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Summary
Background: Male performance in athletic events begins to exceed that of age-matched 
females during early adolescence, but the timing of this divergence relative to the onset 
of male puberty and the rise in circulating testosterone remains poorly defined.
Design: This study is a secondary quantitative analysis of four published sources which 
aimed to define the timing of the gender divergence in athletic performance and relat-
ing it to the rise in circulating testosterone due to male puberty.
Data: Four data sources reflecting elite swimming and running and jumping track and 
field events as well as hand-grip strength in nonathletes were analysed to define the 
age-specific gender differences through adolescence and their relationship to the  
rising circulating testosterone during male puberty.
Results: The onset and tempo of gender divergence were very similar for swimming, 
running and jumping events as well as the hand-grip strength in nonathletes, and all 
closely paralleled the rise in circulating testosterone in adolescent boys.
Conclusions: The gender divergence in athletic performance begins at the age of 12-
13 years and reaches adult plateau in the late teenage years with the timing and tempo 
closely parallel to the rise in circulating testosterone in boys during puberty.
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1  | INTRODUCTION

It is well known that men’s athletic performance exceeds that of women 
especially in power sports because of men’s greater strength, speed and 
endurance. This biological physical advantage of mature males forms the 
basis for gender segregation in many competitive sports to allow females 
a realistic chance of winning events. This physical advantage in perfor-
mance arises during early adolescence when male puberty commences 
after which men acquire larger muscle mass and greater strength, larger 
and stronger bones, higher circulating haemoglobin as well as mental 
and/or psychological differences. After completion of male puberty, cir-
culating testosterone levels in men are consistently 10-15 times higher 
than in children or women at any age.1 The age at which sex differences 
emerge is reported as around the age of 12 from a study of individual 
Norwegian athletes in two running and two jumping events2 and at 13-
14 years in four track and field skills in Polish athletes3; however, the 

relationship to male puberty and circulating testosterone is not clear. 
This study investigates the age of the gender divergence in performance 
in elite swimming and a wider range of elite athletic events as well as a 
community-based study of grip strength among nonathletes to deduce 
the onset and progression of the gender divergence in performance of 
athletes and relates this to the timing and tempo of male puberty and 
the rise in circulating testosterone into adult male levels.

2  | MATERIAL AND METHODS

Four sources of published data were used in this study for which 
no ethics approval was required. The first was the US Age Group 
Swimming time standards which lists the prevailing time standard for 
entry to the top level (AAAA long course criteria) of all boys and girls 
events for individual years from 1981 to 2016 (accessed Oct 2016). 
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http://www.usaswimming.org/DesktopDefault.aspx?TabId=2628&Al
ias=Rainbow&Lang=en

Age groups were classified into five categories 10 and under, 11-
12 years, 13-14 year, 15-16 years and 17-18 years. The seven events in 
common to all age groups were freestyle (50 m, 100 m, 200 m), backstroke, 
breaststroke and butterfly (all 100 m) and individual medley (200 m).

A second data source was the current world records for boys and 
girls between the ages of 5 and 19 years available at http://age-re-
cords.125mb.com/ (curated by Dominique Eisold, accessed Oct 2016). 
This included sufficient data to cover the timing of puberty onset with 
some pre- and postpuberty ages (ages 9-19 years) for a wide range of 
boys and girls track and field events. For this study, the running events 
included were 50 m, 60 m, 100 m, 200 m, 300 m, 400 m, 500 m, 600 m, 
800 m, 1000 m, 1500 m, 1 mile, 2000 m, 3000 m and 2 miles. Only re-
cords recorded by fully automatic timing devices were included whether 
set indoor or outdoor or at altitude (>1000 m), but wind-assisted records 
were excluded from this analysis. The jumping events included were 
high jump, pole vault, long jump, triple jump, standing long jump.

The third data source was from a published study1 in which serum 
testosterone was measured in over 100 000 consecutive serum sam-
ples processed over 7 years from a single pathology laboratory which 
was analysed to estimate male and female age-specific reference 
ranges across the full lifespan.

The fourth was a meta-analysis of secular changes in hand-grip 
strength in nonathletic children and adolescents from Canada and 
United States4 using the data provided on 5676 males and 5489 fe-
males in 19 studies conducted between 1966 and 2009.

Data analysis was performed by analysis of variance and nonlinear 
curve fitting using NCSS 11 Statistical Software (NCSS LLC. Kaysville, 
Utah, USA). For each event used in this analysis, the age-specific re-
cord or age-group time standard was defined for boys (Tb) and girls 
(Tg) so the difference (expressed as a percentage) between boys and 
girls for any event was defined as D=(Tg−Tb)*100/Tg. For athletic 
jumping events, an analogous definition for record length was used 

(Lb for boys, Lg for girls) with the male advantage defined as D=(Lb−
Lg)*100/Lg. For the athletic events where individual year age records 
were available across the age of puberty, the age-specific difference 
(as a percentage) for each year of age were pooled into running or 
jumping categories. For track and field performance, the pooled data 
were fitted to a four-parameter sigmoidal curve which allowed for 
asymptotic estimation of the lower (prepubertal) and upper (postpu-
bertal) plateaus from the four parameters. In addition, the timing and 
tempo of the pubertal increase were defined by the start of puberty, 
defined as the time when 20% of the ultimate increase due to puberty 
had occurred (ED20), and mid-puberty as the time when half the ulti-
mate increase had occurred (ED50). For swimming, the pooled gender 
differences for all strokes and distances were fitted by a smoothed 
spline curve. For hand-grip strength, the differences were fitted to a 
piecewise linear-quadratic curve with a single inflexion point.

3  | RESULTS

In swimming performance, the overall gender differences were 
highly significant with age group (F4,360=1481, P<.0001) and stroke 
(F4,360=11.9, P<.0001) as main (between) effects (Figure 1). There was 
no significant difference according to year (as a within factor, P=.99) 
so that for further analysis, years were taken as replicates. Using a sig-
moidal curve fit for the overall gender differences pooling all strokes 
and distances, the ED20 was 11.4 years and the ED50 was 12.8 years.

Within a single stroke (freestyle), in addition to expected age-group 
effects (F4,525=2174, P<.0001), there were also significant effects ac-
cording to distance (F2,525=231.5, P<.0001) whereby the age-group ef-
fects was significantly greater the shorter the event distance (Figure 2, 
50 m>100 m>200 m, age group x distance interaction, F8,525=55.9, 
P<.0001) (Figure 1). Similarly, for a fixed length of events (100 m) and 
after taking age-group effects into account, the four form strokes 
did differ significantly (F3,700=12.9, P<.0001) producing significant 

F IGURE  1 Gender differences in performance (in percentage) according to age group and stroke (left panel) or distance in freestyle events (right) 
in swimming events. Data shown as mean and standard error of the mean. Note greatest increase after the age of 12 years by age in breaststroke and 
least in freestyle and magnitude of increases are 50 m>100 m>200 m in freestyle events. [Colour figure can be viewed at wileyonlinelibrary.com]
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differences between strokes (interaction F12,700=23.4, P<.0001), the 
most prominent being for breaststroke, which displayed the greatest 
age-group effect, and butterfly followed by backstroke and then free-
style, which showed the least age-group effect (Figure 1).

In track and field athletics, the effects of age on running perfor-
mance (Figure 2 upper left panel) showed that the prepubertal differ-
ences of 3.0% increased to a plateau of 10.1% with an onset (ED20) 
at 12.4 years and reaching midway (ED50) at 13.9 years. For jump-
ing (Figure 2 upper right panel), the prepubertal difference of 5.8% 
increased to 19.4% starting at 12.4 years and reaching midway at 
13.9 years. The timing of the male advantage in running, jumping and 
swimming was similar and corresponded to the increases in serum tes-
tosterone in males (Figure 2 lower panel).

To examine age of gender divergence in strength in an analogous 
data set from a nonathletic population (Canadian and US children and 
adolescents), the age trends in hand-grip strength showed a difference 
in hand-grip strength commencing from the age of 12.8 years onwards 
(Figure 3). Prior to the age of 13 years, boys had a marginally signifi-
cant greater grip strength than girls (n=45, t=2.0, P=.026), but after the 

age of 13 years, there was a strong significant relationship between 
age and difference in grip strength (n=18, r=.89, P<.001).

4  | DISCUSSION

The present study shows that the gender divergence in performance 
for swimming and for running and jumping track and field events is 
very closely aligned to the timing of the onset of male puberty, which 
typically has onset at around 12 years of age.5,6 These findings are 
consistent with reports on the timing of the gender differences in 
performance observed among Norwegian athletes in two running 
and two jumping events2 and for track and field skills among Polish 
athletes.3 This study extends the findings to swimming and a wider 
range of running and jumping track and field events. This timing is also 
consistent with the start of the gender divergence in fat-free (muscle) 
mass7 and strength increases.8,9

In this study, the timing and tempo of male puberty effects on run-
ning and jumping performance were virtually identical and very similar 

F IGURE  2 Gender differences in performance (in percentage) according to age (in years) in running events including 50 m, 60 m, 100 m, 200 m, 
300 m, 400 m, 500 m, 600 m, 800 m, 1000 m, 1500 m, 1 mile, 2000 m, 3000 m and 2 miles (upper left panel) and in jumping events including high 
jump, pole vault, triple jump, long jump and standing long jump (upper right panel). Fitted sigmoidal curve plot of gender differences in performance 
(in percentage) according to age (in years) in running, jumping and swimming events as well as serum testosterone (lower panel). Data shown as 
mean and standard error of the mean of the pooled gender differences by age. [Colour figure can be viewed at wileyonlinelibrary.com]
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to those in swimming events. Furthermore, these coincided with the 
timing of the rise in circulating testosterone due to male puberty. In 
addition to the strikingly similar timing and tempo, the magnitude of 
the effects on performance by the end of this study was 10.0% for 
running and 19.3% for jumping, both consistent with the gender dif-
ferences in performance of adult athletes previously reported to be 
10%-12% for running10,11,12 and 19% for jumping.12 The similar mag-
nitude of the plateau effects observed for the oldest (postpubertal) 
stages in this study with mature adult gender differences suggests 
there are likely minimal if any further divergences in gender perfor-
mance among athletes after the age of 20 years.

In the swimming events, despite the continued progressive improve-
ments in individual male and female event records, the stability of the 
gender difference over 35 years shown in this study suggests that the 
gender differences in performance are stable and robust. These find-
ings are consistent with a previous report of no narrowing of the gender 
gap in swimming event performance over more than three decades.12 
These findings contribute to discounting previous suggestions that the 
gender gap in performance of athletes was narrowing and might even 
disappear,13 interpretations which were confounded by the increasing 
participation of females in elite sports through the 20th century that led 
to short-term accelerating improvement until women approached closer 
to contemporary female performance plateau.12 The greater effect of 
male puberty on shorter freestyle events is consistent with the greater 
power demands of short sprint events than for longer freestyle events 
that involve more endurance. The consistent differences between form 
strokes over 100-m events, even after accounting for the very domi-
nant age-group effect, suggest that the power demands on performance 
were most prominent in breaststroke and least in freestyle, presumably 
due to the different mechanical demands of the different strokes.

The gender divergence in hand-grip strength among nonathletic 
children and adolescents strengthens the view that these gender di-
vergences are a feature of normal male puberty rather than being a 
feature that manifests only in elite athletes.

The similar time course of the rise in circulating testosterone 
with that of the gender divergences in swimming and track and field 
sports is strongly suggestive that these effects arise from the increase 
in circulating testosterone from the start of male puberty.1 Somatic 
effects of male puberty differ in responsiveness to the postpubertal 
increase in serum testosterone. Muscle effects of testosterone have 
been established in well-controlled, interventional clinical experiments 
in healthy young14,15 and older16 men. Testosterone increases muscle 
mass and strength over weeks to months with a strong dose-response 
evident from below to above physiological testosterone doses and 
concentrations. Analogous findings are reported in androgen-deficient 
(hypogonadal) men administered testosterone replacement therapy17 
and in women receiving appropriately lower testosterone doses,18 and 
observational dose-effect relationship between endogenous testos-
terone and upper or lower body muscle mass is reported in healthy 
men.19 Most if not all sex differences in maximal oxygen uptake are 
explained by differences in muscle mass.20-22

Adult male circulating testosterone also has marked effects on 
bone development leading to longer, stronger and denser bone than 
in age-matched females.23 However, testosterone effects on bone are 
slower in onset and probably less reversible than effects on muscle. 
For example, men achieve peak bone mass at the end of skeletal mat-
uration only in the early 1920s, about a decade after the start of sus-
tained exposure to adult male testosterone levels. Furthermore, while 
testosterone deficiency may lead to loss of bone density,23 the overall 
structural framework of the skeleton is likely to change slowly if at 
all. Hence, the extent to which testosterone-induced bone changes 
contribute to the male advantage in adolescent athletic performance 
is unclear but is probably at least not maximal until the third decade of 
life by which time the gender differences are already stabilized.

A further biological advantage of adult male circulating testos-
terone concentrations is the increased circulating haemoglobin. Men 
have ~10 g/L greater haemoglobin than women24 with the gender 
differences also evident from the age of 13-14 years.25 Testosterone 
effects on haemoglobin are replicated by administration of exogenous 
testosterone in a dose-dependent fashion26 within 1-3 months.27 
Like the effects on muscle, the erythropoietic effect of testosterone 
is relatively rapid and reversible in contrast to the slower effects on 
bone. Although a higher haemoglobin is likely to provide advantages 
in endurance rather than power events, it is unclear how much the 
relatively modest magnitude of this gender difference contributes to 
the male advantage in athletic performance.

Finally, exposure to adult male testosterone concentrations is 
likely to produce some mental or psychological effects.28 However, 
the precise nature of these remains controversial and it is not clear 
whether, or to what extent, this contributes to the superior elite sport-
ing performance of men in power sports compared with the predomi-
nant effects on muscle mass and function.

The strength of the present study is that it includes a wide range 
of swimming as well as track and field running and jumping events as 
well as strength for nonathletes for males and females across the ages 
spanning the onset of male puberty. The similar timing of the gender 
divergence in each of these settings to that of the rise in circulating 

F IGURE  3 Hand-grip strength in children and adolescents from 
19 studies including 5676 males (square) and 5489 females (circles)
and the differences between male and females (diamonds) conducted 
between 1966 and 2009. The dotted line represents the fitted curve 
using a piecewise linear-quadratic curve fit with an automatically 
defined inflexion point at 12.8 years. [Colour figure can be viewed at 
wileyonlinelibrary.com]
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testosterone to adult male levels strongly suggests that they all re-
flect the increase in muscular size and strength although the impact 
of other androgen-dependent effects on bone, haemoglobin and psy-
chology may also contribute. Limitations of this study include that 
it could not extend to all swimming or track and field events due to 
the restricted participation of younger age groups in more gruelling 
events. Furthermore, the testosterone measurements were not from 
the individual athletes included in the analysis of available published 
data so that the comparisons are cohort-wise rather than based on 
individuals.

