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OBJECTIVE A meta-analysis was performed to understand disparities in the representation of female authorship within
the neurosurgical literature and implications for career advancement of women in neurosurgery.

METHODS Author names for articles published in 16 of the top neurosurgical journals from 2002 to 2019 were obtained
from MEDLINE. The gender of each author was determined using automated prediction methods. Publication trends
were compared over time and across subdisciplines. Female authorship was also compared to the proportionate compo-
sition of women in the field over time.

RESULTS The metadata obtained from 16 major neurosurgical journals yielded 66,546 research articles. Gender was
successfully determined for 96% (127,809/133,578) of first and senior authors, while the remainder (3.9%) were unable
to be determined through prediction methods. Across all years, 13.3% (8826) of articles had female first authorship and
9.1% (6073) had female senior authorship. Female first authorship increased significantly over time from 5.8% in 2002 to
17.2% in 2019 (p < 0.001). Female senior authorship also increased significantly over time, from 5.5% in 2002 to 12.0%
in 2019 (p < 0.001). The journals with the highest proportions of female first authors and senior authors were the Journal
of Neurosurgery: Pediatrics (33.5%) and the Asian Journal of Neurosurgery (23.8%), respectively. Operative Neurosur-
gery had the lowest fraction of female first (12.4%) and senior (4.7%) authors. There was a significant difference between
the year-by-year proportion of female neurosurgical trainees and the year-by-year proportion of female neurosurgical
first (p < 0.001) and senior (p < 0.001) authors. Articles were also more likely to have a female first author if the senior
author of the article was female (OR 2.69, Cl 2.52-2.86; p < 0.001). From 1944 to 2019, the Journal of Neurosurgery
showed a steady increase in female first and senior authorship, with a plateau beginning in the 1990s.

CONCLUSIONS Large meta-analysis techniques have the potential to effectively leverage large amounts of bibliometric
data to quantify the representation of female authorship in the neurosurgical literature. The proportion of female authors in
major neurosurgical journals has steadily increased. However, the rate of increase in female senior authorship has lagged
behind the rate of increase in first authorship, indicating a disparity in academic advancement in women in neurosurgery.
https://thejns.org/doi/abs/10.3171/2020.12.FOCUS20939
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icine is a well-documented concern'- that persists

despite concerted efforts to reduce barriers to the
entry and promotion of women within the field.*> While
the number of women in medicine has increased dramati-
cally and nearly half of residents across all subspecialties
are women,® women remain underrepresented in surgical
subspecialties, including neurosurgery.? Recent Associa-

r I ~\ HE underrepresentation of women in academic med-

tion of American Medical Colleges (AAMC) data report
that, of current neurological surgery residents, only 18%
(n = 1479) are women, lower than that of otolaryngology
(36%), plastic surgery (41%), vascular surgery (34%), and
thoracic surgery (27%). Regarding faculty composition,
while the number of female full professors in surgical de-
partments has increased steadily over the past 20 years, it
has increased at a significantly slower rate than female en-
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rollment in surgical training programs.” While the gender
representation discrepancy in academic promotion among
senior faculty is likely multifactorial, several prior studies
have suggested that a gender imbalance in academic pub-
lishing could be a significant contributor or indicator.-'°
As career advancement in academic medicine is driven
substantially by the publication of original research, an
underrepresentation of women in early-career publishing
would be expected to contribute to underrepresentation of
women in academic leadership positions.

“Big data,” in the medical context, is a broad term de-
scribing the use of large sets of multifaceted clinical data
to explore applications beyond the scope of traditional
data analysis programs.!! Meta-analysis is one form of big
data. Big data has been increasingly utilized in neurosur-
gical work to highlight areas of improvement in clinical
arenas and to drive clinical solutions.'>'?

Small-scale historical analyses have explored the pro-
portion of female authors of original research in other
medical and surgical subspecialties,'*'¢ including neuro-
surgery.'® However, there exists no large-scale, big data
analysis of historical bibliometric data to quantify repre-
sentation and disparities in the academic publishing gap
within the field of neurosurgery.

