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Abstract

Sex hormone concentrations, particularly testosterone, are primary determinants of sex-based
differences in athletic and sports performance, and this relationship may inform fair competition
and participation for athletes. This article describes the sex-based dichotomy in testosterone and
the implications for sex-based differences in individual sports performance, including factors that
relate to athletic performance for transgender individuals, and areas of future investigation.

Summary for Table of contents:

Testosterone represents a key determinant of sex-based differences in athletic performance and
must be considered for fair elite athletic competition.
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INTRODUCTION

Throughout much of history, “sport meant men’s sport” (1). Women were first allowed to
compete in Olympic games in 1900 (only in two sports), in track and field events in the
1928 Olympic games, but not until more recently for longer distance events such as the
marathon (1984 Olympic games) and the 1500m freestyle swim (2020 Olympic games)
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(1, 2). Recognition of sex-based differences in athletic performance and promotion of fair
competition for athletes in the female category are the primary basis for dichotomous sport
categories. Although many sports are mixed sex during childhood, the onset of male puberty
is associated with a sex-related divergence in athletic performance (3).

Sex verification testing in elite sports began in the 1940s, and due to the multidimensional
nature of sex, identified individuals with intersex traits or differences of sex development
(Table 1) (4). Both sex and gender are multi-dimensional (definitions in Table 1) (5), and
throughout history, policies that determine who can compete in the female competition
category have shifted focus among various sex traits, from physical exams (e.g. appearance
of external genitalia), to karyotype analysis (chromosomal complement) or polymerase
chain reaction for SRY testing, to hormone testing (testosterone concentrations in blood).
While all of these are aspects of one’s biologic sex, testosterone concentrations, and

the impact of testosterone on physical changes during masculinizing puberty, remain the
single most significant contributor to sex differences in athletic performance (6). Therefore,
policies that affect the participation of transgender athletes (individuals whose gender
identity differs from birth sex) in elite sports have focused on who is eligible to complete

in the female competition category (4, 7). This primarily impacts transgender women, those
individuals who were born with a male sex and have a female gender identity (Table 1).
Over time, there have been significant shifts in the International Olympic Committee’s
(10C) policies on participation of transgender women in elite female competition, from
recommending gonadectomy/orchiectomy, legal recognition of sex plus hormone therapy in
2003 (7), to a gender identity aligned as a woman and suppressed serum total testosterone
to <10 nmol/L in 2015 (note that adult female concentrations are, on average, <2.5 nmol/L)
(8) to a new framework in 2021. The 2021 framework includes 10 principles: inclusion,
prevention of harm, non-discrimination, and fairness, no presumption of advantage,
evidence-based approach, primacy of health and bodily autonomy, stakeholder-centered
approach, periodic reviews (9).

The recommendations from the 10C are broad and devolve regulatory power to governing
bodies associated with individual sports. In this context, individual sports are now tasked
with creating polices specific for their own sports that align with the principles outlined by
the 10C, and may vary widely (10). The impact of testosterone on athletic performance is
known (6), and testosterone and other “anabolic androgenic steroids” are banned substances
by the World Anti-Doping Agency (WADA) (without a Therapeutic Use Exemption)

(11, 12). Therapeutic Use Exemptions enable athletes to use substances from the list of
prohibited drugs (the doping list) to treat medical conditions. However, the boundaries
between the use of prohibited pharmacological substances under the guise of a Therapeutic
Use Exemption and “doping” may be blurred, and there is concern that Therapeutic Use
Exemption represents a problem in anti-doping policy (13-15). Additionally, due to the
performance enhancing effects of testosterone, inclusion of transgender athletes is balanced
with maintaining fairness in elite athletic competition in the female category.

The purpose of this perspectives article is to review key physiological and medical insights
related to sex-based physiology associated with exercise and athletic performance. We will
review the aspects of medical transition some transgender individuals will undergo, and the
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available data on the impact of gender affirming medical therapy on athletic performance.
We will divide major areas by key questions that informed our conceptual framework.
Finally, we will chart future directions and testable hypotheses for the field. A review of
individuals with differences of sex development, systematic reviews of the literature, and
specific recommendations for sports policy are beyond the scope of this perspectives article
(and have been reviewed elsewhere (2, 16)).

What are the key factors that contribute to sex differences in athletic performance?

We focus on sports determined by physiologically-based physical performance that require
muscular power and/or endurance of individuals, and these sports are typically segregated
on the basis of sex. In this section and the one following, “males” and “females” generally
refers to one’s birth sex and the research reflects what is known in cisgender individuals
(gender identify aligns with sex).

Before puberty, athletic performance is relatively similar between boys and girls (3, 17-19).
Among elite youth swimmers under 10 years of age, girls are ~3% faster than boys (50m
to 400m freestyle events) (17). In other sports such as youth elite track running (100m to
800 m) boys are ~3-6 % faster than girls prior to puberty (20). Several studies, however,
demonstrate that, overall, girls are less active and have lower sports participation than boys
throughout childhood (21), likely due to social factors (22).