It is concluded that the gender divergence in athletic performance 
begins at the age of 12-13 years and reaches adult plateau in the late 
teenage years. Although the magnitude of the divergence varies be-
tween athletic skills, the timing and tempo are closely parallel with 
each other and with the rise in circulating testosterone in boys during 
puberty to reach adult male levels.
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ABSTRACT
Objectives  We systemically reviewed the literature 
to assess how long-term testosterone suppressing 
gender-affirming hormone therapy influenced lean body 
mass (LBM), muscular area, muscular strength and 
haemoglobin (Hgb)/haematocrit (HCT).
Design  Systematic review.
Data sources  Four databases (BioMed Central, 
PubMed, Scopus and Web of Science) were searched in 
April 2020 for papers from 1999 to 2020.
Eligibility criteria for selecting studies  Eligible 
studies were those that measured at least one of the 
variables of interest, included transwomen and were 
written in English.
Results  Twenty-four studies were identified and 
reviewed. Transwomen experienced significant decreases 
in all parameters measured, with different time courses 
noted. After 4 months of hormone therapy, transwomen 
have Hgb/HCT levels equivalent to those of cisgender 
women. After 12 months of hormone therapy, significant 
decreases in measures of strength, LBM and muscle area 
are observed. The effects of longer duration therapy (36 
months) in eliciting further decrements in these measures 
are unclear due to paucity of data. Notwithstanding, 
values for strength, LBM and muscle area in transwomen 
remain above those of cisgender women, even after 36 
months of hormone therapy.
Conclusion  In transwomen, hormone therapy rapidly 
reduces Hgb to levels seen in cisgender women. In 
contrast, hormone therapy decreases strength, LBM and 
muscle area, yet values remain above that observed 
in cisgender women, even after 36 months. These 
findings suggest that strength may be well preserved in 
transwomen during the first 3 years of hormone therapy.

INTRODUCTION
Currently the world of sport, from grassroots level 
to elite, is facing the challenge of how to include 
transgender people in sporting competitions. Regu-
lations governing the participation of athletes from 
outside the sex/gender binary have existed since the 
1940s.1–4 Presently, World Athletics requires that 
transgender athletes5 and athletes with differences 
of sexual development6 have testosterone levels 
≤5 nmol/L in order to be eligible for the female 
category. There has been heavy criticism of this, 
and previous, testosterone-based regulations.7–9 
Although no openly transgender athlete has 

competed in the Olympics to date, the increasing 
visibility of gender-diverse people in society10 
means that the sports administrators and legislators 
must create rules to accommodate athletes from 
outside the sex/gender binary.11

There are many quantifiable performance-related 
differences between male and female athletes. 
In contrast, the performance-related differences 
between transwomen who have received gender 
affirming hormone treatment (GAHT) and 
cisgender women are less clear. GAHT for tran-
swomen consists of an antiandrogen agent plus 
the introduction of exogenous oestrogen,12 with 
the goal of altering the hormonal milieu and, as a 
result, feminisation of the body.13 To date, there 
have been no prospective studies investigating the 
changes in athletic performance in transgender 
athletes after hormonal transition. In non-athletic 
transgender populations, studies are commonly 
focused on clinical outcomes, such as bone health.14 
However, studies in non-athletic transwomen 
undergoing GAHT also report changes in lean body 
mass (LBM),15 muscle cross-sectional area (CSA),16 
muscular strength17 and haemoglobin (Hgb)18 and/
or haematocrit (HCT).19 These parameters are of 
relevance to athletic performance.

In endurance sports, Hgb is of importance. Hgb 
is a protein carried by the red blood cells that is 
responsible for transporting oxygen from the lungs 
to peripheral tissues.20 Low Hgb, or low HCT, 
the volume of red blood cells compared with total 
blood volume, can lead to a diminished supply of 
oxygen to the tissues, and therefore have a direct 
effect on endurance performance. Typical values 
for Hgb differ between males and females, with 
‘normal’ values ranging between 131–179 g/L for 
men and 117–155 g/L for women.21 HCT values 
are also higher in males (42%–52%) than females 
(37%–47%).22 Testosterone exerts erythrogenic 
effects that results in increases in both HCT and 
Hgb.23 Since GAHT significantly lowers testos-
terone levels in transgender women,24 it is possible 
that they may experience reductions in HCT and 
Hgb, which would be anticipated to negatively 
affect endurance performance.

In sports demanding speed and power, muscular 
strength and the ability to generate high rates of 
force are recognised as key determinant in athletic 
success.25 In cisgender males, increases in testos-
terone due to puberty promote muscular strength 
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in association with increased muscle CSA, and increased lean 
muscle mass.26 It has been hypothesised that muscle retains a 
long-term memory allowing it to perform tasks that it has under-
taken many times previously and myonuclei retention is thought 
to play an important role in such muscle memory.27 Myonu-
clei number is increased with training and with use of anabolic 
steroids.28 However, detraining does not diminish the myonuclei 
number,27 and it has been hypothesised that cessation of steroids 
may also not lead to reductions in myonuclei number.28 Hence, 
it is possible that strength advantages gained when training in 
a high-testosterone environment may not be fully reversed by 
testosterone suppression.

Understanding both the physiological effects of GAHT on 
athletic performance, and the time course of these effects, is of 
importance to decision-makers and those undertaking policy 
reviews. While it is known that testosterone levels are markedly 
reduced in transgender women taking testosterone suppressing 
GAHT,29 the effects of this hormonal change on physiology, and 
the time course in which these changes occur, are less clear. Indi-
vidual studies provide crucial, primary research on the topic, but 
a systematic review is warranted to provide a robust summary 
of the available evidence. Because bone mineral density studies 
have already been subject to systematic review,30 31 this review 
focuses on physiological changes induced by GAHT in trans-
women that affect athletic performance; specifically, LBM, CSA, 
strength and Hgb/HCT.

Aim
The aim of this systematic review was to: (1) summarise the 
current state of knowledge as it relates to the changes, and the 
time course of these changes, in physiological parameters asso-
ciated with athletic performance in non-athletic transwomen 
resulting from GAHT (suppression of testosterone and supple-
mentation with oestrogen), and (2) consider the potential impli-
cations for the participation of transwomen in elite sport.

MATERIALS AND METHODS
Search strategy and selection criteria
This systematic review was conducted in line with Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines.32 Two electronic searches of four online 
databases (BioMed Central, PubMed, Scopus and Web of Science) 
were completed 15 months apart. The first was performed by 
BSK in January 2019 and the second by JH in April 2020. The 
two sets of search results were compared by GLW. The second 
search identified novel data from three additional studies using 
the same cohorts as three studies identified in the first search. 
The more recent search also identified three additional recent 
papers. Reference lists were also searched for additional citations 
pertinent to the review. The searches combined terms related 
to transwomen, GAHT, muscle and blood parameters (online 
supplemental table 1).

Study selection, quality assessment, and data extraction
Each study was initially categorised based on its design (eg, 
cohort, case–control) and examined for quality in line with the 
Effective Public Health Practise Project (EPHPP) tool.33 This is 
a generic tool used to evaluate a variety of intervention study 
designs and is suitable for use in systematic reviews,34 having 
content and construct validity.35 Based on the EPHPP, six 
domains are evaluated: (1) selection bias; (2) study design; (3) 
confounders; (4) blinding; (5) data collection method; and (6) 
withdrawals/dropouts. Each domain is rated as strong (3 points), 

moderate (2 points) or weak (1 point), and domain scores are 
averaged to provide the overall mean rating. Based on the overall 
mean rating, studies are rated as weak (1.00–1.50), moderate 
(1.51–2.50) or strong (2.51–3.00).

For longitudinal studies, data were extracted to examine 
changes in LBM, CSA, strength and Hgb/HCT in transwomen 
taking GAHT. In cross-sectional studies, data in transwomen 
were compared with data from both cisgender men and cisgender 
women. The study authors were contacted if there were any 
questions regarding the presented data. In this regard, authors 
of the nine studies carried out by the European Network for the 
Investigation of Gender Incongruence (ENIGI) were contacted 
regarding potential overlapping participants15 17 19 36–41 and 
another author was contacted to clarify graphical data content.16

RESULTS
Search results
Figure 1 shows the search strategy following PRISMA guidelines. 
From an initial yield of 795 articles, 24 studies15–19 36–54 were 
included in this review. The following information was extracted 
from each study: name of the first author, country, year of publi-
cation, number of transfemale participants, number of cisgender 
male and female participants (where applicable), duration of any 
follow-up, type of medical treatment, method of measurement, 
evaluation time, and results.

Quality assessment
Based on the mean EPHPP scores, all studies were categorised as 
moderate in quality. The individual scores are listed in the online 
supplemental table 2.

Study characteristics
A summary of the study characteristics is reported in table 1. The 
sample sizes of the studies varied from 12 to 249. Three large 
studies from the ENIGI group published in 2018 and 201915 17 19 
contained much novel data, but also included many participants 
from previous studies making it impossible to accurately state 
the number of unique participants.

Study designs
Thirteen studies15 17 19 36–40 42 43 46–48 utilised a follow-up study 
design comparing participants’ measurements before initiating 
hormone transition (baseline) to several months after hormone 
transition. Two studies41 51 used both follow-up and cross-
sectional designs with cisgender controls. Six studies18 45 50 52–54 

Figure 1  PRISMA flow chart illustrating search strategy. PRISMA, 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses.
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used an exclusively cross-sectional design; three comparing 
transwomen on GAHT with cisgender controls18 53 54 and three 
comparing transwomen on GAHT with hormone-naive trans-
women.45 50 52 Three studies16 44 49 used a prospective method 
gathering data over 12–24 months. Aside from these three 
studies, data were extracted from medical charts (nine of which 
were from the same research group,15 17 19 36–41) posing a risk of 
selective data reporting and publication bias.

Medical treatments
Medical treatments for endocrine transition were varied, in line 
with the individualised approach advised by the WPATH Stan-
dards of Care.55 Fourteen studies15 17 19 36–43 46 48 54 used cypro-
terone acetate (50–100 mg daily) as an antiandrogen. In six 
studies16 38 40 44 46 49 a form of gonadotropin-releasing hormone 
agonist was administered either to supress puberty or androgens. 
In four studies18 49 50 52 spironolactone was used as an antian-
drogen. Seventeen studies15 17–19 36–39 41 44 45 47–50 52 53 used 2–4 mg/
day of oral oestradiol valerate. Eleven studies15–17 19 39 42 43 45 46 48 49 
used transdermal 17-beta-oestradiol releasing 100 mcg/day. Four 
studies16 18 47 49 used an injection of oestradiol valerate (10 mg/
ampoule, every 1–4 months). Two studies45 54 used 0.625–2.5 mg/
day of conjugated equine oestrogen. Four studies,42 43 51 54 all 
undertaken prior to 2010, used 25–50 mcg/day of ethinyl oestra-
diol. Ethinyl oestradiol was not used in any study after 2010, 
primarily due to increased risk of thrombogenesis.56

Based on the variability in drug regimens used, there is substan-
tial heterogeneity in the hormone levels achieved. Although 
the transwomen in most of the studies achieved testosterone 
levels within the reference range for cisgender women, there 
were five studies38 40 47 49 51 in which the transfemales had post-
GAHT testosterone values greater than 5 nmol/L. Four of the 
five studies38 40 47 49 were carried out on adolescent transfemales; 
two of the five studies38 51 did not involve the use of an antian-
drogen agent; one study40 did not involve the use of any form 
of oestrogen. The high post-GAHT testosterone is a possible 
confounder, and potential physiological differences between 
adolescent and adult participants may also confound results.

Muscle mass and body fat changes
Table  2 summarises the studies reporting muscle mass and 
body fat. Eight studies15 36 39–41 44 46 51 used a follow-up design 
to assess changes in LBM; seven studies assessed after 12 
months,15 36 39 41 44 46 51 and one40 study reviewed patients 
who had been under treatment for 5–31 months. Seven of 
these studies,15 36 39–41 44 51 including the large (n=179) ENIGI 
study,15 and two studies40 51 with high post-GAHT testosterone 
(~8 nmol/L), showed that total LBM was decreased by 3.0%–
5.4% following hormone transition (p<0.05). The one study 
that failed to demonstrate significant changes in LBM46 was not 
an outlier in any obvious way. The large ENIGI study15 was the 
only study in which the limits of agreement would indicate a 
change in LBM at the 95% CI. All studies reported an increase 
in total body fat mass in transwomen after hormone transition. 
Three cross-sectional studies41 51 54 compared transwomen with 
cisgender men. Two studies included hormone-naive trans-
women.41 51 These studies reported 6.4% and 8.0% lower LBM 
than in cisgender men and reductions of 4% in LBM in the tran-
swomen with 12 months of GAHT. The third cross-sectional 
study compared transwomen who had undergone at least 48 
months of GAHT with cisgender men54 and reported 17% lower 
LBM in transwomen than in cisgender men.A
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CSA changes
Four follow-up studies16 40–42 investigated the CSA either in the 
quadriceps, forearm or calf regions using MRI16 42 or peripheral 
quantitative computed tomography (pQCT).40 41 Of note, two 
of the studies measured the total CSA of the individual MRI42 
or pQCT41 image while two studies measured the isolated 
muscle.16 40 A decrease in CSA of 1.5%–11.7% was reported 
over periods ranging from 12 to 36 months. One of these 
studies40 examined adolescent participants who only reached a 
final testosterone level of 8.8 nmol/L and exhibited forearm and 
calf CSA decreases of 4.1% and 8.9%, respectively. There were 
two studies41 42 that assessed muscle CSA at both 12 months and 
at either 24 or 36 months. The first study42 reported a 9.5% 
decrease in quadriceps CSA compared with baseline after 12 
months and an 11.7% decrease in quadriceps CSA compared 
with baseline after 36 months. The second study41 reported a 
1.5% decrease in tibia CSA compared with baseline after 12 
months and a 3.8% decrease compared with baseline after 24 
months. The same study reported that compared with baseline, 
forearm CSA was decreased by 8.6% after 12 months, yet at 24 
months was 4.4% lower than baseline, indicating that forearm 
CSA was 4.2% larger at 24 months than at 12 months. There 
was only one study42 in which the limits of agreement indicated a 
change at the 95% CI. Two cross-sectional studies41 54 compared 
transwomen with cisgender men. One study reported 9% 
smaller CSA in hormone-naive transwomen41 than in cisgender 
men, with the transwomen undergoing a further 4% decrease in 
CSA with 24 months of GAHT. The transwomen in the second 
study had all undergone at least 48 months of GAHT54 and had 
24% smaller CSA than cisgender men. See table 3.

Muscular strength changes
Table 4 summarises the studies reporting muscular strength. Five 
longitudinal studies16 17 37 40 41 investigated the muscular strength 
of transwomen. Four of the studies17 37 40 41 measured hand grip 

strength in participants on the ENIGI study. The largest of the 
three (n=249) ENIGI studies17 and one other study41 found 
significant (p<0.001) reductions (4.3% and 7.1%, respectively) 
after 12 months on GAHT. Two ENIGI studies37 40 found no 
significant strength differences, although one of these studies40 
was carried out on adolescents who failed to reach typical female 
testosterone levels (8.8 nmol/L after GAHT). The large ENIGI 
study17 was the only study in which the limits of agreement would 
indicate a change in strength at the 95% CI. The fifth longitu-
dinal study to assess strength measured upper leg strength using 
knee flexion and extension and found no significant difference 
after 12 months.16 Two studies41 54 used a cross-sectional design 
to compare the strength of transwomen to cisgender men. One 
study found 14% lower hand grip strength in hormone-naive 
transwomen than in cisgender men (p<0.001)41 and a further 
7% reduction in hand grip strength of the transwomen after 12 
months of GAHT. The other study54 found 24% lower hand grip 
and quadriceps strength in transwomen than in cisgender men 
after 48 months or more on GAHT (p<0.001).

