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Abstract

Females are underrepresented in sports and exercise medicine research, both as authors and
as research participants. The aim of this study was therefore to explore who does sports
and exercise medicine research on females. All original research articles with female-only
samples published in six major sports and exercise medicine journals over a 7-year period
(2014-2020; n=334) were examined. Out of the 2027 authors of the articles in question,
1149 were categorized as male (56.7%) and 850 were categorized as female (41.9%; 28
[1.4%] could not be categorized). A slight majority of the articles had a female as first
author (51.5%), while the majority of the last authors were male (62.3%). Binomial tests
of proportions revealed that females were overrepresented in all author roles in this sample
compared to the field at large, while chi-square tests of proportions indicated minimal vari-
ations in female authorship across the studied period. These findings indicate that females
are relatively more likely to do research on females than males are, and that the rate of
female authorship remained relatively constant over time.
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Introduction

The underrepresentation of female participants in sports and exercise medicine, and the
adverse effect this sex gap can have, has garnered some attention in recent years (Costello
et al., 2014; Cowley et al., 2021; Emmonds et al., 2019; Hagstrom et al., 2021; Hutchins
et al., 2021; Mujika & Taipale, 2019; Smith et al., 2022b; Zhu et al., 2022). The under-
representation of females as authors in the same field has also been investigated recently,
revealing that females only make up a fraction of total authorship (Dynako et al., 2020;
Martinez-Rosales et al., 2021). However, the intersection of female participants and female
authors in sports and exercise medicine has not been explored yet.

Previous research on representation in science has shown how consequential author
diversity can be, and how the composition of the author team can affect how the research is
carried out and which topics are explored (Asserson & Janis, 2022; Risi et al., 2022; Xiao
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et al., 2018; Yang et al., 2022). Indeed, female authors in medical and surgical research
have been found to be more likely to include female participants in their studies (Xiao et al.,
2018) and explore topics related to sex and gender (Nielsen et al., 2017; Sugimoto et al.,
2019). There is ample reason to assume the same applies in sports and exercise medicine.

While females are still a minority in sports and exercise medicine, female authorship
has increased steadily in recent years (Dynako et al., 2020; Martinez-Rosales et al., 2021).
Seeing as demographic changes in some research fields have been shown to coincide with
increased diversification in the types of questions being asked and the methodologies being
applied (Risi et al., 2022), one would expect the increase in female authorship to affect the
research output.

Consequently, the aim of this study was twofold. Firstly, to examine who does research
on females within sports and exercise medicine and determine whether females are over- or
underrepresented in this category compared to the field in general. And secondly, to exam-
ine whether there were any variations in authorship over time. In light of previous find-
ings, females were expected to be overrepresented when it came to overall authorship, first
authorship and last authorship, while female authorship was expected to rise across time.

Methods
Data and procedure

This study built upon the work of Cowley et al. (2021), who examined the ratio of male
and female participants in six prominent sports and exercise medicine journals during the
period from 2014 to 2020 (the European Journal of Sports Science, Medicine & Science in
Sport & Exercise, the American Journal of Sports Medicine, the British Journal of Sports
Medicine, the Journal of Sport Science & Medicine, and the Journal of Physiology). This
study analyzed all research from the aforementioned journals during the period in question
with a female-only sample. A total of 334 studies, authored by 2027 authors (M=6.07,
SD=2.62), and an aggregated sample of 230,290 participants (M =689.58, SD =5327.48).

The process of classifying sex was done manually using the authors’ names which
were collected from the journals’ websites. Various tools including photographs, Google
Scholar, ResearchGate, institutional profiles, personal websites and social media were used.
If there was any ambiguity concerning the authors’ sex it was categorized as unknown and
excluded from the analysis. As the information was freely available and part of the public
domain, no ethical approval was needed, and no informed consent was obtained.