Sex divergence in athletic performance emerges near the onset of puberty among boys (3).
Sex differences in strength and athletic performance (running, jumping, swimming, and
more) emerge around 12 to 13 years of age, and these differences are associated with the
increase in testosterone during puberty in males (3, 17). High concentrations of endogenous
testosterone among males are the primary determinant of the large sex difference in athletic
performance (17, 23, 24). Circulating testosterone concentrations increase in those with a
male sex during puberty because the testes produce significantly more testosterone than
prior to puberty, resulting in about 15-fold more testosterone among adolescent males than
females of any age (3, 6, 23). There are clear and distinct non-overlapping distributions

of testosterone by sex beginning at the onset of puberty, as shown in Figure 1 (23).

The typical adult (among those ages 20-30 years) testosterone ranges are 13-71 ng/dL
(0.59-2.46 nmol/L) among females and 264-916 ng/dL (9.16-31.79 nmol/L) among males
(25), when measured using the gold standard for steroid hormone determination, liquid
chromatography-tandem mass spectrometry (LC/MS-MS) (26). Measured testosterone can
vary substantially based on the assay used. Testosterone can be measured in its free or
bound form (total). Under physiologic conditions, the majority of testosterone is strongly
bound to sex hormone binding globulin (SHBG), some is weakly bound to albumin and

a small amount circulates as free testosterone (1-3%) (26, 27). Radioimmunoassays and
chemiluminescence immunoassays are the most widely used assays for measuring total
testosterone, but have limited accuracy with testosterone concentrations below 300 ng/dL
(<10.4 nmol/L, the range in women and children), have interference from other androgens,
and testosterone concentration is often overestimated (26, 28). Measurement of total
testosterone by LC/MS-MS is more accurate, particularly in those with total testosterone
concentrations below the adult male range (26). Note, as shown in Figure 1 that male infants
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have a transient surge of testosterone in early life, known as the minipuberty of infancy
(female infants also have a surge of estradiol) (29), although the impact of the minipuberty
on body composition, growth velocity and muscle mass remains an understudied area.

After puberty, males on average, are taller than females and have longer limbs; broader
shoulders; narrower hips; larger, faster, and more powerful muscles; and less body fat than
females (30-33). The muscles of males are faster contracting than females during maximal
efforts (34) because the muscle fibers are larger, especially the fast myosin heavy chain
fibers (Type 1), so that collectively, the whole muscle is more powerful than that of females
(32, 35-38). In addition, males have larger hearts and lungs, greater blood volume and

more hemoglobin (oxygen carrying capacity in the blood) than females who are similarly
active and trained (6, 30, 31, 39-41). These fundamental differences between biologic males
and females that emerge at the onset of puberty confer sex-based differences in anatomy
and physiology which enable elite males to outperform elite females in sports relying on
physical capacity, as subsequently discussed.

What are the known sex differences in athletic performance in adults?

The primary justification to categorically dichotomize elite sport competitions based on sex
is because males, on average, have several physiological advantages as delineated below—
more muscular power, greater endurance, and anthropometric advantages. Males are faster,
jump and throw/pitch further, jump higher, and are stronger and more powerful than females
(6, 17, 42-48) (Figures 2 and 3). World records in the male and female categories provide
insight into the profound sex-based differences in sports and athletic performance, largely
independent of motivation and training. While there is considerable overlap between males
and females in performance among non-elite participants, it is well established that the best
males always outperform the best females when the sport relies on muscle power, muscle
endurance, or aerobic power. Many sports rely on a combination of these attributes and
skills. The differences between male and females during and after puberty are based on
physiological and anatomical differences between the sexes (3, 6). Hence, males typically
outperform females by 10-20% (Figure 3). Several performance characteristics that differ by
sex are described below.

Muscular power.—Muscular power is the product of muscle strength and speed. The
muscle mass and power of males can be twice that of females across many age groups (35,
36, 49, 50); because the muscles of males are both larger and contract faster than females,
which allows males to produce greater muscle force more quickly than females. There are
larger sex-related advantages for males in upper body muscle mass, strength, and power
than in the lower body (30, 36, 51, 52). The strength and power of limb muscles in females
range from 50-60% that of males in the arm muscles such as the elbow flexor muscles, and
~60-80% in the lower limb muscles (36, 51-53). More powerful muscles for example, allows
males to be faster over short distances, throw/pitch further, and jump higher and further than
females.

Endurance.—Endurance and longer distance performance are directly related to the ability
of the body to consume and utilize oxygen (39, 42). Because males have larger hearts
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(41), lungs and airways (54, 55), greater blood volume with more hemoglobin and oxygen
carrying capacity than females across all abilities and training, the peak or maximal oxygen
uptake (aerobic capacity or VO, max) of males is typically ~10%-30% larger than that of
females during swimming and running (39, 40) The larger VO, max of males allows them
to perform sports at higher velocities for longer periods of time compared with females (39,
56).