This work presents the use of an automated prediction
model to derive trends in proportion of female first and se-
nior authorship in original research published from 2002
to 2019 in 16 top neurosurgical journals by 45-index. This
work also presents an analysis of the likelihood of female
first authorship depending on the gender of the senior au-
thor using the automated prediction model on a large data
set of author names. In addition, the Journal of Neuro-
surgery is used as a case study to explore the longitudinal
presence of female authorship in published articles since
the journal’s creation in 1944 until 2019.

Methods

Data Source

Analysis included all research published from 2002
to 2019 in the following 16 neurosurgical journals: Acta
Neurosurgery, Asian Journal of Neurosurgery, British
Journal of Neurosurgery, Journal of Korean Neurosur-
gical Society, Journal of Neurological Surgery Part B:
Skull Base, Journal of Neurosurgery, Journal of Neu-
rosurgery: Pediatrics, Journal of Neurosurgery: Spine,
Journal of Neurological Sciences, Neurochirurgie, Neu-
rosurgery, Neurosurgery Clinics, Neurosurgical Focus,
Neurosurgical Review, Operative Neurosurgery, Stereo-
tactic and Functional Neurosurgery, Surgical Neurology
International, and World Neurosurgery. These journals
were selected by their 45-index and represent many of the
subfields within neurosurgery. Citation information for
publications in these journals was acquired through the
MEDLINE and PubMed databases using the Entrez Glob-
al Query Search System, given this system robustly covers
the published health-related literature."” Two top journals,
Journal of Neurological Surgery Part B: Skull Base and
Neurochirurgie, were not included in the final analysis due
to the use of author initials rather than first names.

As a historical case study, we explored the represen-
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tation of women in articles published in the Journal of
Neurosurgery. Articles published in this journal were ob-
tained from 1944, the journal’s inaugural year, to 2019 us-
ing volume and issue archives at thejns.org.

Noncitable research items, which were defined as any
published items other than journal articles, review articles,
case reports, and conference papers, were excluded. Any
articles that were attributed to a collective organization
rather than a list of individual authors were also excluded.

Gender Inference

Author gender was predicted from the first name, us-
ing a multitiered approach. Each author’s given name was
compared to the Worldwide Gender-Name Dictionary da-
tabase associated with 177,043 unique names.'* Any names
that were not listed and those deemed gender neutral in
the Worldwide Gender-Name Dictionary were then ref-
erenced against the OpenGenderTracking Project (https:/
opengendertracking.github.io/) database, which includes
gender information for 101,749 names. Names that were
found in neither the Worldwide Gender-Name Dictionary
nor the OpenGenderTracking Project and names that were
deemed gender-neutral by both databases were referenced
against a commercial gender inference service with a da-
tabase of 2,068,652 names (https://gender-api.com/). The
name databases and commercial gender inference service
used in the analysis covered a broad set of names from
177 countries. The databases included foreign names and
variants of those names rendered in their native scripts, as
well as English-language transliterations of those names.

Statistical Analysis

The year-by-year proportion of female authorship to
total authorship was evaluated using a linear regression
analysis. Statistical significance was reported using the
one-sided t-test generated from the linear regression.
When comparing the rate of increase of first and senior
authorship, a one-tail hypothesis test was generated by
comparing slope coefficients using ANOVA. The correla-
tion between female first authorship likelihood based on
female senior authorship was evaluated using a linear re-
gression analysis. Statistical significance was reported us-
ing odds ratios from the logistic regression. All statistical
analyses were performed with the R statistical software
package (R Foundation for Statistical Computing).

Results
Journal Characteristics
Sixteen of the top 18 major neurosurgery journals by

h5-index were included in the study and are listed, along
with total numbers of articles from each journal, in Table 1.