Statistical analysis

Means and standard deviations were calculated for continuous data while categorical data
were presented using percentages. Binomial tests of proportions were performed to deter-
mine whether female authors were overrepresented within the sample. The study sample
was tested against an estimation of female authors in the field established by Martinez-
Rosales et al., (2021; overall proportion of female authors=25.5%, proportion of female
first authors =24.8%, proportion of female last authors 16.8%). Chi-square tests of propor-
tions were performed to assess variation in female authorship during the studied period.
All statistical analyses were performed using IBM SPSS Statistics (Version 28) with statis-
tical significance accepted at p <0.05.
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Results

Out of the 2027 authors, 850 were categorized as female (41.9%) and 1149 were catego-
rized as male (56.7%). Twenty-eight authors (1.4%) could not be categorized as sufficient
information was not available online. The majority of research articles were sex diverse
(78.7%), but 13.2% were all-male and 8.1% were all-female. Fifty-one-point-five percent of
the studies had female first authors, 47% of the studies had male first authors and 1.5% of
the first authors could not be categorized. Thirty-six-point-eight percent of the last authors
were female, and 61.7% were male, while 0.6% could not be categorized. An overview of
female authorship by year of publication can be seen in Table 1 below.

The results of the binomial tests of proportions indicated that females were overrepre-
sented in this sample compared to the field in general on all accounts; across all authors
(41.9% vs. 25.5%, p<0.001), first authors (51.5% vs. 24.8%, p<0.001) and last authors
(36.8% vs. 16.8%, p<0.001). The chi-square tests of proportions indicated no statisti-
cally significant variation across the 7-year period for total female authorship (X* [6]=3.9,
p=0.696), or female first authorship x? [6]1=7.9, p=0.247), but did indicate a statisti-
cally significant variation in last authorship (X> [6]=25.5, p<0.001) that appears to trend
downward.

Discussion

This study appears to be the first to examine authorship on studies with all-female samples
within the field of sports and exercise medicine. The results provide clear evidence of an
overrepresentation of female authors compared to their prevalence in the field as a whole,
both as a share of overall authorship and in the more prestigious first- and last authorship
roles. Seeing as the studied sample is quite unique, the results are incongruent with the
results of other studies exploring sex and authorship (Barrios et al., 2013; Dynako et al.,
2020; Holman et al., 2018; Martinez-Rosales et al., 2021; Webb et al., 2021; Xiao et al.,
2018). These findings indicate that female authors are more likely than male authors to
both carry out and be involved in studies on all-female samples.

While females were the first author on just over half of all included publications, males
are still in the majority when it comes to last authorship. The last authorship position is
traditionally given to the most senior researcher involved in the research project and often
entails a supervisory or administrative role. This sex gap between first- and last authorship
is in line with previous bibliographical studies in sports and exercise medicine (Dynako
et al., 2020; Martinez-Rosales et al., 2021), and elsewhere (Nielsen et al., 2017; Webb
et al., 2021).

While there are several factors that can explain this sex gap in first- and last author-
ship, the two that appear to have the most explanatory power are demographic inertia and
sex-differences in post-graduation retention in academia; colloquially referred to as the
leaky pipeline (Shaw & Stanton, 2012). Demographic inertia refers to the time it takes
for demographic shifts to work their way up the hierarchy (i.e., females have tradition-
ally been underrepresented and even though they have passed males in some fields it will
take time for all those females to achieve seniority), while the leaky pipeline refers to the
fact that females tend to face more challenges during their career development than males,
which lead to them being more likely to leave academia and have shorter academic careers
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than their male counterparts (Huang et al., 2020; Llorens et al., 2021; Moss-Racusin et al.,
2012; Pinho-Gomes et al., 2021). Female academics have also been found to be less likely
to hold keynote speeches (Klein et al., 2017) and sit on conference panels (Teoh et al.,
2021) and editorial boards (Martinez-Rosales et al., 2021; Pinho-Gomes et al., 2021), in
addition to receiving fewer invitations to write papers (Holman et al., 2018) and receiving
disproportionally fewer awards (Silver et al., 2017). However, recent findings indicate that
the pipeline may not be as leaky everywhere, with career progression being more egalitar-
ian in Norway than in the United States (Aksnes et al., 2022).