Hgb and HCT changes
Nine studies16 19 36–38 43 47–49 reported the levels of Hgb or HCT 
in transwomen before and after GAHT, from a minimum of 
three to a maximum of 36 months post hormone therapy. Eight 
of these studies,16 19 36–38 43 48 49 including the large (n=239) 
ENIGI study,19 found that hormone therapy led to a signif-
icant (4.6%–14.0%) decrease in Hgb/HCT (p<0.01), while 
one study found no significant difference after 6 months.47 The 
mean age of participants in the latter study was 18 years and 
the range was 14–25 years. The participants also failed to reach 
typical female testosterone levels (after 6 months mean testos-
terone=6.9 nmol/L), while in six16 19 36 37 43 48 of the eight other 
studies mean testosterone after GAHT was less than 2.0 nmol/L. 
The large ENIGI study19 was the only study in which the limits 
of agreement would indicate a change in Hgb/HCT at the 95% 

Table 2  Changes in total LBM in kilograms

Longitudinal studies

Author (year)
 �

Participants (N) Baseline
mean±SD
(95% CI)

12 Months
mean±SD
(95% CI)

12–31 months
mean±SD % Change P

T (nmol/L)
Base-post GAHTTW

Mueller et al (2011)11 84 59.6
(54.6–64.6)

57.2
(54.0–64.1)

−4.0 <0.005 13.6–0.6

Wierckx et al (2014)45 40 (oral oestrogen)
12 (transdermal oestrogen)

56.0±7.5
62.6±9.3

53±8
59.7±8.1

−5.4
−4.6

<0.001
<0.05

18.0–0.4
19.7–0.5

Gava et al (2016)38 20 (cyproterone acetate)
20 (leuprolide acetate)

51.7±8.3
50.2±7.0

49.9±7.8
49.8±6.7

−3.5
−0.8

>0.05
>0.05

16.3–0.7
22.2–0.7

Auer et al (2018)40 45 59.5±8.7
(56.9–62.0)

57.5±12
(53.9–60.2)

−3.4 <0.001 17.5–1.9

Klaver et al (2018)15 179 57.2±8.3 55.5
(54.9–56.1)

−3.0 <0.001

Tack et al (2018)36 21 47.0±6.4 44.8±6.3 −4.7 <0.01 15.2–8.8

Haraldsen et al (2007)51 12 54.4±6.2 52.2 −4.0 <0.001 16.8–8.6

Van Caenegem et al (2015)41 49 57.4±8.7 55.1±8.7 −4.0 <0.001 19.0–0.5

Cross-sectional studies

Author (year)
 �

Participants (N)
TW baseline
mean±SD

TW 48 months
mean±SD

CM
mean±SD % Difference P

T
(nmol/L)
TWTW CM

Lapauw et al (2008)54 23 46  �  51.2±8.4 61.8±7.9 −17.2 <0.001 1.1

Haraldsen et al (2007)51 12 77 54.4±6.2 59.1±5.7 −8.0 <0.05 16.8

Van Caenegem et al (2015)41 49 49 57.4±8.7 61.3±6.8 −6.4 <0.05 19.0

Data are from dual energy X-ray absorptiometry scans.
CM, cismen; LBM, lean body mass; TW, transwomen.
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CI. Three cross-sectional studies18 53 54 compared HCT in tran-
swomen post GAHT with cisgender controls (table  5). Two 
studies found that transwomen on GAHT for 6 or 48 months 
had lower (10%) HCT than cisgender men53 54 (p<0.005), while 
two studies found no difference between transwomen after 6 
and 12 months of GAHT and cisgender women.18 53 Three cross-
sectional studies45 50 52 found significant differences45 50 (p<0.05) 
or large effect sizes52 (Cohen’s d=1.0) in HCT between tran-
swomen after 6 months of GAHT and hormone-naive trans-
women, and HCT decreases of 7.4%–10.9%. See table 5.

DISCUSSION
We summarise changes induced by GAHT in non-athletic tran-
swomen in four characteristics strongly associated with athletic 
performance: LBM, muscle CSA, muscular strength, and Hgb/ HCT 
levels. Overall, the findings demonstrate a reduction in these param-
eters over time. However, the time course of these reductions was 
not consistent across the parameters assessed.

In keeping with the muscular anabolic effects of testosterone57 and 
the mixed effects of oestrogens,58 studies using dual energy X-ray 
absorptiometry report decreased LBM (0.8%–5.4%) in association 

Table 3  Changes in muscle CSA

Longitudinal studies

Author (year)
Participants (N)
TW

CSA region
(units)

Baseline CSA
mean±SD
(95% CI)

Follow-up CSA
mean±SD
(95% CI)

Number of months of
GAHT % Change P

T (nmol/L)
Base-post GAHT

Elbers et al (1999)42 20 Thigh (cm2) 307±47 278±37
(269–287)
271±39

12
36

−9.5
−11.7

<0.001
<0.001

22.0–1.0
22.0–0.9

Wiik (2020)16 11 Quadriceps (mm2) 6193±679 5931±671
(5680– 6190)

12 −4.2 <0.05 18.0–0.5

Tack et al (2018)36 21 Forearm (mm2)
Calf (mm2)

3275±541
4204±1282

3142±574
3828±478

12–31
12–31

−4.1
−8.9

<0.05
>0.05

15.2–8.8

Van Caenegem et al (2015)41 49 Forearm (mm2)
Tibia (mm2)

3999±746
7742±1361

3664±783
3825±867
7623±1479
7448±1390

12
24
12
24

−8.6
−4.4
−1.5
−3.8

<0.001
<0.001
<0.01
<0.01

19.0–0.5
19.0–0.5

Cross-sectional studies

Author (year)
 �

Participants (N) CSA region
(units)
 �

TW
mean±SD

CM
mean±SD

Number of months of
GAHT % Difference

P
 �

T (nmol/L)
TWTW CM

Lapauw et al (2008)54 23 46 Forearm (mm2)
Tibia (mm2)

3500±700
6600±1300

4600±700
8700±1100

48
48

−23.9
−24.1

 � <0.001
 � <0.001

1.1

Van Caenegem et al (2015)41 49 49 Forearm (mm2)
Tibia (mm2)

3999±746
7742±1361

4512±579
8233±1498

Baseline
Baseline

−11.4
−6.0

<0.001
<0.01

19.0

Data are from MRI or pQCT.
CM, cismen; CSA, cross-sectional area; TW, transwomen.

Table 4  Changes in strength measures

Longitudinal studies

Author (year)
 �

Participants (N) Strength measure
(units)
 �

Baseline
mean±SD
(95% CI)

12 months
mean±SD
(95% CI)

21–31 months
Mean±SD % Change

P
 �

T (nmol/L)
Base-post GAHTTW

Van Caenegem et al (2015)41 49 Hand grip (kg) 42±9 39±9 −7.1 <0.001 19.0–0.5

Auer et al (2016)46 20 Hand grip (kg) 41.7±7.8 41.9±7 0.5 >0.05 17.5–1.9

Tack et al (2018)36 21 Hand grip (kg) 33.8±8.1  �  34.3±5.6 1.5 >0.05 15.2–8.8

Scharff (2019) 249 Hand grip (kg) 41.8±8.9 40.0±8.9
(39.2– 40.8)

−4.3 <0.001 18.3–0.8

Wiik (2020)16 11 Knee extension (N-m)
Knee flexion (N-m)

239.7±44.0
99.5±16.8

242.6±41.5
(230–252)
101.5±15.5
(92–109)

1.2
2.0

>0.05
>0.05

18.0–0.5

Cross-sectional studies 

Author (year)
 �

Participants (N) Strength measure
(units)
 �

TW
baseline
mean±SD

TW
48 months
mean±SD

CM
mean±SD % Difference

P
 �

T (nmol/L)
TWTW CM

Van Caenegem et al (2015)41 49 49 Hand grip (kg) 42±9 49±6 −14.3 <0.001 19.0

Lapauw et al (2008)54 23 46 Hand grip (kg)
Knee extension (N-m)

41±8
150±49

53±8
200±44

−22.6
−25

<0.001
<0.001

1.1

CM, cismen; TW, transwomen.
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with GAHT. Twelve months of GAHT also decreased muscle CSA 
(1.5%–9.7%). However, a further 12 or 24 months of GAHT did 
not always elicit further decreases in muscle CSA. Strength loss with 
12 months of GAHT also ranged from non-significant to 7%. Taking 
these strength parameter data collectively, and in consideration of 
cisgender women demonstrating 31% lower LBM,59 36%60 lower 
hand-grip strength and 35%61 lower knee extension strength than 
cisgender men, the small decrease in strength in transwomen after 
12–36 months of GAHT suggests that transwomen likely retain a 
strength advantage over cisgender women. Whether longer duration 
of GAHT would yield further decrements in strength in transgender 
women is unknown.

In contrast to strength-related data, blood cell findings revealed 
a different time course of change. After 3–4 months on GAHT, the 
HCT19 or Hgb16 levels of transwomen matched those of cisgender 
women, with levels remaining stable within the ‘normal’ female 
range for studies lasting up to 36 months. Given the rapid fall in 
Hgb/HCT to ‘normal’ female levels with GAHT, it is possible that 
transfemale athletes experience impaired endurance performance in 
part due to reduced oxygen transport from the lungs to the working 
muscles.62 This postulate is consistent with findings reported in one 
of the few studies conducted in athletic transwomen.63 In this study, 
the race times of eight transfemale distance runners were compared 
at baseline and after one or more years of GAHT. After adjusting 
performance for age, the eight runners were not more competitive 
in the female category (after GAHT) than they had been in the male 

category (before GAHT). Given this, and that the changes in Hgb/
HCT follow a different time course than strength changes, sport-
specific regulations for transwomen in endurance ver strength sports 
may be needed.

Of interest, compared with cisgender men, hormone-naive trans-
women demonstrate 6.4%–8.0% lower LBM,41 51 6.0%–11.4% lower 
muscle CSA and ~10%–14% lower handgrip strength.17 41 60 This 
disparity is noteworthy given that hormone-naive transwomen and 
cisgender men have similar testosterone levels.16 17 19 42 Explanations 
for this strength difference are unclear but may include transwomen 
actively refraining from building muscle and/or engaging in disor-
dered eating64 or simply not being athletically inclined, perhaps influ-
enced by feelings of an unwelcome presence in sporting arenas.65 
Taken together, hormone-naive transwomen may not, on average, 
have the same athletic attributes as cisgender men. The need to move 
beyond simple comparisons of cisgender men and women to assess 
the sporting capabilities of transwomen is imperative.

This systematic review identified studies that assessed the changes 
in LBM, CSA, muscular strength and Hgb/HCT in non-athletic 
transgender women following GAHT. However, several limitations 
are noted. Although the data we present are meaningful, the effects 
of GAHT on these parameters, or indeed athletic performance 
in transgender people who engage in training and competition, 
remain unknown. The levels of physical activity of the transwomen 
compared with cisgender women in the studies were not reported. 
Other limitations include the studies being written in English only, 

Table 5  Changes in HCT and Hgb levels

Longitudinal studies

Author (year)
 �

Participants (N) Measure
(units)
 �

Baseline
mean±SD
(95% CI)

Follow-up
mean±SD
(95% CI) Number of months % Change P

T (nmol/L)
Base-post GAHTTW

Wierckx (2014) 40 (oral oestrogen)
12 (transdermal oestrogen)

HCT (%) 45±2.5
45.5±1.7

42±5.7
42.2±2.3

12
12

−7.0
−4.6

<0.01
<0.001

18.0–0.4
19.7–0.5

Auer et al (2016)46 20 HCT (%) 45.2±2.7 42.7±1.8 12 −5.5 <0.01 17.5–1.9

Jarin et al (2017)39 13 HCT (%) 43.8 42.3 6 −3.4 >0.05 13.6–6.9

Vita et al (2018)48 21 HCT (%) 44.8±2.9 40.1±2.6 6–30 −10.5 <0.001 20.5–1.1

Defreyne et al (2018)19 239 HCT (%) 45.0±2.5
(44.9–45.5)

41.0±3.1
(40.9– 41.7) 41.1±3.2
(40.5– 41.2)
40.7±3.2
(40.0– 40.8)

3
6
24

−8.9
−8.7
−9.6

<0.001
<0.001
<0.001

17.4–0.7
17.4–0.6
17.4–0.6

Tack et al (2017)47 21 HCT (%) 43.8±1.9 39.9±2.2 12–31 −8.9 <0.001 15.2–8.8

Gooren and Bunck (2004)43 19 Hgb (mmol/L) 9.3±0.7 8.0±0.7
8.1±0.6

12
36

−14.0
−12.9

<0.001
<0.001

21.5–1.0
21.5–0.9

Olson-Kennedy et al (2018)49 23 Hgb (g/dL) 153±11 140±12 12 −8.3 <0.001 14.8–5.9

Wiik (2020)16 9
10

Hgb (g/L) 148.3±10.1
150.3±9.1

132.7±9.1
133.3±9.0

4
12

−10.5
−11.7

<0.001
<0.001

18.0–0.5
18.0–0.5

Cross-sectional studies 

Author (year)
 �

Participants (N) Measure
(units)
 �

TW
mean±SD or (range)

Control
mean±SD or (range)

Number of
months % Difference P

T (nmol/L)
TWTW CM CW HNTW

Lapauw et al (2008)54 23 46 HCT (%) 41.2±2.3 45.3±2.3 >48 −9.1 <0.001 1.1

SoRelle et al (2019)52 105 73 HCT (%) (35.9– 48.7) (39.0– 50.6) >6 – d=1.0 1.9

Greene et al (2019)18 93 HCT (%) (35–47) (35.5– 46)
CW

>12 – >0.05 1.4

Roberts et al (2014)53 55 20 20 HCT (%) (34.6–43.7) (38.4– 45.7)
CM
(34.4– 41.9)
CW

>6 –
–

<0.01
>0.05

Jain (2019) 182 (oestrogen)
95 (oestrogen
+progesterone)

92 HCT (%) 42.5
40.9

45.9±2.0 >3 −7.4
−10.9

<0.05
<0.05

Sharula (2012)37 129 22 HCT (%) 40.2±3.1 44.4±2.4 >3 −9.5 <0.001 2.5

CM, cismen; CW, ciswomen; HCT, haematocrit; Hgb, haemoglobin; HNTW, hormone-naive transwomen; TW, transwomen.
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and the research being conducted in Western countries, contrib-
uting to geographical bias. Furthermore, as with much research with 
transgender individuals, there is a sparse data risk66 because of small 
sample sizes and short study durations, indicative of the relatively 
small population, difficulties with recruitment and high drop-out 
rates over time. Indeed, the overlap of participants in the ENIGI 
studies and the heterogenous methodology in the other studies 
precluded the possibility of meaningful meta-analysis. However, 
overall, the results across different study groups and methods (ie, 
longitudinal vs follow-up studies) are largely consistent, suggesting 
that the risk of selective reporting and publication bias are low and 
the data in the reviewed studies are reliable. This review only focused 
on binary transgender individuals; those who medically transition 
from their birth assigned gender to the opposite gender and did 
not consider non-binary individuals. Not only are there even more 
limited data on non-binary individuals, but also, for many, their 
affirmed gender expression does not require GAHT, thus there are 
no hormone-induced changes to observe which would be relevant to 
this review. That is not to say that non-binary inclusivity in sport is 
not an important issue, only that the central tenets are not focused 
on physiology.