Research Document Characteristics

A large data set of 68,737 published articles satisfying
the above criteria was collected across the 16 journals.
After removing duplicates and other invalid articles (e.g.,
those that were improperly formatted), 66,546 articles re-
mained for analysis. In cases in which there was a sole
author, the author was counted both as first and senior
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TABLE 1. Top 18 neurosurgical journals by h5-index

No. of
Journal h5-Index  Articles*
1 Journal of Neurosurgery 64 16,018
2 Neurosurgery 55 8916
3 Journal of Neurosurgery: Spine 48 3644
4 World Neurosurgery 47 12,814
5 Neurosurgical Focus 45 3222
6 Acta Neurochirurgica 35 7303
7 Journal of Neurosurgery: Pediatrics 35 2690
8  Surgical Neurology International 27 2396
9  Operative Neurosurgery 27 1280
10  Neurosurgical Review 27 1373
11 British Journal of Neurosurgery 24 2874
12 Neurosurgery Clinics 24 998
13 Journal of Neurological Surgery Part B: 22 0
Skull Baset

14 Journal of Korean Neurosurgical Society 22 1975
15  Stereotactic and Functional Neurosurgery 21 900
16 Neurochirurgiet 16 0
17 Journal of Neurosurgical Sciences 16 1056
18  Asian Journal of Neurosurgery 15 1278

* A total of 66,546 articles remained for analysis after removing duplicates and
other invalid articles.

T Author initials are used rather than first names in these journals. Therefore,
these journals were not included in the final analysis.
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author. A total of 133,578 first and senior author names
were obtained. Gender could not be determined for 5233
names.

Female First and Senior Authorship

Overall, female first and senior authorships were found
in 13.3% (8826) and 9.1% (6073) of citable documents,
respectively. The proportion of female first authorship in-
creased from 5.8% of articles in 2002 to 17.2% in 2019
(p < 0.001, Fig. 1). Female senior authorship increased
from 5.5% in 2002 to 12.0% in 2019 (p < 0.001, Fig. 1).
There was a statistically significant difference between
the rates of increase in female first authorship and female
senior authorship assuming a linear trend (p < 0.001, Fig.
1). Regarding the relationship between the proportion of
women in the field versus academic footprint, however, a
Wilcoxon signed-rank test demonstrated a significant dif-
ference between the year-by-year proportion of neurosur-
gical trainees who were women (9.6% to 17.7% over 15
years) and the year-by-year proportion of neurosurgical
first (4.8% to 16.2% over 17 years) (p < 0.001) and senior
(4.4% t0 9.6% over 18 years) (p < 0.001) authors who were
women (Fig. 1). With respect to the role of mentorship,
an article was more likely to have a female first author if
the senior author of the article was female (OR 2.69, CI
2.52-2.86; p < 0.001).

While most journals exhibited an increasing trend in
female first authorship, only 10 journals demonstrated
statistically significant increases in the proportion of fe-
male first authors over this time period (Table 2 and Fig.
2). In 2019, the Journal of Neurosurgery: Pediatrics had
the highest proportion of female first authors (33.5%) and
Operative Neurosurgery had the lowest proportion of fe-
male first authors (12.4%). Twelve journals had significant

Type
= Female First Author
= Female Last Author

22.5% 1
20.0% 1

17.5% A

== Female Neurosurgery Trainees

15.0% 1
12.5%
10.0%

Percentage

7.5%
5.0% ~
2.5% 1
0.0% -

2002

2010 2019

Years

FIG. 1. Trends in female authorship over the study period (2002-2019) for 66,546 articles in 16 major neurosurgical journals. The
trend in female neurosurgical trainees over the study period is included for comparison.
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TABLE 2. Percentage of female first and senior authors in the first and final years for which data were available for
each of the 16 included journals