Anthropometrics and Body Composition.—On average, males are taller with greater
lean body mass and less fat than females (57, 58). The timing and magnitude of the pubertal
growth spurt results in height differences between sexes. Peak height velocity occurs about
two years earlier among girls compared to boys, and boys have a higher peak growth
velocity and later growth plate closure (a process mediated by estradiol in both sexes) (56).
Body composition also changes during puberty, with increased muscle mass in both sexes,
but more so in boys, increased fat mass in girls and decreased fat mass in boys (59). Whether
taller height of males is advantageous or disadvantageous varies by sports. These sex-based
differences in anatomy and body composition underpin sex-based differences in many sports
such as rowing, jumping, swimming, running as shown in Figure 4.

Testosterone concentrations.—In males, there is an association between endogenous
testosterone concentrations and physical performance, among athletes and non-athletes

(3, 6, 17, 60). In elite youth swimmers for example, testosterone increase that occurs in
puberty explains 98% of the increase in performance of males (17). Females typically have
considerably lower testosterone concentrations; testosterone concentrations in males are at
least 15x higher by 18 years. Female track and field athletes with the highest tertile of free
testosterone perform significantly better than those in the lowest tertile (61, 62), and serum
testosterone concentrations in female athletes is correlated with explosive performance (63).
In a randomized, double-blind, placebo-controlled trial, administration of 10 mg testosterone
cream daily for 10 weeks in healthy young adult women resulted in an increase in aerobic
and anaerobic performance (running time to exhaustion and the Wingate test, respectively),
but no changes in squat jump, counter movement jump or knee extension (64). Studies in
females that administered even small doses of testosterone for example, show significant
increases in fiber cross sectional area for example after 10 weeks of administration (65, 66).
Furthermore, males who undergo androgen-deprivation therapy (e.g. for prostate cancer)
have modest losses in muscle mass (~2%) over 12 months (67), however, muscular strength
and fitness can be mitigated by resistance exercise training (68, 69).

Androgens have been banned from most competitive sports since the 1970s (70, 71) unless
there is a documented medical exemption. However, the administration of performance
enhancing drugs to athletes is likely one of the largest pharmacological experiments in
history. A number of “secret’ files which contain detailed documentation of systematic
drug abuse in the German Democratic Republic provide key insights into the performance-
enhancing effects of testosterone (and related agents) for elite athletes including both males
and females (72). Thus, there is decisive evidence that exogenous testosterone can enhance
sport performance in both sexes.
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What are the medical and surgical interventions that transgender individuals may undergo,
and what is the impact of these interventions on athletic performance?

Guidelines for medical and surgical interventions, including eligibility, requirements and
expected effects are summarized in The World Professional Association for Transgender
Health (WPATH) Standards of Care (73, 74) and the Endocrine Society Guidelines (75).

In the following section and in Table 1, we will briefly review these interventions, their
expected effects on physiology and known or putative effect on athletic performance.
Transition for transgender individuals may involve one or many processes, both social and
medical, that aim to align the outward self with one’s internal gender identity. A review of
types of transition are outlined in Table 1. Overall, transition is an individualized process
based on the individual’s gender goals. Medical transition, including medications used, may
vary widely by the individual (including the country or state they live and which medications
are available and covered by health insurance).

Puberty delaying medications.—Tanner or Sexual Maturity Rating Scale, is an
objective, 5-point classification system (1 to 5) to describe the development and sequence

of secondary sex characteristics during puberty (1=prepubertal, 5=puberty is complete) (76).
The average age of pubertal onset is age 10-11 years among people with a female sex (range,
8 to 13 years), and 11-12 years among people with a male sex (range, 9 to 14 years) (56).
For individuals with a male sex, outward virilization occurs towards the middle-to-latter

half of puberty. Gonadotropin releasing hormone (GnRH) agonists are recommended both
by WPATH and the Endocrine Society beginning at Tanner stage 2 for eligible transgender
individuals to block puberty changes that do not align with the individual’s gender identity
(73, 75, 77). Treatment with a GnRH agonist suppresses gonadotropins and sex steroids
(testosterone or estradiol) after initial stimulation that can last for 1 to 2 weeks (78). GhRH
agonists pause or halt development of secondary sex characteristics concordant with biologic
sex and are not used indefinitely as monotherapy (75). Some individuals will continue
GnRH agonist therapy and later start exogenous testosterone or estradiol to align with

their gender identity and will never develop secondary sex characteristics based on their
endogenous gonads.

