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RESUMEN

El Comité Olimpico Internacional (COIl) ha publi-
cado recientemente un marco sobre equidad, in-
clusion y no discriminacion por motivos de iden-
tidad de género y variaciones sexuales. Aunque
valoramos positivamente que el COl reconozca el
papel de la ciencia y la medicina del deporte en
el desarrollo de politicas, no estamos de acuer-
do con la afirmacion de que el marco del COl es
coherente con las pruebas cientificas y médicas
existentes y cuestionamos sus recomendaciones
para la aplicacion. La exposicion a la testosterona
durante el desarrollo masculino da lugar a dife-
rencias fisicas entre los cuerpos masculino y fe-
menino; este proceso sustenta la ventaja atlética
masculina en masa muscular, fuerza y potencia,
asi como en resistencia y capacidad aerdbica. El
principio del COI de “no presuncion de ventaja”
hace caso omiso de esta realidad. Los estudios
demuestran que las varones transfemeninos
(individuos nacidos varones que se identifican
como mujeres) con testosterona suprimida con-
servan masa muscular, fuerza y otras ventajas fi-
sicas en comparacion con las mujeres; la ventaja
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de rendimiento masculina no puede eliminarse
con la supresion de testosterona. El concepto de
“competicion significativa” (meaningful com-
petition) del COl es erréneo, porque la equidad
de categoria no depende de que los resultados
sean muy parejos. La categoria femenina garan-
tiza una competicion justa para las deportistas
al excluir las ventajas masculinas. La realizacion
de pruebas caso por caso a varones transfeme-
ninos puede conducir a la estigmatizacion y no
puede gestionarse con solidez en la practica. De-
fendemos que los criterios de elegibilidad para la
competicion femenina deben tener en cuenta
el desarrollo masculino en lugar de basarse en
los niveles actuales de testosterona. Las mujeres
deportistas deben ser reconocidas como las prin-
cipales interesadas en los procesos de consulta
y toma de decisiones. Instamos al COl a que re-
evalle las recomendaciones de su Marco para
incluir una comprension global de las ventajas
bioldgicas del desarrollo masculino con el fin de
garantizar la equidad y la seguridad en los depor-
tes femeninos.
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1 INTRODUCCION

El Comité Olimpico Internacional (COI) ha publi-
cado recientemente un marco sobre equidad,
inclusion y no discriminacion por motivos de
identidad de género y variaciones sexualesl A
continuacion, se publicé una declaracién de po-
sicion en la que se explicaba el marco? Los obje-
tivos expresos de la declaracion de posicién eran
demostrar el modo en que el marco del COI se
ajusta a los conocimientos cientificos y médicos
existentes y ayudar a su aplicacion. Acogemos
con satisfaccion la explicacion actualizada, el tra-
bajo continuado en este importante ambito y el
reconocimiento de que la comunidad de la cien-
cia y la medicina del deporte son socios impor-
tantes en el desarrollo de politicas.

Estamos de acuerdo con muchos de los diez prin-
cipios del Marco, incluida la primacia de las prue-
bas cientificas, consideraciones éticas como la
importancia de la salud y la autonomia corporal,
un enfoque centrado en las partes interesadas y
el derecho a la intimidad. Reconocemos que al-
gunos de estos principios pueden requerir consi-
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deraciones diferentes en el desarrollo de politicas,
especificamente para los deportistas con variacio-
nes sexuales. Los deportistas transgénero y aque-
llos con variaciones sexuales pueden enfrentarse
a retos y barreras en la participacion deportiva, y
estamos de acuerdo con la Carta Olimpica del COI
en que el deporte debe ser accesible para todo el
mundo vy que las autoridades deportivas deben
abordar las barreras siempre que sea posible.

Sin embargo, sostenemos que el Marco COI no se
ajusta a los conocimientos cientificos y médicos
existentes y cuestionamos varias de las recomen-
daciones relativas a su aplicacion. EI marco del
COIl no proporciona orientaciones adecuadas a
las autoridades deportivas para proteger la cate-
goriafemenina en el deporte. En este articulo, es-
bozamos las areas que necesitan una mayor con-
sideracion y describimos la evidencia existente y
los principios que los deportes deberian tener en
cuenta para garantizar la equidad y la seguridad
en el deporte femenino.
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>

El principio del COI de “no presuncion de ventaja” hace
caso omiso de esta realidad. Los estudios demuestran
que los varones transfemeninos* (individuos nacidos
varones que se identifican como mujeres) con
testosterona suprimida conservan masa muscular,
fuerza y otras ventajas fisicas en comparacion con

las mujeres; la ventaja de rendimiento masculina no
puede eliminarse con la supresion de testosterona.
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2 L0S HOMBRES Y LAS MUJERES SON FiSICAMENTE DIFERENTES; LOS HOMBRES TIENEN UNA VENTAJA

ATLETICA POR CATEGORIA

Las hembras y los machos son sexualmente di-
morficos y se diferencian por el tamano vy la for-
ma del esqueleto, E-28 sy composicion corporal,
incluida la masa y la funcion musculares, 8488
la funcion pulmonar B8y |3 funcion cardiovascu-
lar. B-E® E| dimorfismo sexual se debe en gran
medida a los altos niveles de testosterona pro-
ducidos por los testiculos durante la pubertad
masculina, B-E-E-E 3unque los genes especificos
del sexoy las diferencias hormonales postnatales
también pueden contribuir a las diferencias de
dimorfismo sexual en el fenotipo, incluso antes
de la pubertad B &

El marco del COI establece que no debe haber
“ninguna presuncion de ventaja” basada en “ca-
racteristicas bioldgicas o fisioldgicas”, y que los
criterios de elegibilidad deben reconocer las di-
ferencias a nivel individual en los factores que in-
fluyen en el rendimientoy la seguridad. Nosotros,
entre otros autores, 2 no estamos de acuerdo
con el principio del COl de no presuncion de ven-
taja, a pesar de la explicacion adicional que ofre-
ce ladeclaracion de posicion. Es incoherente que
el COl adopte una postura de “no presuncion de
ventaja” cuando una atleta transgénero en tran-
sicion procede directamente de una poblacion
con una ventaja bioldgica masculina inherente y
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bien establecida. Seria mas légico suponer una
ventaja bioldgica hasta que se demuestre lo con-
trario, sobre todo porgue no se ha evidenciado
que varios atributos fisicos (p. e].: la estatura, el ta-
mano del corazon, los pulmones, los huesos y los
musculos) se reviertan con ningun tratamiento,
como describimos a continuacion (Seccion 4).

Los fundamentos de nuestro desacuerdo se apo-
yan en trabajos de biologia evolutiva y del desa-
rrollo, zoologia, fisiologia, endocrinologia, medi-
cina, ciencias del deporte y del ejercicio, y en la
observacion de los resultados del rendimiento
atlético en el deporte masculino y femenino.
EREE Fspecificamente, el desarrollo mas-
culino genera ventajas fisicas y fisiologicas en el
rendimiento tan grandes que el deporte requiere
una categoria separada para excluir los atribu-
tos resultantes del desarrollo masculino normal

para los deportes que requieren potencia, fuer-
za, velocidad vy resistencia =-2-2 52 % 0 8.

2 E 2= 0588 M (Figura 1). No reconocer
la ventaja masculina por categoria o argumentar
que se trata simplemente de una “presuncion”
socava el propdsito de las categorias segregadas
por sexo en los deportes y oculta las diferencias
competitivas que deberian celebrarse y recom-
pensarse dentro de cada categoria por sexo. @-2
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ventricular izq.
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FIGURA 1 - Diferencias fisioldgicas e implicaciones resultantes para el rendimiento en hombres
Y mujeres. Los hombres son mas grandes y mas fuertes, tienen mayor masa magra y menor masa
grasa, tienen un esqueleto con forma diferente y mayor capacidad aerobica que las mujeres, lo que
genera una ventaja en el rendimiento de entre el 10% y el 65% para diferentes atributos en los depor-
tes atléticos BEEE REBRTREBELHEER /O,  consumo mdximo de oxigeno. Creado con

BioRender.com.
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3 LAEXPOSICION A LA TESTOSTERONA DURANTE LA PUBERTAD MASCULINA ES LA CAUSA PRINCIPAL DE
LAS DIFERENCIAS FiSICAS ENTRE HOMBRES Y MUJERES

En la edad adulta, las concentraciones de testoste-
rona circulante no llegan en absoluto a solaparse
entre mujeres (0]-17 nmol/l) y hombres (77-294
nmol/l)E, & Estd bien establecido que la exposi-
cién a niveles mas altos de testosterona durante
el desarrollo masculino en comparacion con el
femenino promueve el desarrollo de caracteristi-
cas sexuales masculinas (p. e.. mayor masa mus-
cular, tamano del corazén, capacidad pulmonar,
huesos, fuerza y hemoglobina circulante) que son
integrales para el rendimiento deportivo. B 2 &
Asi pues, no es el nivel de testosterona en la edad
adulta lo que predice el rendimiento de un depor-
tista individual, sino mas bien la exposicion evo-
lutiva a la testosterona y el desarrollo de las carac-
teristicas sexuales secundarias masculinas lo que
sustenta la existencia de la categoria masculina y

las diferencias por categoria entre los sexos.

Cabe destacar que el debate publico y politico se
centra mucho menos en los hombres transgéne-
ro deportistas (nacidas mujeres que se identifican
como hombres). Cuando compiten en deportes
masculinos, No se plantean cuestiones de equidad
y seguridad para los demas participantes, ya que
los hombres transgénero no tienen ninguna venta-
ja bioldgica conferida por la exposicion a la testos-
terona durante el desarrollo masculino. Un debate
mas profundo sobre los hombres transgénero en
el deporte haria hincapié en la importancia de la
testosterona, que el COI no reconocio en su regla-
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mento. Aunque la administracion de testosterona
podria mejorar la capacidad fisica en los hombres
transgéneroZ- & no “supera” completamente las
diferencias fisioldgicas y morfoldgicas causadas
por la testosterona enddgena durante el desarrollo
tempranoy la pubertad. El reconocimiento de esta
asimetria en el rendimiento deportivo de las mu-
jeres y los hombres transgénero puede, por tanto,
conducir a una mejor comprension de las influen-
cias significativasy duraderas de los factores de de-
sarrollo especificos del sexo.

