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Abstract

Context: The inclusion of transgender people in elite sport has been a topic of debate. This narrative review examines the impact of gender-
affirming hormone therapy (GAHT) on physical performance, muscle strength, and markers of endurance.

Evidence Acquisition: MEDLINE and Embase were searched using terms to define the population (transgender), intervention (GAHT), and
physical performance outcomes.

Evidence Synthesis: Existing literature comprises cross-sectional or small uncontrolled longitudinal studies of short duration. In nonathletic
trans men starting testosterone therapy, within 1 year, muscle mass and strength increased and, by 3 years, physical performance (push-ups,
sit-ups, run time) improved to the level of cisgender men. In nonathletic trans women, feminizing hormone therapy increased fat mass by
approximately 30% and decreased muscle mass by approximately 5% after 12 months, and steadily declined beyond 3 years. While absolute
lean mass remains higher in trans women, relative percentage lean mass and fat mass (and muscle strength corrected for lean mass),
hemoglobin, and VO, peak corrected for weight was no different to cisgender women. After 2 years of GAHT, no advantage was observed
for physical performance measured by running time or in trans women. By 4 years, there was no advantage in sit-ups. While push-up
performance declined in trans women, a statistical advantage remained relative to cisgender women.

Conclusion: Limited evidence suggests that physical performance of nonathletic trans people who have undergone GAHT for at least 2 years

approaches that of cisgender controls. Further controlled longitudinal research is needed in trans athletes and nonathletes.
Key Words: transgender persons, testosterone, muscle, body composition, physical endurance, sport
Abbreviations: BMD, bone mineral density; DXA, dual x-ray absorptiometry; GAHT, gender-affirming hormone therapy; hs-cTn, high-sensitivity cardiac

troponin.

Recently, the inclusion of transgender or gender diverse
(trans) people in sport has encountered intense social and pol-
itical debate. Common terminology used to describe gender is
listed in Table 1. Sporting federations and organizations inter-
nationally are faced with pressure to determine policies for the
eligibility of trans people to compete in sporting competitions.
Yet, there is scant evidence describing the impact of gender-
affirming hormone therapy (GAHT) on physical performance
in nonathletes or trans athletes. The focus has been on the in-
clusion or exclusion of trans women and nonbinary individu-
als recorded male at birth within the female category due to
potential physical performance advantages from prior male
puberty.

Trans people comprise 0.5% to 3% of the general popula-
tion and face significant barriers to health, well-being, and
participating in society (1-6). Over 60% report a history of di-
agnosed depression or anxiety (7), and rates of death by sui-
cide are over 2-fold greater than cisgender populations (8).

This is largely a result of marginalization and widespread dis-
crimination in many social and institutional settings (9-12).
Sport is no exception. A 2017 Human Rights Campaign
Foundation study found that 68% of a national sample of
all youth played on a sports team, but only 12% to 14% of
trans youth played sport (13). Fear of discrimination from
coaches or officials and a lack of inclusive policies are de-
scribed barriers (13). Very few trans people have competed
at the elite level despite trans people being eligible to compete
at the Olympic Games since 2004.

Cisgender males have a performance advantage over cisgen-
der females in multiple sports (14). Unequivocally, competi-
tive sporting records for sports that are determined by
maximal skeletal muscle or cardiac muscle performance dem-
onstrate male advantage after the age of puberty (15). The dif-
ference between male and female performance differs
depending on the sport. The lowest differences are seen in
rowing, swimming, and running (11-13%), but the greatest
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Table 1. Transgender glossary of terms

Term Definition

A person who has a gender that is
different from what was recorded for
them at birth. It is also used as an
umbrella term to describe all people
whose gender is different to what was
recorded for them at birth which
includes people with binary (male or
female) and nonbinary identities. This
manuscript uses the term trans as an
umbrella term

Transgender, trans or trans
and gender diverse

Cisgender or cis A person who is not transgender, and
has a gender the same as their

recorded sex at birth

Nonbinary A person who has a gender that is not
man or woman (binary) or not
exclusively male or female. Some
people identify as being somewhere on
a spectrum from male to female,
whereas others feel disconnected from
such a spectrum entirely. Nonbinary
people may also use GAHT

A man who was recorded female at
birth. Trans men may use testosterone
therapy for gender affirmation

Trans man

A woman who was recorded male at
birth. Trans women may use
feminizing hormone therapy with
estrogens and antiandrogens for
gender affirmation

Trans woman

Note that terminology differs across cultures and individuals may have their
own definitions or preferences for language.

differences are seen in movements utilizing the upper body
(16). For instance, there is a 20% male advantage for the fast-
est tennis serve and >50% difference in speed for baseball
pitching (16). This is largely the result of pubertal testosterone
concentrations in the male range of 7.7 t0 29.4 nmol/L relative
to 0.06 to 1.68 nmol/L in females. This results in taller height,
higher hemoglobin, larger bones, lower body fat, and higher
muscle mass and strength in postpubertal males (14, 17).

