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Abstract

In this paper, a critical perspective on biomedical knowledge of gender/sex
is introduced, based on the work of the biologist Anne Fausto-Sterling
and the epidemiologist Nancy Krieger. This critique will be applied to
contemporary knowledge of gender/sex in sports science. The discussion
will center on two subjects: the gender/sex performance gap in sport, and
the relevance of menstruation to athletic performance and the health of
female athletes. The discussion will also include how these two phenomena
are represented in the medialization of popular knowledge, i.e., the moment
in which scientific knowledge becomes everyday knowledge and potential-
ly influences people's self-understanding and everyday practices, e.g., of
sporting activity. This paper offers a concise perspective on the subject,
highlighting the necessity for further research to comprehensively capture
the given diversity of bodies without reproducing gender stereotypes in the
future of sport related research and its popular reception.

Keywords: sex, gender, health, menstruation, research, sport, cycle-based
training, female athletes

12.1 Introduction

The idea of a fundamental physical vulnerability and inferiority of the
so called ‘weaker sex’ has long been used to legitimize the exclusion or
restriction of women and girls in sports (Pfister, 2010; Giinter, 2018). Parti-
cipation in exhausting and demanding practices of sports or competition
was said to cause serious damage to the physical, especially reproductive,
health of females and would rather not suit their gendered character. Today,
the assumption of the physical inferiority of the female sex is still used
to exclude some women from sports competition, namely women who
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show a strong athletic performance and whose appearance does not meet
modern white standards of femininity, as could be observed in recent years
in the controversies around the runner Caster Semenya or the boxer Imane
Khelif. They should be (or were or are) excluded from competing against
other women to protect these from their superiority, which is constructed
as unnormal, unfair and - in the case of martial arts — even dangerous for
other - normal - women (Kramer, 2020; Wiederkehr, 2012).

These arguments are usually based on scientific knowledge about physi-
cal gender resp. sex and its impact on athletic performance. But contrary
to everyday assumptions natural sciences don’t just neutrally explore biolo-
gically given facts. They are structurally and epistemically embedded in
society, and so-called "scientific 'findings' can be seen as the results of com-
plex production processes" (Knorr-Cetina, 1988, p. 375). Therefore, they are
also constructed by the hegemonic social gender structure (Fausto-Sterling,
1993; Schiebinger, 2013) and biased by dominant gender concepts and
hegemonic androcentrism (Schmitz & Schmieder, 2006).

Moreover, a significant contemporary social development is the chan-
ging role of scientific knowledge for everyday life practices of subjectiva-
tion (Maasen & Duttweiler, 2012). Through the process of (digitalized)
medialization scientific knowledge has become fundamentally embedded
in everyday life and merged with everyday life knowledge.

Referring to the field of sport, we observe that nowadays thousands
of leisure time athletes plan and execute their training routines and diets
based on exercise science paradigms about muscle growth, recovery times
and protein metabolism. They track and analyze their training practices
like professional athletes. This is made possible by a huge culture of (digita-
lized) popular science. Professional and self-proclaimed experts of exercise
and nutrition science write books and post Instagram reels with advice
and instructions for better results in athletic performance and physical
appearance and popular media produce features, interviews and reports
on these topics. Due to the centrality of the body and the historical as
well as contemporary strong gendering of the field of sport, gender/sex is
a central category in sports, not only in terms of competition classes. So,
part of (popular) sport sciences is always a certain gender/sex knowledge
which overlaps scientific and everyday form of gender knowledge (Wette-
rer, 2008).

From the perspective of the sociology of gender and sports this leads
to certain questions, amongst others: How is gender/sex conceptualized in
current training science, sports medicine and in related popular science
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media? How are physical and social dimensions of gender/sex and their
interaction understood? Is the intersectionality of gender/sex with diverse
other categories of social distinction taken into account? How are other
diversity categories, such as race or ability, taken into account?

