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Biological Sex Classification, Gender, Fairness, and Inclusion in Sport 
 

One of the most controversial topics in the sporting world right now involves problem-
solving how to maintain fairness on the field while including people who are Transgender or 
who have Differences in Sex Development (DSD) that may lead to hyperandrogenism and unfair 
competitive advantages. In the first six months of 2021, 25 state legislatures in the United 
States introduced bills designed to ban school-aged transgender athletes from playing on teams 
other than their assigned birth sex. Conversely, 16 states introduced bills allowing students to 
choose what team to participate on based on their gender identity (Brassil, 2021). As of July, 
the IOC banned five women from competing in any of the Tokyo, 2021, Olympic running events 
between and including the 400-meter and one-mile distances because of high levels of 
naturally occurring testosterone (NBC Sports, 2021; Doston, 2021). World Athletics (WA) 
requires women with testosterone levels above 5 nmoles/L to take testosterone suppressing 
drugs to keep the playing field as level as possible (World Athletics, 2021). Therefore, fairness is 
being upheld as paramount over inclusion at the elite level and at the junior high and high 
school level. These issues are multidimensional and involve science, human rights (Hamilton et 
al., 2021; Holzer, 2020), legal issues (Holzer, 2020; Ingram and Thomas, 2019), ethical 
considerations (Takemura, 2020; Loland, 2020; Karkazis and Carpenter, 2018; Knox et al., 2019; 
Holzer, 2020), and cultural dynamics (Fausto-Sterling, 2005; Pieper, 2016). The following review 
explores literature to determine if the accepted binary separation of males and females in post-
pubescent recreational and elite-level sports is an evidence-based strategy. 
  
History of Policing Sex in the Women's Category of Sport 
  

A closer examination of the roots of this conflict reveals a history of policing women in 
sport to validate their biological sex, or some marker of performance, under the premise of 
protecting the women's category. Sex testing, chromosome testing, and testing for 
testosterone levels are referred to herein as "sex testing." However, to be clear, the IAAF (2011) 
rules state that testosterone testing is not sext testing. Sex testing in sports was first seen at the 
1936 Olympic games in Berlin when US runner Helen Stephens was subjected to an undisclosed 
test to verify her sex after winning the 100-meter event (Photopolous, 2021). The IAAF, 1946, 
and IOC, 1948, required women to have medical certificates to prove the holder was female. 
Female athletes were subject to nude inspections and gynecological exams in 1966. 1967-8 saw 
the introduction of required chromosome testing by the IAAF and IOC. 1985 heralded the case 
of Maria Jose Martinez-Patino, a female hurdler from Spain, banned because her chromosome 
test came back as 46, XY, with androgen insensitivity syndrome (AIS), a DSD that she was not 
even aware she had. AIS negated any advantage the testosterone may have otherwise afforded 
her; the ban punished her for an advantage she did not have. In 1992 the IAAF ended 
ubiquitous sex testing for women and placed the onus on competitors and coaches to report 
women seen as suspicious. However, the IOC began requiring a new genetic test for all women 
later that year (Photopolous, 2021). 

Policing the female body in sport at the elite level did not stop in the 21st Century. After 
catching attention for winning the 800-meter event at the World Athletics Championship in 
2009, officials subjected Caster Semenya to sex testing, and she withdrew. Semenya took her 
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case to court and, in 2019, Semenya lost her case in the Court of Arbitration for Sport (CAS) and 
the Swiss court and brought her case to the European Court of Human Rights (Loland, 2020). 
The IOC recently banned Semenya from competing in her preferred middle-distance events in 
the Tokyo Olympics, 2021 (Imray, 2021). Vilain and Sanchez (2012) criticize the history of sex 
tests noting ethical infractions related to fairness, informed consent, privacy, and autonomy. 
  
Biological Sex, DSDs, and Gender 
  
Biological Sex 

The term "sex," when used to classify a person as male or female, communicates 
specific biological differences such as hormone levels, karyotype, and internal and external sex 
organs (NIH, 2021). Not one of these markers takes precedent over another. Classifying people 
as male or female does not account for the fact that the biological markers for assigning sex at 
birth fall along a continuum with the typical male at one end, typical female at the other, and at 
least seven variations in between (Ainsworth, 2015). Alternatively, inclusions of the rarer 
Klinefelter (XXY) or Turner (XO) syndromes could bring the number of sex variations to 11 
variations (Sanchez et al., 2013). Many of these variations are the result of Differences in Sex 
Development (DSDs). Therefore, trying to fit an entire population of people into two categories 
that exist at polar ends of a continuum oversimplifies the biology of sex, denies the science 
behind sex and excludes and damages athletes whose sex and gender do not align.   
  