GnRH agonists are on WADA’s prohibited list for their initial stimulation of gonadotropins
(which is followed by suppression 1 to 2 weeks later, unlike GnRH antagonists) (11). There
are limited studies available describing the longer-term impact of GnRH agonist therapy on
athletic performance, but it is unlikely to be associated with enhanced sport performance.
GnRH agonist use in transgender youth is associated with increased body fat and decrease
in lean mass after initiation (79, 80), and compared to age- and BMI-matched control youth
(81), may also result in worse insulin sensitivity (81). If started before skeletal maturity
(aka growth plate closure), GnRH agonists will decrease linear growth and slow or prevent
growth plate closure due to suppression of sex steroids, which are necessary for these
aspects of puberty (82-84). GnRH agonist monotherapy results in decreased bone turnover
and bone mineral apparent density Z-scores of the lumbar spine (85).
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Gender affirming hormone therapy

Gender affirming hormone therapy (GAHT) refers to hormones that induce secondary sex
characteristics to align the body with one’s gender identity. The Endocrine Society and
WPATH guidelines recommend treatment with sex steroids (testosterone or estradiol) for
eligible adolescents or adults (73, 75).

Masculinizing transition.—For eligible adolescents and adults, the Endocrine Society
recommends a gradually increasing dose schedule of testosterone (75), which causes
masculinization of the body with maximum effects after 2 to 5 years of treatment (73, 75).
The most common adverse effect of testosterone is erythrocytosis/polycythemia (hematocrit
>50%) (75). Some transgender men may have masculinizing surgeries. The most commonly
performed surgery is masculinizing chest surgery to remove breast tissue, followed by
hysterectomy (86).

Testosterone treatment after puberty among transgender men is associated with increased
hemoglobin concentrations, lean body mass and muscle cross sectional area; reduced

body fat; and no change in height (Figure 5) (87-90). These physical adaptations result

in increased performance of upper and lower body strength and power by ~20% within

one year of transition including handgrip strength, (88) the number of pushups able to be
performed in 60 seconds, (91) and leg strength (89). The increases in strength are associated
with the increase in muscle mass/lean mass (88, 89). These findings of enhanced physical
performance, particularly in strength, due to increased muscle mass are consistent with the
insight gained over the last 50 years on the effects androgens in athletes (92).

Endurance performance also increases in transgender men after masculinizing GAHT, but
the timeline does not appear to be as rapid in the change in strength and power. For example,
running speed over 1.5 mile distance did not change after one year of masculinizing

GAHT with testosterone, but running speed was improved by 16.4% after 2.5 years of
masculinizing GAHT (91). This is despite the typically rapid increases (within 4 months)

in hemoglobin with testosterone administration (87, 93). A recent study of transgender

men in the U.S. Air Force showed that prior to testosterone therapy, transgender men had
worse performance than cisgender men in the number of sit-ups and push-ups in one minute
and their 1.5 mile run time, until 3 years of testosterone therapy, when performance was
similar (94). Thus, comparison of the variations of adaptations in strength, and aerobic
performance over time need to be clarified with further studies and for longer periods.
Transgender men, on average, will not be as tall as cisgender men. Overall, transgender

men can achieve performance levels within the range of cisgender males (91, 94), however,
there is no evidence of transgender men outperforming cisgender males among elite athletes,
although data on elite athletes are limited. There are no data on performance of those who
had endogenous female puberty blocked with a GnRH agonist and subsequently started
testosterone.

Feminizing transition.—For eligible adolescents and adults, the Endocrine Society
recommends a gradually increasing dose schedule of oral or transdermal 173-estradiol

Exerc Sport Sci Rev. Author manuscript; available in PMC 2024 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nokoff et al.

Page 8

(75) which causes feminization of the body several months after treatment initiation with
maximum effects after 2 to 3 years of treatment (73, 75).

Estradiol alone suppresses testosterone, although doses higher than what would be used as
hormone replacement therapy in cisgender women may be used to achieve suppression (95).
Estradiol therapy is typically paired with a medication to block or suppress testosterone

to <50 ng/dL or 1.7 nmol/L, or within the female range, such as GnRH agonists (96),
spironolactone, cyproterone acetate and others, as previously reviewed (97). Notably, the
effectiveness of these agents in suppressing endogenous testosterone to typical female
ranges varies, with only about 20% of transgender women on spironolactone achieving
testosterone concentrations in the range recommended by the endocrine society of <50
ng/dL (1.74 nmol/L), compared to 90% of transgender women on cyproterone acetate (75,
98). GnRH agonists are very effective in testosterone suppression, so much so, that lower
doses of estradiol may be used, but GnRH agonists are also the costliest way to suppress
testosterone, with variable insurance coverage and availability (99). Individuals who undergo
orchiectomy (surgical removal of testicles) no longer require testosterone suppression (as
there is no longer any gonadal source of testosterone) and have testosterone concentrations
within the cisgender female range (median 0.48 nmol/L) (100). Despite prior regulations
that elite transgender athletes undergo orchiectomy to compete in the female competition
category (7), there are limited studies evaluating orchiectomy vs. medical testosterone
suppression or blockade on athletic performance. The details of medical regimens are
included here, to be considered when interpreting the results of the studies in the following
paragraphs.