Serum testosterone concentrations are used to determine eli-
gibility to compete in the female category. The cut-off level is
heterogeneous between sports and no studies have definitively
correlated performance in cisgender women with testosterone
concentration. A double-blind randomized controlled trial of
testosterone therapy attempted to evaluate the impact of tes-
tosterone in 48 cisgender women. The intervention group
who achieved testosterone concentrations of 4.3 nmol/L for
10 weeks had an increase in running time to exhaustion but
there were no differences observed in jump tests, knee exten-
sion torque, or anaerobic leg power compared with placebo
(18). A longer duration of testosterone exposure may have
had more marked effects.

While circulating testosterone is the main basis of sex differ-
ences in athletic performance, it may not be the only determin-
ant, and there are genetic factors that may increase the
likelihood of success in sporting competition (14, 19).
Within people of the same age and sex, anthropometric pro-
portions, body composition ratios, biomotor variables, and
endocrine profile (including growth hormone, thyroid

hormone, etc.) may all play a role (20-23). Elite athletes are
the most highly selected individuals in a population
(Olympic athletes are 8-10 cm taller than the general popula-
tion overall (24, 25)), and in themselves are statistically
aberrant.

While it is reasonably clear that testosterone is the main
driver of male performance advantage over females in the gen-
eral population, what is less clear is the impact of GAHT on
muscle strength and physical performance. It is also unknown
whether trans women who have received GAHT have a defini-
tive performance advantage once adjusted for height. As such,
the aim of this narrative review is to examine the impact of
GAHT on physical performance and influencing factors, in-
cluding muscle mass, muscle strength, bone density, hemoglo-
bin, and cardiorespiratory fitness.

Electronic databases were searched from inception to
November 1, 2022. Ovid MEDLINE and Embase were
searched using Medical Subject Headings (MeSH) terms and
keywords: (“transgender persons”) AND (“gender-affirming
hormone therapy” OR “hormone replacement therapy” OR
“testosterone” OR “estradiol”) AND (“muscle” OR “body
composition” OR “bone” OR “hemoglobin” OR “physical
endurance” OR “sports” OR “exercise” OR “cardiorespira-
tory fitness”). Reference lists in relevant publications were
additionally searched to identify further articles. All studies
have involved adult trans people who began GAHT after
puberty.

Gender-Affirming Hormone Therapy

GAHT (masculinizing or feminizing) is desired by many (but
not all) trans people to induce physical characteristics of a
person’s gender identity, embodiment goals, or both (26).
Medically necessary GAHT is safe and effective at reducing
gender incongruence or dysphoria, and can significantly im-
prove psychological well-being and quality of life (26-28).
Masculinizing hormone therapy with testosterone for trans
men and nonbinary people recorded female at birth will com-
monly achieve serum testosterone concentrations in the male
reference range (14, 26, 29, 30). This induces lowered voice,
body and facial hair growth, menstrual cessation, as well as
changes in body composition (increase in muscle mass and re-
duction in fat mass) (26, 29, 30). Common risks include acne,
unmasking polycythemia (particularly in the setting of other
conditions such as sleep apnea), infertility, androgenic alope-
cia, hypertension, reduced high-density lipoprotein choles-
terol and an increased risk of myocardial infarction relative
to cisgender women (26, 31).

Feminizing hormone therapy for trans women and nonbi-
nary individuals recorded male at birth will typically achieve
serum estradiol (100-200 pg/mL or 367-734 pmol/L) and
testosterone concentrations (<2 nmol/L or <58 ng/dL or
<2 nmol/L) in the female range (26, 29). Estradiol therapy is
often paired with antiandrogen agents such as cyproterone
acetate, spironolactone, bicalutamide, or gonadotropin-
releasing hormone analogues for people with testes.
Depending on the mechanism of action, peripheral androgen
receptor antagonists such as spironolactone or bicalutamide
may not lower testosterone concentrations but will block
the action of testosterone at the receptor level (32, 33).
Feminizing hormone therapy induces gynoid fat redistribution
and breast growth, softens skin, and reduces muscle mass,
body and facial hair growth, and libido (26, 29, 30). Voice
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pitch and skeletal size do not change (26, 29, 30). Adverse ef-
fects include an increased risk of venous thromboembolism,
infertility, weight gain, and hypertriglyceridemia as well as
elevated risk of myocardial infarction and stroke relative to
cisgender women and men in the setting of additional risk fac-
tors (26, 30, 31, 34).