Differences in Sex Development 

As many as 1 in 100 people are born with a DSD, a term used to describe a range of 
scenarios where the visual anatomy does not match what the binary paradigm says the 
individual should have relative to the chromosomes present (Arboleda et al., 2014; Ainsworth, 
2015). Examples of variations in sex include subtle to moderate differences of the typical male 
(not DSDs), 46 XY DSD, ovotesticular DSD, 46 XX testicular DSD, and moderate and subtle 
variations of the typical female (Ainsworth, 2015). The presence of DSDs and variations 
inherently indicate sex is more of a continuum and not a binary. Where someone falls on the 
sex continuum impacts how much naturally occurring testosterone they have in their system. 
However, one cannot infer from endogenous testosterone levels if a person is male or female 
or, in the case of some DSDs, how much of a benefit they are gaining from the excess circulating 
testosterone.   

Polycystic ovarian syndrome (PCOS) is a subtle variation of typical female resulting in 
mild hyperandrogenism and impacting 6% - 16% of the population. A disproportionate number 
of elite female athletes have PCOS (Basset, 2020; Handelsman et al., 2018; Knox et al., 2019). 
PCOS raises testosterone levels usually no more than 4.8 nmol/L (Handelsman et al., 2018). The 
IOC and WA rule of 5 nmol/L as the upper limit for participation in the women's class 
specifically allows women with PCOS to compete. The upper limit set by the IOC and WA of 5 
nmol/L is about three times that of the normal upper range of circulating testosterone for 
women (Sanchez et al., 2013). 

Some women have natural testosterone levels higher than 5 nmol/L. However, partial 
androgen insensitivity syndrome (PAIS) and complete androgen insensitivity syndrome (CAIS) 
attenuate the ability of androgen receptors to utilize excess circulating testosterone. CAIS and 
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PAIS are common and associated with 46, XY, DSD.  In the case of an athlete with CAIS, the 
excess testosterone has no impact physiologically. Therefore, fairness is maintained even if the 
testosterone levels are at the higher end of the male range. On the other hand, athletes with 
PAIS experience benefit from some of the excess circulating testosterone as not all the 
androgen receptors are insensitive (Handelsman et al., 2018; Hirschberg, 2020). Under the 
current rules that prioritize testosterone levels as the marker of fairness on the field, PAIS 
presents a unique challenge; It is challenging to determine the degree to which the androgen 
receptors are insensitive. In these cases, however unpopular, physical assessment of genitalia, 
using the Quigley classification, is used to observe the degree of virilization to measure receptor 
sensitivity (Handelsman et al., 2018).  
  
Gender 

Gender refers to gender identity as well as gender expression. Gender identity is not 
binary. Instead, it is a diverse continuum, including transgender, cisgender, genderqueer, 
gender plural, and gender ambiguous. Gender expression refers to how a person portrays their 
self. Gender expression and gender identity do not need to align. Gender is a social construct 
(Richie, 2019; Basset, 2020; NIH, 2021) that a test cannot measure (Ha et al., 2014).  
When genitalia are ambiguous at birth, errors can take place in the sex assignment process. 
Such errors can lead to gender dysphoria as an individual matures. Gender dysphoria (GD) is a 
condition where an individual does not identify with their biological sex. People with GD 
frequently choose to use hormones and/or elective surgery to transition their bodies to match 
more closely with their gender identity.  