Basandose en estos argumentos, a la hora de desa-
rrollar criterios de elegibilidad para la categorizacion
femenina, es necesario considerar si se ha produci-
do undesarrollo masculino impulsado por la testos-
terona. Si sélo se tienen en cuenta las concentracio-
nes actuales de testosterona, se ignoran las ventajas
fisicas y fisioldgicas permanentes y duraderas. Ade-
mas, la exigencia de que se reduzca médicamen-
te la testosterona “para mitigar el rendimiento” vy
permitir la elegibilidad para la categoria femenina
plantea problemas éticos y legales, asi como im-
portantes desafios practicos a la hora de controlar a
estas personas para garantizar el cumplimiento de
cualquier objetivo de testosterona. Basandonos en
estas consideraciones, consideramos que una uni-
ca o incluso multiples mediciones de momento en
tiempo de la concentracion de testosterona son in-
apropiadas y enganosas como medio para evaluar
la mitigacion del rendimiento masculino.
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La exposicion a la testosterona durante el desarrollo
masculino da lugar a diferencias fisicas entre los
cuerpos masculino y femenino, este proceso sustenta la
ventaja atlética masculina en masa muscular, fuerza y
potencia, asi como en resistencia y capacidad aerobica
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4 LA SUPRESION DE LA TESTOSTERONA TRAS LA PUBERTAD NO ANULA LA VENTAJA DEL RENDIMIENTO

MASCULINO

El marco del COI sugiere que las concentracio-
nes de testosterona podrian investigarse como
medio para mitigar el rendimiento en las varones
transfemeninos. Sin embargo, ningun estudio
ha demostrado que las varones transfemeninos
con niveles de testosterona suprimidos tras la pu-
bertad alcancen la paridad bioldgica o fisica con
las mujeres. Al contrario, numerosos estudios han
demostrado que las diferencias bioldgicas persis-
ten tras la supresion de la testosterona, B & &
con implicaciones para el rendimiento fisico. No
existe ningdn mecanismo bioldgico plausible
por el que la supresion de la testosterona reduz-
ca la estatura y las medidas esqueléticas asocia-
das (p. €. la longitud de los huesos vy la anchura
de las caderas o los hombros) que puedan con-
ferir una ventaja de rendimiento dependiente de
la disciplina. En consecuencia, ningun estudio ha
arrojado reducciones de las ventajas esqueléticas
en varones transfemeninos que suprimen la tes-
tosterona después de la pubertad &

En doce estudios longitudinales controlados Z&-
0 N E P E BB 8 que han sequl-
do colectivamente a mas de 800 varones trans-
femeninos no entrenadas o moderadamente
entrenadas se ha demostrado que la supresion
de testosterona durante 1 afio sélo induce una
pérdida del 5% de la masa/fuerza muscular an-
tes de la transicion. Esta pérdida representa sélo
una fraccion (una quinta parte o menos) de las
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diferencias de masa muscular y fuerza que se ob-
servan habitualmente entre hombres y mujeres.
B & & por ejemplo, en el estudio de Wiik et al,
las diferencias de volumen muscular del mus-
lo del 39% entre hombres y varones transfemeni-
nos se redujeron sélo marginalmente con 1ano
de supresion de testosterona, y se conservo el
83% de la ventaja inicial masculina. El resultado
son niveles mas altos de masa musculary fuerza
en las varones transfemeninos en comparacion
con las mujeres durante al menos 3 afos tras la
supresion de la testosterona (es decir, la duracion
de muestreo mas larga de los estudios longitudi-
nales actuales), y la ventaja masculina sigue sien-
do evidente en estudios transversales de varones
transfemeninos que suprimieron la testosterona
durante 14 afios como maximo. E-&.8

Los efectos de la supresion de la testosterona sobre
los factores bioldgicos subyacentes al rendimien-
to de resistencia estan menos estudiados que los
de la fuerza y la potencia. No obstante, las varones
transfemeninos no entrenadas o moderadamente
entrenadas que han logrado suprimir la testoste-
rona después de la pubertad alcanzaron concen-
traciones de hemoglobina tipicas femeninas en un
plazo de 3-6 meses. & & En cambio, se desconoce
el efecto sobre la masa de hemoglobina, que, a di-
ferencia de la concentracion de hemoglobinag, esta
fuertemente relacionado con el VO2max& &y no
se han estudiado otros factores relacionados con el
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rendimiento de resistencia, como la economia de
trabajoy la utilizacion fraccional.

Argumentamos que la bibliografia existente so-
bre los cambios fisicos inducidos por la supresion
de testosterona constituye el conjunto de datos
mas solido actualmente disponible, y es rele-
vante para los atletas de élite, porque confirma
el principio de persistencia de las caracteristicas
bioldgicasincluso en ausencia de entrenamiento.
Estos estudios longitudinales se complementan
con estudios en los que la supresion de la testos-
terona en varones se ha acompanado de entre-
namiento fisico, lo cual demuestra que el entre-
namiento puede atenuar en parte, o incluso por
completo, las reducciones de la masa musculary
la fuerza. B-& Por |o tanto, una hipotesis racional
basada en la evidencia actual seria que la ven-
taja masculina retenida seria mayor, no menor,
en varones transfemeninos con entrenamiento
intensivo si continuaran entrenando durante la
supresion de testosterona, en comparacion con
individuos no entrenados o moderadamente en-
trenados. Esta hipotesis también se ve respalda-

da por la observacion de que las diferencias es-
pecificas del sexo en el rendimiento atlético son
al menos igual de pronunciadas en los atletas de
élite en comparacion con los individuos no en-
trenados 0 moderadamente entrenados. 2

Los hallazgos documentados en la literatura
cientifica, y la hipotesis de que la ventaja mascu-
lina retenida seria mayor en los atletas, predicen
que la clasificacion relativa de las varones trans-
femeninos en los deportes de competicion me-
joraria significativamente tras pasar de la catego-
ria masculina a la femenina. Esto se ilustra con un
estudio practico en natacion estadounidense; un
varon transidentificado consiguid mejoras signifi-
cativas en la clasificacion de la National Collegiate
Athletic Association (NCAA) (de media a alta) en
una serie de pruebas tras cambiar de la categoria
masculina a la femenina. & Esto se produjo como
resultado de descensos en el rendimiento, que
fueron significativamente menores que las dife-
rencias de rendimiento entre hombres y muijeres,
lo que apoya el mantenimiento de la ventaja bio-
|6gica masculina e ilustra la injusticia resultante.

El principio del COI de “no presuncion de ventaja” hace
caso omiso de esta realidad. Los estudios demuestran
que los varones transfemeninos* (individuos nacidos
varones que se identifican como mujeres) con
testosterona suprimida conservan masa muscular,
fuerza y otras ventajas fisicas en comparacion con

las mujeres; la ventaja de rendimiento masculina no
puede eliminarse con la supresion de testosterona.
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Ningun estudio ha demostrado que los varones
transfemeninos con niveles de testosterona suprimidos
tras la pubertad alcancen la paridad bioloégica o fisica
con las mujeres. Al contrario, numerosos estudios han
demostrado que las diferencias biologicas persisten
tras la supresion de la testosterona



https://contraelborradodelasmujeres.org/

EL MARCO DEL COMITE OLiMPICO INTERNACIONAL SOBRE EQUIDAD, INCLUSION Y NO DISCRIMINACION POR MOTIVOS DE

5 COMPETICION SIGNIFICATIVA NO ES LO MISMO QUE COMPETICION JUSTA

El marco del COI sugiere que las organizaciones
deportivas pueden tener que emitir criterios de
elegibilidad para la competicion segregada por
sexos con el fin de mantener una distribucion
justa y proporcionada de las ventajas competi-
tivas. Sin embargo, esta afirmacion difumina los
limites entre ventaja categdrica y ventaja com-
petitiva y confunde los conceptos de equidad y
competencia significativa@ & E| objetivo espe-
cifico de establecer criterios de elegibilidad para
la categoria femenina no es garantizar una distri-
bucion proporcional o aceptable de las ventajas
competitivas en torno a un nivel determinado de
rendimiento, sino garantizar la equidad exclu-
yendo todas las ventajas masculinas, asegurando
asi la integridad de la categoria femenina en pri-

mer lugar.

Elmarco del COl habla de una competicion signi-
ficativa sin definir en ningdn momento lo que es.
Basandonos en el debate del COIl sobre las venta-
jas injustas y desproporcionadas, deducimos que
se trata de una competicion en la que los resul-
tados son impredecibles, las actuaciones estan
muy igualadasy ningudn atleta, incluida una mu-
jer transgénero, gana sistematicamente por un
amplio margen. Se trata de una interpretacion
errénea. Innumerables casos de competiciones
muy reflidas entre atletas (es decir, “significati-
vas”, segun la definicion del COl) pueden ser fun-
damentalmente injustas. Se trata de situaciones
en las que posteriormente se descubre que los
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atletas han consumido drogas para mejorar su
rendimiento o han engafado a las autoridades
deportivas sobre su verdadera edad. La equidad
de una competicion no viene determinada por la
previsibilidad o la cercania del resultado, sino por
la ausencia de ventajas injustas que una catego-
ria o regla especifica pretende excluir. Por lo tan-
to, una competicion significativa (o cercana, se-
gun el planteamiento del COI) no equivale a una
competicion justa y no puede lograrse mediante
la ventaja masculina en el deporte femenino.

La competicion deportiva no penaliza el dominio
ni los grandes margenes de victoria si se consi-
guen de forma justa dentro de unas categorias
predefinidas. En su lugar, fomenta la competi-
cion ofreciendo recompensas a distintos niveles
dentro de esas categorias (p. ej. internacional,
nacional, regional, Division 1y Division 2). Estos
niveles de competicion suelen ser reducidos y
fomentan una participacion inclusiva y significa-
tiva en el deporte, independientemente del ren-
dimiento o las ambiciones de cada individuo.

Por supuesto, hay factores independientes del
desarrollo masculino que pueden conferir venta-
jas de rendimiento que permitan a excepciona-
les mujeres deportistas superar el rendimiento
de hombres deportistas relativamente inferiores.
Sin embargo, estos factores son irrelevantes para
la equidad y la justificacion de la categorizacion
basada en el sexo, y debe reconocerse que la
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magnitud de la ventaja bioldgica masculina, y el
numero de hombres que compiten en la mayoria
de los deportes, hace que sea extremadamente
improbable que cualquier mujer gane medallas
al mas alto nivel sin la proteccion de una cate-
goria cerrada que excluya la ventaja masculina,
como se ilustra en la Figura 2.

y, por extension l6gica, su sustitucion por una
Unica categoria abierta o categorizacion basada
en el rendimiento. Esto equivale a sugerir que,
en los deportes de combate, podrian permitirse
las ventajas de los pesos pesados en la categoria
de pesos ligeros si otros factores garantizan una

FIGURA 2. Diferencias de rendimiento en atletismo. Rendimientos por debajo de 10,90 s en los 100
m y por debajo de 1:5700 (1170 s) en los 800 m en 2023. Los tiempos de los 100 m incluyen a las 12
mejores mujeres de la clasificacion mundial y a 5150 hombres, incluidos los que compiten en las ca-

tegorias sub-18y sub-20. Los tiempos de los 800 m incluyen a las 4 mejores mujeres de la clasificacion
mundial y a 6780 hombres, incluidos los atletas sub-18 y sub-20. La lista se ha elaborado a partir de
informacion de libre acceso de World Athletics, disponible en Internet.

La afirmacion que se oye a menudo de que la
ventaja masculina es sélo una de muchas ven-
tajas es, de hecho, un argumento a favor de la
abolicion de las categorias basadas en el sexo
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competicion refiida. Tal razonamiento socava el
propdsito de las categorias, que es establecer
una base justa y segura para la competicion.
Observamos con gran preocupacion que USA
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Boxing, al remitirse al marco del COI, permite ac-
tualmente a las varones transfemeninos compe-
tir en categoria femenina, siempre que sus nive-
les de testosterona hayan estado por debajo de
5 nmol/l durante 48 meses. @ VY ello a pesar de la
declaracion de la Association of Ringside Physi-

cians, que no apoya que las varones transfeme-
ninos compitan contra mujeres en deportes de
combate, & y contradice la afirmacion de USA
Boxing de que su objetivo primordial es la segu-
ridad de todos los boxeadores y la competicion
justa entre todos ellos.