Muscle Mass and Strength Changes With
Gender-Affirming Hormone Therapy

In the general population, men have significantly higher skel-
etal muscle mass than women both in absolute terms and rela-
tive to body mass (men 38.4% vs women 30.6%) (35). Men
have a greater proportion of muscle mass in the upper body
(upper body muscle mass 42.9% in men vs 39.7% in women)
than the lower body (lower body muscle mass in men 54.9%
vs 57.7% in women) (35). Approximately 50% of the vari-
ance is explained by weight and height (35). Males also have
a higher proportion of fast-twitch (type II) muscle fibers
(36). The impact of GAHT on relative muscle mass distribu-
tion and muscle fiber composition of trans people is unclear,
and inferences depend upon whether they are compared
with cisgender men or women. The impact of GAHT on
muscle mass and muscle strength will be reviewed below.

Muscle and Fat Mass

Given the challenges in undertaking randomized controlled
trials in the field, uncontrolled longitudinal studies assessing
muscle mass in nonathletic trans people commencing GAHT
represent the best level of evidence, albeit low—moderate in
quality (37). Studies have predominantly used dual x-ray ab-
sorptiometry (DXA) to estimate skeletal muscle size. DXA
separates bone, fat, and lean mass (which includes muscle,
connective tissue, water, and organs); however, lean mass is
used as an estimate of muscle mass (38). Compared with gold-
standard quantification of skeletal muscle size using magnetic
resonance imaging or computed tomography, DXA is more
accessible, easier to use, and cost effective (38). While DXA
correlates well with skeletal muscle volume/size when meas-
ured by magnetic resonance imaging in cross-sectional studies,
it is far more imprecise in detecting longitudinal changes in re-
sponse to interventions (38-40).

For trans men, longitudinal studies examining lean mass us-
ing DXA have consistently shown a 10% increase over the
first 12 months associated with a 10% decrease in fat mass
(41-45). Muscle area (as opposed to mass) measured in a
single-slice magnetic resonance imaging cross-section of the
thigh found that muscle area increased in trans men by 19%
over 3 years but most change had plateaued by 1 year (46).
After a median of 44 months of GAHT, a cross-sectional ana-
lysis of 43 trans men showed that lean mass was 7.8 kg higher
than cisgender women but fat mass was not statistically sig-
nificantly different (47). Trans men had fat mass 29% with
lean mass 68.3%, which was statistically significantly differ-
ent to cisgender men (fat mass 19.7%, lean mass 77%,
P <.001) (47).

Conversely, for trans women, longitudinal cohort studies
show that reductions in absolute lean mass are modest, ap-
proximately 3% to 5% in the first 12 months (43, 45, 48-
52). A longitudinal study in 179 trans women over the first
12 months of GAHT showed a decrease of total lean mass
by 3% from baseline but fat mass increased by 28% (45). A

2-year study assessing relative lean mass percentage in trans
women found reductions from 77.5% at baseline to 72.5%
at 1 year and 71.7% at 2 years, whereas relative fat mass in-
creased from 19% at baseline to 24.2% at 1 year and
25.6% at 2 years (51). A 3-year study assessing cross-sectional
thigh muscle area in 19 trans women showed a decrease of 9%
from baseline at 1 year and 12% from baseline at 3 years, al-
though the loss between 1 to 3 years was statistically not sig-
nificant (46). Muscle area in trans women remained
statistically significantly greater than that measured in un-
treated trans men (used as the female comparison group),
though with an almost complete overlap between the 2
groups. The authors noted that trans women were on average
10.7 cm taller than untreated trans men and in a linear regres-
sion model, height was a strong predictor of muscle area, even
after correction for the effect of sex (46).