Transgender is a broad term used to describe a person who identifies with or expresses 
a different gender than what would commonly be associated with their birth sex. Males who 
transition to female (M2F) post puberty may continue to benefit from the testosterone their 
body utilized before the transition process began. Knox et al. (2018) are clear in their support 
for the inclusion of transwomen in sport and call for the abandonment of male/female 
classification in sport. Despite this support, Knox et al. conclude that transwomen have an 
intolerable advantage over other women and, therefore, an intolerable unfairness exists 
because of the impact of testosterone. Current regulations (NCAA, 2011; IOC, 2004) allow for 
transwomen to compete with ciswomen athletes if hormone suppression drugs have 
successfully lowered testosterone levels at or below the 5nmol/L ceiling for six to twelve 
months, depending on the organization. For transwomen who have had complete gender 
affirmation surgery, including removing the testes, this is not a problem seeing that their 
circulating testosterone level after surgery is typically below 1nmol/L (Knox et al., 2018). 
Transitioning via hormone therapy and partial surgery before puberty also helps lower 
testosterone levels to typical ciswomen athlete levels. However, for transwomen athletes who 
choose to retain their testes and take hormones to suppress testosterone, Hilton and Lundberg 
(2020) found only a 5% attenuation of circulating testosterone after twelve months. Therefore, 
in some cases, M2F transgender women athletes may hold an intolerably unfair advantage over 
ciswomen athletes (Knox et al., 2018).  
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Validity of Testing Biological Markers for Inclusion in the Women's Category  
  
Testosterone 

Advocates for keeping women's and men's categories separate often cite a) that 
increased androgen levels (testosterone) in men confer an unfair advantage and b) a need to 
protect the girl's/women's category. Testosterone has perhaps the most significant impact on 
athletic performance (Hilton and Lundberg, 2021; Handelsman et al., 2018; Wood and Stanton, 
2012; Basset et al., 2020; Bermon and Garnier, 2017) as it impacts height, muscle mass, limb 
length, force production, disposition, speed (Basset et al., 2020), muscle, bone, and hemoglobin 
(Handelsman et al., 2018), and cardiovascular and respiratory systems (Knox et al., 2018). 
Postpubescent males have 15 to 20-fold more circulating endogenous testosterone than 
women and children (Basset et al., 2020; Handelsman et al., 2018).  While the testosterone 
range for a healthy female is 0 – 1.7 nmol/L and the range for a healthy male is 7.7 nmol/L – 29 
nmol/L, it is unclear the degree to which the dose-response may differ between males and 
females. 

Science has yet to produce evidence supporting the hypothesis that women with higher 
levels of circulating testosterone have advantages over women with less testosterone in 
athletic competitions (Healy et al., 2014; Jordan-Young et al., 2012; Bermon and Garnier, 2017; 
Sonksen et al., 2018; Franklin et al., 2018). Furthermore, even if evidence existed, further 
investigation would be needed to demonstrate the unfair advantage.   

Handelsman et al. (2020) conducted a meta-analysis of research that used liquid 
chromatography-mass spectrometry (LC-MS) to measure testosterone levels in men and 
women. They concluded no overlap between the lower end of the male range and the upper 
end of the female range. Handelsman et al. postulate that based on the dose-response men see 
in muscle mass, bone density, strength, and hemoglobin when using exogenous testosterone, 
most if not all the 10-12% performance advantage men experience is from testosterone.  
They cite this as the reason why women need a protected category. Handelsman et al. state 
that men would dominate open or mixed competitions if the world of sport were to remove 
men's and women's divisions in favor of a mixed or open division.   

However, Healy et al. (2014) ran endocrine profiles on blood samples from 693 elite 
athletes. They found that while mean values of circulating testosterone are different for men 
and women, the range overlaps completely.  Ha et al. (2014) criticized the Healy study citing a 
lack of internal validity due to non-standardized testing conditions.  
In addition, Healy et al. acquired samples postexercise, which is known to increase acute levels 
of testosterone in women while having the opposite effect on men.   

Bermon and Garnier (2017) identified 2127 best performances from the 2011 and 2013 
IAAF World Championships and measured serum androgen levels via mass spectrometry. They 
found that females with hyperandrogenism experience a 1.8% to 4.5% athletic edge over other 
female competitors in the 400 m, 400 m hurdles, 800 m, hammer throw, and pole vault. The 
Bermon and Garnier study was instrumental in setting the 2019 eligibility regulations for female 
classification and athletes with DSDs (IAAF, 2019). Sőnksen et al. (2018) took issue with the 
Bermon and Garnier study stating that it used a cross-sectional analysis and, therefore, the IAAF 
cannot draw causal relationships from the data. Camporesi (2019) also discussed the Bermon 
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and Garnier study, citing that the data did not support the authors' 1.8% to 4.5% performance 
advantage. More research is needed. 