1st Author ~ 1st Author Senior Author  Senior Author

Journal Year 1* Final Year p Value Year 1* Final Year p Value
Acta Neurochirurgica 5.0% (2008) 16.7% 0.001 2.1% (2008) 9.6% 018
Asian Journal of Neurosurgery 12.0% (2010) 14.9% 0.26 11.1% (2010) 23.8% 0.003
British Journal of Neurosurgery 1.9% (2008) 14.4% 0.15 1.9% (2008) 11.4% 0.007
Journal of Korean Neurosurgical Society 8.2% (2007) 15.7% 0.07 6.1% (2007) 15.7% <0.001
Journal of Neurosurgery 8.7% (2002) 21.3% <0.001 7.8% (2002) 13.3% 0.0001
Journal of Neurosurgery: Pediatrics 17.0% (2008)  33.5% 0.002 7.1% (2008) 19.1% 0.0002
Journal of Neurosurgery: Spine 3.9% (2004) 15.3% <0.001 0% (2004) 9.9% 0.02
Journal of Neurosurgical Sciences 15.8% (2016) 17.0% 0.38  10.5% (2016) 8.8% 0.03
Neurosurgery 6.7% (2002) 19.0% <0.001 7.2% (2002) 13.1% 0.01
Neurosurgery Clinics 19.1% (2002) 18.2% 0.26 7.1% (2002) 10.9% 0.33
Neurosurgical Focus 6.6% (2002)  23.5% 0.002  8.5% (2002) 7.8% 0.34
Neurosurgical Review 6.6% (2002) 17.8% <0.001 6.1% (2002) 7.5% 0.01
Operative Neurosurgery 5.6% (2015) 12.4% 0.31 5.6% (2015) 4.8% 0.46
Stereotactic and Functional Neurosurgery — 2.3% (2002) ~ 22.4% 0.004  4.7% (2002) 12.2% 0.01
Surgical Neurology International 11.0% (2010) 17.4% 0.03 12.1% (2010) 19.5% 0.007
World Neurosurgery 6.8% (2010) 15.2% <0.001  6.8% (2010) 11.8% <0.001
Total 4.8% 16.2% <0.001 4.4% 9.6% <0.001

* The years in parentheses represent the first year that data were available for each journal.

increases in the proportion of female senior authors. In
2019, Asian Journal of Neurosurgery had the highest pro-
portion of female senior authors (23.8%) and Operative
Neurosurgery had the lowest proportion of female senior
authors (4.8%).

Trends in Journal of Neurosurgery: A Case Study

To delve into the details of authorship trends over a lon-
ger period of time, we selected one journal, the Journal
of Neurosurgery, and tracked changes in female first and
senior authorship. We found that, between 1944 and 2019,
female first authorship increased from 0% to 18.6% and
female senior authorship increased from 4.7% to 11.7%
(Fig. 3). A divergence of growth rates between female
first and senior authors occurred in 1994. Prior to 1994,
there were indistinguishable growth rates between female
first and senior authorship (p = 0.29); after 1994, female
first and senior author growth rates are significantly dif-
ferent (p = 0.04). The rate of increase in female first au-
thorship before and after 1994 was significantly different
(p < 0.001), although this was not true for female senior
authorship (p = 0.24).

Discussion
Summary

In this analysis, we utilize methods in meta-analysis to
assess the representation of women in neurosurgical lit-
erature. Overall, the proportion of female first and senior
authors in neurosurgery has increased significantly, as ob-
served between 2002 and 2019. These increases were also
found for the majority of individual journals investigated.
We found the highest proportion of women as first authors
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in Journal of Neurosurgery: Pediatrics, as well as signifi-
cant increases in both female first and senior authors. This
is consistent with previous findings that women make up
a higher proportion of pediatric neurosurgeons than non-
pediatric neurosurgeons.” The only spine subspecialty
journal included, Journal of Neurosurgery: Spine, ranked
among the lowest for female representation as first and
senior authors, at fifth and seventh from last, respective-
ly. This is also consistent with previous findings within
clinical practice, with lower female representation in spine
surgery.® The sole stereotactic/functional subspecialty
journal, Stereotactic and Functional Neurosurgery, by
contrast, ranked among the journals with the highest pro-
portion of female first authors (third) and senior authors
(seventh) (Fig. 2). The contrast between these three sub-
specialties (pediatrics, spine, and stereotactic/functional)
indicates that the overall increase in female representation
seen in the cohort is not distributed equally among the
neurosurgical subspecialties. Operative Neurosurgery,
which had the smallest proportion of both female first and
senior authors, was relatively lacking in publications with
female lead authorship. This possibly highlights bias that
female neurosurgeons face in the operative or technical
arenas of neurosurgery or inadequate mentorship to pro-
duce higher caliber publications.