6 LAS RECOMENDACIONES DE APLICACION DEL MARCO SON POCO REALISTAS E INVIABLES EN LA

PRACTICA

El marco del COI establece que los criterios de
elegibilidad para la categorizacion basada en el
sexo deben basarse en pruebas de una venta-
ja competitiva constante y desproporcionada.
Como se ha mencionado, estas pruebas ya es-
tan bien documentadas en la literatura cientifica
y demuestran la importante ventaja atlética de
ser varon, que se adquiere durante el desarrollo
masculino y constituye la base de la categoriza-
cion por sexos. Ademas, estas ventajas masculi-
nas no se pierden con la supresion de la testoste-
rona a corto o largo plazo, & & & por lo que las
mediciones puntuales de testosterona carecen
en gran medida de sentido.

Elmarcodel COltambién recomienda que se dis-
ponga de pruebas pertinentes de la ventaja com-
petitiva para el deporte, la disciplina y el evento
especificos que los criterios de elegibilidad pre-
tenden regular. Aunque estamos de acuerdo en
que es importante seguir investigando sobre
deportistas transgénero por muchas razones, in-
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cluida nuestra capacidad para brindar atencion
sanitaria y otras ayudas al rendimiento depor-
tivo, es muy poco probable que se disponga de
pruebas bien controladas, metodoldgicamente
sélidas vy revisadas por pares sobre deportistas
transgénero en deportes especificos en cantidad
suficiente durante muchos afos o, seguramen-
te, si la categorizacion de élite y la disciplina de-
portiva especifica es un requisito estricto, nunca.
Aunqgue las decisiones deben basarse en la mejor
investigacion disponible, las peticiones de estu-
dios directos relacionados con el rendimiento en
ensayos controlados con atletas transgénero en-
trenados son una aplicacion errénea de los crite-
rios de la medicina basada en la evidencia a un
contexto para el que nunca fueron pensadosy no
deben prescribirse. La ausencia de tales pruebas
especificas no debe malinterpretarse como una
falta de conocimientos o una incapacidad para
sacar conclusiones fundamentadas sobre las
ventajas basadas en el sexo en el deporte.
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Aungue la recomendacion de que las federacio-
nes internacionales proporcionen datos especi-
ficos de cada deporte sobre atletas transgénero
puede ser alentadora a largo plazo, esta reco-
mendacién no es Util para la tarea mas inmedia-
ta de crear criterios de elegibilidad basados en
la evidencia para la categoria femenina. Se han
realizado pequenos estudios observacionales de
cohortes de corredores de subélite ®'y personal
militar mediante pruebas de aptitud fisica basica
d@-Z sin embargo, estos estudios incluyen un nu-
mero reducido de participantes, presentan aban-
donos significativos, carecen de controles de los
tiemposde rendimientoy plantean problemasen
cuanto alavalidez de las pruebas de rendimiento
especificas para el rendimiento maximo. Dichos
estudios no pueden utilizarse de forma aislada

para informar la politica deportiva, especialmen-
te cuando el abrumador conjunto de pruebas
sugiere que los efectos de la supresion de la tes-
tosterona en métricas criticas, como el tamano
corporal, lalongitud de las extremidades, la masa
muscular y la fuerza son pequefos y que el desa-
rrollo masculinoy, por tanto, la ventaja masculing,
no pueden invertirse. En consecuencia, sostene-
mos que el conjunto actual de pruebas que de-
muestran la ventaja bioldgica masculinay la falta
de pruebas para su eliminacion con la supresion
de la testosterona proporciona una base convin-
cente para que los deportes adopten una politica
que defienda la competicion segregada por se-
X0S para garantizar la equidad y la seguridad de

las mujeres deportistas.

En doce estudios longitudinales controlados que

han seguido colectivamente a mas de 800 varones
transfemeninos no entrenados o moderadamente
entrenados se ha demostrado que la supresion de
testosterona durante 1 ano solo induce una pérdida del
5% de la masa/fuerza muscular antes de la transicion.
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7 EL EXAMEN CASO POR CASO ES ERRONEO EN PRINCIPIO E IMPROBABLE QUE RESULTE PRACTICO 0

SOLIDO

El marco del COI subraya la necesidad de pro-
teger contra la “ventaja desproporcionada” (es
decir, cuando los pardmetros fisicos o de rendi-
miento de una mujer transgénero estan por
encima del rango tipico encontrado en el am-
bito femenino), y se ha sugerido la evaluacion
Caso por caso como una posible solucion a esto.
Sin embargo, una evaluacidon caso por caso ex-
cluiria a varones transfemeninos, lo que podria
estigmatizar a quienes no cumplieran los crite-
rios de elegibilidad. Este enfoque podria crear
connotaciones negativas en torno a lo que de-
berfa considerarse un cuerpo “aceptablemente
femenino”, y la insatisfaccion corporal ya des-
empefa un papel destacado en la disforia de
género. BB Es probable que fomente com-
portamientos poco saludables, como los inten-
tos de situarse por debajo de los umbrales de
pesoy fuerza. ® También seria imposible, espe-
cialmente en el deporte de subélite y a través
de las vias de rendimiento desde el nivel infe-
rior hasta los deportes de élite, administrar las
pruebas de una manera viable y garantizar re-
sultados precisos v fiables. En los deportes en
los que la seguridad es una preocupacion pri-
mordial, también obligaria a las autoridades a
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confiar en pruebas imprecisas con una preci-
sion predictiva limitada, exponiéndolas asi a
una responsabilidad potencial por resultados
adversos tras la autorizacion correspondiente.

La adopcion de un enfoque caso por caso exigi-
ria que las varones transfemeninos que cumplan
los criterios de elegibilidad garanticen que las
mejoras de rendimiento derivadas del entrena-
miento no superen los criterios de la prueba, ya
que podria peligrar su elegibilidad previamente
aprobada. Tendrian que someterse a pruebas
de rendimiento después de los bloques de en-
trenamiento, estando en plena forma fisica, para
asegurarse de que no son demasiado veloces o
fuertes para la proxima competicion. Este esce-
nario crea un desincentivo para el entrenamiento
y el rendimiento que se contradice con el lema
olimpico aspiracional “Mas rapido, mas alto,
mas fuerte”. Por lo tanto, la consideracion caso
por caso es erronea en principio, tiene inmensas
limitaciones practicas, es potencialmente estig-
matizante y poco saludable, limitaria la inclusion
de todas las deportistas transgénero y no garan-
tizaria una competicion justa o segura.
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8 LAS MUJERES DEPORTISTAS DE TODOS LOS NIVELES MERECEN TENER ACCESO A UNA COMPETICION

JUSTA

El principio de equidad del COI se centra en la
“competicion de élite” Sin embargo, los criterios
de elegibilidad para la competicion segregada
por sexos no deben reservarse Unicamente a la
competicion de élite. Aunque las organizacio-
nes deportivas de base y amateur pueden y
deben crear oportunidades para la participacion
de atletas transgénero, esto no debe hacerse a
expensas de una categoria femenina protegida.
La competicion justa y segura en el deporte es
un valor fundamental para los deportistas de to-

dos los niveles y debe estar al alcance de todas
las mujeres deportistas. Ya existen importantes
barreras a la participacion deportiva femenina,
y el abandono de los deportes por parte de las
adolescentes es elevado. E-® | os deportes de
base y amateur también ofrecen importantes
vias de acceso a los niveles de élite. Estas cuestio-
nes de las barreras a la participacion deportiva de
las mujeres y el acceso a las vias deportivas no se
mencionan en el marco del COl.

9 LAS MUJERES DEPORTISTAS SON LAS PRINCIPALES INTERESADAS Y DEBEN SER CONSULTADAS

El marco internacional de los derechos humanos
y la Carta Olimpica & han establecido protec-
ciones solidas y explicitas contra la discrimina-
ciony el derecho a la igualdad de oportunidades
para las mujeres por razon de sexo. Elogiamos al
COI por sus importantes avances en la promo-
cion y el apoyo al deporte femenino, y destaca-
mos que casi el 49% de atletas que participaron
en los Juegos Olimpicos de Tokio eran mujeres. &

Aunque la identidad de género no se menciona
explicitamente en la Carta Olimpica, estamos de
acuerdo en que todo el mundo debe ser bien
acogido en el deporte, independientemente de
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su identidad de género. Sin embargo, esto no
implica el derecho a competir en categorias del
sexo opuesto, ya que entra en conflicto con el
derecho humano establecido de las mujeres de-
portistas a la no discriminaciony a la igualdad de
oportunidades por razén de sexo. Asimismo, la
elegibilidad para las categorias de sexo opuesto
basada Unicamente en la identidad de género
tiene un impacto asimétrico en la igualdad de
oportunidades para las mujeres deportistas a
todos los niveles, en comparacion con las con-
secuencias para los atletas masculinos derivadas
de incluir a hombres transgénero en la categoria
masculina. &
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> El deporte se enfrenta a la incomoda realidad de que
la inclusion de varones transfemeninos en categorias
deportivas femeninas no puede conciliarse con la
equidad y, en algunos casos, la seguridad, para las
mujeres.
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Por ultimo, se ha demostrado que el derecho hu-
mano fundamental a la libertad de expresion se
ha visto limitado para las mujeres deportistas en
este debate. A menudo, se ha excluido a las mu-
jeres de la elaboracion de politicas en este ambi-
to, a pesar de ser las directamente afectadas, las
partes interesadas mayoritarias. La declaracion
de posicion del COI afirma que los atletas “mas
directamente afectados por los criterios de elegi-
bilidad” son los atletas transgénero y/o los atletas
con variaciones sexuales, mientras que, sorpren-
dentemente, no se identifica a las atletas femeni-
nas como partes interesadas. 8 Muchas mujeres
deportistas han expresado su temor a expresar

Sus preocupaciones en el seno de sus organiza-
ciones deportivas y su resistencia a la elegibili-
dad para las categorias femeninas basada en la
identidad de género y no en el sexo. B-2& E| COI
debe tener en cuenta los derechos y opiniones
de todas las partes interesadas, incluyendo expli-
citamente a las mujeres deportistas como prin-
cipales interesadas. Las deportistas deben poder
hablar libremente, sin temor a represalias o casti-
gos. Es necesario garantizar un “espacio seguro”
y el anonimato para que puedan compartir sus
preocupaciones en el desarrollo de cualquier po-
Iitica al respecto.