Betancurt et al. (2018) looked specifically at Caster Semenya and Dutee Chand, two 
runners suspended from specific running events by the IAAF because of hyperandrogenism. 
Betancurt et al. reported that Semenya had a 1.24% to 1.49% advantage over her peers in the 
800-meter run. Betancurt et al. also concluded that this level of advantage was not enough to 
be considered unfair as the calculated advantage did not begin to approach the 10%-12% 
difference in performance seen between men and women. Semenya was not allowed to 
compete in the 2021 Tokyo Olympics in the 400 m to one-mile events and failed to qualify for 
events outside of that range. One of the critical takeaways here is that testosterone appears to 
provide more of an advantage in some sports over others. Or, in the case of Semenya, certain 
distances over others. For example, rugby, running and jumping benefit from more 
testosterone, while a jockey, shooting sports athlete, or sailor requires less testosterone to be 
competitive.  

Betancurt came to a similar conclusion as the Court of Arbitration for Sport (CAS, 2015) 
when the CAS determined that the ineligibility of women with hyperandrogenism is not 
warranted because the assumed degree of advantage did not begin to approach the 10% 
difference in performance between men and women. The IAAF has yet to produce scientific 
evidence to the CAS that a) elevated testosterone levels in women create performance 
advantages and b) that those advantages are unfair.    
 
Chromosomes 

Chromosome testing represents another strategy historically employed by the IAAF and 
others to protect the female category and ensure only women compete against women. 
Chromosome testing does not determine sex when the process looks only at the karyotype 
without consideration for gender identity. For example, someone with 46, XY, could be 
someone people might quickly identify as a woman, who also personally identifies as a woman, 
as in Maria Jose Martínez-Patiño. Martínez-Patiño was a Spanish hurdler who was banned in 
1985 after test results came back as 46, XY, DSD (Martínez-Patiño, 2016). However, this 
combination of chromosomes could also be a man. The Martínez-Patiño example demonstrates 
that chromosome testing errantly assumes that chromosomes are sexually dimorphic (Sanchez, 
et al., 2013). 

Sanchez, Martínez-Patiño, and Vilain (2013) outline three ways chromosome testing 
lacks validity when determining sex. First, using genotypes to predict phenotypical traits does 
not work if there are overlaps in the sexually dimorphic trait. For example, one could not look 
at someone's height, written on a sheet of paper, and predict if that height belonged to a man 
or woman. Second, typically dimorphic genotypes are insufficient measures when applied to 
large groups because some people are atypical. Atypical is not abnormal. Third, although a 
phenotype trait may be significantly different in men than women, it is not an indicator of 
ability. For example, and Sanchez et al. point out, women have more gray matter in their brains 
than men, which is not a predictor of ability or intelligence.  
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Fairness 
The subjective concept of fairness underpins cases brought to the CAS about athletes 

like Dutee Chand and Caster Semenya, questioning if women with elevated testosterone levels 
should be allowed to compete or not. Is it fair for women who do not have elevated 
testosterone? Will athletes with elevated testosterone experience an unfair advantage? The 
word "fair" is used nine times in the Eligibility Regulations for the Female Classification 
(Athletes with Differences of Sex Development) published by World Athletics (2019). However, 
a definition of the word is nowhere to be found. Some female athletes who have 
hyperandrogenism end up banned from competing in their preferred events under the premise 
that their presence would be unfair to women who do not have hyperandrogenism. To be clear, 
the vague, undefined, and subjective concept of fairness may determine if a woman gets to 
compete or not. This observation is far from novel (Camporesi, 2019; and others). A consistent 
definition of fairness is required to move this controversy forward.  
 
Discussion 
           According to the IOC, WA/IAAF, and some state legislatures within the United States, 
fairness in sport is more important than inclusion because the girl's/women's category must 
remain protected. The underlying assumption is that postpubescent males are more likely to 
perform at higher levels due to 15 – 20-fold higher circulating testosterone levels after puberty. 
While there is strong evidence that testosterone does lead to an increase in performance 
(Hilton and Lundberg, 2021; Handelsman et al., 2018; Wood and Stanton, 2012; Basset et al., 
2020; Bermon and Garnier, 2017), we do not know the magnitude of difference or dose-
response difference between men and women. Furthermore, while the gender gap has 
remained steady for several decades now, there may be other factors contributing to the 10-
12% difference in performance between men and women.   