Despite the overall increase in female authorship over
time, the rate of increase in female first authors was signifi-
cantly greater than that of female senior authors, indicating
a relative stagnation in more junior faculty positions. Ad-
ditionally, female first authors in neurosurgery were more
likely to publish an article when the senior author was fe-
male, pointing to the significance of mentorship. In the his-
torical analysis of the Journal of Neurosurgery, we show
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FIG. 2. Trends in female first authorship (A) and female senior authorship (B) by journal. A total of 66,546 articles were included.

a steady year-by-year increase in female first and senior
authorship early on, with significant divergence among the
two beginning during the 1990s despite a steady increase
in the presence of women in the field. These trends in the
rise in female authorship over time and the increase in fe-
male first authorship if the senior author was female paral-
lel other studies related to gender disparities in female au-
thorship in neurosurgery.?’ While this continued increase
in academic presence is encouraging, the proportional
representation in neurosurgical-specific literature is not
commensurate with the proportion of female neurosurgi-
cal trainees and, therefore, women in the workforce. This
disparity highlights a source of necessary improvement in
identifying continued barriers to career advancement in
neurosurgery, with particular focus on subdisciplines with
the greatest degree of female underrepresentation. The
applicability of the meta-analysis modality is vast, as the
multimodal and multilevel nature of big data has been used

to study minority health disparities?' and to implement and
deliver global neurosurgical care.?

Implications of Findings

While the overall increase in both female neurosur-
gical first authors and senior authors is encouraging, the
numbers trail substantially behind those of their male col-
leagues. This is particularly discouraging when compar-
ing the disproportionate rate of increase of female senior
authors in comparison to female first authors and female
trainees. While it is possible that some of this effect is due
to a time-delay bias (as senior authorship requires career
progression and thus time), it must also be considered as an
indication that mid- to late-career female neurosurgeons
are not advancing in their careers as predicted or as steadi-
ly as their male colleagues. This is corroborated by the di-
vergence of increase between first and senior female first
authors in our case study of the Journal of Neurosurgery.
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FIG. 3. Case study. Comparison of trends in female first authorship and female senior authorship in 21,346 articles in the Journal
of Neurosurgery between 1944 and 2019. The growth rate between first and senior authorship diverged after 1994, with the
growth rate of first authorship greater than the growth rate of senior authorship (p = 0.04).

This is mirrored in the gender composition of the field.
While women are increasingly represented in assistant and
associate professorship positions (15% and 13%, respec-
tively), women are underrepresented in full professorship
positions (5.8%).%

Finally, our finding that articles with female first au-
thors were more likely to have a female senior author has
interesting implications for mentorship in the field. This
argues for the increased need for senior female mentor-
ship. A similar phenomenon has also been described in
other fields, such as anesthesiology,** and in previous stud-
ies of neurosurgical authorship.® In academic surgery,
the limited number of senior female mentors has been
described by others as one relational barrier to academic
progress for women in neurosurgery.?

A 2008 study commissioned by the American Associa-
tion of Neurological Surgeons' found that the percentage
of female trainees in neurosurgery had increased over the
prior decades, but it found no corresponding increase in
the representation of women in neurosurgical leadership.
Based on these findings, the authors recommended that the
field of neurosurgery increase female resident and faculty
enrollment to 20% by 2012, while simultaneously raising
the number of required gender diversity programs.'> While
this strategy has successfully increased female presence
in the field, this presence has not translated to increased
representation in leadership and senior academic roles
reflective of successful career advancement. As a result,
the presence of mentorship for women aiming to advance
within academic neurosurgery remains limited despite the
increased overall presence of women in the neurosurgi-
cal workforce. There are additional components involved
in fostering and strategically organizing career advance-
ment beyond increased presence. Identification of barriers
or lack of facilitators for this process of advancement fol-
lowing increased recruitment is essential in understanding
and addressing continued disparities.
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Because career advancement in academic medicine is
primarily driven by original research, we hypothesized
that the apparent gender gap in neurosurgical publishing
might point to the downstream effect of such obstacles,
highlighting areas of greatest impact in improvement. Evi-
dence outside of neurosurgery supports this idea.?¢ Data
on major early career development awards, much of which
are determined by publication history and impact, reveal
that women are less likely to be granted these awards than
men.*> Notably, even when women are able to reach these
academic leadership positions, there is still a disparity in
publication productivity.”® Furthermore, despite the fact
that women had increased fellowship completion over
their male counterparts, women still had lower scholarly
productivity.?’ Mentorship, as described in this study, is to
be distinguished from sponsorship. Sponsorship is the use
of one’s own advanced status to advocate for the advance-
ments and opportunities for the mentee.® While many
women cite the lack of mentorship as a significant factor
in career advancement, sponsorship provides concrete op-
portunities for career progress.