The underrepresentation of female authors in sports and exercise medicine research may
not be inherently problematic, seeing as the quality of the research should always be more
important than the identity of the authors. However, if the lack of diversity in authorship
leads to a lack of research diversity, authorship diversity becomes a problem. Because if the
evidence-base for evidence-informed practice has mostly been extrapolated from research
on male participants, without considering the potential influences of sexual dimorphisms,
the health and well-being of females can be threatened (Emmonds et al., 2019; Smith et al.,
2022b; Zhu et al., 2022). Any meaningful and credible recommendations regarding females
should therefore be based on research that accounts for the numerous anatomical- and bio-
logical differences that exist between the sexes (Smith et al., 2022a, b). Additionally, pre-
vious research on authorship has also revealed that sex-diverse author teams have greater
reach and produce more novel research than same-sex authors teams, adding further incen-
tives to increase the diversity of co-authorship (Does et al., 2018; Yang et al., 2022).

No variations were observed in total female authorship or female first authorship dur-
ing the studied period. However, there appeared to be a slight downward trend in female
last authorship across time. While this trend can be interpreted in a myriad of ways, an
optimistic interpretation from a diversity perspective would be that senior male researchers
are increasingly opting to study female samples and feminine subject matter. If that inter-
pretation is true, senior male researchers may be acknowledging that the burden of closing
the sex gap in author should not fall solely on the shoulders of females. These findings are
incongruent with the findings of Dynako et al. (2020) who found the rate of female author-
ship in sports and exercise medicine to increase substantially over time; however, their
study spanned a significantly longer period and covers heterogeneous samples. The same
applies to the findings of Martinez-Rosales et al. (2021) who found an increase in female
first authorship but not female last authorship during a 20-year period.

Limitations and future directions

The results of this study should be viewed with its limitations in mind. Only six journals
were examined, possibly skewing the results. These six journals all have a relatively high
impact factor and may not be representative for the field as a whole. However, seeing as
female authors have been found to be underrepresented in high impact journals (Hol-
man et al., 2018), the results are more likely to under- than over-estimate female author-
ship. These journals were chosen as they have previously been the focal point of sex-bias
research in the field of sports and exercise medicine (Costello et al., 2014; Cowley et al.,
2021). It should also be noted that last authorship is not a perfect surrogate for seniority,
and some of the last authors may have been placed there on different grounds. Co-first and
co-last authorships were not considered.

Classifying the sex of the authors manually should be considered a strength. Compared
to many other bibliographical studies where sex is assigned using an automated process
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(i-e., an algorithm), the rate of unknown authors is relatively low, and so is the probability
of errors. However, this process also limits the scope of the study, seeing as manual clas-
sification is immensely labor intensive.

While the socially constructed term gender is more traditionally used in the bibliomet-
ric literature, the biological term sex was chosen in this study as it is the preferred term
in sports and exercise medicine research. The same goes for the associated terms man/
woman/non-binary, and male/female. This decision was deliberate and made based on sex
being the appropriate term when discussing the practical implications of the sex-gap in
participant recruitment. Using the terms sex and gender interchangeably was considered
undesirable seeing as there are important distinctions between the two. There may also be
a mismatch between the gender one associates with and the sex one was assigned at birth.

Future studies should assess whether the study’s findings are representative for the field
of sports and exercise medicine as a whole, and whether they apply to other related fields.
Other possible differences related to the authors’ sex and the composition of the author
team should also be explored (e.g., themes and methodology).

Conclusion

The results of this study indicate that female authors are relatively more likely than male
authors to lead and carry out research on all-female samples. While these findings may not
be particularly surprising, and were indeed in line with findings from related fields, they
may offer an interesting explanation as to why females and feminine subject matters are
relatively sparse in sports and exercise medicine. If the sex-gap in participant recruitment
is to be narrowed further, we can’t wait passively for the demographic inertia in academia
to catch up, because even though females are a minority in academia, they are still half of
the (active) population and their reality should be explored to the same extent as males’.
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