GAHT (including estradiol with testosterone suppression) among transgender women
(Figure 5) results in reductions in hemoglobin within 4 months to levels similar to cisgender
females and modest reductions in muscle mass and increases in body fat (87, 93, 101).
Longitudinal studies demonstrate reductions of lean body mass and muscle cross-sectional
area in the first 12 to 36 months of GAHT (33, 101). These modest physiological changes
are associated with small reductions or no change in limb strength assessed by hand grip or
knee flexion/extension (101-103).

In contrast to the rather short time needed for the increase in muscle mass and strength

in the transgender men in response to testosterone, suppression of testosterone among
transgender women (who already completed masculinizing puberty) results in small or
minimal reductions in strength after one year of GAHT (88, 89, 101). There are more data
on handgrip strength than other muscles (101). Handgrip strength adaptations over the first
12 months of estradiol plus testosterone suppression range no change to a slight decline
(of note, hormone therapy regimens varied) (101). One study on leg strength reported no
significant changes in the leg muscles (knee extensor and knee flexors) over the first 12
months of estradiol therapy plus testosterone suppression with a GnRH agonist (89). The
alterations in lean body mass, and strength are summarized in the recent reviews (33, 101).
A review of changes seen with GAHT is illustrated in Figure 5.

There are minimal longitudinal studies on endurance performance and strength in
transgender women on GAHT. Data is exceedingly sparse on transgender women athletes,
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but swimming performance may still surpass that of cisgender women after 2 years of
GAHT (104). There have been two studies in the U.S. Airforce evaluating changes in
physical performance (1.5 mile run, push-ups, sit-ups) following GAHT (91, 94). Prior to
initiation of GAHT, transgender women outperformed than cisgender women (91). After one
year of hormone therapy (various types of estradiol + spironolactone in 80%, spironolactone
+ finasteride in 14%, and a GnRH agonist in a minority), transgender women had reductions
in physical performance, but retained advantages in sit-ups, push-ups and 1.5-mile run
compared to cisgender women (91). These reductions in running performance are likely
associated with lower hemoglobin that declines to levels similar to cisgender levels in the
first 4-6 months of therapy (33, 101). A recent follow-up study of this cohort showed that
transgender women had 1.5-mile run times within the cisgender female range after 2 years
of GAHT. After 4 years of GAHT, the number of sit-ups in 1 minute among transgender
women was within the range for cisgender females but retained better performance in the
number of push-ups in 1 minute (although there were only 5 individuals assessed at the 4-
year timepoint) (94). Estradiol and anti-androgen therapy results in relatively rapid declines
in hemoglobin, and slower declines in strength and endurance. Limited data, primarily

in non-athletes, suggests that after one year of GAHT, adult transgender women (who
previously completed masculinizing puberty), may retain advantages in athletic performance
compared to cisgender women. A longer duration of GAHT may result in further declines

in strength and endurance, although studies and the number of participants followed for 2-4
years or more are limited.

In a recent cross-sectional study comparing non-athlete transgender women (on average of
14.4 + 3.5 years), absolute VO, peak was higher than cisgender women, but there were

no differences in relative VvO,peak (average among transgender women was 33.5 mL/kg/
min) (105). Handgrip strength between transgender women and cisgender women was not
statistically significantly different; the mean value for transgender women was between that
of the cisgender men and women (105). Thus, in transgender women who are not athletes
(~14 years post transition), their absolute aerobic capacity is greater than cisgender women
but not when normalized to body size or lean mass. Studies to determine if these findings are
similar among athletes are needed.

Further studies should explore if there are differences by type of testosterone blockade/
suppression used concurrently with estradiol, as spironolactone is not very effective at
testosterone blockade/suppression, but is the most widely used medication in the U.S.,
compared to cyproterone acetate (more effective, not available in the U.S., used in

Europe) or GnRH agonists (most effective, not widely accessible) (98, 99). Finally,
additional information is also needed on the impact of orchiectomy on measures of athletic
performance.

Possible legacy effects.—For athletes who start GAHT after puberty, there are some
physical characteristics that do not change for both transgender men and transgender
women. Most notably is height and limb length (33, 87), and these maybe accompanied
by anatomy/physiology that scale with body size, although there have not been studies on
factors such as heart, lung or airway size. Thus, transgender women will typically be taller
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with longer limbs than cisgender female competitors. Likewise, transgender men will likely
remain smaller, on average, compared with cisgender men. Recent studies demonstrate that
after 4-14 years of GAHT, run time and relative VO, max may be within similar ranges
among non-athlete transgender women and cisgender women (94, 105). Most studies are
performed in non-athletes, and the impact of training on strength, endurance and other
performance measures as individuals start GAHT is needed, as training may mitigate losses
in muscle strength (69). Larger studies with more performance variables and among athletes
across various sports requiring endurance and muscular power will provide more definitive
answers on the duration and magnitude of possible legacy effects among transgender women
who completed a masculinizing puberty prior to transition.