Muchas mujeres deportistas han expresado su temor
a manifestar sus preocupaciones en el seno de

Sus organizaciones deportivas y su resistencia a la
elegibilidad para las categorias femeninas basada en
la identidad de género y no en el sexo.
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10 PERSPECTIVAS

El marco del COI sobre equidad, inclusion y no
discriminacion por motivos de identidad de
género y variaciones sexuales no se ajusta a las
pruebas cientificas y médicas actuales y ofrece
una proteccion insuficiente de la competicion
justa para las mujeres deportistas dentro de una
categoria femenina. Asimismo, no implica ade-
cuadamente a las mujeres deportistas, que son
las principales interesadas en su deporte. El desa-
rrollo puberal masculino da lugar a grandes ven-
tajas de rendimiento en los deportes atléticos, lo
gue hace necesaria una categoria femenina que
excluya las ventajas masculinas para garantizar la
igualdad de oportunidades mediante una com-
peticion justa para las mujeres deportistas en
todos los niveles. Actualmente no hay pruebas
de que la supresion de la testosterona en las va-

rones transfemeninos pueda invertir el desarro-
llo masculino y anular las ventajas masculinas.
En cambio, hay pruebas convincentes de que la
ventaja masculina persiste incluso cuando se su-
prime la testosterona. Como resultado, el depor-
te se enfrenta a la incdbmoda realidad de que la
inclusion de varones transfemeninos en catego-
rias deportivas femeninas no puede conciliarse
con la equidad y, en algunos casos, la seguridad,
para las mujeres en los deportes atléticos. El COI
debe reconsiderar su marco vy revisar los 10 prin-
cipios para que reflejen las pruebas cientificas y
los principios fundamentales de la competencia
justa. También recomendamos poner en marcha
un sistema que permita a las mujeres interesa-
das ser consultadas en esta materia y que sus
voces sean escuchadas, reconocidas y valoradas.

Las mujeres deportistas deben ser reconocidas como
las principales interesadas en los procesos de consulta

y toma de decisiones.
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Abstract

Males enjoy physical performance advantages over females within competitive sport. The sex-based segregation into male
and female sporting categories does not account for transgender persons who experience incongruence between their bio-
logical sex and their experienced gender identity. Accordingly, the International Olympic Committee (IOC) determined
criteria by which a transgender woman may be eligible to compete in the female category, requiring total serum testosterone
levels to be suppressed below 10 nmol/L for at least 12 months prior to and during competition. Whether this regulation
removes the male performance advantage has not been scrutinized. Here, we review how differences in biological charac-
teristics between biological males and females affect sporting performance and assess whether evidence exists to support
the assumption that testosterone suppression in transgender women removes the male performance advantage and thus
delivers fair and safe competition. We report that the performance gap between males and females becomes significant at
puberty and often amounts to 10-50% depending on sport. The performance gap is more pronounced in sporting activities
relying on muscle mass and explosive strength, particularly in the upper body. Longitudinal studies examining the effects of
testosterone suppression on muscle mass and strength in transgender women consistently show very modest changes, where
the loss of lean body mass, muscle area and strength typically amounts to approximately 5% after 12 months of treatment.
Thus, the muscular advantage enjoyed by transgender women is only minimally reduced when testosterone is suppressed.
Sports organizations should consider this evidence when reassessing current policies regarding participation of transgender
women in the female category of sport.

Key Points

Given that biological males experience a substantial per-
formance advantage over females in most sports, there
is currently a debate whether inclusion of transgender
women in the female category of sports would compro-
mise the objective of fair and safe competition.

. . . . Here, we report that current evidence shows the biologi-
Supplementary Information The online version contains )
supplementary material available at https://doi.org/10.1007/s4027 cal advantage, most notably in terms of muscle mass and
9-020-01389-3. strength, conferred by male puberty and thus enjoyed
by most transgender women is only minimally reduced
when testosterone is suppressed as per current sporting
guidelines for transgender athletes.
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1 Introduction

Sporting performance is strongly influenced by a range of
physiological factors, including muscle force and power-
producing capacity, anthropometric characteristics, cardi-
orespiratory capacity and metabolic factors [1, 2]. Many
of these physiological factors differ significantly between
biological males and females as a result of genetic differ-
ences and androgen-directed development of secondary
sex characteristics [3, 4]. This confers large sporting per-
formance advantages on biological males over females [5].

When comparing athletes who compete directly against
one another, such as elite or comparable levels of school-
aged athletes, the physiological advantages conferred by
biological sex appear, on assessment of performance data,
insurmountable. Further, in sports where contact, collision
or combat are important for gameplay, widely different
physiological attributes may create safety and athlete wel-
fare concerns, necessitating not only segregation of sport
into male and female categories, but also, for example,
into weight and age classes. Thus, to ensure that both men
and women can enjoy sport in terms of fairness, safety and
inclusivity, most sports are divided, in the first instance,
into male and female categories.

Segregating sports by biological sex does not account
for transgender persons who experience incongruence
between their biological sex and their experienced gen-
der identity, and whose legal sex may be different to that
recorded at birth [6, 7]. More specifically, transgender
women (observed at birth as biologically male but identi-
fying as women) may, before or after cross-hormone treat-
ment, wish to compete in the female category. This has
raised concerns about fairness and safety within female
competition, and the issue of how to fairly and safely
accommodate transgender persons in sport has been sub-
ject to much discussion [6—13].

The current International Olympic Committee (I0C)
policy [14] on transgender athletes states that “it is neces-
sary to ensure insofar as possible that trans athletes are not
excluded from the opportunity to participate in sporting
competition”. Yet the policy also states that “the overrid-
ing sporting objective is and remains the guarantee of fair
competition”. As these goals may be seen as conflicting if
male performance advantages are carried through to com-
petition in the female category, the IOC concludes that
“restrictions on participation are appropriate to the extent
that they are necessary and proportionate to the achieve-
ment of that objective”.

Accordingly, the IOC determined criteria by which
transgender women may be eligible to compete in the
female category. These include a solemn declaration that
her gender identity is female and the maintenance of total

serum testosterone levels below 10 nmol/L for at least
12 months prior to competing and during competition [14].
Whilst the scientific basis for this testosterone threshold
was not openly communicated by the IOC, it is surmised
that the IOC believed this testosterone criterion sufficient
to reduce the sporting advantages of biological males over
females and deliver fair and safe competition within the
female category.

Several studies have examined the effects of testosterone
suppression on the changing biology, physiology and perfor-
mance markers of transgender women. In this review, we aim
to assess whether evidence exists to support the assumption
that testosterone suppression in transgender women removes
these advantages. To achieve this aim, we first review the
differences in biological characteristics between biological
males and females, and examine how those differences affect
sporting performance. We then evaluate the studies that have
measured elements of performance and physical capacity
following testosterone suppression in untrained transgender
women, and discuss the relevance of these findings to the
supposition of fairness and safety (i.e. removal of the male
performance advantage) as per current sporting guidelines.

2 The Biological Basis for Sporting
Performance Advantages in Males

The physical divergence between males and females begins
during early embryogenesis, when bipotential gonads are
triggered to differentiate into testes or ovaries, the tis-
sues that will produce sperm in males and ova in females,
respectively [15]. Gonad differentiation into testes or ovaries
determines, via the specific hormone milieu each generates,
downstream in utero reproductive anatomy development
[16], producing male or female body plans. We note that in
rare instances, differences in sex development (DSDs) occur
and the typical progression of male or female development is
disrupted [17]. The categorisation of such athletes is beyond
the scope of this review, and the impact of individual DSDs
on sporting performance must be considered on their own
merits.

In early childhood, prior to puberty, sporting participation
prioritises team play and the development of fundamental
motor and social skills, and is sometimes mixed sex. Athletic
performance differences between males and females prior to
puberty are often considered inconsequential or relatively
small [18]. Nonetheless, pre-puberty performance differ-
ences are not unequivocally negligible, and could be medi-
ated, to some extent, by genetic factors and/or activation of
the hypothalamic—pituitary—gonadal axis during the neonatal
period, sometimes referred to as “minipuberty”. For exam-
ple, some 6500 genes are differentially expressed between
males and females [19] with an estimated 3000 sex-specific
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differences in skeletal muscle likely to influence composition
and function beyond the effects of androgenisation [3], while
increased testosterone during minipuberty in males aged
1-6 months may be correlated with higher growth velocity
and an “imprinting effect” on BMI and bodyweight [20, 21].
An extensive review of fitness data from over 85,000 Aus-
tralian children aged 9-17 years old showed that, compared
with 9-year-old females, 9-year-old males were faster over
short sprints (9.8%) and 1 mile (16.6%), could jump 9.5%
further from a standing start (a test of explosive power),
could complete 33% more push-ups in 30 s and had 13.8%
stronger grip [22]. Male advantage of a similar magnitude
was detected in a study of Greek children, where, compared
with 6-year-old females, 6-year-old males completed 16.6%
more shuttle runs in a given time and could jump 9.7%
further from a standing position [23]. In terms of aerobic
capacity, 6- to 7-year-old males have been shown to have a
higher absolute and relative (to body mass) VO, .. than 6- to
7-year-old females [24]. Nonetheless, while some biological
sex differences, probably genetic in origin, are measurable
and affect performance pre-puberty, we consider the effect of
androgenizing puberty more influential on performance, and
have focused our analysis on musculoskeletal differences
hereafter.

Secondary sex characteristics that develop during puberty
have evolved under sexual selection pressures to improve
reproductive fitness and thus generate anatomical divergence
beyond the reproductive system, leading to adult body types
that are measurably different between sexes. This phenom-
enon is known as sex dimorphism. During puberty, testes-
derived testosterone levels increase 20-fold in males, but
remain low in females, resulting in circulating testosterone
concentrations at least 15 times higher in males than in
females of any age [4, 25]. Testosterone in males induces
changes in muscle mass, strength, anthropometric variables
and hemoglobin levels [4], as part of the range of sexually
dimorphic characteristics observed in humans.

Broadly, males are bigger and stronger than females. It
follows that, within competitive sport, males enjoy signifi-
cant performance advantages over females, predicated on
the superior physical capacity developed during puberty
in response to testosterone. Thus, the biological effects of
elevated pubertal testosterone are primarily responsible for
driving the divergence of athletic performances between
males and females [4]. It is acknowledged that this diver-
gence has been compounded historically by a lag in the cul-
tural acceptance of, and financial provision for, females in
sport that may have had implications for the rate of improve-
ment in athletic performance in females. Yet, since the
1990s, the difference in performance records between males
and females has been relatively stable, suggesting that bio-
logical differences created by androgenization explain most
of the male advantage, and are insurmountable [5, 26, 27].

Table 1 outlines physical attributes that are major parame-
ters underpinning the male performance advantage [28-38].
Males have: larger and denser muscle mass, and stiffer con-
nective tissue, with associated capacity to exert greater mus-
cular force more rapidly and efficiently; reduced fat mass,
and different distribution of body fat and lean muscle mass,
which increases power to weight ratios and upper to lower
limb strength in sports where this may be a crucial determi-
nant of success; longer and larger skeletal structure, which
creates advantages in sports where levers influence force
application, where longer limb/digit length is favorable, and
where height, mass and proportions are directly responsi-
ble for performance capacity; superior cardiovascular and
respiratory function, with larger blood and heart volumes,
higher hemoglobin concentration, greater cross-sectional
area of the trachea and lower oxygen cost of respiration [3, 4,
39, 40]. Of course, different sports select for different physi-
ological characteristics—an advantage in one discipline may
be neutral or even a disadvantage in another—but examina-
tion of a variety of record and performance metrics in any
discipline reveals there are few sporting disciplines where
males do not possess performance advantage over females
as a result of the physiological characteristics affected by
testosterone.