As previously stated, a major limitation in this area of research 
is the absence of studies in transgender athletes. However, a very 
recent study reported changes in fitness levels of 29 transmen and 
46 transwomen in the United States Air Force, from before and after 
30 months of GAHT.67 Enlisted Air Force members are required to 
engage in regular physical activity and to complete annual assess-
ments of number of sit-ups and push-ups in 1 min, and 1.5 mile race 
time. Although not athletes per se, enlisted members could at least 
be considered exercise trained. The study reported that after 2 years 
on GAHT there were no significant differences between ciswomen 
and transwomen in the number of push-ups or sit-ups performed 
in 1 min. However, transwomen ran significantly faster during the 
1.5 mile fitness test than ciswomen. These observations in trained 
transgender individuals are consistent with the findings of the current 
review in untrained transgender individuals, whereby 30 months of 
GAHT may be sufficient to attenuate some, but not all, influencing 
factors associated with muscular endurance and performance.
Overall, this review reports decreases in muscle strength, LBM 

and muscle CSA in response to 12–36 months, and decreases in Hbg 
after 3–4 months, of GAHT in transwomen. These findings may 
help to shape future studies with transgender athletes and provide 
data for valuable and rigorous research going forward. Sporting 
bodies wish to be inclusive to all athletes, and there is a critical desire 
and need for more research to be able to develop evidence-based 
policies around this topic. Given that the range of physical param-
eters important for success varies considerably between sports, and 
that the physiological effects of GAHT vary in their time course (eg, 
muscle vs blood), future research should be sport specific as well as 
athlete centric. Although a level playing field in sport is illusory, it is 
important that opportunities for women to engage in meaningful 
competition within the female category exist.68 Whether transgender 
and cisgender women can engage in meaningful sport, even after 
GAHT, is a highly debated question. However, before this question 
can be answered with any certainty, the intricacies and complexity of 
factors that feed into the development of high-performance athletes 
warrant further investigation of attributes beyond those assessed 
herein.
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Abstract
Sport is historically designated by the binary categorization of male and female that conflicts with modern society. Sport’s 
governing bodies should consider reviewing rules determining the eligibility of athletes in the female category as there may 
be lasting advantages of previously high testosterone concentrations for transwomen athletes and currently high testosterone 
concentrations in differences in sex development (DSD) athletes. The use of serum testosterone concentrations to regulate the 
inclusion of such athletes into the elite female category is currently the objective biomarker that is supported by most avail-
able scientific literature, but it has limitations due to the lack of sports performance data before, during or after testosterone 
suppression. Innovative research studies are needed to identify other biomarkers of testosterone sensitivity/responsiveness, 
including molecular tools to determine the functional status of androgen receptors. The scientific community also needs to 
conduct longitudinal studies with specific control groups to generate the biological and sports performance data for individual 
sports to inform the fair inclusion or exclusion of these athletes. Eligibility of each athlete to a sport-specific policy needs 
to be based on peer-reviewed scientific evidence made available to policymakers from all scientific communities. However, 
even the most evidence-based regulations are unlikely to eliminate all differences in performance between cisgender women 
with and without DSD and transwomen athletes. Any remaining advantage held by transwomen or DSD women could be 
considered as part of the athlete’s unique makeup.

Extended author information available on the last page of the article

1  Introduction

Since antiquity, athletic and Olympic competitions have 
been separated according to the traditional binary concept 
of male/female to promote fairness and equity, as well as 
being divided by criteria such as weight, age, affiliation, 

L  
Chea for 
updates  

0 0 0 

0 
S 

0 
0 

0 

0 

0 

0 
0 

Case 2:21-cv-00316   Document 317-7   Filed 05/12/22   Page 2 of 16 PageID #: 21253

Stamp

http://orcid.org/0000-0001-7412-1188
http://orcid.org/0000-0003-3781-9522
http://orcid.org/0000-0002-2469-7645
http://orcid.org/0000-0002-2870-7185
http://orcid.org/0000-0003-3089-1222
http://orcid.org/0000-0002-9191-9033
http://orcid.org/0000-0002-7215-6931
http://orcid.org/0000-0003-1206-4098
http://orcid.org/0000-0001-5764-0613
http://orcid.org/0000-0001-5072-1189
http://orcid.org/0000-0002-9958-6368
http://orcid.org/0000-0003-4517-4330
http://orcid.org/0000-0003-1058-6992
http://orcid.org/0000-0001-9564-333X
http://orcid.org/0000-0002-6701-7603
http://orcid.org/0000-0003-4291-679X
http://orcid.org/0000-0001-8901-9450
http://orcid.org/0000-0001-5808-9405
http://orcid.org/0000-0002-5005-1995
http://orcid.org/0000-0002-8526-9169
http://orcid.org/0000-0003-1797-7662
http://orcid.org/0000-0001-6210-2449
http://crossmark.crossref.org/dialog/?doi=10.1007/s40279-021-01451-8&domain=pdf


1402	 B. R. Hamilton et al.

Key Points 

The use of testosterone concentration limits of 5 nmol/L 
in transwomen and DSD women athletes is a justifiable 
threshold based on the best available scientific evidence.

There is a distinct lack of sports performance data to 
inform and update sports policy for DSD women and 
transwomen athletes.

Fair integration or exclusion of transwomen and DSD 
women athletes needs to be based on peer-reviewed 
experimental sporting performance evidence when such 
evidence becomes available.

either male or female depending on the previous method-
ology applied. For example, an individual with androgen 
insensitivity syndrome, with a 46, XY karyotype, would be 
classified as a female in 1966 and as a male in 1968, whereas 
an individual with congenital adrenal hyperplasia with a 46, 
XX karyotype, would be classified as male in 1966 and as 
a female in 1968. These examples illustrate such methods 
were unreliable, discriminatory, not fit for purpose, and that 
the integration of athletes outside of the binary of male and 
female is not a new problem (Table 1).

Integrating athletes who previously experienced male 
puberty into elite female sport is far from straight forward 
and remains highly contentious. For this reason, the con-
cept of “athletic gender” was recently proposed [3, 4] which 
involves designating athletes to a gender for sports perfor-
mance only and not social identity using quantitative criteria 
based on performance [3]. This concept speaks to a “start 
over” notion put forward by Maayan Sudai [5], who pro-
poses the introduction of a classification system based on 
physiological parameters for athletes, regardless of gender. 
This would be analogous to the classification system used 
to assess eligibility to compete in Paralympic events [5]; 
however, the application of this would be very difficult for 

Table 1   Summary of what is already known in this area, and future considerations in integrating transwomen and DSD women into elite wom-
en’s sport

What is already known Future considerations

The binary classification of athletes fails to consider differences in sex 
development (DSD) women and transwomen athletes

Testosterone production and action are the primary factors used in 
determining differences in performance between cis men and cis 
women

Only observational data showing the sporting performance of trans-
women and DSD athletes exist

Recent additions in the scientific literature including original stud-
ies provide the necessary impetus for the development of more 
evidence-based integration of DSD women and transwomen into 
elite competition

The use of testosterone concentration limits of 5 nmol/L in transwomen 
and DSD women athletes is a justifiable threshold. This level could 
be refined for specific events with the emergence of new supporting 
evidence

Any treatment is a purely personal and private decision and no sports 
body should provide recommendations on treatment

Fair integration of transwomen and DSD women athletes into elite sport 
needs to be based on peer-reviewed experimental evidence

Any safety risks to cisgender female athletes due to the inclusion of 
transwomen in female elite sport must be evidence-based to justify 
exclusion

The assumption that the physiology of elite DSD women and trans-
women athletes is the same as elite male athletes is an oversimplified 
view

New innovative scientific approaches are needed to guide new sports-
specific policy (e.g., quantifying bioactive testosterone and individual 
sensitivity to testosterone, the role of sex chromosomes in athletic 
performance, and the extent to which muscle memory is retained after 
prolonged high testosterone exposure)

There is a distinct lack of sports performance data to inform and update 
sports policy, in part due to the lack of funding and lack of elite ath-
letic participants in this research area

The participation of transwomen and DSD women elite athletes in 
research will be hindered by their low numbers in elite competition. 
Recruitment for research may have to be targeted also at the sub-elite 
level with the specific requirement of being an athlete at higher than 
grassroots level

The need to develop approaches to distinguish between predisposition 
to outstanding performances (e.g., haematological and anatomical fea-
tures) and any unfair advantages held by transwomen or DSD women

amateur or professional status, and level of competition [1]. 
The binary classification of male and female was based on 
different methods, including physical examination (1966), 
Barr bodies (1968), Y chromosome (1991), and sex-deter-
mining region Y (SRY) gene (1996) [2]. A female athlete, 
when suspected to be male, could have been classified as 
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sport’s governing bodies due to its complexity and financial 
commitment to implement at all levels of sport.

The concept of athletic gender could help safeguard fair 
competition and prevent an unfair advantage, principles 
which underpin the true essence of sport [6], and would 
be in line with the fundamental principles of the Olympic 
Charter which emphasizes the need to respect the freedom 
and rights of athletes, as well as the importance of compet-
ing without any form of discrimination. The Olympic Char-
ter states that “The enjoyment of the rights and freedoms 
set forth in this Olympic Charter shall be secured without 
discrimination of any kind, such as race, colour, sex, sexual 
orientation, language, religion, political or other opinion, 
national or social origin, property, birth or other status” 
[7] and importantly refers to sex and not gender. Sex is con-
sidered in Olympic sports only when it could determine the 
outcome of a competition. Some sports do not use a sex 
classification, e.g. shooting, sailing, or horse riding.

The terms “sex” and “gender” have different meanings 
and their overlap is conceptually complex. Sex refers to any 
individual’s biology, such as anatomical or chromosomal 
differences, which are used to categorize an individual as 
male or female, whereas gender refers to socially constructed 
roles related to sex distinctions [8]. While gender identity is 
a self-defined social construct that shapes how an individual 
chooses to live, gender identity alone will not be enough 
to determine the appropriate sports category for each indi-
vidual that allows fair competition, especially in the case of 
elite sport.

The current article aims to highlight the main issues to 
be considered surrounding the participation of female ath-
letes with previously high testosterone concentrations (trans-
women) and female athletes with naturally high testosterone 
concentrations [differences in sex development (DSD)] in 
elite female sport. The two cases, cisgender women ath-
letes with DSD (DSD women, for short) and transwomen 
athletes, will be presented separately to enhance reader 
understanding, while future research considerations will be 
discussed together in Sect. 5, because the considerations for 
both groups of athletes are similar. It is important to note 
that the fluidity of gender identity does include non-binary 
and transmen athletes. However, in this article, the authors 
wish to focus on the integration of DSD women and trans-
women athletes into the elite female category of sports. The 
reasoning for this is that transmen (birth-assigned female 
transitioned to male) athletes are perceived to not have the 
same magnitude of competitive advantage as transwomen 
or DSD women athletes when integrated into male elite 
sports [9] and that non-binary individuals are less likely to 
undertake gender-affirming treatment and are predominantly 
female sex assigned at birth [10], forgoing the effects of 
male puberty.

2 � Methods

Here, we present the International Federation of Sports 
Medicine (FIMS) consensus on integrating DSD women and 
transwomen athletes into elite female sport based on identi-
fying, selecting, and critically appraising the very limited 
relevant primary research. An added objective of this consen-
sus was to provide a roadmap for future research direction. 
The review of the evidence was performed by the first and 
second author (BH and GL) using the following keywords: 
“transgender” or “transwomen”, “intersex” or “DSD”, “gen-
der identity”, “testosterone”, “competition”, and “sport”. The 
first draft of the manuscript was written by the first and last 
authors (BH and YP). Of all 78 invited authors, 1 author 
declined the invitation and 7 authors elected to withdraw 
their names during one of the draft rounds. These names are 
not included on the authorship list above. All remaining 70 
authors reviewed, commented on and approved the final draft. 
The drafting of the consensus statement was initiated by the 
last author (YP) via email for ease of verification and process 
during the unprecedented constraints due to the COVID-19 
pandemic. Voting on the consensus statements was per-
formed remotely using Google Forms (Google™, California, 
USA). The voting result was collated by the first author (BH) 
along with dissenting opinions and discussions which were 
manifested and reported in the manuscript. All statements 
received unanimous approval by all named authors except 
for the statement on the testosterone limit of 5 nmol/L, which 
received majority approval and the voting result is included 
in the article. The authors consider it essential to declare the 
extent of agreement, as well as dissenting views.

3 � DSD Women Athletes

3.1 � Background

DSD is a group of rare conditions involving genes, hor-
mones and reproductive organs [11, 12]. This article will 
focus on the integration of DSD women athletes in the elite 
female category of sports who currently have high testoster-
one concentrations which the binary classification of sports 
fails to consider. The German Federal Parliament approved 
a law that came into effect in December 2018 that permits 
children with DSD born with ambiguous sexual anatomy 
who are not distinctly male or female to indicate a third 
gender category on their birth certificate [13]. This action 
follows a court ruling by the Federal Constitutional Court of 
Germany in October 2017 that ruled the existing regulations 
discriminated against people with DSD, the principle being 
that the gender identity of an individual must be protected 
as a fundamental human right [14].
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The views of the Court of Arbitration for Sport (CAS) 
have evolved concerning legal sex being a factor to deter-
mine the eligibility of an athlete to compete in a male or 
female category. In the Dutee Chand vs. the Athletics Fed-
eration of India and the International Association of Athlet-
ics Federations (IAAF) arbitration tribunal in 2014, CAS 
stated in their decision that “The distinction between male 
and female is a matter of legal recognition” [15]. In contrast, 
in the Caster Semenya and Athletics South Africa vs. IAAF 
tribunal in 2018, CAS stated that “a person’s legal sex alone 
may not always constitute a fair and effective means of mak-
ing that determination” [16]. The Human Rights Council 
under the United Nations recently released a statement on 
discrimination against women in sport [17]. While not lim-
ited to discrimination concerning DSD women and andro-
gen sensitivity, the position taken is that both member and 
non-member states of the United Nations should work in 
unison to recognize protected characteristics and eliminate 
discrimination.

3.2 � The Challenge

Conditions such as DSD are rare and primarily of genetic 
origin [18] and are presented concomitantly with ambiguous 
genitalia at birth which can occur phenotypically in under-
virilized genotypic males or virilized genotypic females. 
These features can result in individuals assigned female at 
birth possessing testosterone concentrations comparable to 
cisgender males and, therefore, much higher than non-DSD 
women, including those with polycystic ovary syndrome 
[19]. Hyperandrogenic 46, XY DSD female athletes in the 
2011 IAAF World Championships were 140 times more 
prevalent (0.7% of athletes had testosterone concentrations 
of > 15.6 nmol/L [20]) compared to 0.005% [20, 21] reported 
in the general population [22, 23], which could be an indi-
cator of performance advantage [20]. A possible indicator 
of fair integration of DSD women athletes into competitive 
sport would be a similar prevalence of DSD women and 
non-DSD women athletes in the championships as in the 
general population.

The DSD condition is a natural attribute as opposed to 
a doping issue, such as the misuse of anabolic steroids. 
However, observational data have shown a clear differ-
ence in performance in DSD women athletes depending on 
whether testosterone concentrations were suppressed or not. 
For example, there was an average performance reduction 
of approximately 5.7% in the best performances of three 
female distance runners who had their testosterone concen-
trations suppressed from 21–25 to 2 nmol/L over 2 years 
[23]. Although a notable finding, no firm conclusions can 
be reached due to the reliance on a small number of ath-
letes. Within DSD women athletes, there are individuals 
with 46, XY karyotype, and androgen insensitivity, which 

can be either complete androgen insensitivity (CAIS) or par-
tial androgen insensitivity (PAIS). Therefore, testosterone 
concentrations in such individuals will not have the same 
functional effect as those with normal androgen receptors. 
This complexity needs to be considered if testosterone con-
centration, either as a single parameter or more likely as 
one of several parameters, will evolve into a viable solution.

3.3 � The Present Rulings in Elite Sport

Following an observational study by Bermon and Garnier 
describing the serum androgen levels of male and female 
athletes and their relationship to performance in track and 
field events [24], the eligibility regulations for the female 
classification were created and published by the IAAF (now 
World Athletics) in April 2018. Implementation of the pol-
icy was planned for November 2018 [25]. However, this 
study [24] and the subsequent regulations have been subject 
to much debate [26–30]. The IAAF regulations permitted 
female athletes with specific DSD’s (i.e., testosterone con-
centrations ≥ 5 nmol/L and sufficient sensitivity to andro-
gens) to compete in international competitions in the female 
category from 400 up to 1500 m if they reduced testoster-
one concentrations to < 5 nmol/L for at least 6 continuous 
months. These requirements needed to be maintained for the 
athlete to continue to be eligible for the female category of 
the events described in the regulation.