In this paper, a critical perspective on biomedical knowledge of gen-
der/sex is introduced, based on the work of the biologist Anne Fausto-Ster-
ling and the epidemiologist Nancy Krieger. This critique will be applied to
contemporary knowledge of gender/sex in sports science. The discussion
will center on two subjects: the gender/sex performance gap in sport, and
the relevance of menstruation to athletic performance and the health of
female athletes. The discussion will also include how these two phenomena
are represented in the medialization of popular knowledge, i.e. the moment
at which scientific knowledge becomes everyday knowledge and potential-
ly influences people’s self-understanding and everyday practices, e.g. of
sporting activity.

12.2 The Science of Gender/Sex

The distinction between sex - defined as the physical aspects of gender/sex
such as genetic, hormonal or anatomic features of one’s body - and gender
— defined as social aspects such as one’s identity, certain norms and roles
within social structures and stereotypical associations of certain characte-
ristics — is widely accepted within scientific and popular discourse. More-
over, there has been a recent rise in awareness regarding the necessity of
incorporating sex and gender considerations into medical and epidemiolo-
gical research. However, a more detailed perspective reveals the emergence
of conceptual challenges (Hammarstrom & Annendale, 2012).

First, from a deconstructivist social science perspective the distinction
between a socially constructed gender and a naturally given sex is itself
formed by socially constructed, historically shifting, boundaries between
what is considered to be nature and what is considered to be culture (see
e.g. Butler, 2011; Haraway, 1993, 2000).

Renowned biologist Anne Fausto-Sterling demonstrates in her work, that
the separation of distinctly two sexes has to be considered a social rather
than a biological one. From a biological standpoint, states Fausto-Sterling,
the existence of five sexes is as valid as the existence of two. The dualistic
division into only two acknowledged categories, with all bodies which do
not fit the referring criteria (so called intersexual people) being categorized
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as pathological, is rather a reflection of the social gender categories than a
determined biological factum (Fausto-Sterling, 1993).

Also on an empirical level, the distinction between what is natural and
what is social is not as easily delineated as it may initially appear. Instead,
nature and culture, or nature and nurture as it is more commonly referred
to, are inextricably linked. Consequently,

[...] sex and gender are neither dichotomous nor independent of each
other. Gendered structures change biological function and structure. At
the same time, biological structure and function affect gender, gender
identity and gender role at both individual and cultural levels. (Fausto-
Sterling, 2019, p. 4)

That’s why Fausto-Sterling and other researchers claim for the implementa-
tion of the term gender/sex!. (Fausto-Sterling, 2019, p. 4).

Another relevant scholar from the field of critical feminist natural science
of the human body is epidemiologist Nancy Krieger, who is known for
her Ecosocial Theory and her concept of Embodiment, which explains in-
fluences of social positions, such as racist discrimination, on the body and
its health (Krieger, 2012). Krieger employs the terminology of “gendered
expressions of biology” in distinction to “biologic expressions of gender”
(Krieger, 2003). To make her approach clear, I cite an extended passage of
her work:

Gender refers to a social construct regarding culture-bound conventions,
roles, and behaviors for, as well as relations between and among, women
and men and boys and girls. Gender roles vary across a continuum and
both gender relations and biologic expressions of gender vary within
and across societies, typically in relation to social divisions premised
on power and authority (e.g., class, race/ethnicity, nationality, religion).
[...] sex is a biological construct premised upon biological characteristics
enabling sexual reproduction. Among people, biological sex is variously
assigned in relation to secondary sex-characteristics, gonads, or sex chro-
mosomes; sexual categories include: male, female, intersexual (persons
born with both male and female sexual characteristics), and transsexu-
al (persons who undergo surgical and/or hormonal interventions to
reassign their sex). Sex-linked biological characteristics (e.g., presence
or absence of ovaries, testes, vagina, penis; various hormone levels;

1 Comparable to the German term Geschlecht, which also does not divide the layers of
physical or social aspects of gender/sex.
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pregnancy, etc.) can, in some cases, contribute to gender differentials
in health but can also be construed as gendered expressions of biology
and erroneously invoked to explain biologic expressions of gender.
(Krieger, 2003, p. 653, highlights in original)