3 Sports Performance Differences Between
Males and Females

3.1 An Overview of Elite Adult Athletes

A comparison of adult elite male and female achievements
in sporting activities can quantify the extent of the male per-
formance advantage. We searched publicly available sports
federation databases and/or tournament/competition records
to identify sporting metrics in various events and disciplines,
and calculated the performance of males relative to females.
Although not an exhaustive list, examples of performance
gaps in a range of sports with various durations, physiologi-
cal performance determinants, skill components and force
requirements are shown in Fig. 1.

The smallest performance gaps were seen in rowing,
swimming and running (11-13%), with low variation across
individual events within each of those categories. The
performance gap increases to an average of 16% in track
cycling, with higher variation across events (from 9% in the
4000 m team pursuit to 24% in the flying 500 m time trial).
The average performance gap is 18% in jumping events
(long jump, high jump and triple jump). Performance dif-
ferences larger than 20% are generally present when consid-
ering sports and activities that involve extensive upper body
contributions. The gap between fastest recorded tennis serve
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Table 1 Selected physical
difference between untrained/
moderately trained males and
females. Female levels are set as
the reference value

Fig. 1 The male performance
advantage over females across
various selected sporting
disciplines. The female level

is set to 100%. In sport events
with multiple disciplines, the
male value has been averaged
across disciplines, and the error
bars represent the range of the
advantage. The metrics were
compiled from publicly avail-
able sports federation databases
and/or tournament/competition
records. MTB mountain bike

Variable

Magnitude of sex difference  References
(%)

Body composition
Lean body mass
Fat%
Muscle mass
Lower body
Upper body
Muscle strength
Grip strength
Knee extension peak torque
Anthropometry and bone geometry
Femur length
Humerus length
Radius length
Pelvic width relative to pelvis height
Tendon properties
Force
Stiffness
VOaimax
Absolute values
Relative values
Respiratory function
Pulmonary ventilation (maximal)
Cardiovascular function
Left ventricular mass
Cardiac output (rest)
Cardiac output (maximal)
Stroke volume (rest)
Stroke volume (maximal)
Hemoglobin concentration

45 Lee et al. [28]
-30

33 Janssen et al. [29]
40

57 Bohannon et al. [30]
54 Neder et al. [31]
9.4 Jantz et al. [32]
12.0 Brinckmann et al. [33]
14.6

—6.1

83 Lepley et al. [34]
41

50 Pate et al. [35]

25

48 Astrand et al. [36]
31 Astrand et al. [36]
22 Best et al. [37]

30 Tong et al. [38]
43

34

11




Effects of Testosterone Suppression in Transgender Women

203

is 20%, while the gaps between fastest recorded baseball
pitches and field hockey drag flicks exceed 50%.

Sports performance relies to some degree on the magni-
tude, speed and repeatability of force application, and, with
respect to the speed of force production (power), vertical
jump performance is on average 33% greater in elite men
than women, with differences ranging from 27.8% for endur-
ance sports to in excess of 40% for precision and combat
sports [41]. Because implement mass differs, direct com-
parisons are not possible in throwing events in track and
field athletics. However, the performance gap is known to
be substantial, and throwing represents the widest sex dif-
ference in motor performance from an early age [42]. In
Olympic javelin throwers, this is manifested in differences
in the peak linear velocities of the shoulder, wrist, elbow
and hand, all of which are 13-21% higher for male athletes
compared with females [43].

The increasing performance gap between males and
females as upper body strength becomes more critical for
performance is likely explained to a large extent by the
observation that males have disproportionately greater
strength in their upper compared to lower body, while
females show the inverse [44, 45]. This different distribution
of strength compounds the general advantage of increased
muscle mass in upper body dominant disciplines. Males also
have longer arms than females, which allows greater torque
production from the arm lever when, for example, throwing
a ball, punching or pushing.

3.2 Olympic Weightlifting

In Olympic weightlifting, where weight categories dif-
fer between males and females, the performance gap is
between 31 and 37% across the range of competitive body
weights between 1998 and 2020 (Fig. 1). It is important to
note that at all weight categories below the top/open cate-
gory, performances are produced within weight categories

with an upper limit, where strength can be correlated with
“fighting weight”, and we focused our analysis of perfor-
mance gaps in these categories.

To explore strength—mass relationships further, we
compared Olympic weightlifting data between equiva-
lent weight categories which, to some extent, limit athlete
height, to examine the hypothesis that male performance
advantage may be largely (or even wholly) mediated by
increased height and lever-derived advantages (Table 2).
Between 1998 and 2018, a 69 kg category was common
to both males and females, with the male record holder
(69 kg, 1.68 m) lifting a combined weight 30.1% heavier
than the female record holder (69 kg, 1.64 m). Weight cate-
gory changes in 2019 removed the common 69 kg category
and created a common 55 kg category. The current male
record holder (55 kg, 1.52 m) lifts 29.5% heavier than the
female record holder (55 kg, 1.52 m). These comparisons
demonstrate that males are approximately 30% stronger
than females of equivalent stature and mass. However,
importantly, male vs. female weightlifting performance
gaps increase with increasing bodyweight. For example, in
the top/open weight category of Olympic weightlifting, in
the absence of weight (and associated height) limits, maxi-
mum male lifting strength exceeds female lifting strength
by nearly 40%. This is further manifested in powerlift-
ing, where the male record (total of squat, bench press
and deadlift) is 65% higher than the female record in the
open weight category of the World Open Classic Records.
Further analysis of Olympic weightlifting data shows that
the 55-kg male record holder is 6.5% stronger than the
69-kg female record holder (294 kg vs 276 kg), and that
the 69-kg male record is 3.2% higher than the record held
in the female open category by a 108-kg female (359 kg vs
348 kg). This Olympic weightlifting analysis reveals key
differences between male and female strength capacity.
It shows that, even after adjustment for mass, biological
males are significantly stronger (30%) than females, and

Table 2 Olympic weightlifting

data between equivalent male_ Sex  Weight (kg)  Height (m)  Combined Strf:ngth tq Relative
i record (kg)  weightratio  performance
female fmd top/open weight (%)
categories
2019 record in the 55 kg weight-limited category
Liao Qiuyun F 55 1.52 227 4.13
Om Yun-chol M 55 1.52 294 5.35 29.5
1998-2018 record in the 69-kg weight-limited category
Oxsana Slivenko F 69 1.4 276 4.00
Liao Hui M 69 1.68 359 5.20 30.1
Comparative performances for top/open categories (all time heaviest combined lifts)
Tatiana Kashirina ~ F 108 1.77 348 3.22
Lasha Talakhadze @~ M 168 1.97 484 2.88 39.1

F female, M male
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that females who are 60% heavier than males do not over-
come these strength deficits.

3.3 Perspectives on Elite Athlete Performance
Differences

Figure 1 illustrates the performance gap between adult
elite males and adult elite females across various sporting
disciplines and activities. The translation of these advan-
tages, assessed as the performance difference between
the very best males and very best females, are significant
when extended and applied to larger populations. In run-
ning events, for example, where the male—female gap is
approximately 11%, it follows that many thousands of
males are faster than the very best females. For example,
approximately 10,000 males have personal best times that
are faster than the current Olympic 100 m female cham-
pion (World Athletics, personal communication, July
2019). This has also been described elsewhere [46, 47],
and illustrates the true effect of an 11% typical difference
on population comparisons between males and females.
This is further apparent upon examination of selected jun-
ior male records, which surpass adult elite female perfor-
mances by the age of 14-15 years (Table 3), demonstrat-
ing superior male athletic performance over elite females
within a few years of the onset of puberty.

These data overwhelmingly confirm that testosterone-
driven puberty, as the driving force of development of
male secondary sex characteristics, underpins sporting
advantages that are so large no female could reasonably
hope to succeed without sex segregation in most sporting
competitions. To ensure, in light of these analyses, that
female athletes can be included in sporting competitions in
a fair and safe manner, most sports have a female category
the purpose of which is the protection of both fairness
and, in some sports, safety/welfare of athletes who do not
benefit from the physiological changes induced by male
levels of testosterone from puberty onwards.

Table 3 Selected junior male records in comparison with adult elite
female records

Event Schoolboy male record Elite female
(adult)
record

100 m 10.20 (age 15) 10.49

800 m 1:51.23 (age 14) 1:53.28

1500 m 3:48.37 (age 14) 3:50.07

Long jump 7.85 m (age 15) 7.52m

Discus throw 77.68 m (age 15) 76.80 m

M meters

Time format: minutes:seconds.hundredths of a second

3.4 Performance Differences in Non-elite
Individuals

The male performance advantages described above in ath-
letic cohorts are similar in magnitude in untrained people.
Even when expressed relative to fat-free weight, VO, is
12—-15% higher in males than in females [48]. Records of
lower-limb muscle strength reveal a consistent 50% differ-
ence in peak torque between males and females across the
lifespan [31]. Hubal et al. [49] tested 342 women and 243
men for isometric (maximal voluntary contraction) and
dynamic strength (one-repetition maximum; 1RM) of the
elbow flexor muscles and performed magnetic resonance
imaging (MRI) of the biceps brachii to determine cross-
sectional area. The males had 57% greater muscle size,
109% greater isometric strength, and 89% greater IRM
strength than age-matched females. This reinforces the
finding in athletic cohorts that sex differences in muscle
size and strength are more pronounced in the upper body.

Recently, sexual dimorphism in arm force and power
was investigated in a punch motion in moderately-trained
individuals [50]. The power produced during a punch was
162% greater in males than in females, and the least pow-
erful man produced more power than the most powerful
woman. This highlights that sex differences in parameters
such as mass, strength and speed may combine to pro-
duce even larger sex differences in sport-specific actions,
which often are a product of how various physical capaci-
ties combine. For example, power production is the prod-
uct of force and velocity, and momentum is defined as
mass multiplied by velocity. The momentum and kinetic
energy that can be transferred to another object, such as
during a tackle or punch in collision and combat sports
are, therefore, dictated by: the mass; force to accelerate
that mass, and; resultant velocity attained by that mass.
As there is a male advantage for each of these factors, the
net result is likely synergistic in a sport-specific action,
such as a tackle or a throw, that widely surpasses the sum
of individual magnitudes of advantage in isolated fitness
variables. Indeed, already at 17 years of age, the average
male throws a ball further than 99% of 17-year-old females
[51], despite no single variable (arm length, muscle mass
etc.) reaching this numerical advantage. Similarly, punch
power is 162% greater in men than women even though no
single parameter that produces punching actions achieves
this magnitude of difference [50].
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4 |s the Male Performance Advantage
Lost when Testosterone is Suppressed
in Transgender Women?