Considering a challenge brought by Caster Semenya 
against these regulations, the IAAF agreed to delay the 
implementation and await the decision from CAS. The pan-
el’s decision was released in May 2019, with the statement 
that the “Panel has dismissed the requests for arbitration 
considering that the Claimants were unable to establish 
that the DSD Regulations were invalid” [31]. Semenya 
appealed to Switzerland’s Federal Supreme Court, which 
suspended the implementation of the eligibility regulation 
in June 2019. However, Semenya ultimately lost her appeal 
[32] in August 2020 and the eligibility regulations were 
reinstated with the court citing that “fairness in sport is a 
legitimate concern and forms a central principle of sport-
ing competition” [33].

In addition to the media frenzy both for and against the 
inclusion of DSD women athletes in the female category of 
sports [34], editorials have been published sparking sub-
sequent critiques and rebuttals in response [32, 35]. This 
fervour has also sparked academic and general commu-
nity outrage at the IAAF ruling, which has been declared 
as discriminatory against Semenya. Idiosyncratically, the 
emotional and legal argument is that Semenya is being vic-
timized and unfairly treated as a female athlete, yet her sex 
is not biologically clearly defined in the male/female binary 
definition. This case is an inevitable consequence of the 
antithesis between the binary concept of gender applied to 
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sport and the new realm of gender fluidity, as illustrated by 
DSD women athletes.

World Athletics in their most recent version of the eligi-
bility regulations for the female classification (athletes with 
DSD), state that not all DSD women athletes who wish to 
compete in the female classification should need to reduce 
their testosterone levels to < 5 nmol/L. They state that: “A 
woman who has androgen insensitivity syndrome (AIS) is 
completely (CAIS) or partially (PAIS) insensitive to tes-
tosterone, thereby eliminating (CAIS) or reducing (PAIS) 
the physiological effect of that testosterone. An athlete with 
CAIS is not a Relevant Athlete. An athlete with PAIS will 
only be a Relevant Athlete if she is sufficiently androgen-
sensitive for her elevated testosterone concentrations to have 
a material androgenising effect. The benefit of any doubt 
on this issue will be resolved in favour of the athlete” [31].

4 � Transwomen Athletes

4.1 � Background

Transgender refers to a gender expression that is different 
from the sex that is assigned at birth. In this article, a spe-
cific focus will be placed on transwomen, assigned male 
at birth who have transitioned to female both socially and 
legally and have had previous exposure to high testosterone 
concentrations during puberty. Recently, a controversial bill 
(i.e., 2019 Tennessee SB2077) prohibiting the participation 
of transwomen athletes in school sports was introduced in 
the U.S. legislature. Should this bill pass into law, a burden 
would be placed on education providers to ensure pupils 
participate according to the biological sex indicated on their 
birth certificate. Additionally, the bill seeks to impose a civil 
penalty of US $10,000 as well as the revocation of public 
funds for any school that acts contrary to the bill [36].

In March 2020, a second similarly controversial bill (i.e., 
the 2020 State of Idaho HB500) known as the “Fairness 
in Women’s Sports Act”, was passed into state law making 
Idaho the first state to ban transwomen from participating in 
girls and women’s sports [37]. The bill states that “Athletic 
teams or sports designated for females, women, or girls shall 
not be open to students of the male sex” [38] and that if a 
student’s sex is disputed, “a student may establish sex by 
presenting a signed physician’s statement that shall indi-
cate the student’s sex solely on: (a) the student’s internal 
and external reproductive anatomy; (b) the student’s normal 
endogenously produced levels of testosterone; and (c) an 
analysis of the student’s genetic makeup” [38].

The bill received praise from the Senior Vice President 
of U.S. Legal Division, citing that “Allowing males to com-
pete in girls’ sports destroys fair competition and women’s 
athletic opportunities” [39] but has drawn criticism given 

the Act conflicts with the right to privacy provision within 
the 4th Amendment to the American Constitution. Indeed, 
this has formed the basis of a claim brought by the American 
Civil Liberties Union against the State of Idaho regarding 
the legitimacy of the Act [40], alleging that the legislation 
could violate the federal law known as Title IX which pro-
hibits sex discrimination, not gender discrimination, in edu-
cational institutions that receive federal financing [41]. This 
kind of legislation will inevitably result in tension between 
domestic law and international treaties developed to pro-
mote inclusivity and protect individuals from discrimination 
based on protected characteristics.

4.2 � The Challenge

Although permitted by the IOC since 2004, no recognized 
transgender athlete has participated in the Olympic Games 
[42]. The main argument opposing the integration of trans-
women athletes into the female category for future Olym-
pics is the perceived sporting advantages that transwomen 
have over cisgender women, such as lever length or height 
advantages conferred by skeletal size and bone density 
despite testosterone reductions [43]. Prior athletic train-
ing with high testosterone concentrations may potentially 
result in advantages such as muscle memory [44], which 
may persist for some time post testosterone suppression. 
This is a concern for sports highly dependent on muscle 
mass, strength, and aerobic capacity. This will be expanded 
on in Sect. 5.5.

Despite these concerns, evidence on transwomen’s sport-
ing performance is scarce (Table 1) and in the case of aero-
bic performance, non-existent. Couple this with the data 
already showing that oxygen-carrying haemoglobin levels 
are reduced in transwomen to female norms levels [45], it is 
a sports performance proxy that is urgently needing inves-
tigation due to the importance of the cardiovascular system 
during aerobic exercise. Low testosterone concentrations 
have been reported in transwomen undergoing hormone 
replacement therapy (HRT) [46] and in a recent meta-anal-
ysis, HRT was found not to affect the motor coordination or 
visuospatial abilities of transwomen [47]. In a study of 50 
non-athlete transwomen who had undergone gender-affirm-
ing surgery (GAS) coupled with HRT, a reduction in muscle 
mass and bone mineral density was reported together with 
an increase in fat mass following HRT initially and 1 year 
after GAS [48]. These data on non-athletic transwomen and 
non-sports performance measures make it difficult to sug-
gest that the athletic capabilities of transwomen individu-
als undergoing HRT or GAS are comparable to those of 
cisgender women and because of this, the recording of data 
describing transwomen’s sporting performance should be 
of the highest importance to sporting governing bodies and 
researchers.
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While data on transwomen’s athletic performance remain 
to be experimentally determined, a first retrospective study 
did evaluate the performances of eight non-elite transwoman 
masters athletes who had participated in running compe-
titions, first as males and then as females [49]. Running 
performance was compared using a standard age grading 
methodology [age grade (%) = age standard × 100/race time] 
for comparing groups of athletes of any age and gender in 
track-and-field and distance running [49, 50]. Overall, the 
group of athletes obtained similar “age-graded” scores in 
both categories. However, the design of the study may limit 
its relevance given the small sample size, no reporting of 
testosterone levels, self-reported run times, no reporting of 
when the participants ran after their transition, the athletes 
were not elite, and the findings of this study have not been 
replicated.

A review paper by Hilton and Lundberg [43] addressed 
the integration of transwomen in the elite female category 
of sport. The authors concluded that anthropometric and 
muscle mass advantages are sustained in transwomen after 
12 months of gender-affirming treatment based on studies 
showing the physiological changes caused by HRT in trans-
women and chemical castration in men. Conversely, due to 
these studies being conducted in non-athletic transgender 
women, they also concluded that “it is still uncertain how 
transgender women athletes, perhaps undergoing advanced 
training regimens to counteract the muscle loss during the 
therapy, would respond” [43].

Despite the lack of direct sport-specific studies of 
transgender athletes in their review, Hilton and Lundberg 
raised safety as their primary concern and proposed that 
12 months of testosterone suppression is insufficient to miti-
gate their safety concerns [43]. However, the main criticism 
of this review is the purely biological argument from an elite 
male versus elite female position, implying that transwomen 
athletes are the same as elite male athletes (Table 1). Data 
showing lower baseline isometric torque and muscle volume 
[51] in transwomen compared to cisgender males highlight 
the problematic nature of inferring that transwomen and 
cisgender males are the same, as this ignores the impact of 
gender-affirming treatments such as HRT and GAS and the 
psychological effects of gender dysphoria such as low self-
esteem, anxiety and/or depression, and becoming socially 
isolated [52].

Recently, Roberts et al. [53], retrospectively reviewed 
pre- and post-HRT military fitness test results in trans-
women individuals (n = 46) of the U.S. Air Force. These 
authors found that the push-up (31% more than their female 
counterparts) and sit-up (15% more than their female coun-
terparts) advantages over ciswomen at baseline had been 
negated after 2 years, but not after 1 year. This finding agrees 
with previous studies that have shown that baseline muscular 
strength in transwomen is not significantly diminished after 

1 year [51, 53] but is after 2 years of HRT [53]. Roberts 
et al. also found that running performance in the 1.5 mile 
run remained 12% faster on average in transwomen after 
2 years of HRT [53]. These findings require replication in 
trained transwomen athletes, although they would suggest a 
different rate and extent of mitigation of the advantages held 
by transwomen given that the strength advantages, but not 
the cardiovascular advantages, of transwomen were miti-
gated after 2 years of HRT. These observations also ques-
tion the required testosterone suppression time of 12 months 
for transwomen to be eligible to compete in women’s sport, 
as most advantages over ciswomen were not negated after 
12 months of HRT. How applicable these performance 
data are from both Harper [49] and Roberts et al. [53] in 
determining the extent of advantage remaining in trans-
women athletes post-gender-affirming treatment remains to 
be determined. This will require longitudinal transgender 
athlete case-comparison studies that control for variations 
in hormonal exposure and involve numerous indices of per-
formance (Table 1).

4.3 � The Present Rulings in Elite Sport

The participation of transgender athletes in the Olym-
pic Games was approved following the 2003 Stockholm 
Consensus on Sex Reassignment in Sports, which recom-
mended that transwomen athletes undergoing sex reas-
signment after puberty be eligible for competition 2 years 
post-gonadectomy, HRT, and legal recognition of assigned 
sex [42]. The IOC released one update of the recommenda-
tions in 2015 [54]. Most sports governing bodies adopted 
this policy, declaring the eligibility of transwomen athletes 
with serum testosterone concentrations < 10 nmol/L for at 
least 12 months before the first competition and through-
out the competition period. There was also no requirement 
for surgical procedures for any anatomical changes. World 
Athletics [55], World Rowing [56] and Union Cycliste 
Internationale (UCI) [57] have all adopted the lower serum 
testosterone concentration limit of 5 nmol/L for trans-
women athletes. Some would consider a 5 nmol/L limit 
high, as healthy premenopausal women typically have a 
testosterone concentration < 5 nmol/L (e.g., < 1.7 nmol/L) 
[19]). The support for the < 5 nmol/L limit (Table 1) for 
transwomen athletes emerges from a study where 24 
healthy, physically active women aged 18–35 years under-
went 10 weeks of testosterone treatment [22]. This study 
reported improved running time to exhaustion during an 
incremental maximal test on a treadmill by 21.17 s (8.5%) 
and an increase in lean body mass. However, the average 
testosterone concentrations of these participants did not 
exceed 5 nmol/L (from 0.9 ± 0.4 to 4.3 ± 2.8 nmol/L) [22], 
which is considerably below the 10 nmol/L threshold used 
by the IOC [54].
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World Rugby became the first international sports gov-
erning body to ban the participation of transwomen in the 
elite female level of sport in October 2020. They state that 
“Transgender women may not currently play women’s rugby 
because of the size, force- and power producing advantages 
conferred by testosterone during puberty and adolescence, 
and the resultant player welfare risks this creates” [58]. 
The policy, by its admission, is based on a “hypothetical 
cross-over scenario in which a typical male tackler mass 
is involved in a tackle against a ball carrier with a typical 
female mass” [58]. The policy itself speaks to the “com-
mon sense” view that transwomen athletes are larger and 
stronger than their cisgender peers, which mischaracterises 
transwomen athletes as elite male athletes (Table 1) and has 
been opposed by rugby unions such as the USA and Canada. 
England Rugby will also not implement the policy stating 
to the media that it “believes further scientific evidence is 
required alongside detailed consideration of less restrictive 
measures in relation to the eligibility of transgender play-
ers” [59]. World Rugby’s ruling is a prominent polarising 
example of the need for sports-specific performance data for 
transwomen athletes.

5 � Future Research Considerations

5.1 � Testosterone as the Primary Biomarker 
for Eligibility

Despite being imperfect, serum testosterone concentrations 
are being considered as the primary biomarker to regulate 
the inclusion of athletes into the female category. At this 
time, it is the only method based on an objective biomarker 
supported by most available scientific literature (Table 1), 
while also accomplishing the integration of DSD women 
athletes and transwomen athletes into the female category 
of sports. This is consistent with the fundamental principles 
of the Olympic Charter and is an attempt to be fair to all 
participants by ensuring an equitable competitive environ-
ment. However, many unresolved issues need clarification 
before unreservedly adopting testosterone concentration, or 
any biomarkers, to define “athletic gender” [3]. Resolving 
these issues will require the scientific and sports medicine 
community to employ innovative research ideas [e.g., a 
combination of cell, animal, and human research paradigms 
(Table 1)] to generate the biological data needed to inform 
the inclusion or exclusion of transwomen and DSD women 
athletes in elite female sports.

Areas of research focus could include better methods for 
quantifying bioavailable testosterone, also known as free 
testosterone, as a potentially better alternative to total cir-
culating testosterone as a criterion for participation in the 

female category of sports. Bioavailable testosterone is the 
testosterone that is taken up and used by the body’s cells 
and could be measured in conjunction with an allowance 
for androgen insensitivity [3]. An increase in bioavailable 
testosterone over time seems to induce a greater increase 
in muscle mass and strength [60], although this finding has 
been recently disputed [61]. In contrast, when bioavailable 
testosterone was reduced to castrate levels in young men, 
isometric strength did not increase after resistance exercise 
training [62]. Assuming these findings are replicated and if 
extrapolated to elite DSD women athletes and transwomen 
athletes, they would imply that decreasing bioavailable tes-
tosterone concentrations would mitigate to some extent any 
previous sporting advantage due to the previously high tes-
tosterone concentrations. This is a particularly encouraging 
future avenue of research.

The role of testosterone in muscle anabolism (i.e., tissue 
growth, substrate restoration, and recovery) and catabolism 
(i.e., tissue breakdown and metabolic regulation) is well 
described [63] and, therefore, could be another avenue of 
research. The hypothesis is that the low testosterone concen-
trations induced in transwomen or DSD women will impact 
negatively on muscle performance and recovery. Therefore, 
it is essential that researchers replicate or determine the pre-
cise time frame, individual variability, and mechanism(s) of 
this drop off in strength with HRT in trained athletes.

5.2 � Genetics

Another pertinent issue is genetic factors (i.e., sex chromo-
some composition) in influencing athletic performance. 
Boys and girls demonstrate differences in a range of physi-
cal characteristics, including body composition and skinfold 
thickness [64], height, and explosive strength, even before 
puberty [65], suggesting that sex chromosome composi-
tion plays a role in determining differences in adult athletic 
performance. Consistent with this, different populations of 
muscle cells may express different phenotypes of androgen 
sensitivity, raising the possibility that the muscle response 
to training may be different between men and women at the 
same testosterone concentrations. Animal model studies are 
a feasible option to examine the influences of sex chromo-
somes and pubertal hormones. For example, the four core 
genotypes mouse model which incorporates mice with four 
different combinations of gonads and sex chromosomes [66, 
67], has helped identify the influence of sex chromosomes 
on physical traits, such as obesity and food intake [68, 69]. 
This model represents an ideal opportunity to study muscle 
function in the present context as the different combinations 
of gonads and sex chromosomes will result in different tes-
tosterone concentrations. This model may highlight the true 
effect of testosterone on muscle function.
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5.3 � Androgen Receptor Function

Elucidating further androgen receptor function is another 
relevant future avenue of research. Androgen receptors 
can be modulated by specific proteins called coregulators 
[70–72] or mediated via the activation of membrane-bound 
protein receptors to initiate intracellular signalling pathways 
[73], which can occur even in the presence of low levels of 
androgens [74]. Investigations into the non-genomic actions 
of the androgen receptor have been limited to in vitro stud-
ies [75, 76] rather than in vivo due to the lack of an appro-
priate animal model that can distinguish between genomic 
and non-genomic receptor actions [75]. Androgen receptor 
knockout mice such as DBD-ARKO [40], which has a dele-
tion of the second zinc finger of the DNA-binding domain, 
has been created for such research purposes. Given the 
inherent challenges of human studies, investigators need to 
adopt similar creative approaches if they are to elucidate the 
role of androgen receptors in elite DSD women and trans-
women athletes.