Science has yet to demonstrate that women with heightened testosterone levels have 
competitive advantages over women with typical testosterone levels (Jordan-Young et al., 
2012; Franklin et al., 2018; Healy et al., 2014; Bermon and Garnier, 2017; Sonksen et al., 2018). 
Furthermore, those testosterone levels appear to yield 1% - 2% increases in performance, small 
values compared to the 10-12% difference in performance observed between men and women 
(Betancurt et al., 2018). 
           Based on science alone, the historical practice of classifying men and women by sex in 
sports is not supported. The male and female classification for sport is a social construct that 
oversimplifies the sex continuum while also failing to create space for gender diversity.   
Sex is a continuum with a typical male on one end and a typical female on the other and 
arguably seven to nine variations in between. Classifying by sex for sport is not an evidence-
based strategy because someone's biological sex falls along a continuum and does not fit neatly 
within a binary model.  
           Gender, gender identity specifically, further complicates the matter and adds to the 
argument that the bifurcation of males and females in sports is not an evidence-based strategy. 
Limiting sport classification to male and female fails to recognize gender diversity which does 
not need to align with birth sex. Maintaining heteronormative structures that exclude athletes 
is damaging to the athletes and discourages participation. Creating a third category may solve 
some of the problems outlined herein while inadvertently treating people as "others" and 
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thereby furthering any stigmatism and discrimination already experienced by potentially 
marginalized populations.    
 
Conclusion 

Inclusion should be paramount over fairness at the recreational level, and transgender 
athletes should be allowed to compete in the category where they feel most comfortable. 
However, at the elite level, there may be a case for standards of fairness over inclusion. For 
example, in the case of M2F transgender women who transitioned and had their testes 
removed before puberty, the evidence indicates circulating testosterone levels are within the 
typical range of cisgender women. Therefore, concerns about possible unfair advantages are 
unwarranted, and there should be no restrictions on this portion of the population entering a 
competition at the elite level. For M2F transgender women who transition before puberty and 
retain their testes while using gender-affirming hormones, testosterone levels are still not 
considered to result in unfair advantages. However, testosterone levels only drop about 5% for 
M2F women who transition after puberty and take hormone-suppressing drugs. In these cases, 
the testosterone levels will likely contribute to the athlete's performance and certainly their 
phenotypical traits. However, there is no evidence that the higher testosterone levels will 
equate with winning in every athlete's case, especially at the recreational level. Furthermore, it 
appears that athletes in sports that require less running, jumping, throwing, and power 
production do not benefit from higher testosterone levels. 

There is a lack of evidence indicating that women with excess levels of androgens have a 
competitive advantage over those peers with lower androgen levels. Furthermore, athletes 
with CAIS do not benefit from excess androgens, and it is humiliating to perform the Quigley 
exam to validate the degree of genital virilization a female athlete with PAIS has. Additionally, it 
is unethical and inconsistent with the spirit of sport to ask women who have naturally high 
testosterone levels to introduce hormone suppressing drugs to their system or recommend 
surgery to attenuate androgen levels before they can compete again. Therefore, women should 
compete in the women's category without any additional testing or scrutiny than the men 
experience. 

Testosterone represents the latest biomarker in a nearly 100-year history of sex testing 
female athletes at the elite level. Organizations such as the IOC and IAAF state that they do this 
to protect the women's category. Violation of medical privacy, failing to gather informed 
consent before tests, banning women from sporting events with controversial research 
findings, and requiring healthy women to take drugs to attenuate their talent is not fair or 
inclusive and does not sound like protection. To go along with Eric Vilain, the best way to test 
for someone's sex or gender might be to ask them.   

Neither sex nor gender is binary. Both exist on a continuum that may still essentially be 
unknown to the public, a possibility that makes this controversy all the more difficult. There is a 
paucity of scientific evidence supporting the binary division of males and females in sport. 
However, sport is woven into the very fabric of culture. Any change, even if science supports a 
shift in classification structure, will likely be met with polarized responses. The structure needs 
to change, and the new structure must involve science and culture, incorporate a definition of 
fairness, and be inherently inclusive.  
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