The current IOC criteria for inclusion of transgender
women in female sports categories require testosterone
suppression below 10 nmol/L for 12 months prior to and
during competition. Given the IOC’s stated position that
the “overriding sporting objective is and remains the guar-
antee of fair competition” [14], it is reasonable to assume
that the rationale for this requirement is that it reduces
the male performance advantages described previously to
an acceptable degree, thus permitting fair and safe com-
petition. To determine whether this medical intervention
is sufficient to remove (or reduce) the male performance
advantage, which we described above, we performed a
systematic search of the scientific literature addressing
anthropometric and muscle characteristics of transgender
women. Search terms and filtering of peer-reviewed data
are given in Supplementary Table S1.

4.1 Anthropometrics

Given its importance for the general health of the transgen-
der population, there are multiple studies of bone health,
and reviews of these data. To summarise, transgender
women often have low baseline (pre-intervention) bone
mineral density (BMD), attributed to low levels of physi-
cal activity, especially weight-bearing exercise, and low
vitamin D levels [52, 53]. However, transgender women
generally maintain bone mass over the course of at least
24 months of testosterone suppression. There may even be
small but significant increases in BMD at the lumbar spine
[54, 55]. Some retrieved studies present data pertaining to
maintained BMD in transgender women after many years
of testosterone suppression. One such study concluded that
“BMD is preserved over a median of 12.5 years” [56].
In support, no increase in fracture rates was observed
over 12 months of testosterone suppression [54]. Current
advice, including that from the International Society for
Clinical Densitometry, is that transgender women, in the
absence of other risk factors, do not require monitoring of
BMD [52, 57]. This is explicable under current standard
treatment regimes, given the established positive effect
of estrogen, rather than testosterone, on bone turnover in
males [58].

Given the maintenance of BMD and the lack of a plau-
sible biological mechanism by which testosterone sup-
pression might affect skeletal measurements such as bone
length and hip width, we conclude that height and skeletal
parameters remain unaltered in transgender women, and

that sporting advantage conferred by skeletal size and bone
density would be retained despite testosterone reductions
compliant with the IOC’s current guidelines. This is of
particular relevance to sports where height, limb length
and handspan are key (e.g. basketball, volleyball, hand-
ball) and where high movement efficiency is advantageous.
Male bone geometry and density may also provide pro-
tection against some sport-related injuries—for example,
males have a lower incidence of knee injuries, often attrib-
uted to low quadriceps (Q) angle conferred by a narrow
pelvic girdle [59, 60].

4.2 Muscle and Strength Metrics

As discussed earlier, muscle mass and strength are key
parameters underpinning male performance advantages.
Strength differences range between 30 and 100%, depending
upon the cohort studied and the task used to assess strength.
Thus, given the important contribution made by strength to
performance, we sought studies that have assessed strength
and muscle/lean body mass changes in transgender women
after testosterone reduction. Studies retrieved in our litera-
ture search covered both longitudinal and cross-sectional
analyses. Given the superior power of the former study type,
we will focus on these.

The pioneer work by Gooren and colleagues, published
in part in 1999 [61] and in full in 2004 [62], reported the
effects of 1 and 3 years of testosterone suppression and
estrogen supplementation in 19 transgender women (age
18-37 years). After the first year of therapy, testoster-
one levels were reduced to 1 nmol/L, well within typical
female reference ranges, and remained low throughout the
study course. As determined by MRI, thigh muscle area
had decreased by — 9% from baseline measurement. After
3 years, thigh muscle area had decreased by a further — 3%
from baseline measurement (total loss of — 12% over 3 years
of treatment). However, when compared with the baseline
measurement of thigh muscle area in transgender men (who
are born female and experience female puberty), transgender
women retained significantly higher thigh muscle size. The
final thigh muscle area, after three years of testosterone sup-
pression, was 13% larger in transwomen than in the transmen
at baseline (p <0.05). The authors concluded that testos-
terone suppression in transgender women does not reverse
muscle size to female levels.

Including Gooren and Bunck [62], 12 longitudinal stud-
ies [53, 63-73] have examined the effects of testosterone
suppression on lean body mass or muscle size in transgen-
der women. The collective evidence from these studies sug-
gests that 12 months, which is the most commonly examined
intervention period, of testosterone suppression to female-
typical reference levels results in a modest (approximately
—5%) loss of lean body mass or muscle size (Table 4). No
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Table 4 Longitudinal studies of muscle and strength changes in adult transgender women undergoing cross-sex hormone therapy

Study

Participants (age)

Therapy

Confirmed serum
testosterone levels

Muscle/strength data

Comparison with refer-
ence females

Polderman et al. [73]
Gooren and Bunck

[62]
Haraldsen et al. [63]

Mueller et al. [64]
Wierckx et al. [65]

Van Caenegem et al.
[53]

(and Van Caenegem
et al. [76])

Gava et al. [66]

Auer et al. [67]

Klaver et al. [68]

Fighera et al. [69]

Scharff et al. [70]

Wiik et al. [71]

N=12TW 18-36 yr
(age range)
N=19TW 26+6 yr

N=12TW 29+8 yr

N=84TW 36+ 11 yr
N=53TW 31«14 yr

N=49TW
33+ 14 yr

N=40TW
31+10yr

N=45TW
35+1(SE) yr
N=179 TW

29 (range 18-66)

N=46TW
34+10

N=249TW

28 (inter quartile
range 23-40)

N=11TW

27+4

T suppression+E
supplementation
T suppression+E
supplementation

E supplementation

T suppression+E
supplementation

T suppression+E
supplementation
T suppression+E
supplementation

T suppression+E
supplementation

T suppression+E
supplementation

T suppression+E
supplementation

E supplementation
with or without T
suppression

T suppression+E
supplementation

T suppression+E
supplementation

<2 nmol/L at 4 mo

<1 nmol/L at 1 and
3yr

< 10 nmol/L at 3 mo
and 1 yr

<1 nmol/L at 1 and
2yr
<10 nmol/L at 1 yr

<1 nmol/L at 1 and
2yr

<5 nmol/L at 6 mo
and <1 nmol/L at
lyr

<5nmol/L at 1 yr

<1 nmol/L at 1 yr

<5 nmol/L at 3 mo
<1 nmol/L at 31 mo

<1 nmol/L at 1 yr

<1 nmol/L at 4 mo
and at 1 yr

LBM
4mo —-2.2%

Thigh area

1yr—9%/3yr-12%

LBM

3 mo/1 yr—small
changes, unclear
magnitude

LBM

1yr —4%/2 yr —7%
LBM

1yr—5%

LBM

1 yr —4%/2 yr —0.5%
Grip strength

1yr —7%/2 yr —9%
Calf area

1yr —2%/2 yr —4%
Forearm area

1 yr —8%/2 yr —4%
LBM

1yr—2%

LBM

1yr—3%

LBM 1 yr

Total —3%

Arm region —6%

Trunk region —2%

Android region 0%

Gynoid region —3%

Leg region —4%

ALM

31 mo —4% from the
3 mo visit

Grip strength
1yr—4%

Thigh volume

1yr—5%

Quad area

1yr—4%

Knee extension
strength

1yr2%

Knee flexion strength

1yr3%

LBM
4 mo 16%

Thigh area
1yr 16%/3 yr 13%

LBM
1yr39%

LBM

1 yr 24%/2 yr 28%
Grip strength

1 yr 26%/2 yr 23%
Calf area

1yr 16%/2 yr 13%
Forearm area

1 yr 29%/2 yr 34%

LBM
1yr27%

LBM 1 yr
Total 18%
Arm region 28%
Leg region 19%

Grip strength
1yr21%

Thigh volume

1yr33%

Quad area

26%

Knee extension strength
41%

Knee flexion strength

33%

Studies reporting measures of lean mass, muscle volume, muscle area or strength are included. Muscle/strength data are calculated in refer-
ence to baseline cohort data and, where reported, reference female (or transgender men before treatment) cohort data. Tack et al. [72] was not
included in the table since some of the participants had not completed full puberty at treatment initiation. van Caenegem et al. [76] reports refer-
ence female values measured in a separately-published, parallel cohort of transgender men

N number of participants, TW transgender women, Yr year, Mo month, T testosterone, E estrogen. + Standard deviation (unless otherwise indi-
cated in text), LBM lean body mass, ALM appendicular lean mass
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study has reported muscle loss exceeding the — 12% found
by Gooren and Bunck after 3 years of therapy. Notably, stud-
ies have found very consistent changes in lean body mass
(using dual-energy X-ray absorptiometry) after 12 months
of treatment, where the change has always been between
—3 and — 5% on average, with slightly greater reductions in
the arm compared with the leg region [68]. Thus, given the
large baseline differences in muscle mass between males
and females (Table 1; approximately 40%), the reduction
achieved by 12 months of testosterone suppression can rea-
sonably be assessed as small relative to the initial superior
mass. We, therefore, conclude that the muscle mass advan-
tage males possess over females, and the performance impli-
cations thereof, are not removed by the currently studied
durations (4 months, 1, 2 and 3 years) of testosterone sup-
pression in transgender women. In sports where muscle mass
is important for performance, inclusion is therefore only pos-
sible if a large imbalance in fairness, and potentially safety
in some sports, is to be tolerated.

To provide more detailed information on not only gross
body composition but also thigh muscle volume and con-
tractile density, Wiik et al. [71] recently carried out a com-
prehensive battery of MRI and computed tomography (CT)
examinations before and after 12 months of successful tes-
tosterone suppression and estrogen supplementation in 11
transgender women. Thigh volume (both anterior and pos-
terior thigh) and quadriceps cross-sectional area decreased
—4 and — 5%, respectively, after the 12-month period, sup-
porting previous results of modest effects of testosterone
suppression on muscle mass (see Table 4). The more novel
measure of radiological attenuation of the quadriceps mus-
cle, a valid proxy of contractile density [74, 75], showed no
significant change in transgender women after 12 months
of treatment, whereas the parallel group of transgender men
demonstrated a + 6% increase in contractile density with
testosterone supplementation.

As indicated earlier (e.g. Table 1), the difference in mus-
cle strength between males and females is often more pro-
nounced than the difference in muscle mass. Unfortunately,
few studies have examined the effects of testosterone sup-
pression on muscle strength or other proxies of performance
in transgender individuals. The first such study was pub-
lished online approximately 1 year prior to the release of
the current IOC policy. In this study, as well as reporting
changes in muscle size, van Caenegem et al. [53] reported
that hand-grip strength was reduced from baseline measure-
ments by —7% and — 9% after 12 and 24 months, respec-
tively, of cross-hormone treatment in transgender women.
Comparison with data in a separately-published, parallel
cohort of transgender men [76] demonstrated a retained
hand-grip strength advantage after 2 years of 23% over
female baseline measurements (a calculated average of

baseline data obtained from control females and transgen-
der men).

In a recent multicenter study [70], examination of 249
transgender women revealed a decrease of —4% in grip
strength after 12 months of cross-hormone treatment, with
no variation between different testosterone level, age or
BMI tertiles (all transgender women studied were within
female reference ranges for testosterone). Despite this mod-
est reduction in strength, transgender women retained a
17% grip strength advantage over transgender men meas-
ured at baseline. The authors noted that handgrip strength in
transgender women was in approximately the 25th percentile
for males but was over the 90th percentile for females, both
before and after hormone treatment. This emphasizes that
the strength advantage for males over females is inherently
large. In another study exploring handgrip strength, albeit
in late puberty adolescents, Tack et al. noted no change in
grip strength after hormonal treatment (average duration
11 months) of 21 transgender girls [72].