5.4 � Athlete Health

It is important to note that the World Medical Association 
has urged physicians not to implement the World Athletics 
policy on classifying women athletes, arguing that the policy 
is not in line with medical ethics and could be harmful to the 
athlete [77]. This argument is an outdated approach to pro-
tect the privacy of patients. If the athlete is fully informed of 
the consequences of treatment and not coerced into undergo-
ing treatment, the athlete has free choice to do so (Table 1), 
which is a fundamental human right [32]. However, when 
the sex of an athlete is challenged or uncertain, eligibility 
would need to be determined for women’s events. Such a 
concept to request eligibility is currently being implemented 
by World Rowing [56]. The justification is that it is ethi-
cal and may be necessary for a medical doctor to assist an 
athlete in determining their eligibility for a sex-restricted 
event. This requirement is not about treatment and treat-
ment choices, which are always private and not relevant to 
the sports community. This process is essential to ensure all 
athletes, including transwomen and DSD women athletes, 
can compete on an even playing field with cisgender athletes, 
and currently, as the best proxy, transgender athletes have to 
demonstrate testosterone concentrations in a similar range to 
those athletes they wish to compete against. The eligibility 
of DSD women athletes must not only follow the same prin-
ciples based on testosterone concentrations, but also needs 
to consider testosterone receptor function.

The health of athletes should be the number one priority 
of any sport, and it is clear that World Rugby’s new trans-
women exclusion policy [58] has the health of athletes at the 

heart of its policy. However, such exclusion policies should 
be based on generally accepted scientific consensus, includ-
ing results from studies conducted in transwomen athletes. 
The authors of the World Rugby guidelines may be correct 
in their assumptions using hypothetical modelling of elite 
male versus elite female athletes [58]; however, until rel-
evant transwomen athletic performance data become avail-
able, there is just as much circumstantial evidence to support 
this policy by World Rugby as there is to oppose it. For 
example, a study of young untrained women with polycystic 
ovary syndrome found greater muscle mass did not equate 
to greater peak muscle force [78]. There is an urgent need, 
therefore, for well-designed longitudinal studies throughout 
a transwomen’s transition that assesses at regular intervals 
the main indices of performance relevant to all sports. Such 
data will prove invaluable to directly evaluate the true safety 
risks inherent in transwomen playing in the elite female cat-
egory of sport.

5.5 � Muscle Memory

Muscle memory refers to the persistence of cellular phe-
notype related to previous testosterone exposure [79]. 
Research shows that in addition to hormone concentra-
tions, the number of myonuclei can affect skeletal muscle 
training [79, 80]. Indeed, muscle cells have multiple nuclei 
and their number increases with muscle hypertrophy [81, 
82]. In female mice, short-term treatment with testosterone 
increased both muscle fibre cross-sectional area (CSA) and 
myonuclei number [79]. After cessation of exposure, mus-
cle fibre CSA reverted to that of the control arm, but the 
number of myonuclei remained 42% higher than controls 
for at least 3 months. These resident myonuclei facilitated 
enhanced muscle hypertrophy during 6-day resistance 
training overload (31% increase in the fibre CSA vs. 6% 
in controls); this increase remained 20% higher compared 
with controls after 14-day overload [79]. The number of 
myonuclei not only reflects the current size of the fibre, 
but also the history of the fibre. Current data might fit a 
“peak pegging” hypothesis, where the number of myonu-
clei found in the fibre represents the largest size the fibre 
has achieved, and new myonuclei are only added if the 
fibre grows beyond that size. However, this “peak pegging” 
hypothesis found in female mice does not transfer to young 
healthy, physically active women. Horwath et al. showed 
no change in the myonuclei content following a 10-week 
testosterone administration of 10 mg daily protocol [83] 
coupled with an interesting finding of a 31% increase in 
satellite cells associated with type II fibres in the testos-
terone group. Satellite cells exit quiescence by extrinsic 
mechanical stretch to the fibre, generating differentiated 
cells and self-renewing stem cells by asymmetric division 
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[84], meaning that the myofibres could feasibly repair more 
quickly with exogenous testosterone administration.

Testosterone has been shown to increase the myonuclear 
number in men in a dose-dependent manner alongside mus-
cle fibre CSA being well correlated with the myonuclear 
number [81, 82]. Nevertheless, further data are needed to 
confirm the extent to which myonuclei are retained over 
time after human muscle fibres have been exposed to a 
high testosterone environment. If high numbers of myonu-
clei are confirmed to be retained in transwomen or DSD 
women athletes, these results could imply that an advantage 
of previously high testosterone concentrations remains even 
after testosterone suppression. The relevant question would 
remain whether this potential effect is relevant to regula-
tions that seek to prohibit individuals who have this potential 
advantage from competition.

5.6 � Previous Failings Present Opportunity

Finally, it is important to stress that the current physiologi-
cal data are insufficient to adequately inform policy and 
result from both a distinct lack of research funding and a 
limited number of elite athletes available to participate in 
this research area. For eligibility to be determined in the fair-
est manner possible, more funding and subsequent research 
are required to allow specialists in biological sciences and 
sports medicine to conduct experiments to determine the 
best solutions for integrating DSD women and transwomen 
athletes into the elite level of female sport.

5.7 � FIMS Consensus Statements for the Integration 
of DSD Women and Transwomen Athletes 
into Elite Female Sport

Although serum testosterone concentrations constitute an 
indicator of androgen production and availability, a reliable 
biological index of androgen action is still lacking. Prom-
ising new developments in sport and exercise science are 
destined to contribute to the fair inclusion of DSD women 
and transwomen athletes. A well-coordinated multidiscipli-
nary international research approach should include well-
designed, controlled studies on the effect of testosterone on 
training and sports performance. Providing scientific evi-
dence to use a system of biology multi-omics adequately and 
ethically (i.e., genomics, transcriptomics, metabolomics, and 
proteomics) to generate the necessary data and downstream 
biomarkers will be needed to address all open issues. There 
must be a transparent roadmap for the scientific community 
to focus on the best possible outcome of such new research. 
The authors, therefore, propose the following FIMS con-
sensus statements and roadmap to facilitate the integration 
of DSD women and transwomen athletes into elite female 
sport:

•	 The inclusion of a third category in elite sport is not cur-
rently plausible, as the numbers of elite DSD women and 
transwomen athletes are relatively small.

•	 The prevalence of transwomen athletes in elite com-
petition is likely to increase in the future, due to the 
increased visibility of transgender individuals in society 
[85, 86], which in turn may drive more people to consider 
expressing their chosen gender identity [87]. Research 
into transwomen sporting performance is highly relevant 
for leading scientists, leading clinicians, sport’s govern-
ing bodies, and the World Anti-Doping Agency and is 
already a priority for the IOC [88].

•	 Transwomen have the right to compete in sports. How-
ever, cisgender women have the right to compete in a 
protected category.

•	 Any inclusion or exclusion policies on DSD women and/
or transwomen athletes should be free of any social and/
or religious prejudice, bias, or discrimination and should 
be based solely on the governance of fair competition.

•	 As each sport can vary greatly in terms of physiological 
demands, we support the view held also by others [43] 
stating that individual sport’s governing bodies should 
develop their own individual policies based on broader 
guidelines developed on the best available scientific 
evidence, determined experimentally from a variety of 
sources with a particular preference for studies on trans-
women and DSD women athletes.

•	 With data showing reductions in haemoglobin following 
testosterone suppression [45], obtaining data on DSD 
women and transwomen athletes’ cardiovascular per-
formance, such as maximal oxygen uptake, should be 
a priority for researchers due to the importance of the 
cardiovascular system in numerous sports performance 
contexts.

•	 The use of serum testosterone concentrations as the pri-
mary biomarker to regulate the inclusion of athletes into 
male and female categories is currently the most justi-
fied solution as it is supported by the available scientific 
literature (Table 1) and should be implemented at the 
elite level, where there is an emphasis on performance 
enhancement.

•	 DSD women or transwomen athletes should be fully 
informed by medical personnel of the risks and conse-
quences of testosterone suppression treatment and must 
never be coerced or forced into testosterone suppression. 
The athletes must be free to make the decision that is best 
for them (Table 1).

•	 No sport’s governing body should provide recommenda-
tions on treatment; this should be done by medical per-
sonnel (Table 1).

•	 If DSD women and transwomen athletes choose not to 
have suppressed testosterone, as is their right, they can-
not compete in the restricted female category with high 
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testosterone concentrations above the policy threshold. 
Instead, they should be offered the chance to compete in 
the male category.

•	 A testosterone concentration threshold of 5 nmol/L in 
DSD women and transwomen athletes should be used as 
a global recommendation for sport’s governing bodies 
at this present time and may be modified as new evi-
dence arises for an event or sport-specific concentrations 
(Table 1).

•	 The statement on the testosterone concentration threshold 
for transwomen and DSD women athletes was the only 
point of contention for the FIMS Panel. All 70 authors 
voted, of whom 87% were in favour of the 5 nmol/L 
threshold, 2% of authors were in favour of a threshold 
of 8 nmol/L, 2% were in favour of a threshold around 
the upper testosterone concentration of normal healthy 
females of 0.2–1.7 nmol/L [89], and 8% of authors were 
in favour of no change to the limit until further evidence 
was acquired. This large but not unanimous majority con-
sensus highlights the area most in need of research, i.e., 
altered bioavailability of testosterone and performance 
indices in DSD women and transwomen athletes.

•	 New innovative avenues must be explored to guide 
improved, up to date policy (Table 1), for example, quan-
tifying bioactive testosterone and individual sensitivity 
to testosterone, the role of sex chromosomes in athletic 
performance, the role of androgen receptors, and the 
extent to which muscle memory is retained after high 
testosterone exposure. In addition, identification of other 
biomarkers (e.g., metabolomics, proteomics) that may 
better differentiate individual sensitivity to testosterone 
is needed. Liquid chromatography–mass spectrometry is 
well accepted as the preferred technique for the analysis 
of testosterone [90, 91].

•	 The best available scientific methods, such as well-
designed, controlled studies, must be utilised to acquire 
new scientific evidence on sporting performance meas-
ures to derive policies on DSD women and/or trans-
women sporting participation. This should be on a sport-
by-sport basis when the evidence arises, rather than the 
universal approach to sports regulations at present due to 
the lack of individual sports data.

5.8 � Dissenting Opinions During Consensus 
Discussions

During the consensus discussions, there was a construc-
tive debate on the testosterone limit in the elite category 
of female sports. One author agreed that the concentration 
of 5 nmol/L was a median value between the upper and 
lower ranges of female and male testosterone. However, the 
5 nmol/L level adopted by World Athletics is based on the 
inference that there is a relationship between performance 

and testosterone concentrations and is meant to represent 
the value above which a performance advantage is no 
longer within the bounds of healthy cisgender females. This 
assumption is likely false due to the multifactorial nature of 
different sports. Although there is evidence to suggest that 
performance of female athletes with high testosterone levels 
may be enhanced, it is still a contentious issue that requires 
research before and after testosterone suppression to iden-
tify where the testosterone threshold should be set for such 
athletes, and the limit may have to follow a sport-by-sport 
evidenced basis instead of a holistic approach.

The authors also discussed the issue of athletes’ health, 
which is timely given the announcement of World Rugby’s 
transgender guideline which excludes transwomen players to 
safeguard cisgender female players at the international level. 
One author opposed the “one size does not fit all” notion of 
World Rugby’s policy due to its assumption that all trans-
women are larger in stature and heavier than their cisgender 
counterparts. This assumption is due to studies like Roberts 
et al. showing that transwomen are heavier when presented 
as a pre-treatment average [53]. However, some cisgender 
women athletes are taller than transwomen or have greater 
muscle mass than transwomen and anthropometric varia-
tion is a part of sport. If the modelling scenario in World 
Rugby’s policy of a “typical male tackler mass” involved in 
a rugby tackle with a “typical female tackler mass” [58] is 
confirmed, an exclusion policy could be implemented on an 
individual basis and resolving all the practical challenges 
that this would entail. Safety in sport is of great importance 
and exclusion based on safety is a justifiable cause but exclu-
sion needs to be evidenced-based and include some consid-
eration of transwomen athletic performance metrics.

Another author strongly affirmed that all cut-offs for hor-
mones that are out of normal ranges for age and/or gender 
are pathological, not physiological, and are associated with 
different side effects, some of them increasing health risks 
and some potentially useful at different levels for physiologi-
cal performance. The author stated, “that as sports physi-
cians we have to decide if firstly, we protect athlete’s health 
issues or social issues” and that sport physicians should 
mimic society’s physicians and be “a cornerstone for ath-
letes health”.

6 � Conclusions

Ultimately, even the most evidence-based policies will not 
eliminate differences in sporting performance between ath-
letes in the elite category of female sports. However, any 
advantage held by a person belonging to an athlete in this 
category could be considered part of the athlete’s unique 
individuality. Whatever the solution, there is an urgent 
need for a well-coordinated multidisciplinary international 
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research program, backed by appropriate research grant 
funding and athlete participation, to generate the evidence 
to inform future objective policy decisions. Such decisions 
should be based on the best available scientific evidence 
from the best available scientific practice and the decisions 
made will also require a firm political resolve to fairly inte-
grate transwomen and DSD women athletes into elite female 
sport.
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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-
cal advantage, most notably in terms of muscle mass and 
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.

This evidence is relevant for policies regarding partici-
pation of transgender women in the female category of 
sport.

Supplementary Information  The online version contains 
supplementary material available at https​://doi.org/10.1007/s4027​
9-020-01389​-3.
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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 (IOC) 
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) VO2max 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

Variable Magnitude of sex difference 
(%)

References

Body composition
 Lean body mass 45 Lee et al. [28]
 Fat% − 30

Muscle mass
 Lower body 33 Janssen et al. [29]
 Upper body 40

Muscle strength
 Grip strength 57 Bohannon et al. [30]
 Knee extension peak torque 54 Neder et al. [31]

Anthropometry and bone geometry
 Femur length 9.4 Jantz et al. [32]
 Humerus length 12.0 Brinckmann et al. [33]
 Radius length 14.6
 Pelvic width relative to pelvis height − 6.1

Tendon properties
 Force 83 Lepley et al. [34]
 Stiffness 41

VO2max

 Absolute values 50 Pate et al. [35]
 Relative values 25

Respiratory function
 Pulmonary ventilation (maximal) 48 Åstrand et al. [36]

Cardiovascular function
 Left ventricular mass 31 Åstrand et al. [36]
 Cardiac output (rest) 22 Best et al. [37]
 Cardiac output (maximal) 30 Tong et al. [38]
 Stroke volume (rest) 43
 Stroke volume (maximal) 34
 Hemoglobin concentration 11

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
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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–
female and top/open weight 
categories

F female, M male

Sex Weight (kg) Height (m) Combined 
record (kg)

Strength to 
weight ratio

Relative 
performance 
(%)

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 1.64 276 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
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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.

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, VO2max 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 1RM 
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].