Krieger, like Fausto-Sterling, acknowledges sex as not being dualistic. In-
stead, Krieger identifies four different sexes (male, female, intersexual and
transsexual).? Especially relevant for this paper is her concept of physical
and social aspects of gender/sex and their interplay. Krieger admits that
sex-linked biological characteristics — such as the rate of testosterone or
menstruation — can contribute to differentials in health — or in athletic per-
formance as discussed here. But they can also be understood as gendered
expressions of biology which are falsely used to explain - and naturalize
- biologic expressions of gender. This says, that there are expressions of
biology, which are gendered - as an act of social prescription. An example
would be the different proportions of muscles to fat in average male resp.
female bodies. This can be seen as a biologic factum based on varying levels
of testosterone, which are often gendered, with testosterone being designa-
ted as the 'male hormone' (Fausto-Sterling, 2000). It is important to note
that there is no specific hormone that can be identified as exclusively 'male’
or 'female. Rather men and women and all other genders/sexes produce
testosterone (and estrogen) and are experiencing physiological effects. The
labeling of a high rate of testosterone as exclusively male and therefore not
female is a social process of gendering, a gendered expression of biology. But
the characteristic of the average (white and western) female body as not
very muscular may also be a consequence of gendered nutritional patterns,
e.g. calorie and fat reduced due to gendered norms of the slenderness
(Bordo, 2003) and gendered daily physical practices (Young, 2005; Critten-
den Scott, 2025 [1974]; Nelson, 2024). Biology is reacting to a life style
based on gendered norms and roles and this biological expression of (social)
gender is erroneously seen as a biological foundation of social gender roles:
Women become smaller and weaker than men due to epigenetical processes
of bodies adapting a gendered lifestyle over several generations and this
is interpreted as women being essentially smaller and weaker than men

2 The five sexes in Fausto-Sterlings concept are male, female and three different sexes
(herms, merms and ferms), which are in the hegemonic medical discourse all com-
bined under the label intersexual but for Fausto-Sterling are all separate and different.
Fausto-Sterling claims to see sex as something continuous between the poles male and
female (Fausto-Sterling, 1993, p. 69) with five or even more central ‘point on the line’.
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and oftentimes used as a reason for gendered social norms in sports and
elsewhere.

So not only social, but also natural science show, that the ‘nature’ of
two distinctively different sexes is, at many points, the result of a biased
interpretation of biological features and of a gendered lifestyle rather than
a determined factum. But these perspectives are not hegemonic, not within
the scientific community nor in the public understanding of natural science
of the human body and also not within the field of sport science.

12.3 Gender/Sex in Sport-related Research

Sport science is a trans- and interdisciplinary field, encompassing a range
of natural and social sciences. These include sports medicine, exercise
physiology, sports pedagogy, and sports sociology. While the social sciences
of sport science have produced a certain body of research on gender/sex in
sport, which recognizes gender/sex as multidimensional and non-dualistic
(e.g. Schmechel, 2022; Kramer, 2020; Braumiiller et al., 2020; Elling-Mach-
artzki, 2015), the natural sciences of sport science employ, by and large,
a monodimensional and dualistic understanding of gender/sex (Nelson,
2024). Furthermore, it can be posited that the conclusions of Ilse Hart-
mann-Tews and Bettina Rulofs on gender bias in sports medicine from
2013 (Hartmann-Tews & Rulofs, 2013) remain valid and applicable to other
domains of sports science, including exercise science (see also Nelson,
2024). The fact that studies usually operationalize gender/sex as dualistic
and monodimensional only must also be categorized as a form of gender
bias (Horstmann et al., 2022). A paucity of critical research exists on sport
science and its conceptualization as an object of research itself.?

In the following, I will discuss what has been presented so far in rela-
tion to two subjects that are currently being discussed in sport science
and the popular science media. The first is the aforementioned gender
performance gap. The second phenomenon is that of menstruation-based
training, which is gaining popularity among athletes of all levels.