What are the socio-political issues facing transgender individuals in sports participation?

Despite the research and political focus on transgender individuals in elite sports,
participation in elite sports by transgender athletes to date is a relatively rare occurrence.
Some of the increased focus among sporting organizations is likely a result of the 10C’s
2021 framework (9) and the responsibilities of governing bodies for individual sports to
create their own policies. In this section, we will highlight the barriers that limit many

of the 1.6 million transgender people in the U.S. (106) from participation in recreational
sport. Overall, transgender individuals are less physically active compared to their cisgender
counterparts (107, 108). A systematic review found that the primary barrier to sports
participation was “the lack of inclusive and comfortable environments” and prior negative
experiences in sports (109). There are several internal barriers to physical activity and sports
participation (gender incongruence, body dissatisfaction/dysphoria, anxiety about others’
reactions) and external barriers (changing and showering facilities, gender-specific sports
related clothing and trouble concealing breasts or genitals, and team sports) (110). Factors
that facilitate participation include: body satisfaction and changes, gender affirming surgery,
safe spaces or “trans only environments” (110). Generally, transgender people feel more
comfortable engaging in physical activity after than before transition (111).

There are also several other factors that may limit transgender individuals from participating
in sports, which may impact physical and/or mental health (112). At baseline before

any hormonal interventions, transgender individuals are more likely to be overweight or
obese (113, 114) and have lower bone mineral density than their cisgender counterparts
(85, 115-117). Forty percent of transgender adults and 35% of transgender youth have
attempted suicide in their lifetime (86, 118), and have a high prevalence of depression,
anxiety and eating disorders (119). In cisgender populations, more frequent physical
activity and sports participation contribute to well-being and lower levels of anxiety and
depression (120), although more research is needed on benefits for transgender individuals.
Transgender people who are on GAHT, which is related to higher body satisfaction, are
more engaged in physical activity than transgender people not on GAHT (108). Although,
for transgender men, many avoid or limit physical activity and sports participation before
chest masculinizing surgery (121). Finally, legislation that restricts participation based

on birth sex (122) will further decrease health and fitness opportunities and stigmatize
transgender individuals in youth in recreational sports.
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FUTURE PERSPECTIVES

What are the implications for youth, recreational and elite sporting organizations?

Youth and recreational sport.—There are low participation rates of transgender youth
in sports and many possible benefits, in an inclusive space, for mental and physical well-
being. Given the small or minimal sex differences in performance prior to puberty (3,
17-19), there is strong evidence supporting that recreation youth sports can be inclusive of
those who want to participate. After pubertal changes begin, sex segregation for sports
involving endurance, power, and strength (factors associated with higher endogenous
testosterone) allows adolescent girls and women to excel.

Elite sport.—Sport-specific safeguards must promote fair competition and participation
for all athletes. Given the substantial evidence supporting that testosterone is strongly
associated with sex-based differences in sports performance, testosterone may be an ideal
biological marker to fairly distinguish competitive cohorts in most sports, but especially
those athletic events that rely on strength, speed, power, or endurance. Thus, while striving
for fair and inclusive policies for all athletes, the profound influence of testosterone

on sports performance should be recognized with appropriate consideration. Prolonged
testosterone suppression is associated with decreased hemoglobin, endurance and strength,
although additional research, particularly in athletes, is needed. It is unknown how early
pubertal blockade followed by estradiol therapy will impact athletic performance for future
transgender athletes. Finally, it is not known whether gonadectomy or varying GAHT
regimens impact performance. Suggestions for future areas of investigation are in Table

2.

Heterogeneity of the current literature.—It is important to note that most

studies evaluating body composition, strength, endurance, and other factors that may
impact physical performance are convenience samples following non-athlete transgender
individuals longitudinally before and after GAHT. GAHT treatments regimens vary
substantially, even within certain studies (33, 91, 101), based on the country where the
study was performed, medications available and covered by insurance, method of androgen
blockade or suppression, patient preference, and gender goals. Many studies and meta-
analyses pool data from individuals on hormone regimens that vary widely (101) or may
not achieve testosterone concentrations in the female range (101, 123). Large multi-center
studies are underway which may provide additional insights (124, 125). Although, studies in
transgender athletes and the impact of training on measures related to exercise capacity are
needed to further understand performance changes after transitioning and GAHT.

In conclusion, testosterone is the primary determinant of sex differences in athletic
performance, and transgender women who completed masculinizing puberty prior to starting
GAHT show some legacy effects of testosterone in strength and muscle mass, however,
more studies beyond 2-3 years of treatment are warranted in athletes and non-athletes.
Additional studies are needed to understand the impact of pubertal blockade (GnRH agonist
therapy with future GAHT), hormone regimens (specifically which medications are used

to block/suppress testosterone), and the impact of gonadectomy in adulthood on athletic
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performance. Finally, the impact of minority stress and early inclusion or exclusion in
recreational sports on future physical and mental well-being and athletic performance are
needed to inform on the health of transgender recreational and elite athletes.
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Key Points

Sex-based differences in athletic performance emerge at the onset of puberty
and are the basis of binary sport categories and for fairness in the female
competition category.