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

M meters
Time format: minutes:seconds.hundredths of a second

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) 7.52 m
Discus throw 77.68 m (age 15) 76.80 m
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4 � Is 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

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

Study Participants (age) Therapy Confirmed serum 
testosterone levels

Muscle/strength data Comparison with refer-
ence females

Polderman et al. [73] N = 12 TW 18–36 yr 
(age range)

T suppression + E 
supplementation

< 2 nmol/L at 4 mo LBM
4 mo − 2.2%

LBM
4 mo 16%

Gooren and Bunck 
[62]

N = 19 TW 26 ± 6 yr T suppression + E 
supplementation

≤ 1 nmol/L at 1 and 
3 yr

Thigh area
1 yr − 9% / 3 yr -12%

Thigh area
1 yr 16%/3 yr 13%

Haraldsen et al. [63] N = 12 TW 29 ± 8 yr E supplementation < 10 nmol/L at 3 mo 
and 1 yr

LBM
3 mo/1 yr—small 

changes, unclear 
magnitude

Mueller et al. [64] N = 84 TW 36 ± 11 yr T suppression + E 
supplementation

≤ 1 nmol/L at 1 and 
2 yr

LBM
1 yr − 4%/2 yr − 7%

Wierckx et al. [65] N = 53 TW 31 ± 14 yr T suppression + E 
supplementation

< 10 nmol/L at 1 yr LBM
1 yr − 5%

LBM
1 yr 39%

Van Caenegem et al. 
[53]

(and Van Caenegem 
et al. [76])

N = 49 TW
33 ± 14 yr

T suppression + E 
supplementation

≤ 1 nmol/L at 1 and 
2 yr

LBM
1 yr − 4%/2 yr − 0.5%
Grip strength
1 yr − 7%/2 yr − 9%
Calf area
1 yr − 2%/2 yr − 4%
Forearm area
1 yr − 8%/2 yr − 4%

LBM
1 yr 24%/2 yr 28%
Grip strength
1 yr 26%/2 yr 23%
Calf area
1 yr 16%/2 yr 13%
Forearm area
1 yr 29%/2 yr 34%

Gava et al. [66] N = 40 TW
31 ± 10 yr

T suppression + E 
supplementation

< 5 nmol/L at 6 mo 
and ≤ 1 nmol/L at 
1 yr

LBM
1 yr − 2%

Auer et al. [67] N = 45 TW
35 ± 1 (SE) yr

T suppression + E 
supplementation

< 5 nmol/L at 1 yr LBM
1 yr − 3%

LBM
1 yr 27%

Klaver et al. [68] N = 179 TW
29 (range 18–66)

T suppression + E 
supplementation

≤ 1 nmol/L at 1 yr LBM 1 yr
Total − 3%
Arm region − 6%
Trunk region − 2%
Android region 0%
Gynoid region − 3%
Leg region − 4%

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

Fighera et al. [69] N = 46 TW
34 ± 10

E supplementation 
with or without T 
suppression

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

ALM
31 mo − 4% from the 

3 mo visit
Scharff et al. [70] N = 249 TW

28 (inter quartile 
range 23–40)

T suppression + E 
supplementation

≤ 1 nmol/L at 1 yr Grip strength
1 yr − 4%

Grip strength
1 yr 21%

Wiik et al. [71] N = 11 TW
27 ± 4

T suppression + E 
supplementation

≤ 1 nmol/L at 4 mo 
and at 1 yr

Thigh volume
1 yr − 5%
Quad area
1 yr − 4%
Knee extension 

strength
1 yr 2%
Knee flexion strength
1 yr 3%

Thigh volume
1 yr 33%
Quad area
26%
Knee extension strength
41%
Knee flexion strength
33%
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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 VO2max 
[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 
VO2max, 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 
VO2max, left 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 1RM 
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 
IOC). 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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Abstract

Introduction

Sex-specific differences that arise during puberty have a pronounced effect on the training

process. However, the consequences this should have for goal-setting, planning and imple-

mentation of training for boys and girls of different ages remains poorly understood. The aim

of this study was to quantify performance developments in athletic running and jumping dis-

ciplines in the age range 11-18 and identify progression differences as a function of age,

discipline and sex.

Methods

The 100 all-time best Norwegian male and female 60-m, 800-m, long jump and high jump

athletes in each age category from 11 to 18 years were analysed using mixed models with

random intercept according to athlete.

Results

Male and female athletes perform almost equally in running and jumping events up to the

age of 12. Beyond this age, males outperform females. Relative annual performance devel-

opment in females gradually decreases throughout the analyzed age period. In males, an-

nual relative performance development accelerates up to the age of 13 (for running events)

or 14 (for jumping events) and then gradually declines when approaching 18 years of age.

The relative improvement from age 11 to 18 was twice as high in jumping events compared

to running events. For all of the analyzed disciplines, overall improvement rates were >50%

higher for males than for females. The performance sex difference evolves from < 5% to 10-

18% in all the analyzed disciplines from age 11 to 18 yr.

Conclusion

To the authors’ knowledge, this is the first study to present absolute and relative annual per-

formance developments in running and jumping events for competitive athletes from early
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to late adolescence. These results allow coaches and athletes to set realistic goals and pre-

scribe conditioning programs that take into account sex-specific differences in the rate of

performance development at different stages of maturation.

Introduction
Running and jumping are fundamental motor skills in most sport disciplines. Such skills are
developed throughout life via growth, maturation and training [1]. Males have consistently
performed better in sports reliant on sprinting, jumping and endurance capacity [2–6]. As
women have gradually been given the opportunity to compete on equal terms with men, the
sex difference in performance has progressively narrowed before stabilizing in the 1980s
[2,4,6]. Recent studies of world-class athletes indicate that the sex difference is 10–12% for run-
ning events [2,4,6] and ~19% for jumping events [6]. To date, no studies have documented
when these sex differences arise. An understanding of the expected sex differences is important
to allow coaches and athletes to set realistic goals and prescribe optimal conditioning programs
that take into account sex-specific differences in the rate of performance development at differ-
ent stages of maturation.

Sexual dimorphism during puberty is highly relevant for understanding sex-specific perfor-
mance developments in sports. The initiation of the growth spurt in well-nourished girls occurs
at about 9–10 yrs of age. Age at peak height velocity (PHV) and peak weight velocity (PWV) in
girls is 11–12 and 12–13 yrs, respectively, with an average 7–9 cm and 6–9 kg annual increase
[7,8,9]. The growth spurt and PHV in girls occurs approximately 2 years earlier than for boys.
However, the magnitude of the growth spurt is typically greater in boys, as they on average gain
8–10 cm and 9–10 kg annually at PHV and PWV, respectively. Girls experience an escalation in
fat mass compared to boys. Fat free mass (FFM) (also termed lean muscle mass) is nearly identi-
cal in males and females up to the age of 12–13 yrs. FFM plateaus in females at 15–16 years of
age, but continues increasing in males up to the age of 19–20 yrs [7,8,9]. On average, boys and
girls increase their FFM by 7.2 and 3.5 kg�year-1, respectively, during the interval near peak height
velocity. Corresponding estimates for changes in absolute fat mass are 0.7 and 1.4 kg�year-1,
while estimates for relative fatness are -0.5% and +0.9%�year-1 in boys and girls, respectively [8].

Previous cross-sectional studies of primarily non-competitive adolescents reveal that sex dif-

ferences in physical capacities (assessed as _V O2 peak or isometric strength in the majority of
cases) are negligible prior to the onset of puberty [9–15]. During the adolescent growth spurt,
however, marked sex differences develop. This can primarily be explained by hormone-
dependent changes in body composition [8,16] and increased red blood cell mass in boys
[16,17]. Despite such sex-specific differences having a pronounced effect on the training process,
the consequences these dissimilarities should have for goal setting, planning and implementa-
tion of training for boys and girls of different ages, remains poorly understood. No published
studies to date have investigated expected annual performance developments in running and
jumping disciplines among competitive athletes, from the start through to the end of puberty.

Information regarding the realistic potential for development for a dedicated athlete from
the start to the end of puberty is currently lacking in the research literature. Only longitudinal
or mixed longitudinal data can provide adequate information regarding performance develop-
ment during the adolescence growth spurt [14]. The Statistics Committee of the Norwegian
Athletics Federation has, over several decades, recorded and systemized competition results
from athletic events for all Norwegian athletes from the age of 11 years. This unique database
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provides the opportunity to investigate the long-term performance development of competitive
athletes in sports which place high demands on endurance running, sprint running and jump-
ing ability, from childhood up until the end of puberty. Hence, the purpose of this study was to
quantify performance developments in athletic running and jumping disciplines in the age
range 11–18 yr and identify possible progression differences as a function of age, discipline
and sex.

Materials and Methods

Data sample
This study was conducted in accordance with the declaration of Helsinki. Since our data are
based on publically available resources, no informed consent was obtained. This study was ap-
proved by the local ethics committee at the Norwegian University of Life Sciences.

The Norwegian Athletics Association annually publishes all-time best results categorized by
sex, age and discipline [18]. Each record within these rankings documents performance, name,
birth date, club, competition date and venue where the result was set. The database is restricted
to the individual season best for each discipline. In the present study, the 100 all-time best male
and female 60 m, 800 m, long jump and high jump athletes in each age category from 11 to 18
years were included for analysis. According to Norwegian track & field regulations, athletes are
allowed to compete in these disciplines from the age of 11. Long distance disciplines were ex-
cluded from analyses as Norwegian athletes are not allowed to compete in such disciplines be-
fore the age of 15. Throwing and hurdling events were also excluded due to different
competition regulation standards across age categories (i.e. weight of throwing implement,
hurdle height, etc.). The included 100 all-time best lists contain data back to 1975. Only out-
door season data were included for 800 m, long jump and high jump, while 60 m included both
indoor and outdoor data. However, 60 m results obtained without electronic timing were ex-
cluded. Only 60 m and long jump results obtained with legal wind speed (� 2 m�s-1) were in-
cluded. Overall, the sample consisted of results from 1373 male and 1149 female athletes and a
total of 6400 individual results. The distribution of male/female athletes across the analyzed
sports disciplines were 408/369 for 60 m, 414/379 for 800 m, 440/371 for long jump and 354/
347 for high jump. About 15–20% of the athletes were in the 100 all-time best lists in more
than one discipline.

Statistical analyses
The data were analyzed using mixed models with result as dependent variable and age as fixed
explanatory variable with an athlete-specific random variable to account for within-athlete de-
pendency. Separate analyses were performed by discipline and sex. We used estimated margin-
al means with 95% confidence limits (95% CIs) to produce plots of expected progression by
gender and exercise. Descriptive statistics are presented as mean and standard deviation (SD)
in addition to percent (%) for change. Effect magnitudes (based on Cohen’s d) across categories
were interpreted categorically as small (d from 0.2 to 0.6), moderate (d from 0.6 to 1.2) or large
(d from 1.2 to 2.0) using the scale presented by Hopkins et al. [19]. All analyses were performed
using SAS software version 9.2 (SAS Institute Inc., Cary, NC, USA).

Results

60 m sprint
Table 1 and Fig 1 show that boys improve 0.3–0.5 s over 60 m sprint each year up to the age of
14 yr (very large to nearly perfect annual effect), 0.1–0.2 s annually from 14 to 17 yr (moderate
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to large annual effect), and 0.05 s from age 17 to 18 yr (moderate effect). Relative annual im-
provement peaks between 12 and 13 yr (5.8%; nearly perfect effect), and then gradually de-
clines to 0.7% between age 17 and 18 yr (moderate effect). On average, boys improve their
60 m performance by 18% from age 11 to 18 yr (Fig 2). Girls improve 0.35 s over 60 m from
age 11 to 12 yr (4%; very large effect) (Table 1 and Fig 1). Then, absolute and relative annual
improvement gradually slows and almost plateaus between age 14 and 15 (0.02 s; 0.2%; trivial
effect). From age 15 to 17, annual improvement increases somewhat to 0.07–0.08 s (~1%; mod-
erate effect) before plateauing again between age 17 and 18 (0.02 s; 0.2%; trivial effect). In total,
girls improve their 60-m performance by 11% from age 11 to 18 yr (Fig 2). Fig 3 (panel A)

Table 1. Expected progressions in running and jumping performance for 11–18 yr old males and females.

Age (yr) 60 m 800 m Long Jump High Jump

Boys Girls Boys Girls Boys Girls Boys Girls
Progression Progression Progression Progression Progression Progression Progression Progression
(s and %) (s and %) (s and %) (s and %) m (%) m (%) m (%) m (%)

11–12 -0.35 (4.1) -0.35 (4.0) -6.4 (4.4) -7.3 (4.8) +0.35 (7.4) +0.36 (7.9) +0.11 (7.4) +0.10 (7.2)

12–13 -0.48 (5.8) -0.25 (2.9) -8.7 (6.2) -5.5 (3.8) +0.43 (8.6) +0.30 (6.0) +0.12 (7.9) +0.09 (6.3)

13–14 -0.29 (3.7) -0.16 (2.0) -5.9 (4.5) -3.6 (2.6) +0.50 (9.0) +0.21 (4.1) +0.13 (8.1) +0.06 (3.6)

14–15 -0.10 (1.3) -0.02 (0.2) -5.2 (4.1) -2.2 (1.6) +0.34 (5.6) +0.13 (2.4) +0.08 (4.3) +0.04 (2.4)

15–16 -0.17 (2.3) -0.08 (1.0) -3.2 (2.7) -1.6 (1.2) +0.28 (4.4) +0.10 (1.8) +0.07 (3.6) +0.03 (1.8)

16–17 -0.10 (1.4) -0.07 (0.8) -2.3 (1.9) -1.5 (1.2) +0.19 (2.9) +0.06 (1.1) +0.05 (2.5) +0.01 (0.6)

17–18 -0.05 (0.7) -0.02 (0.2) -1.5 (1.4) -0.6 (0.4) +0.17 (2.5) +0.02 (0.4) +0.04 (1.9) +0.01 (0.5)

Data are mean (standard deviation) for top 100 Norwegian male and female performers in each discipline.

doi:10.1371/journal.pone.0129014.t001

Fig 1. Performance development from age 11 to 18 in running and jumping disciplines. Data are
mean ± SD for 60 m (panel A), 800 m (panel B) long jump (panel C) and high jump (panel D) for top 100
Norwegian male and female performers in each discipline.

doi:10.1371/journal.pone.0129014.g001

Performance Development in Young Athletes

PLOS ONE | DOI:10.1371/journal.pone.0129014 June 4, 2015 4 / 10

Case 2:21-cv-00316   Document 317-9   Filed 05/12/22   Page 5 of 11 PageID #: 21289



shows that the sex difference for 60 m sprint evolves from 1.5% at age 11 to 10.3% at the age of
18. Table 2 presents sex ratio in performance at each age stage, and shows that the sex ratio for
60 m running performance develops from 0.99 at age 11 to 0.91 at age 18.

800 m
Table 1 and Fig 1 show that boys improve 6–9 s over 800 m each year up to age 14 yr (very
large to nearly perfect annual effect). Relative annual improvement peaks between age 12 and
13 (6.2%; nearly perfect effect), then gradually decreases to 1.5 s between age 17 and 18 (1.4%;
moderate effect). On average, boys enhance their 800-m performance by 23% from age 11 to
18 (Fig 2). For girls, both absolute and relative annual performance development gradually de-
creases across the analysed age stages. The improvement is slightly above 7 s between age 11
and 12 yr (4.8%: very large effect), decreasing to only 0.6 s from age 17 to 18 (0.4%; small effect)
(Table 1 and Fig 1). Fig 2 shows that girls enhance their 800-m performance by 15% from age
11 to 18. The 800 m performance sex difference evolves from 4.8% at the age of 11 to 15.7% at
the age of 18 (Fig 3, panel B). Table 2 shows that the sex ratio for 800 m running performance
develops from 0.95 at age 11 to 0.86 at age 18.