3 For research on racism within sport-related research, see Nobis & El-Kayed, 2023; see
also Cowley et al., 2021 on the gender data gap in sport research.
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12.3.1 Performance Gap

The gendered performance gap is the term used to describe the evidence
of differences in athletic performance between men and women, with men
generally demonstrating higher levels of performance. This disparity serves
as the foundation for the legitimacy of single-gender and sex-competitions
in the majority of athletic disciplines, as well as the policies that govern par-
ticipation as a woman. A frequently cited paper on the subject states: “Sex is
a major factor influencing best performances and world records” (Thibault
et al., 2010, p. 214), while referring to the phenomenon as ,gender gap”.*
The terms sex and gender are not defined and are used interchangeably and
associated with factors such as“[...] height, weight, body fat, muscle mass,
aerobic capacity or anaerobic threshold as a result of genetic and hormonal
differences” (Thibault et al., 2010, p. 214).

There is no discussion of any social factors except for doping policies in
times of the Cold War. The authors compare the improvement of male and
female world records and ten best performances over the modern Olympic
era in various fields including swimming, athletics, track cycling, weightli-
fting and speed skating in order to measure the evolution of gender/sex
gaps. They conclude: “It appears that gender gaps in sport performance
have been stable for a long time: women may never catch up with men”
(Thibault et al., 2010, p. 221) and suggest “that women will not run, jump,
swim or ride as fast as men” (Thibault et al., 2010, p. 214).

Millard-Stafford et al. (2018) follow a more nuanced approach, also
considering political circumstances such as discriminating rewards struc-
tures and opportunities for participating in sports. However, they also
conclude: “The ~40-y plateau in the performance gap suggests a persistent
dominance of biological influences (eg, longer limb levers, greater muscle
mass, greater aerobic capacity, and lower fat mass) on performance” (Mil-
lard-Stafford et al., 2018, p. 530).

The prevailing evidence of men outperforming women in the past is
often interpreted as indicative of a persistent future trend. Without conside-
ring the social impacts on the body and the athletic performance of people,
the longevity of men's dominance in high-rated athletic performance is
taken as proof for the impact of biological characteristics. These characte-

4 This aligns with Hammarstroms and Annandales (2012) conclusion of a “conceptual
muddle” risking essentialist and reductivist thinking within the field of gender-specific
medicine which seems to be transferable to the field of sport medicine.
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ristics are taken as essential and not as a potential result of socio-economic
circumstances within an historical and ongoing process, as an eco-social
approach would suggest (Krieger, 2003). This research can be considered
biased in certain aspects. Firstly, the terms ‘gender’ and ‘sex” are not clearly
defined, and the studies do also not address the implicit assumption of
gender/sex as dualistic, essentialistic, and monolithic. Furthermore, the
aspects that are compared and measured exhibit an implicit androcentrism,
as certain characteristics that are culturally associated with maleness, such
as strength and speed, are measured while disregarding other disciplines or
performance aspects, such team play, strategy, and elegance.

Few voices within the field of sport cciences offer a critical perspective
on these interpretations. Hallam and Amorim (2022) conclude for the
performance gap in the field of running-disciplines:

Explanations for the sex difference in absolute performance and compe-
tition depth include physical (physiological, anatomical, neuromuscular,
biomechanical), sociocultural, psychological, and sport-specific factors.
[...]. There is scope to narrow the sex performance gap by addressing
inequalities between the sexes in opportunities, provisions, incentives,
attitudes/perceptions, research, and media representation. (Hallam &
Amorim, 2022, p. 1)

Also, Nelson (2024) argues for an enhanced interdisciplinary discourse and
claims for bridging the gap between the natural exercise science and the
social and cultural sciences of sport. Focusing on the so called ‘strength gap’
between men and women, Nelson advocates a biocultural understanding
(similar to Nancy Krieger ecosocial approach in health sciences) of strength
in order to “think differently about sex, gender, and bodies, potentially
enabling us to imagine new methods of categorizing athletes and organi-
zing social structures beyond binary understandings of physical strength”
(Nelson, 2024, p. 10) But these are rather minorized positions within the
scientific community.