Testosterone is a key determinant of sex-based differences in athletic
performance. In sports that rely on strength, speed, power, or endurance, elite
males outperform elite females after the onset of puberty.

We describe the hormonal basis of sex differences in athletic performance,
and highlight key perspectives related to transgender athletes, including
aspects of medical transition. Feminizing and masculinizing hormone therapy
alter hemoglobin concentrations, body composition, muscle size and strength,
with limited studies on long-term athletic performance.

There are several barriers to recreational sports participation for non-athlete
transgender individuals.

Research is needed to inform the long-term implications of endogenous
or exogenous testosterone on sports performance among cisgender and
transgender athletes to contribute to evidence-based guidelines for sport-
specific safeguards that balance inclusion and fair competition.
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Figure 1. Approximate mean total testosterone concentrations of males and females across the
lifespan.

Line and scatter plot displaying total testosterone concentrations of individuals with a male
sex (blue lines and symbols) and female sex (red lines and symbols) across the lifespan. The
estimate of error represents a 95% confidence interval around the mean. This figure shows
the non-overlapping and significant sex-related dimorphism in endogenous testosterone
concentrations that emerge during adolescence and persist throughout adulthood. Note the
drop in testosterone concentrations at birth and the transient “minipuberty” of infancy in
early post-natal life. This figure is drawn using data from (60, 129).
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Figure 2. Number of adolescent boys <18 years who would beat the women’s world record time/
distance.

This figure depicts the number of males under the age of 18 with a faster time or longer/
higher distance than the female’s world record holder for each track and field event. Data
retrieved from worldathletics.org.

Exerc Sport Sci Rev. Author manuscript; available in PMC 2024 July 01.


http://worldathletics.org

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Nokoff et al.

Sex Difference in Performance, %

Page 23
20 1 . . . . .
A. Running B. Swimming C. Speed Skating D. Jumping
15 A
10 1
5 -
0T & ’ @ @ @ @ ‘ ' \ \ ' : ‘ <
R
g &° 000 \%Oo q’\Qo \6)00 S q90 %)\00 006‘ 9,00& 0006‘ 6)006‘ 5\‘@ »@Q %\\@ z@&
¥ $° o S 0&9 s & ) ) & ¥ R &
s ~ S &
X S @ X
o X Q
3 ‘B(’T
S
00

Figure 3. Sex differences in world record times/distances by sport.
This figure shows the percent difference between males and females (positive difference

indicates males have better performance than females) in outdoor running (a), freestyle
swimming (b), speed skating (c), and outdoor jumping (d) with males being faster or
jumping longer/higher in all events. Records are as of November 1, 2022; data extracted
from online publicly available databases.
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Figure 4. Key metrics of body size among male and female athletes competing in the 2012

London Olympic Games.

Bi-directional error scatter plots displaying height and weight of male (blue symbols) and
female (red symbols) athletes competing in the 2012 London Olympic Games. This figure
represents 272 athletes competing in Athletics throwing events (148 males, 124 females,
triangles); 512 athletes competing in rowing events (330 males, 182 females, circles); 163
athletes competing in Athletics jumping events (81 males, 82 females, squares); 860 athletes
competing in swimming events (445 males, 415 females, diamonds); and 1,344 athletes
competing in Athletics running events (700 males, 644 females, hexagons). As determined
using univariate analysis of variance, both height and weight are different between each
sporting event (P < 0.001) and larger among males compared to females (P < 0.001).
However, there are no interactions of sporting event and sex. This figure represents data

from a public repository (130).
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Figure 5. Impact of exogenous hormone therapy on factors relevant to athletic performance.
This figure was created from the known information to date extracted from several articles,

systematic reviews and meta-analyses showing the impact of gender affirming hormone
therapy (testosterone or estradiol) among transgender individuals on various factors relevant
to athletic performance (90, 101, 131, 132). Note that changes may vary by individual, and
type and duration of gender affirming hormone therapy. Created with BioRender.com.
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Table 1.
Definitions
Terminology

Sex Biologic sex is multidimensional; the dimensions include: sex chromosomes, gonads, sex steroids, internal
reproductive structures, external genitalia, secondary sex characteristics (5). While often binary (male or female
sex), there are individuals with differences of sex development or intersex traits (see definition below).