While longitudinal studies have followed trans women for
relatively short durations, there have been 2 cross-sectional
studies in nonathletic trans women that have aimed to de-
scribe the longer-term effects of GAHTs. After a mean 8 years
of feminizing hormone therapy, 23 trans women were found
to have 32% higher fat mass, 17% lower lean mass, 25 % low-
er grip strength, 33% lower biceps peak torque, and 25 % low-
er quadriceps peak torque relative to cisgender men (53).
There was no cisgender female control group. Similarly, in an-
other recent study designed to match participants for the same
birth-recorded sex, 41 trans women (median 39 months
GAHT) had a statistically significant 6.9 kg lower lean mass
and 9.8 kg higher fat mass relative to cisgender men measured
by DXA (47). Overall body composition in trans women (fat
mass 32.3%, lean mass 65.0%) was similar to cisgender wom-
en (fat mass 32.8%, lean mass 64.5%, P >.05) (47), consist-
ent with Alvares et al’s cross-sectional analysis showing that
fat mass percentage in trans women (median GAHT duration
14 years) was not statistically different to cisgender women
(29.5% vs 32.9%, P>.05) (54). Lean mass corrected for
height was also not statistically different between trans wom-
en and cisgender women (54). While the raw lean mass in
trans women was higher than cisgender women, trans women
were on average taller and as such, to compare body compos-
ition changes between groups, the percentage fat and lean
mass may be a more appropriate comparison.

Higher muscle mass is a predictor of better physical per-
formance, but fat mass adds significant implications (55). A
systematic review has shown that higher fat mass, and higher
muscle fat infiltration, is associated with poorer physical per-
formance, especially in the lower extremities (55). Among
healthy young military recruits, higher fat percentage was as-
sociated with poorer running performance and lower muscle
strength (56). This may be a factor explaining the weak strength
of the muscle mass and strength relationship. While muscle mass
and area are positively correlated with muscle strength,
population-based studies suggest that the strength of the linear re-
lationship once adjusted for age and gender between skeletal
muscle mass and muscle strength is weak, with a correlation coef-
ficient between 0.22 and 0.365 (57, 58).

Muscle Strength

Studies assessing muscle strength have been few, and given the
ease of use and accessibility of hand-grip dynamometry hand
grip strength has been the main strength outcome used. Hand
grip strength is partially related to lean body mass (r=0.469)
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butis dependent upon finger length, finger span, and hand per-
imeter (59, 60). Like height and skeletal size, hand dimensions
do not change with GAHT. While hand grip strength has cor-
related with biomarkers of health in older adults, we need to
be cautious in using grip strength alone as an indicator of over-
all strength or of athletic performance. The correlations be-
tween hand grip strength and individual sports are reviewed
comprehensively in Cronin et al (61). Though maximum
hand grip strength has a strong relationship with maximum
upper or body strength in some movement patterns such as
in powerlifting strength, there are weaker relationships with
other movement patterns (61). There is evidence that hand
grip strength is a poor correlate of knee flexion or extension
strength (62) and is far more reliable as a marker of physical
function if used together with lower limb strength (63, 64).
Hand grip strength is more relevant for some physical per-
formance activities such as rotational movements that transfer
force and torque to the hand (ie, ball throwing), but shows
poor correlation to movement patterns that require technical
ability, physical capacity, aerobic fitness or tactical ability (ie,
tennis stroke placement or cricket fielding performance) (61).

In trans men, a prospective controlled analysis found that
23 trans men had a mean 18% increase in hand grip strength
over 12 months relative to 23 cisgender women (41). A larger
longitudinal analysis of 278 trans men showed an increase in
grip strength of 6.1 kg (18% from baseline) over 12 months
(65). Interestingly, in trans men, the increase in grip strength
was associated with an increase in lean body mass (per kg in-
crease in grip strength: +0.010 kg, 95% CI +0.003; +0.017),
while this was not statistically significant in trans women
(per kg increase in grip strength: +0.004 kg, 95% CI
—0.000; +0.009) (65). A cross-sectional study comparing
hand grip in 19 trans men (mean 29 kg, 2 years after
GAHT) with 19 cisgender men (mean 40 kg) showed that
strength was considerably lower in the trans men (66). In a
group of 12 trans men followed over the first 12 months of
GAHT, knee flexion and extension strength increased, but,
even when adjusted for height, remained lower than cisgender
men (67).

In trans women, several uncontrolled longitudinal studies
(42, 43, 51, 53, 54, 65, 67) and cross-sectional studies have
made comparisons with cisgender men (53, 54). All assessed
hand grip strength, except for 2 small studies that assessed
knee extension/flexion (53, 67). Hand grip changes in trans
women have shown variable results, with some studies dem-
onstrating significant reductions of —4 to —7% over 12
months (51, 65) and smaller studies showing no significant
change (42, 43). Mean hand grip strength if corrected for total
lean mass has been shown to be no different in trans women
compared with cisgender women, but was significantly lower
than cisgender men (54).