Bias can also play a role in the ability to achieve pub-
lication. In general, studies have shown that women are
persistently underrepresented in surgical editorial boards,
although their numbers in the field are rising.?*-3' A recent
study of high-impact general surgery journals showed that
over the past 20 years, the composition of female members
of editorial boards has risen from 5% to 19%. Current-
ly, in some of the high-impact neurosurgical journals, the
composition of the editorial boards are as follows. Neuro-
surgical Focus has 1 editor-in-chief and 2 associate editors
(0/3 are women); however, the editorial board is variable
with the monthly topics, and so the ratio varies from month
to month, for each issue, from 0 of 5 to 5 of 5 being wom-
en. The Journal of Neurosurgery has 22 members on the
editorial board, with 6 members being women. Neurosur-
gery has 7 editorial board members, with 4 members be-
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ing women. The Journal of Neurosurgery: Pediatrics had
16 members on the editorial board, with 2 members being
women. Notably, in these journals, none of the editors-in-
chief are women. There are limited data on whether the
data review process is anonymized. Further research is re-
quired to specifically delineate the forward progression of
these boards, and the impact of these board compositions
on the likelihood of women faculty publishing in the field.

Limitations

This study is limited by the accuracy of our gender re-
view methodology; therefore, these described limitations
include those inherent to the use of meta-analysis itself.
For example, our predictive workflow yielded binary gen-
der outcomes (male/female), thus treating cases with low
certainty identically to those with very high certainty. Ad-
ditionally, it has no means of accounting for individuals
of one gender with names that are conventionally given to
the other gender. It fails to incorporate any individuals that
are gender nonbinary or gender nonconforming.® In light
of this, however, our final gender inference prediction rate
was found to be similar to those of prior studies.® The study
is also limited by the number of neurosurgery journals in-
cluded in this analysis, thus potentially limiting the scope
or generalizability of our results. Furthermore, only 7 of the
16 journals analyzed in this study had data in 2002, with
some journals first publishing as late as 2016. Similarly,
this study does not include neurosurgical articles that were
published in nonneurosurgical journals. While we recog-
nize this as a potential limitation, we believe that extension
to include articles in these journals would be infeasible due
to varied or absent subject grouping (e.g., MeSH term) in
many journals. Finally, due to the collaborative nature of
the field of neurosurgery, it is possible that some authors
included here are not neurosurgeons; it is likely that some
percentage of neurologists, radiation oncologists, ortho-
pedic surgeons, or any number of other collaborator roles
were inadvertently included in our author list.

Conclusions

Using metadata techniques, we found an increase in
female neurosurgical first and senior authorship, with the
growth of female senior authorship lagging behind the
growth in female first authorship. Overall, senior author-
ship continues to lag significantly behind overall female
representation in the field and mirrors the parallel dispar-
ity in promotion and career advancement of women in
neurosurgery. Thus, while we believe that there is further
improvement to be made, this study serves as an indicator
that the field of neurosurgery continues to improve in its
gender diversity. We, as neurosurgeons, need to continue
to mentor our entire workforce toward career advance-
ment to support innovation and advancement of the field
as a whole through the inclusion of varied perspectives,
talents, and contributions. As a result, we can provide a
more balanced, and therefore powerful, voice for the fu-
ture of neurosurgery.
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