The dualistic and essentialist conception of gender/sex and its relevance
for athletic performance can also be seen in the popular discussions on
female athletes who do not fit hegemonic standards of femininity, such as
Caster Semenya or Imane Khelif, and whose femaleness is put to question.
The oftentimes indiscrete and respectless public debates about their bodies
are legitimized by the assumption that certain levels of athletic performance
and physicality are not attainable for females and the notion of protecting
women from being betrayed (or in the case of boxer Khelif put in danger
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of severe injury) by referring to a simplistic conception of gender/sex. This
reduces gender/sex and its relevance for athletic performance to the rate of
testosterone (Heckemeyer, 2020; Krdmer, 2020).

12.3.2 Menstruation-based Training

Another topic that has been the subject of discussion in the field of gen-
der/sex in sports lately is the role of menstruation. There has been a remar-
kable increase in the level of attention it has received, after being a taboo
for long. A search of the scientific database PubMed reveals a substantial
increase in research on the intersection of menstruation, training, and sport
over the past decade.® Additionally, the market for popular science media
has witnessed a proliferation of media products on menstruation-based
training, including how-to books, TV shows, or Instagram posts by popular
science influencers. A review of these materials reveals a consistent recom-
mendation which entails the reduction of training intensity during the
menstrual and luteal phases, while planning high-intensity workouts and
strength training during the follicular and ovulatory phases. This is said to
optimize athletic performance and wellbeing. Frequently, it is accompanied
by recommendations for a diet that is synchronized with the menstrual
cycle.

But not only is the orientation on one’s menstruation cycle regarded
necessary for optimizing athletic result, but training without considering
one’s menstruation cycle is also declared as harmful in some publications.
A German television report, produced in 2022, on menstruation-based
training, broadcasted by public television, states the following in its intro-
duction:

Women usually train in the same way as men. That's obvious at first.
But the female body works differently to the male body. Women live in a
monthly cycle. And only very few take this into account when training.
Incorrect training, however, can have consequences, even serious ones:
Missed periods, infertility. Training that works for men can harm wom-
en. [...] This is because at certain times the female body is capable of
peak performance and responds to intensive training stimuli, while in

5 Request conducted at PubMed with the terms “menstrua*” and “training” as well as

“menstrua*” and “sport” in November 2024 and again in March 2025.
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other phases female athletes should slow down because not only does
their performance decline, but the risk of injury is also greater.® (ARD
Mediathek, 2025, min. 0.00-0.26).

The structure of this contribution does not permit a more profound analy-
sis of the content of this media product, but summarizing this and other
publications on the subject, we find the following general aspects, which
are particularly evident in this example:

The male and female bodies are considered to be fundamentally diffe-
rent. Menstruation is conceptualized as a cyclical process with distinct
phases. These phases are known to have distinct effects on an individual's
athletic performance and overall well-being. During two of these phases
(menstruation and the luteal phase), performance and wellbeing are descri-
bed in terms such as ‘low/lower” and ‘light’ indicating that exercise is less
aligned with the ‘biological calendar’. Depending on the specific concept
of the menstrual cycle, this can result in the definition of the athletic
performance of the affected person as somehow deficient between 15 and 17
days of the generalized 28-day cycle. In some cases, menstruating individu-
als may be warned against high-intensity training or lifting heavy weights
during the ‘wrong’ phases because of the increased risk of injury. Moreover,
training schedules that are not adapted to a person's menstrual cycle (and
therefore consist of ‘lower” performance and activity for about half of the
month) are considered dangerous for one's reproductive health.

Women (or menstruating persons, who are considered equivalent to
women) are construed as the ‘weaker sex’, who should train at a lower
capacity for about half of the month, while men seem to be able to train
intensely for the whole month. Additionally, women are often portrayed as
the ‘endangered sex”” emphasizing the potential risks of severe injury and
detrimental consequences for reproductive health during intense training
in the 'wrong' phase of the menstrual cycle.