In terms of lower-body strength, a cross-sectional analysis
of 23 trans women (mean 8 years GAHT) showed knee exten-
sion was 25% lower than cisgender men (53). In contrast, a
small longitudinal cohort study of 11 trans women over the
first 12 months of GAHT found no statistically significant
change in knee flexion/extension strength in trans women
(67). While the study was small and the comparison group
were not concurrently assessed, the findings suggest that 12
months of GAHT is insufficient to change knee flexion/exten-
sion strength to the level of cisgender women.

Overall, handgrip strength is limited as a proxy for overall
strength. In trans men, absolute and relative muscle mass and

strength increases with GAHT and are higher than cisgender
women but remain lower than cisgender men. Trans women
after GAHT have higher absolute muscle mass, but their rela-
tive muscle and fat mass percentages and muscle strength cor-
rected for lean mass are no different to cisgender women.

Bone Mineral Density Changes With
Gender-Affirming Hormone Therapy

Estradiol and testosterone play crucial roles in bone modeling
and remodeling and, as such, there are differences in bone size,
shape, and density between sexes across various stages of life.
While male puberty will induce irreversible effects on bone
size and shape, changes in sex steroid concentrations with
GAHT may impact on bone mineral density (BMD) (26).
While not necessarily causative, higher BMD has been shown
to be a good predictor of physical performance (53, 68).

Several systematic reviews and meta-analyses assessing
areal BMD have produced inconsistent observations, particu-
larly in trans women (69-71). Quality of evidence is low—mod-
erate with no prospective controlled studies. Inferences are
based on cross-sectional (72-75) or observational cohort stud-
ies (48, 76-82) mostly lacking cisgender control groups (48,
72,73,76,77,80-82). Moreover, studies have relied on areal
BMD using DXA, but changes in body composition accom-
panying GAHT influence photon attenuation independent of
bone matrix volume and introduce artifact which may explain
variable results.

Bone microarchitecture measured by high-resolution per-
ipheral quantitative computed tomography may overcome
limitations of DXA and has been shown to improve fracture
risk prediction (83, 84). A recent cross-sectional analysis in-
volving 41 trans men and 40 trans women compared with cis-
gender comparison groups of the same birth-recorded sex
found that trans women had compromised bone microarchi-
tecture. There was lower total volumetric BMD (vBMD)
with lower cortical and trabecular vBMD and higher cortical
porosity relative to cisgender men (85). Prospective studies are
required to confirm these findings, as previous research has
shown that trans women have low areal BMD compared
with cisgender men even before starting any hormonal ther-
apy (86). Conversely, bone microarchitecture in trans men
was preserved with higher total vBMD relative to cisgender
women (85) but lower than that of cisgender men (66).
These vBMD data are consistent with fracture data from a
population-based study showing a higher percentage of frac-
tures in trans women relative to cisgender men, but fracture
risk in trans men was no different to cisgender women (87).

Hemoglobin Changes With Gender Affirming
Hormone Therapy

Hemoglobin concentrations in men are higher than that for
women in the general population (88). Increases in hemoglo-
bin may contribute to enhanced performance of elite endur-
ance athletes (89, 90). Interestingly, gene polymorphisms
that regulate hemoglobin are more prevalent in endurance
male cyclists (90). Androgens induce erythrocytosis via upre-
gulating erythropoietin and downregulating ferritin and hep-
cidin concentrations (91), and it is not surprising that GAHT
has marked and consistent effects on hemoglobin and hemato-
crit concentrations (92). In those on established GAHT,
hemoglobin, hematocrit, and red blood cell count increases
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to the male reference range in trans men (48, 49, 93, 94) and
correspondingly decreases to the female reference range in
trans women (49, 94-96) within 3 months (97). Such changes
in erythrocytosis are likely to impact endurance (running
times are discussed under “Physical Performance Changes
With Gender-Affirming Hormone Therapy”).

