

0.85

<0.001

Model 1

0.88

< 0.001

0.92

< 0.001

0.90

< 0.001

Model 2

0.90

< 0.001

0.92

< 0.001

0.92

< 0.001

Model 3

0.88

< 0.001

0.98

< 0.001

0.92

< 0.001

Model 4

0.87

< 0.001

0.86

0.001

0.90

< 0.001

Model 5

0.88

< 0.001

0.89

< 0.001

0.92

< 0.001

Model 6

0.94

< 0.001

0.81

0.002

0.94

< 0.001

Model 7

0.91

< 0.001

0.84

0.001

0.98

< 0.001

Model 8

0.91

< 0.001

0.83

0.002

0.98

< 0.001

Model 9

0.91

< 0.001

0.80

0.003

0.92

< 0.001

Model 10

0.88

< 0.001

0.85

0.001

0.97

< 0.001

*The correlation coefficients for the primary analysis of the entire cohort are included for
reference. Models 1-10 refer to models derived from randomly samplings of 20,000 articles for
each year within the study period and repeating the correlation between year and GC for each
author position.
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Table S5: Gini coefficients for each gender separated by author position

Authors identified
as men

Authors identified
as women

GC for entire author block

0.53

0.45

GC for first author position
GC for last author position

0.33
0.47

0.28
0.43
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Table S6: Spearman rank order correlations by author position by gender

Authors identified as men Authors identified as women
Author Position

rho

P

rho

P

Entire author block

0.97

<0.001

0.99

<0.001

First author position

0.85

<0.001

0.85

<0.001

Last author position

0.83

0.002

0.96

<0.001
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Supplemental Results:
-

Controlling for Author Block Length, Consortia, and Number of Articles Published per
Year
Table S2 presents the GC for each authorship position (overall, first author, and last

author) for each sensitivity analysis.
Our data indicated that there was a significant increase in the number of author positions
from 2008 to 2019 (160795 author positions in 2008 and 228324 author positions in 2019, Figure
S2A; r(10)= 0.97, p < 0.001). Therefore, we conducted a sensitivity analysis to control for the
extreme right tail of author block lengths by repeating the primary analyses solely among articles
with 20 or fewer authors. This threshold was chosen to exclude articles with the largest author
blocks, while also keeping at least 95% of articles for analysis (n excluded = 10188 articles). The
results of this analysis were qualitatively similar to the primary results (Figure S3). Looking
within articles with 20 or fewer authors (n articles = 302,034), there was a significant positive
correlation between year and GC for the overall authorship position (rho = 0.68, p = 0.02), for
the first author position (rho =0.78, p = 0.005), and for the last author position (rho = 0.83, p =
0.001).
Alternatively, inclusion of consortiums as authors may also influence the number of
authorship positions, as some authors may be included within the consortium but not in the main
author block. Results were generally unchanged from those in the primary analysis. In groups
without a consortium listed as the last author (n articles = 299,235), there was a significant
positive correlation between year and GC for the overall authorship position (rho = 0.97, p <
0.001), the first author position (rho =0.75, p = 0.007), and the last author position (rho = 0.86, p
< 0.001; Figure S4).
Additionally, there was a significant increase in the number of publications per year from
2008 to 2019 (24800 articles in 2008 and 30256 articles in 2019; r(10) = 0.75, p = 0.005), with
the most substantial increase in the number of articles occurring between 2015 and 2017 (Figure
S2B). Therefore, to account potential influences of the increase in the number of articles
published during the study period, we repeated the primary analysis 10 times, each time
randomly sampling 20,000 articles from each year without replacement and calculated the GC
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for each author position in each year. The results are presented in Figure S5 and Table S3. These
results did not differ from the primary results.
-

Controlling for Variance Across Specialties
Because there was an increase in GC within the high-impact cross-specialty journals over

the study period, two additional sensitivity analyses were completed. The first sensitivity
analysis repeated the primary analysis after excluding articles published in the 4 cross-specialty
journals. There was a significant positive correlation between year and GC for overall authorship
(rho = 0.92, p < 0.001) and the last author position (rho =0.69, p = 0.02), but not for the first
author position (rho = 0.48 p = 0.12; Figure S6).
The second sensitivity analysis sought to control for the smaller number of articles
published in the cross-specialty journals as compared to the other specialties, sampling 1000
articles per specialty per year. In this reduced collection, the cross-specialty journals continued to
have higher GCs for the first and last author position over time, as compared to the other
specialties (Figure S7 and Figure S8).
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