This perspective can be seen as a modernized version of historical dis-
courses that excluded women from (intensive) sports due to a proclaimed
natural physical incapacity and vulnerability. While it is now widely reco-
gnized that there is no scientific basis for the idea that a woman's uterus
could fall out during certain sports activities, the notion that a woman's
menstrual cycle could pose a health risk to her if she trains ‘against’ it

6 Translated with DeepL (Free version)
7 Gerhardt (1987) shows that this is a long tradition of gender bias in health-related
research.
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(when she is only able to engage in intense training during half of her cycle)
bears relevant parallels.

Interestingly, when looking at the scientific discourse on the impact of
menstruation on athletic performance, one does not find evidence for such
clear advice. Though there are studies showing impact of different hormone
levels on the athletic capability during the menstrual cycle, a systematic
review in 2020 concludes:

The results from this systematic review and meta-analysis indicate that
exercise performance might be trivially reduced during the early follicu-
lar phase of the MC, compared to all other phases. Due to the trivial
effect size, the large between-study variation and the number of poor-
quality studies included in this review, general guidelines on exercise
performance across the MC cannot be formed; rather, it is recommended
that a personalised approach should be taken based on each individual's
response to exercise performance across the MC. (McNulty et al., 2020,
1813).

So, in regard to the subject of menstruation and its impact on athletic per-
formance, a significant discrepancy emerges between the extant scientific
evidence and the popular discourse. Though both, scientific research as
well as popular discourse, refer to a dualistic concept of gender/sex and do
not consider social aspects or intersectionality of any relevance.

12.4 Discussion

A comparison of the two subjects under discussion reveals that the predo-
minant concept of gender/sex in sport science is dualistic and often refers
only to an undercomplex concept of sex. Physical differences that occur
on average between the two considered sex categories are often taken as
naturally determined. Conversely, critical approaches that assume more
interaction between nature and nurture and perceive the physical body
as a product of biosocial processes of influence and interpretation (e.g.,
represented in the work of Krieger and Fausto-Sterling) are rare in the field
of sport studies (Nelson, 2024).

However, a distinction should be noted between these two subjects
and the broader public discourse surrounding them. While the discussion
about the performance gap between male and female athletes seems rather
conservative, the growing scientific interest in menstruation and its rele-
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vance for athletic performance and well-being can be seen as a positive
development in recognizing the diversity of athletic bodies and overcoming
established androcentrism.

Though, a closer examination, particularly within the public discourse
surrounding the topic, reveals the reemergence of entrenched stereotypes
about female athletes as the ‘weaker sex’. These stereotypes are often rooted
in the perception that female athletes are biologically inferior and more
prone to physical harm due to their reproductive organs. Menstruation
and its impacts are conceptualized as something purely ‘natural’ and inde-
pendent from any social factors. A lack of comparable research on the role
of reproductive organs in sports or hormone-based training for men also
reveals a certain gender bias at the epistemological level.

Additionally, the intersectionality of gender/sex with other factors, such
as class, race, or ability, appears to be absent, although the relevance of race
to the perception of women's appearance and performance as suspect has
been raised, particularly in debates about legitimate testosterone levels for
female competitors (Kramer, 2020; Wiederkehr, 2012). When it comes to
the discussion of menstruation in training, age and contraceptive practices
are taken into account.

12.5 Conclusion

In contemporary modern societies, subjectivation is significantly influ-
enced by public scientific knowledge (Massen & Duttweiler, 2012). In a
society characterized a certain ‘sportification’ (Crum, 1991) the knowledge
of sports sciences becomes pertinent to the subjectivation practices of many
individuals, extending beyond the realms of professional and competitive
sports.

This underscores the significance of sport science and its implicit and
explicit gender knowledge. It is imperative for the field of sport science
to be cognizant of the social construction processes of difference in sport-
related research (Nobis & El-Kayed, 2023) and its embeddedness within
hegemonic culture. Furthermore, the integration of a more bio-social un-
derstanding of the body and gender/sex (Krieger, 2003) into sport-related
research would be beneficial, as would a more intensive dialogue between
the natural and social sciences within the inherently interdisciplinary field
of sport studies.
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This paper offers a concise perspective on the subject, highlighting the
necessity for further research to comprehensively capture the given diversi-
ty of bodies without reproducing gender stereotypes in the future of sport
related research and its popular reception.
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