Cardiorespiratory Function in Trans Women

The maximum rate of oxygen consumption attainable during
intense maximal exercise is termed VO, max and is considered
a gold-standard index of aerobic capacity and maximal car-
diorespiratory function correlating strongly with performance
in endurance-heavy sports such as running, swimming, or cyc-
ling, or long stop and start sports such as soccer or basketball
(98, 99). VO, max is determined by various physiological de-
terminants, predominantly stroke volume and cardiac output,
and, as such, are approximately 10% higher in men than
women (100, 101). While fat mass is not directly associated
with VO, max (102), VO, max is strongly correlated with
lean mass and hemoglobin (101, 103, 104). Dividing VO,
max by lean mass is appropriate and important when making
comparisons between different populations of individuals,
particularly if they differ in body size (104-108).

The highest value of VO, attained in a high intensity exer-
cise test is termed VO, peak, and while it is directly reflective
of VO, max, it does not define an individual’s maximal attain-
able value (109, 110). VO, peak reflects the integrated ability
to transport oxygen to the mitochondria for cardiovascular
and skeletal muscle oxidative functions (109, 110). VO,
peak is an excellent predictor of overall mortality and cardio-
vascular disease, often used in the diagnosis of mitochondrial
disease(111-113).

There has been only 1 cross-sectional study, assessing VO,
peak in 15 trans women compared with 13 cisgender men and
14 cisgender women, and findings are summarized in Table 2
(54). While the trans women included had received GAHT for
a mean of 14 years, the serum testosterone concentrations
were widely distributed with mean 3.2 nmol/L (range
0.4-22.1) relative to cisgender women (Table 2). Trans wom-
en were taller than cisgender women and absolute values sug-
gest that trans women appear to have muscle mass, strength,
and VO, peak in between that of cisgender women and cisgen-
der men. However, when VO, peak is corrected for weight or
lean mass, there are no statistical differences between trans
women and cisgender women, but are significantly lower
than cisgender men (54).

Interestingly, Alvares et al noted that trans women had a
lower VO, peak/lean mass index, and lower mean strength/
lean mass index than both cisgender groups, suggesting that
trans women produce less force per gram of muscle (54).
Possible cellular dysfunction in the muscle of trans women fol-
lowing GAHT has been postulated (54). This notion is sup-
ported by animal models of androgen receptor knockout
mice, which show impaired skeletal muscle function with re-
duced fast-twitch muscle mass and force production in male
mice but not female mice (114). Gene expression in the muscle
of these male mice suggested reduced polyamine biosynthetic
enzymes and impaired myoblast differentiation.

Expiratory volume was also lower in trans women than in
cisgender men, but there was no statistically significant differ-
ence compared with cisgender women (54). The authors hy-
pothesized that there may be an effect of estradiol acting as

a potential bronchoconstrictor or respiratory muscle weak-
ness (115, 116).

Although no direct studies have assessed cardiac size or
function in trans people, high-sensitivity cardiac troponin
(hs-cTn) concentrations are an indirect reflection of cardiac
mass in healthy individuals (117-119). This likely explains
the higher hs-cTn male reference range relative to females. A
cross-sectional study assessing hs-cTn in trans people on
GAHT for >12 months found that median concentrations of
hs-cTn in trans men were similar to cisgender men, and trans
women were similar to cisgender women (120). These findings
are concordant with animal models demonstrating androgen
deprivation in male mice induces metabolic remodeling of
the heart with reduced cardiac mass and impaired cardiac out-
put during stress (121).

Physical Performance Changes With
Gender-Affirming Hormone Therapy

There have been very few published retrospective studies
examining athletic performance. Running race times have
been reported among 8 trans women distance runners both
before and after commencing feminizing hormone therapy
(122). Participants were recruited online and asked to self-
select and self-report race times (5000 m to marathon) with
times verified where possible. Collectively, the 8 runners re-
ported times that were slower in the female category than
when they competed in the male category, but their female
age-grading percentage was almost identical to their male age-
grading percentages. There are clear limitations of self-
reported, recalled data among this small sample of nonelite
trans women runners.

Two studies draw data from trans people undertaking fit-
ness tests in the Air Force compared with cohorts of cisgender
male and female service members under the age of 30 (sum-
marized in Fig. 1) (123, 124). Roberts et al’s initial report as-
sessed sit-ups, push-ups, and running times (for 1.5 mile/
2.4 km) in 29 trans men and 46 trans women in the first 2
years of GAHT, albeit with 13 assessments missing in trans
men and 7 assessments missing in trans women during the
follow-up period (123). Trans individuals were compared
with cisgender means between 2004 and 2014 to establish
when a trans person might gain or lose a competitive advan-
tage relative to their gender (123).