Although grip strength provides an excellent proxy meas-
urement for general strength in a broad population, specific
assessment within different muscle groups is more valu-
able in a sports-specific framework. Wiik et al., [71] having
determined that thigh muscle mass reduces only modestly,
and that no significant changes in contractile density occur
with 12 months of testosterone suppression, provided, for
the first time, data for isokinetic strength measurements of
both knee extension and knee flexion. They reported that
muscle strength after 12 months of testosterone suppression
was comparable to baseline strength. As a result, transgender
women remained about 50% stronger than both the group
of transgender men at baseline and a reference group of
females. The authors suggested that small neural learning
effects during repeated testing may explain the apparent lack
of small reductions in strength that had been measured in
other studies [71].

These longitudinal data comprise a clear pattern of very
modest to negligible changes in muscle mass and strength
in transgender women suppressing testosterone for at least
12 months. Muscle mass and strength are key physical
parameters that constitute a significant, if not majority, por-
tion of the male performance advantage, most notably in
those sports where upper body strength, overall strength, and
muscle mass are crucial determinants of performance. Thus,
our analysis strongly suggests that the reduction in testoster-
one levels required by many sports federation transgender
policies is insufficient to remove or reduce the male advan-
tage, in terms of muscle mass and strength, by any mean-
ingful degree. The relatively consistent finding of a minor
(approximately — 5%) muscle loss after the first year of treat-
ment is also in line with studies on androgen-deprivation
therapy in males with prostate cancer, where the annual loss
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of lean body mass has been reported to range between — 2
and —4% [77].

Although less powerful than longitudinal studies, we
identified one major cross-sectional study that meas-
ured muscle mass and strength in transgender women.
In this study, 23 transgender women and 46 healthy age-
and height-matched control males were compared [78].
The transgender women were recruited at least 3 years
after sex reassignment surgery, and the mean duration of
cross-hormone treatment was 8 years. The results showed
that transgender women had 17% less lean mass and 25%
lower peak quadriceps muscle strength than the control
males [78]. This cross-sectional comparison suggests that
prolonged testosterone suppression, well beyond the time
period mandated by sports federations substantially reduces
muscle mass and strength in transgender women. However,
the typical gap in lean mass and strength between males and
females at baseline (Table 1) exceeds the reductions reported
in this study [78]. The final average lean body mass of the
transgender women was 51.2 kg, which puts them in the 90th
percentile for women [79]. Similarly, the final grip strength
was 41 kg, 25% higher than the female reference value [80].
Collectively, this implies a retained physical advantage even
after 8 years of testosterone suppression. Furthermore, given
that cohorts of transgender women often have slightly lower
baseline measurements of muscle and strength than control
males [53], and baseline measurements were unavailable for
the transgender women of this cohort, the above calculations
using control males reference values may be an overestimate
of actual loss of muscle mass and strength, emphasizing both
the need for caution when analyzing cross-sectional data in
the absence of baseline assessment and the superior power
of longitudinal studies quantifying within-subject changes.

4.3 Endurance Performance and Cardiovascular
Parameters

No controlled longitudinal study has explored the effects of
testosterone suppression on endurance-based performance.
Sex differences in endurance performance are generally
smaller than for events relying more on muscle mass and
explosive strength. Using an age grading model designed
to normalize times for masters/veteran categories, Harper
[81] analyzed self-selected and self-reported race times for
eight transgender women runners of various age categories
who had, over an average 7 year period (range 1-29 years),
competed in sub-elite middle and long distance races within
both the male and female categories. The age-graded scores
for these eight runners were the same in both categories,
suggesting that cross-hormone treatment reduced running
performance by approximately the size of the typical male
advantage. However, factors affecting performances in the
interim, including training and injury, were uncontrolled

for periods of years to decades and there were uncertainties
regarding which race times were self-reported vs. which race
times were actually reported and verified, and factors such as
standardization of race course and weather conditions were
unaccounted for. Furthermore, one runner improved sub-
stantially post-transition, which was attributed to improved
training [81]. This demonstrates that performance decrease
after transition is not inevitable if training practices are
improved. Unfortunately, no study to date has followed up
these preliminary self-reports in a more controlled setting,
so it is impossible to make any firm conclusions from this
data set alone.

Circulating hemoglobin levels are androgen-dependent
[82] and typically reported as 12% higher in males compared
with females [4]. Hemoglobin levels appear to decrease by
11-14% with cross-hormone therapy in transgender women
[62, 71], and indeed comparably sized reductions have
been reported in athletes with DSDs where those athletes
are sensitive to and been required to reduce testosterone
[47, 83]. Oxygen-carrying capacity in transgender women
is most likely reduced with testosterone suppression, with
a concomitant performance penalty estimated at 2—5% for
the female athletic population [83]. Furthermore, there is a
robust relationship between hemoglobin mass and VO,,..
[84, 85] and reduction in hemoglobin is generally associ-
ated with reduced aerobic capacity [86, 87]. However,
hemoglobin mass is not the only parameter contributing to
VO, Where central factors such as total blood volume,
heart size and contractility, and peripheral factors such as
capillary supply and mitochondrial content also plays a role
in the final oxygen uptake [88]. Thus, while a reduction in
hemoglobin is strongly predicted to impact aerobic capacity
and reduce endurance performance in transgender women,
it is unlikely to completely close the baseline gap in aerobic
capacity between males and females.

The typical increase in body fat noted in transgender
women [89, 90] may also be a disadvantage for sporting
activities (e.g. running) where body weight (or fat distribu-
tion) presents a marginal disadvantage. Whether this body
composition change negatively affects performance results
in transgender women endurance athletes remains unknown.
It is unclear to what extent the expected increase in body fat
could be offset by nutritional and exercise countermeasures,
as individual variation is likely to be present. For example,
in the Wiik et al. study [71], 3 out of the 11 transgender
women were completely resistant to the marked increase in
total adipose tissue noted at the group level. This inter-indi-
vidual response to treatment represents yet another challenge
for sports governing bodies who most likely, given the many
obstacles with case-by-case assessments, will form policies
based on average effect sizes.

Altogether, the effects of testosterone suppression
on performance markers for endurance athletes remain
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insufficiently explored. While the negative effect on hemo-
globin concentration is well documented, the effects on
VO, max- l€ft ventricular size, stroke volume, blood volume,
cardiac output lactate threshold, and exercise economy, all
of which are important determinants of endurance perfor-
mance, remain unknown. However, given the plausible dis-
advantages with testosterone suppression mentioned in this
section, together with the more marginal male advantage
in endurance-based sports, the balance between inclusion
and fairness is likely closer to equilibrium in weight-bearing
endurance-based sports compared with strength-based sports
where the male advantage is still substantial.

5 Discussion

The data presented here demonstrate that superior anthro-
pometric, muscle mass and strength parameters achieved by
males at puberty, and underpinning a considerable portion
of the male performance advantage over females, are not
removed by the current regimen of testosterone suppression
permitting participation of transgender women in female
sports categories. Rather, it appears that the male perfor-
mance advantage remains substantial. Currently, there is no
consensus on an acceptable degree of residual advantage
held by transgender women that would be tolerable in the
female category of sport. There is significant dispute over
this issue, especially since the physiological determinants
of performance vary across different sporting disciplines.
However, given the IOC position that fair competition is
the overriding sporting objective [14], any residual advan-
tage carried by transgender women raises obvious concerns
about fair and safe competition in the numerous sports
where muscle mass, strength and power are key performance
determinants.

5.1 Perspectives on Athletic Status of Transgender
Women

Whilst available evidence is strong and convincing that
strength, skeletal- and muscle-mass derived advantages will
largely remain after cross-hormone therapy in transgender
women, it is acknowledged that the findings presented here
are from healthy adults with regular or even low physical
activity levels [91], and not highly trained athletes. Thus, fur-
ther research is required in athletic transgender populations.

However, despite the current absence of empirical evi-
dence in athletic transgender women, it is possible to
evaluate potential outcomes in athletic transgender women
compared with untrained cohorts. The first possibility
is that athletic transgender women will experience simi-
lar reductions (approximately —5%) in muscle mass and
strength as untrained transgender women, and will thus

retain significant advantages over a comparison group of
females. As a result of higher baseline characteristics in
these variables, the retained advantage may indeed be even
larger. A second possibility is that by virtue of greater mus-
cle mass and strength at baseline, pre-trained transgender
women will experience larger relative decreases in muscle
mass and strength if they converge with untrained transgen-
der women, particularly if training is halted during transi-
tion. Finally, training before and during the period of testos-
terone suppression may attenuate the anticipated reductions,
such that relative decreases in muscle mass and strength
will be smaller or non-existent in transgender women who
undergo training, compared to untrained (and non-training)
controls.

It is well established that resistance training counteracts
substantial muscle loss during atrophy conditions that are
far more severe than testosterone suppression. For exam-
ple, resistance exercise every third day during 90-days bed
rest was sufficient to completely offset the 20% reduction
in knee extensor muscle size noted in the resting control
subjects [92]. More relevant to the question of transgender
women, however, is to examine training effects in studies
where testosterone has been suppressed in biological males.
Kvorning et al. investigated, in a randomized placebo-con-
trolled trial, how suppression of endogenous testosterone
for 12 weeks influenced muscle hypertrophy and strength
gains during a training program (3 days/week) that took
place during the last 8 weeks of the 3-month suppression
period [93]. Despite testosterone suppression to female lev-
els of 2 nmol/L, there was a significant +4% increase in leg
lean mass and a+ 2% increase in total lean body mass, and
a measurable though insignificant increase in isometric knee
extension strength. Moreover, in select exercises used dur-
ing the training program, 10RM leg press and bench press
increased + 32% and + 17%, respectively. While some of the
training adaptations were lower than in the placebo group,
this study demonstrates that training during a period of tes-
tosterone suppression not only counteracts muscle loss, but
can actually increase muscle mass and strength.

Males with prostate cancer undergoing androgen depri-
vation therapy provide a second avenue to examine train-
ing effects during testosterone suppression. Testosterone
levels are typically reduced to castrate levels, and the loss
of lean mass has typically ranged between —2 and — 4% per
year [77], consistent with the findings described previously
in transgender women. A recent meta-analysis concluded
that exercise interventions including resistance exercise
were generally effective for maintaining muscle mass and
increasing muscle strength in prostate cancer patients under-
going androgen deprivation therapy [94]. It is important to
emphasize that the efficacy of the different training programs
may vary. For example, a 12-week training study of prostate
cancer patients undergoing androgen deprivation therapy
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included drop-sets to combine heavy loads and high volume
while eliciting near-maximal efforts in each set [95]. This
strategy resulted in significantly increased lean body mass
(+3%), thigh muscle volume (+6%), knee extensor IRM
strength (+28%) and leg press muscle endurance (+ 110%).

