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races. This decision was based on the assumption that higher testosterone levels may offer an unfair advantage to these
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Regulations and testosterone 
levels: implications for the 
female athlete
Sports-governing authorities currently ack -
nowledge that not all disorders of sexual 
development (DSDs), now often referred to 
as differences in sexual development, offer 
a competitive advantage to the affected  
female athlete. The advantages appear 
to be related to the degree of functional 
androgen levels in these athletes. In this 
way, testosterone levels have been used 
as a determinant of ineligibility for certain  
competitions and implemented as a metric 
to disqualify female athletes in women’s 
sports. Conversely, testosterone levels 
have not been used as a qualifier for par-
ticipation in male competitions. These 
parameters have been directly included in 
policies by different sporting bodies. For 
example, in 2018, the International Asso-
ciation for Athletics Federation (IAAF), 
which governs track and field competitions, 
issued regulations banning female athletes 
with testosterone levels above a certain 
threshold from participating in the 400-, 
800-, and 1500-meter races. This decision 
was based on the assumption that higher  
testosterone levels may offer an unfair 
advantage to these athletes. This decision 
is clearly biased against individuals with 
disorders of androgen insensitivity, since 
their testosterone levels would be signifi-
cantly elevated but nonfunctional.

These types of policies and regulations 
may force athletes to turn to medical or 
surgical solutions to lower their naturally  
occurring testosterone levels to enable 
their participation in female-only compe-
titions. One particularly infamous case in 
recent years is that of Caster Semenya, a 
South African runner and former Olympic 
gold medalist. Semenya was revealed to 
have a DSD, but her exact condition and 
testosterone levels were not made pub-

lic. Although she was previously allowed 
to compete as a woman, the new IAAF 
regulations exclude her from competing. 
Despite taking legal action, Semenya lost 
her appeal in the court for arbitration for 
sports. Although the court declared that 
Semenya had not done anything wrong, 
and that the case was not about cheating, 
the ruling was based on the protection of 
women-only sports. The new IAAF reg-
ulations have forced Semenya and other 
athletes in similar positions to undergo 
unwanted investigations and medical 
interventions to circumvent their exclu-
sion from participation in their sport of 
choice (1, 2).

In this Viewpoint, we address the  
controversy involving female athletes who 
are thought to derive a competitive advan-
tage due to higher androgen levels relative 
to their competitors. DSDs — conditions 
with atypical chromosomal, gonadal, or 
anatomic sex development — are not to 
be confused with the transgender state, a 
condition with incongruence between the 
assigned sex and the experienced gender 
of an individual who seeks to change sex-
ual characteristics through medical inter-
vention (3, 4).

Testosterone (the anabolic 
steroid) and sports
Testosterone is an androgenic steroid 
that increases muscle mass, strength, and 
recovery (Figure 1). Testosterone increases  
erythropoiesis and hence the athlete’s 
oxygen-carrying capacity. Androgens are 
also believed to be sports enhancing due 
to their positive effects on the central ner-
vous system (CNS), including increased 
excitability and regeneration of motor 
neurons, as well as aggressiveness and 
risk taking, behavioral traits that have 
been suggested to be beneficial in sports. 
Hence, the edge that males are assumed 

to have over females in sports is primarily 
related to testosterone levels (5).

The above-mentioned advantages  
explain why testosterone is the most com-
mon illicit performance-enhancing drug 
used by female athletes. However, the 
advantages of endogenously occurring 
androgens are unclear and remain debat-
able in the literature. For example, an 
extensive review by Ferguson-Smith et al. 
concluded that endogenous hyperandro-
genemia does not offer female athletes 
any athletic advantage (6).

Nevertheless, whether or not female 
athletes affected by DSDs have a compet-
itive advantage is a controversial subject. 
In past decades, there have been extensive 
debates on the eligibility of athletes with 
what has been referred to as either naturally 
occurring or pathophysiologically increased 
testosterone levels to participate in compet-
itive sports, and the perceived fairness of 
their participation in women’s sports (4).

The underlying etiology 
associated with DSDs
DSDs in female athletes include disorders 
of gonadal development, excess androgen 
production in individuals with a 46, XX 
karyotype (typical female karyotype), and 
defects resulting in impaired androgen 
synthesis or action in those with a 46, XY 
karyotype (typical male karyotype).

Significant phenotypic variability  
is described with ovotesticular DSD 
(OT-DSD), a rare condition in which the 
gonad (Ovo-testes) is histologically com-
posed of ovarian follicles and testicular 
tissue. Of note, the majority of individuals 
with OT-DSD have a 46, XX karyotype, 
although association with a 46, XY karyo-
type has been reported. In 46, XX/XY, XO/
XY gonadal dysgenesis and 46, XY pure 
gonadal dysgenesis (partial type), there is 
a wide spectrum of androgen effects in the 
phenotypic female (7–9).

Excess androgen production in indi-
viduals with a 46, XX karyotype leads to 
variable degrees of masculinization. Adre-
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pointed out that the regulations bring up 
questions about the eligibility of individ-
uals with other genetic variations, such as 
genes promoting growth, lung capacity, 
muscle power, and endurance, among oth-
ers. These characteristics are also likely  
to offer advantages for athletes and by the 
same token should thus be controlled by 
similar governing rules. However, most 
of these other variations are not discrimi-
nated against, but are in fact celebrated in 
many instances.

Conclusions
These debates have raised significant 
questions on what ultimately defines eli-
gibility for competition under the avail-
able binary categories of female and male. 
Could these parameters alternatively be 
chromosomal make up, legal sex, a yet- 
undefined measure of androgen action, or 
perceived gender identity? Alternatively, 
perhaps, in order to move beyond exclu-
sionary categories, a new athletic gender 
could be solely determined by serum tes-
tosterone levels, thus leveling the playing 
field for all athletes regardless of today’s 
social constructions of gender. Yet, ele-
vated nonfunctional testosterone levels in 
androgen insensitivity syndrome will pose 
a challenge even in this category, since we 
can only measure androgen levels in the 
blood and not at the tissue level, where the 
androgen effect is expected to occur.
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congenital adrenal hyperplasia (CAH) due 
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(6p21.33), 3β-hydroxysteroid dehydroge-
nase 2 HSD3B2 (1p12), and 11 β-hydroxylase 
deficiency CYP11B1 (8q24.3) (10). In adrenal 
hyperandrogenism, which is associated with 
these enzymatic deficiencies, the impaired 
cortisol synthesis leads to interruption of 
the cortisol-adrenocorticotropic hormone 
negative feedback system and a secondary 
increase in adrenocorticotropic hormone 
levels, with subsequent shunting of adre-
nal steroidogenesis to the intact androgen 
pathway (11). Ovarian hyperandrogenism 
associated with insulin resistance occurs in 
the most common reproductive disorder — 
polycystic ovarian syndrome (12).

Impaired androgen biosynthesis 
may be secondary to enzymatic defi-
ciencies (such as side chain cleavage 
enzyme CYP11A1 [15q24.1], 17-hydrox-
ylase/17,20-lyase CYP17A1 [10q24.32], 
lipoid CAH StAR [8p11.23], 5 α reductase 
SRD5A2 [2p23.1], or 17β-hydroxysteroid 
dehydrogenase 3 deficiency HSD17B3 

Figure 1. Anabolic effects of testosterone. The anabolic effects of testosterone on the musculo-
skeletal system, erythropoiesis, central nervous system, and aggressive behavioral traits are well 
established. The exogenous administration of testosterone and some DSDs are associated with 
higher testosterone levels. The competitive advantage offered by increased testosterone levels in 
individuals with DSDs remains debatable.
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