More recent data from Chiccarelli et al have expanded the
analysis with a larger cohort of 146 trans men and 228 trans
women compared with cisgender mean aggregate scores in
2022 for Air Force members with an aim to guide fitness tar-
gets for their trans service members undergoing GAHT (124).
There were 346 who dropped out from analysis, with only 28
trans individuals (15 trans women) completing follow-up to 4
years of GAHT (124). Dropouts are extremely important to
consider in skewing results, given that those who remain in
the military likely display a higher level of physical fitness or
have better access to health care than those who leave.

Trans men service members prior to testosterone therapy
performed 43 % fewer push-ups and ran 1.5 miles 15% slower
than cisgender men in the initial Roberts et al study (123).
After commencing GAHT, there was progressive increase in
push-ups and sit-ups performed and improvement in running
times, and by 2 years, trans men were no different to cisgender
men (123). In Chiccarelli’s expanded analysis, while sit-ups
achieved the level of cisgender men within 1 year, push-ups
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Table 2. Summary of cardiorespiratory capacity and body composition data from Alvares et al (54) in nonathletic transgender women compared

with cisgender women and men

Transgender women (n = 15)

Cisgender women (n = 13) Cisgender men (n = 14)

Age (years) 34.2
Height (m) 1.76
Weight (kg) 78.1
BMI (kg/m?) 25.5
Mean testosterone concentration nmol/L 3.2 (range 0.4-22.1)
Fat mass percentage 29.5
Lean mass/height? (kg/m?) 18.3
VO, peak (L/min) 2606
VO, peak/weight (mL/kg/min) 33.5
VO, peak/lean mass (L/min/kg) 47.3
Expired air volume (BTPS) (L/min) 102.3

35.6 36.7
1.63¢ 1.76"
61.8° 81.3°
23.1 26.3"
0.7 (range 0.4-1.4) 18.2
32.9 20.27¢
15.8 20.5%¢
2167° 3358b¢
35.7 420
53.3 52.4
87.4 128.8%¢

VO, peak refers to the maximal oxygen consumption at time of peak exercise. Transgender women (mean duration of gender affirming hormone therapy

14 years) are the reference group in the first column.

Abbreviation: BMI, body mass index; BTPS, body temperature, pressure, water vapor saturated.
“Statistically significant difference (P <.05) between cisgender women and transgender women.
Statistically significant difference (P <.05) between cisgender men and cisgender women.
“Statistically significant difference (P <.05) between cisgender men and transgender women. Fat mass and lean mass (fat-free mass) were measured by

bioelectrical impedance analysis.

and run times took 3 years to reach that of cisgender men
(124). By 4 years, trans men appeared to exceed the average
performance of cisgender men (124).

Trans women prior to feminizing hormone therapy per-
formed 31% more push-ups, 15% more sit-ups in 1 minute,
and ran 1.5 miles 21% faster than cisgender women in
Roberts et al’s study (123). It should be noted that height
and size were not matched between trans women and cisgen-
der women (Fig. 1). After 2 years of taking feminizing hor-
mones, the push-ups and sit-ups performed in 1 minute
significantly reduced and were no different to cisgender wom-
en (123). In Chiccarelli’s analysis, the number of push-ups and
sit-ups performed steadily declined over 4 years; however, al-
though sit-ups were not statistically different to cisgender
women at the 4 year time-point, push-ups performed re-
mained statistically higher than cisgender women (albeit
that 208 of 223 trans women dropped out over 4 years)
(124). Run times slowed in both studies; however, statistical
results were discrepant; Roberts et al found that trans women
remained statistically faster than cisgender women at 2 years,
but the larger Chiccarelli et al study found that run times
among trans women were no different from cisgender women
by 2 years of GAHT (123, 124).

Overall, trans men have improvements in physical perform-
ance after 1 to 2 years of testosterone therapy. In trans wom-
en, declines were seen in areas of physical performance but the
discrepancy between statistical significance in Roberts et al
and Chiccarelli et al may reflect a residual advantage in
some parameters over cisgender women, or a type 1 error
with survivorship bias influencing results given dropouts
over time. Fitness test results must be interpreted in light of
limitations. Tests have a minimum standard to pass, and, as
such, are effort dependent and do not quantify maximal per-
formance. Failure to pass a fitness test typically affects job
prospects and requires service members to attend additional
physical training sessions until they can meet the fitness re-
quirements or leave military service. As such, there is survivor-
ship bias across time with those remaining in the study likely

maintaining higher fitness levels. Moreover, test results are
uncontrolled for lifestyle variables; the type and intensity of
training of service members vary by occupation. Further pro-
spective studies in trans people are needed.