In addition to the described effects of training during tes-
tosterone suppression, the effect of training prior to testos-
terone suppression may also contribute to the attenuation
of any muscle mass and strength losses, via a molecular
mechanism referred to as ‘muscle memory’ [96]. Specifi-
cally, it has been suggested that myonuclei acquired by
skeletal muscle cells during training are maintained during
subsequent atrophy conditions [97]. Even though this model
of muscle memory has been challenged recently [98], it may
facilitate an improved training response upon retraining [99].
Mechanistically, the negative effects of testosterone suppres-
sion on muscle mass are likely related to reduced levels of
resting protein synthesis [100], which, together with protein
breakdown, determines the net protein balance of skeletal
muscle. However, testosterone may not be required to elicit a
robust muscle protein synthesis response to resistance exer-
cise [100]. Indeed, relative increases in muscle mass in men
and women from resistance training are comparable, despite
marked differences in testosterone levels [101], and the acute
rise in testosterone apparent during resistance exercise does
not predict muscle hypertrophy nor strength gains [102].
This suggests that even though testosterone is important for
muscle mass, especially during puberty, the maintenance
of muscle mass through resistance training is not crucially
dependent on circulating testosterone levels.

Thus, in well-controlled studies in biological males who
train while undergoing testosterone reduction, training
is protective of, and may even enhance, muscle mass and
strength attributes. Considering transgender women ath-
letes who train during testosterone suppression, it is plau-
sible to conclude that any losses will be similar to or even
smaller in magnitude than documented in the longitudinal
studies described in this review. Furthermore, pre-trained
transgender women are likely to have greater muscle mass
at baseline than untrained transgender women; it is possi-
ble that even with the same, rather than smaller, relative
decreases in muscle mass and strength, the magnitude of
retained advantage will be greater. In contrast, if pre-trained
transgender women undergo testosterone suppression while
refraining from intense training, it appears likely that muscle
mass and strength will be lost at either the same or greater
rate than untrained individuals, although there is no rationale
to expect a weaker endpoint state. The degree of change in
athletic transgender women is influenced by the athlete’s
baseline resistance-training status, the efficacy of the imple-
mented program and other factors such as genetic make-up
and nutritional habits, but we argue that it is implausible that

athletic transgender women would achieve final muscle mass
and strength metrics that are on par with reference females
at comparable athletic level.

5.2 The Focus on Muscle Mass and Strength

We acknowledge that changes in muscle mass are not always
correlated in magnitude to changes in strength measure-
ments because muscle mass (or total mass) is not the only
contributor to strength [103]. Indeed, the importance of the
nervous system, e.g. muscle agonist activation (recruitment
and firing frequency) and antagonist co-activation, for mus-
cle strength must be acknowledged [104]. In addition, factors
such as fiber types, biomechanical levers, pennation angle,
fascicle length and tendon/extracellular matrix composition
may all influence the ability to develop muscular force [105].
While there is currently limited to no information on how
these factors are influenced by testosterone suppression, the
impact seems to be minute, given the modest changes noted
in muscle strength during cross-hormone treatment.

It is possible that estrogen replacement may affect the
sensitivity of muscle to anabolic signaling and have a pro-
tective effect on muscle mass [106] explaining, in part, the
modest change in muscle mass with testosterone suppression
and accompanying cross-hormone treatment. Indeed, this is
supported by research conducted on estrogen replacement
therapy in other targeted populations [107, 108] and in sev-
eral different animal models, including mice after gonadec-
tomy [109] and ovariectomy [110].

In terms of other performance proxies relevant to sports
performance, there is no research evaluating the effects of
transgender hormone treatment on factors such as agility,
jumping or sprint performance, competition strength perfor-
mance (e.g. bench press), or discipline-specific performance.
Other factors that may impact sports performance, known
to be affected by testosterone and some of them measurably
different between males and females, include visuospatial
abilities, aggressiveness, coordination and flexibility.

5.3 Testosterone-Based Criteria for Inclusion
of Transgender Women in Female Sports

The appropriate testosterone limit for participation of
transgender women in the female category has been a matter
of debate recently, where sports federations such as World
Athletics recently lowered the eligibility criterion of free
circulating testosterone (measured by means of liquid chro-
matography coupled with mass spectrometry) to <5 nmol/L.
This was based, at least in part, on a thorough review by
Handelsman et al. [4], where the authors concluded that,
given the nonoverlapping distribution of circulating testos-
terone between males and females, and making an allowance
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for females with mild hyperandrogenism (e.g. with poly-
cystic ovary syndrome), the appropriate testosterone limit
should be 5 rather than 10 nmol/L.

From the longitudinal muscle mass/strength studies sum-
marised here, however, it is apparent that most therapeutic
interventions result in almost complete suppression of tes-
tosterone levels, certainly well below 5 nmol/L (Table 4).
Thus, with regard to transgender women athletes, we ques-
tion whether current circulating testosterone level cut-off
can be a meaningful decisive factor, when in fact not even
suppression down to around 1 nmol/L removes the anthro-
pometric and muscle mass/strength advantage in any sig-
nificant way.

In terms of duration of testosterone suppression, it may
be argued that although 12 months of treatment is not
sufficient to remove the male advantage, perhaps extend-
ing the time frame of suppression would generate greater
parity with female metrics. However, based on the studies
reviewed here, evidence is lacking that this would diminish
the male advantage to a tolerable degree. On the contrary,
it appears that the net loss of lean mass and grip strength is
not substantially decreased at year 2 or 3 of cross-hormone
treatment (Table 4), nor evident in cohorts after an average
8 years after transition. This indicates that a plateau or a new
steady state is reached within the first or second year of treat-
ment, a phenomenon also noted in transgender men, where
the increase in muscle mass seems to stabilise between the
first and the second year of testosterone treatment [111].

6 Conclusions

We have shown that under testosterone suppression
regimes typically used in clinical settings, and which
comfortably exceed the requirements of sports federations
for inclusion of transgender women in female sports cat-
egories by reducing testosterone levels to well below the
upper tolerated limit, evidence for loss of the male perfor-
mance advantage, established by testosterone at puberty
and translating in elite athletes to a 10-50% performance
advantage, is lacking. Rather, the data show that strength,
lean body mass, muscle size and bone density are only
trivially affected. The reductions observed in muscle mass,
size, and strength are very small compared to the baseline
differences between males and females in these variables,
and thus, there are major performance and safety implica-
tions in sports where these attributes are competitively sig-
nificant. These data significantly undermine the delivery
of fairness and safety presumed by the criteria set out in
transgender inclusion policies, particularly given the stated
prioritization of fairness as an overriding objective (for the
I0C). If those policies are intended to preserve fairness,

inclusion and the safety of biologically female athletes,
sporting organizations may need to reassess their policies
regarding inclusion of transgender women.

From a medical-ethical point of view, it may be ques-
tioned as to whether a requirement to lower testosterone
below a certain level to ensure sporting participation
can be justified at all. If the advantage persists to a large
degree, as evidence suggests, then a stated objective of
targeting a certain testosterone level to be eligible will not
achieve its objective and may drive medical practice that
an individual may not want or require, without achieving
its intended benefit.

The research conducted so far has studied untrained
transgender women. Thus, while this research is impor-
tant to understand the isolated effects of testosterone
suppression, it is still uncertain how transgender women
athletes, perhaps undergoing advanced training regimens
to counteract the muscle loss during the therapy, would
respond. It is also important to recognize that performance
in most sports may be influenced by factors outside mus-
cle mass and strength, and the balance between inclu-
sion, safety and fairness therefore differs between sports.
While there is certainly a need for more focused research
on this topic, including more comprehensive performance
tests in transgender women athletes and studies on train-
ing capacity of transgender women undergoing hormone
therapy, it is still important to recognize that the biological
factors underpinning athletic performance are unequivo-
cally established. It is, therefore, possible to make strong
inferences and discuss potential performance implications
despite the lack of direct sport-specific studies in athletes.
Finally, since athlete safety could arguably be described
as the immediate priority above considerations of fairness
and inclusion, proper risk assessment should be conducted
within respective sports that continue to include transgen-
der women in the female category.

If transgender women are restricted within or excluded
from the female category of sport, the important question
is whether or not this exclusion (or conditional exclusion)
is necessary and proportionate to the goal of ensuring fair,
safe and meaningful competition. Regardless of what the
future will bring in terms of revised transgender policies, it
is clear that different sports differ vastly in terms of physi-
ological determinants of success, which may create safety
considerations and may alter the importance of retained
performance advantages. Thus, we argue against universal
guidelines for transgender athletes in sport and instead
propose that each individual sports federation evaluate
their own conditions for inclusivity, fairness and safety.
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ANEX0S

A. COMPARATIVA CHICOS DE SECUNDARIA VS MUJERES OLIMPICAS

Una manera muy sencilla de entender por qué es
una injusticia que quienes han pasado por una
pubertad masculina, compitan contra mujeres en
las mismas categorias, es echarle un vistazo a la
comparativa de marcas entre adolescentes de se-
cundaria y mujeres deportistas olimpicas para las
mismas disciplinas.

El grafico que acompafa este texto, recogido por
la web Boys vs Women, es una muestra evidente
de por qué el deporte debe segregarse en cate-
gorias sexuales. La Unica disciplina en la que una
mujer (deportista consagrada) gana a un estu-
diante varén de secundaria es la maraton.

Si ya es harto dificil para una mujer profesional
competir con un varén amateur, ien qué situa-
cién se estd dejando a las mujeres cuando se
permite que entre sus oponentes haya atletas
profesionales del sexo opuesto? Las diferencias
biolégicas son insalvables para cualquier mujer,
por mucho que entrene y por mucho que se es-

fuerce.

Avalar y tolerar que esto suceda va en contra de
todos los valores de deportividad, justicia y jue-
go limpio que se deberian garantizar en cual-
quier competicion.

Disciplina
100 m
200 m
400 m
800 m
1000 m
1500 m
Milla
2000 m
3000 m
5000 m
10.000 m
Maraton
3000 m Vallas
400 m Obstaculos
Salto de Altura
Salto con Pértiga
Salto de Longitud
Triple Salto
Lanzamiento de Peso
Lanzamiento de Disco
Lanzamiento de Martillo
Jabalina

ALIANZA CONTRA EL BORRADO DE LAS MUJERES

Chicos (edad)

Mujeres Olimpicas

10.20 (15) 10.49
20.89 (14) 2134
4696 (14) 4760
1:51.23 (14) 1:53.28
2:26.30 (15) 22898
3:48.37 (14) 3.50.07
4:08.80 (15) 41233
519.33 (10) 52375
7:56.40 (17) 8:06.1
14:10.92 (15) 141115
28:39.04 (10) 29:17.45
2:17:21.00 (18) 2:14:04.00
8:26.81(18) 8:44.32
5114 (15) 5216
217m (14) 2.09m
533m (15) 5.06m
7.85m (15) 7.52m
16.63m (15) 15.50m
23.86m (15) 22.63m
77.68m (15) 76.80m
85.17m (14) 8298m
74.24m (14) 72.28m


https://contraelborradodelasmujeres.org/
https://boysvswomen.com/#/
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