Gender Multidimensional psychosocial construct that encompasses gender identity, expression, social and cultural
expectations about social status, characteristics, and behavior that are associated with sex traits and may change/
evolve over time (5)

Cisgender Gender identity aligns with birth sex

Transgender Gender identity differs from birth sex

Difference/disorder of
sex development
(DSD)/intersex

Congenital conditions in which the development of the chromosomal, gonadal, or anatomic sex is atypical (outside
the binary of male/female)

Gender expression

External manifestations of gender, expressed through name, pronouns, clothing, haircut, behavior, voice or other
characteristics

Gender identity/
experienced gender

One’s internal, deeply held sense of gender; not visible to others

Gender role

Behaviors, attitudes and personality traits that a society (in a given culture and historical period) designates as
masculine or feminine and/or that society associates with the typical social role of men or women

Transgender man/male

Individuals designated female at birth who identify and live as men

Transgender woman/ Individuals designated male at birth who identify and live as women
female
Transition for Transgender individuals
Transition Process during which persons change their physical, social and/or legal characteristics consistent with their

affirmed gender identity.

Social transition

Process of "coming out” or disclosing one’s gender identity to friends, family and loved ones; may involve use of
name/pronouns different from those at birth and/or a change in gender expression (e.g. clothing, hairstyle, etc.).

Medical transition

Initiation of medications to block endogenous secondary sex characteristics and/or induce development of
secondary sex characteristics that algin with gender identity. May include surgeries to further align body with
gender identity. Details outlined in guidelines (75, 126) and below.

Legal transition

Legally changing one’s name and/or gender on various identification documents; the ability to do so varies by state
in the U.S. and country worldwide (127).

Gonadotropin releasing
hormone (GnRH)
agonist (puberty
blockade)

Inhibition of the hypothalamic-pituitary-gonadal access, suppression of gonadotropins and sex steroids
(testosterone/estradiol); pause endogenous puberty changes

Gender affirming
hormone therapy
(GAHT)

Hormones, including testosterone or estradiol, that are prescribed to eligible individuals to induce development
of secondary sex characteristics that align with gender identity. Estradiol therapy results in feminizing secondary
sex characteristics (breast development, body fat redistribution). Testosterone therapy results in masculinizing
secondary sex characteristics (voice depending, facial/body hair growth, scalp hair loss, increased muscle mass/
strength, body fat redistribution, cessation of menses).

Medications to block/
suppress testosterone

Estradiol is typically used concurrently with a medication to block or suppress testosterone. Medications include:
spironolactone (androgen receptor blockade), cyproterone acetate (inhibits of testosterone synthesis and action,
not available in the U.S.), progestins (inhibits of pituitary-gonadal axis, suppresses testosterone), bicalutamide
(androgen receptor antagonist), finasteride (blocks conversion of testosterone to dihydrotestosterone), and others.
GnRH agonists may also be used to suppress testosterone (reviewed in (97)).

Gender affirming
surgery

Surgery or surgeries to align one’s body with one’s gender identity. Feminizing surgeries may include:
vaginoplasty, orchiectomy, breast augmentation, facial feminization surgery, tracheal shave. Masculinizing
surgeries may include: chest masculinizing surgery (removal of breast tissue), hysterectomy, oophorectomy,
metoidioplasty, phalloplasty.

Data from Table 1 in the 2017 Endocrine Society Guidelines (75), Table 1 in (126), NIH Terms & Definitions (128) and National Academies (5).

For a more comprehensive review of medications see (126). Note that this review does not cover DSD/intersex athletes, for additional history please

refer to the following references (2, 16) and others.
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Table 2.

Gaps in the literature and recommendations for future research

Topic

Possible research questions

GnRH agonists

What impact do GnRH agonists have on body composition, muscle mass, bone health and athletic
performance throughout adolescence and in adulthood?

Does exercise performance differ in individuals who had their endogenous puberty blocked with a GnRH
agonist compared to those who did not?

How might access and barriers to GnRH agonist therapy impact youth and their willingness to participate
in sports?

Gender affirming

Does dose or route (e.g. transdermal, oral, parenteral) of testosterone or estradiol impact athletic

suppression

hormone therapy performance?

(GAHT, - . . - .

testosterone or . How does athletic performance change over time after testosterone or estradiol are initiated? In particular,
tradiol studies >1-2 years of GAHT are needed

estradiol)

Testosterone . For transgender adult women who went through endogenous male puberty, does the type or dose of

blockade/ medication to block or suppress testosterone impact athletic performance? Or other factors related to

athletic performance (e.g. hemoglobin, muscle mass, etc.)?

participation

Gonadectomy . Are there differences in athletic performance between individuals who had a gonadectomy compared to
those who did not?
. How does athletic performance change after gonadectomy compared to prior?
Policy and . How many transgender and gender diverse individuals obtain the recommended amount of physical

activity each week?

Is willingness to participate in recreational sports or regular physical activity different after gender
affirming medications and/or surgeries?

What are barriers to sports participation? How do these barriers impact the physical and mental health of
individuals?

What is the impact of legislation banning participation in gender categories that align with gender identity
on physical and mental health for youth?

What are the perspectives of elite athletes (transgender and cisgender) on fair and inclusive sports
policies?

What duration of masculinizing puberty and/or testosterone concentration results in legacy effects of
testosterone on athletic performance?
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