Physical performance is dependent upon many factors that
vary greatly depending on the needs of individual sports.
There are no published research studies on the effect of
GAHT on coordination, flexibility, cardiac size, lung func-
tion, maximal power output (Wmax), anaerobic capacity, lac-
tate threshold, exercise economys, efficiency, or factors such as
Wmax/body weight ratio that are an important marker of
ability in competitive cyclists.

Summary and Conclusions

As trans people have been stigmatized for many decades, there
is little research in the field and the evidence base is not defini-
tive. Our understanding of the impact of GAHT on physical
performance is based on retrospective data with no prospect-
ive longitudinal controlled studies. Further research is under-
way (125).

Existing studies in nonathletic trans men have shown that
increases in muscle mass and strength occur with testosterone
therapy, and physical performance appears to be no different
to cisgender men by 1 to 3 years after GAHT.

Studies in nonathletic trans women after GAHT demon-
strates no change in height, but have shown decreases in
hemoglobin, bone density compromise, and decrease in
muscle mass and strength, which continue to decline beyond
2 years. While absolute muscle mass is higher, their relative
muscle and fat mass percentages and muscle strength cor-
rected for lean mass are no different to cisgender women.
Cross-sectional studies of trans women on GAHT for over 4
years show that relative percentages of muscle mass and fat
mass as well as fitness as measured by VO, peak corrected
for lean mass are no different to cisgender women and lower
than that of cisgender men. Steady decrements are seen in
physical performance of nonathletic trans women in the
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Before hormone therapy™ After 2 years of hormone therapy™* After 4 years of hormone therapy”

Compared with  Compared with  Compared with Compared with  Compared with Compared with
cis women cis men cis women cis men cis women cis men
Height +11.9cm” -1.9cm” +11.9cm” -1.9cm”
Weight +11kg' -6.8kg" +11kg" -6.8kg’
i +31%" -13%" No difference’ -55%"
Push-! ) 0 _350
@ pushups +66% 8% +31%" 27%’ +18% 35%
. +15%" . .  Nodifference” -17%" . i
[k Sit-Ups +28%¢ No difference +17%" 8%* No difference -15%
3 21%' +129' No difference’
5 () 1 i b o difference ; ey
.-#’ 1.5 Mile Run +18%* No difference No difference* 16%* No difference 22%
Height +1.2cm” -12.7cm” +1.2cm” -12.7cm”
Weight +3.8kg" -14kg" +4.3kg’ -13.5kg"
1 +13%" -449%" +46%" No difference” +15%
P h-U + 0, )
7 Push-ups +25%F -30%" +61% -10%* S (No difference at 3 years)
. +10%" No difference” +22%" +10%" +13%
sit-u i +430 )
[& RS +22%" -4%"* +33%" No difference® A6 (No difference at 3 years)
-+
= = No difference” -15%" +20%" No difference” :
1.5 Mile R +799
,# 5 Mile Run +504 1504 +1204" 70 79% No difference

Figure 1. Summary of physical performance changes with gender-affirming hormone therapy. + indicates advantage (ie, faster run time or greater
number of push-ups) and - indicates degree of disadvantage relative to cisgender comparison group. No difference refers to no statistically significant
difference when compared with the cisgender comparison group. A indicates data from Roberts et al reporting Air Force fitness test times up to 2 years
after GAHT. # indicates data from Chiccarelli et al that expanded analysis for up to 4 years after GAHT.

military, with no significant difference with cisgender women
for running times by 2 years and sit-ups by 4 years after
GAHT. An advantage in push-ups or upper body strength
over cisgender women may remain at 4 years.

The limited existing research should be interpreted consid-
ering sports-specific factors; different combinations of physic-
al capabilities including upper or lower body muscle strength,
hand grip strength, endurance, power, flexibility, hand—eye
coordination, communication with teammates, mindset, and
strategy may or may not be relevant. Consideration of existing
research will be part of the process in creating policies for the
inclusion of trans people in elite sport. Reasonable accommo-
dations for the inclusion of trans people are sport specific and
could be based on the range of competitive advantages and
abilities that are already accepted in the cisgender population.

Although prospective longitudinal controlled studies in
trans athletes are needed, with so few trans athletes and ex-
tremely low participation of trans people in sport, recruitment
into such research will be challenging. Future research should
include larger sample sizes of trans people (nonathletes and
athletes) to be compared with cisgender males and females
with relevant outcomes adjusted for known confounders.
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