Long jump
Table 1 and Fig 1 show that annual long jump improvement among boys gradually increases
from 35 cm between age 11 and 12 yr (7.4%; very large effect) to 50 cm between age 13 and 14
(9%; very large effect). Both absolute and relative annual development then gradually falls to 17
cm between age 17 and 18 (2.5%; moderate effect). Fig 2 shows that boys, on average, improve
their long jump performance by 48% from age 11 to 18 yr. For girls, both absolute and relative
annual performance enhancement gradually falls from age 11 to 12 yr (36 cm; 7.9%; very large
effect) until nearly plateauing between 17 and 18 yr (2 cm; 0.4%; trivial effect) (Table 1 and Fig
1). Overall, girls typically improve their long jump performance by 26% throughout the ana-
lysed age stages (Fig 2). The sex difference in long jump evolves from 3.6% at the age of 11 to
18% at the age of 18 (Fig 3, panel C). Table 2 shows that the sex ratio for long jump perfor-
mance develops from 0.96 at age 11 to 0.82 at age 18.

Fig 2. Percentage improvement in performance from age 11 to 18 in long jump, high jump, 60 m sprint
and 800m. Data are mean for top 100 Norwegian male (panel A) and female (panel B) performers in
each discipline.

doi:10.1371/journal.pone.0129014.g002
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High jump
Table 1and Fig 1 show that boys improve their high jump performance by 11–13 cm each year
up to the age of 14 (7–8%; very large annual effects). Both absolute and relative annual im-
provement peaks between age 13 and 14 (13 cm; 8.1%; very large effect), then gradually de-
creases to 4 cm from age 17 to 18 (1.9%; moderate annual effect). Overall, boys improve their
high jump performance by, on average, 41% from age 11 to 18 (Fig 2). For girls, both absolute
and relative annual improvement decreases from 10 cm from age 11 to 12 yr (7.2%; very large
effect) until it plateaus from age 16 (1 cm; ~0.5%; small annual effects) (Table 1 and Fig 1).
Overall, girls typically improve their high jump performance by 24% from age 11 to 18 (Fig 2).

Fig 3. Sex difference (%) for performance in running and jumping disciplines from age 11 to 18.Data
are mean and 95%CIs for 60 m (panel A), 800 m (panel B), long jump (panel C) and high jump (panel D) for
top 100 Norwegian male and female performers in each discipline.

doi:10.1371/journal.pone.0129014.g003

Table 2. Sex ratio in running and jumping performance for 11–18 yr old males and females.

60 m 800 m Long Jump High Jump

11 0.99 0.95 0.96 0.97

12 0.98 0.96 0.97 0.96

13 0.96 0.93 0.94 0.95

14 0.94 0.92 0.90 0.90

15 0.93 0.89 0.87 0.89

16 0.92 0.88 0.85 0.87

17 0.91 0.87 0.84 0.85

18 0.91 0.86 0.82 0.84

Data are calculated from mean results of top 100 Norwegian male and female performers in

each discipline.

doi:10.1371/journal.pone.0129014.t002
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The sex difference in high jump performance evolves from 3.5% at the age of 11 to 16% at the
age of 18 (Fig 3, panel D). Table 2 shows that the sex ratio for high jump performance develops
from 0.97 at age 11 to 0.84 at age 18.

Discussion
To the authors’ knowledge, this is the first study to present absolute and relative annual perfor-
mance developments in running and jumping events for competitive athletes from early to late
adolescence. Data from the 100 best performers in each age category from age 11 to 18 years
show that male and female athletes perform almost equally up to the age of 12. Beyond this
age, males outperform females. Relative annual performance development in females gradually
decreases throughout the analyzed age period. In males, annual relative performance develop-
ment accelerates up to the age of 13 (for running events) or 14 (for jumping events) and then
gradually declines when approaching 18 years of age. The relative improvement from age 11 to
18 was twice as high in jumping events compared to running events. For all of the analyzed dis-
ciplines, overall improvement rates were>50% higher for males than for females.

Sexual dimorphism during puberty is central in understanding the sex- and discipline-
specific performance developments observed in the current study. During puberty, boys begin
to produce higher levels of circulating testosterone. This affects the production of muscle fibers
through direct stimulation of protein synthesis [16,17]. Higher testosterone levels result in
more muscle mass, which in turn facilitates greater power production and more advantageous
ground reaction forces during running and jumping. Adolescent weight gain in boys is princi-
pally due to increased height (skeletal tissue) and muscle mass, while fat mass remains relative-
ly stable [7,8,9]. In contrast, during puberty girls begin to produce higher levels of circulating
estrogen and other female sex hormones [16]. Compared to their male counterparts, they expe-
rience a less pronounced growth spurt and a smaller increase in muscle mass, but a continuous
increase in fat mass, thereby lowering the critical ratio between muscular power and total body
mass. Fat free mass (FFM) in males and females is nearly identical up to 12–13 years of age.
Subsequently, FFM plateaus in females at 15–16 years of age, but continues to increase in
males up to 19–20 years of age [7,8,9]. On average, boys and girls increase their FFM by 7.2
and 3.5 kg�year-1, respectively, during the interval near peak height velocity. Corresponding es-
timates for changes in absolute fat mass are 0.7 and 1.4 kg�year-1, while estimates for body fat
percentage are -0.5% and +0.9%�year-1 in boys and girls, respectively [8]. Moreover, increased
red blood cell mass in boys at this time may contribute towards the widening sex difference for
800 m running [16,17]. Taking present and previous findings together, there appears to be a
strong mechanistic connection between the observed sex-specific performance developments
and hormone-dependent changes in body composition during puberty. Figs 1 and 2 are very
consistent with the muscle mass proportion curve outlined by Malina et al. [8], where a sex dif-
ference break point at the age of 12 is clearly present. Beyond this age, males outperform fe-
males because maturation results in a shift in body composition. Our results are in line with

previous investigations exploring physical capacities such as _V O2 peak and isometric strength
in non-competitive or non-specialized adolescents [8–12,20].

Fig 3 shows that performance development during puberty varies considerably according to
sport discipline. Within the jumping disciplines, improvement rates were slightly higher for
long jump compared to high jump. Within the running disciplines, the improvement rates
were slightly higher for 800 m compared to 60 m. Magnitudes of improvement within sex in
jumping events were twice as large as in running events throughout the analyzed age stages.
Moreover, tables 1 and 2 show that the peak rate of improvement in boys is reached at a later
stage in jumping events (13–14 years) compared to running events (12–13 years). From a
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motor learning perspective, running can be thought of as largely inherited, while jumping skills
are to a larger degree affected by practice [21]. The relatively low performance progress in run-
ning exercises can possibly be explained, at least in part, by the fact that running is an innate
movement typically developed naturally through growth and maturation from 1–2 years of
age. A large part of the performance potential has thus already been exploited through natural
play, growth and maturation. Jumping is also an innate movement, but not in the way in which
long jump and high jump are executed in track and field athletics. These are performed with an
approach speed from 7 to 12 m�s-1, and with the athlete required to handle forces of up 10
times their body weight [22,23]. It can therefore require many years of specific training to learn
an optimal approach, take-off, flight- and landing technique. The relatively greater progress in
jumping exercises can also be explained by growth and increased body height during puberty.
The increase in body height means that the center of gravity will be higher, providing better
mechanical conditions for performance in jumping events. Furthermore, Beunen &Malina [1]
suggest that the plateau for some motor tasks occurs at a slightly older age. Previous studies of
non-competitive adolescent boys indicate that peak gains in strength and power typically cor-
respond with peak gains in body mass and muscle mass. Conversely, peak gains for running ve-
locity and aerobic power typically occur at peak height velocity or slightly before [1,11,15] The
adolescent performance spurt for running speed is likely related to growth of the lower extrem-
ities, as the legs experience maximum growth before trunk, neck and head [24].

The current results indicate that the sex difference evolves from< 5% to 10–18% in all the
analyzed disciplines from age 11 to 18 yr. The gap widens considerably during early adoles-
cence before gradually stabilizing when approaching the age of 18. This evolution is practically
identical for the running and jumping disciplines. The observed sex differences at the age of 18
are in line with previous studies of world-class athletes where a sex difference of 10–12% for
running events [2,4,6] and ~19% for jumping events [6] has been reported. To the authors’
knowledge, this is the first study to document when these sex differences arise.

A limitation of the present study is the lack of maturity status data. Youths who are success-
ful in sport may differ in maturity status compared with the general population. Even at a later
age, early maturing boys continue to have an advantage in strength and power tasks, while the
later maturing boys typically catch-up when it comes to speed tasks [25]. In girls, maturity-
associated variation in performance is not consistent among tasks and from age to age [9,26].
Most samples of female adolescent athletes have mean or median ages at menarche within the
normal range, with the exception of gymnasts, ballet dancers, figure skaters and divers, who
tend to be later than those of athletes in other sports [1]. In Belgian male track athletes, all 15–
16 year old athletes except one had a skeletal age in advance of chronologic age, while in corre-
sponding 17–18 years old athletes, two-thirds had skeletal age equal to or in advance of that ex-
pected for chronologic age [27]. However, it is worth noting that regular training does not
affect growth, the timing and magnitude of peak height velocity, and skeletal and sexual matu-
ration in young athletes [28] and the pubertal progress of boys and girls active in sport is simi-
lar to the progress observed in boys or girls not active in sport.

Another limitation is that only a handful of the present athletes were top 100 performers in
every age category from 11 to 18 years of age. One could argue that early maturing athletes are
overrepresented in the younger age stages, while they are successively replaced with average or
late maturing athletes who catch up or outperform the early maturers when approaching late
adolescence. Thus, the present data might overestimate individual annual performance devel-
opment. However, falling trends among early maturers, at least up until a point where they are
no longer be within the top 100, are accounted for by the mixed models analysis. Furthermore,
analysis of the small sample of athletes who were top 100 performers in every age category (2–6
athletes in each discipline) reveal similar performance development as our mixed model
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analysis. When interpreting the current data, it should also be recognized that there are some
limitations associated with using ratios and percentage change values [29]. Since the slope of
the relationship between the logarithmically transformed numerator and denominator deviat-
ed somewhat from one for some variables, these ratios may not scale accurately towards the ex-
tremes of each range. However, mixed model analyses were performed on absolute rather than
ratio values. Furthermore, percentage change and ratio data are presented supplemental to ab-
solute values, and should therefore facilitate rather than mislead interpretation.

Because of the physical changes that occur during puberty, the optimal training program for
this age group likely differs somewhat between boys and girls. For example, for adolescent
girls, increases in fat mass and reductions in relative strength often occur alongside reductions
in coordination and neuromuscular control [30]. This may impair training tolerance and in-
crease the risk of certain types of injury [31]. Hence it may be beneficial for female athletes to
have a greater focus on neuromuscular training during this period [32]. From a practical per-
spective, the present results allow coaches and athletes to set realistic goals and prescribe condi-
tioning programs that take into account sex-specific differences in the rate of performance
development at different stages of maturation. Because hormone-dependent changes during
puberty mean that adolescent boys and girls respond somewhat differently to exercise, it is im-
portant that training is tailored based on sex and the specific stage of growth and maturation.
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Transgender Women Guidelines

Can transgender women play rugby?

Why can't transgender women play women's rugby?

Effects of testosterone

 

Testosterone is an androgenic-anabolic hormone whose functions include reproductive maturation, along with the genesis of male secondary

sex characteristics. From puberty onwards, 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 [1,2]. Among the biological changes initiated by

testosterone and its derivatives are:

Where reference is made to "females" and "males" to explain the effects of testosterone, the references are used to differentiate between "Biological Males" (tho

Transgender women who transitioned pre-puberty and have not experienced the biological effects of testosterone during puberty and

adolescence can play women's rugby (subject to confirmation of medical treatment and the timing thereof)

Transgender women who transitioned post-puberty and have experienced the biological effects of testosterone during puberty and

adolescence cannot currently play women's rugby

Transgender women can play mixed-gender non-contact rugby

World rugby are committed to ongoing evaluation of the guidelines and will remain current on all published research that pertains to the

biological and physiological implications of testosterone suppression, with a formal review of the Guideline every three years. In support

of this, World Rugby will prioritise support for high quality research projects on transgender rugby players, as part of this commitment to

evidence-based guidelines.

Larger and denser lean muscle mass [3,4];

Greater force-producing capacity of skeletal muscle [5,6];
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Collectively, these biological differences account for large sporting performance differences between males and females. These include gaps

between 9% and 15% for running, swimming and jumping events [13], between 15% and 35% for functional tasks like kicking, throwing,

bowling and weightlifting, and in excess of 50% for tasks that involve upper body force production [10], since the biological effects of

testosterone creates disproportionately greater strength on their upper compared to lower body, while females show the inverse [14,15]. In

weight-lifting events, for instance, even when matched for mass and stature, males lift approximately 30% more weight than females.

Evaluated differently, males are able to lift weights similar to females who weigh 30% to 40% more than them [10]. Functional movements

such as explosive jumping are similarly larger in elite males than females, with approximately 30% more power generated during a counter‐

movement jump [10].

The result of these biological differences is that males outperform females in all sporting activities where speed, size, power, strength,

cardiorespiratory and anthropometric characteristics are crucial determinants of performance. This is true for many thousands of boys and

men who have undergone a testosterone-induced puberty, with an effect large enough that 14 to 15-year old boys outperform the best female

athletes in history in a range of running, jumping, throwing and strength events [13,16]. The size of these performance differences varies

depending on the contributions made by each of the  biological variables to performance, and indeed, some may be detrimental to

performance in some events (mass during endurance running or cycling events, for example).  Generally, however, there is no overlap in

performance between males compared to females at all matched levels of competition from high school to the elite level. The performance

disparity is illustrated by the observation that thousands of teenage boys and adult males are able to outperform the very best biological

females every year [13].

Similar performance differences between males and females have been described in non athletically trained individuals. Males have muscle

mass 30% to 40% greater than females [4], maximal cardiorespiratory capacities (VO2max) 25% to 50% greater than in females [17],

cardiovascular parameters between 11% and 43% greater than in females, lower limb strength approximately 50% higher than in females

across the lifespan, and upper body strength 50% to 100% higher than in age-matched females [6]. Even when elite females, trained in sports

where grip strength is an important component of performance Uudo and handball), do not outperform untrained males in a grip strength

task, with the very best female performance corresponding to approximately the 58  percentile for males, and a 26% advantage for

untrained males compared to typical elite females. Punching performance, a composite movement reliant on strength, power, co-ordination 

and mass, has been found to be 162% higher in males than in females [18], and 17-year old boys are able to throw a ball further than 99% of

adult females [19].

Biological consideration for rugby union
The implications of biological and performance differences for rugby are two-fold. First, significant differences in strength, size, speed and

power have potential consequences for the  safety of participants  in rugby, where much of  the  sport involves contacts in the  form of

tackles, rucks and mauls, as well as numerous periods of high force production during static contests for the ball, such as the scrum and ruck.

Given the documented risk of injury in rugby from contact events in particular [20-24], the elevated possibility of all injuries, including serious

Stiffer connective tissue [7];

Reduced fat mass and different distribution of body fat and lean muscle mass [3];

Longer, larger and denser skeletal structure [8,9];

Changes to cardiovascular and respiratory function that include higher haemoglobin concentration, greater cross-sectional area of the

trachea and lower oxygen cost of respiration (as described in [1,10-12]).
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injury, from large disparities in size, speed, power, and force, is of concern. Recent modelling of  tackles using validated biomechanical models 

[25,26]  suggests that the discrepancy in mass and speed of direct opponents in tackles predicts neck forces, moments and head

accelerations. Since these factors contribute directly to injury risk, it is clear that large discrepancies create greater risks for smaller and 

slower  players, particularly when size and speed exist in combination.

Given that the typical male player mass is 20% to  40% greater than typical women mass, that males have strength 40% to 80% greater

(unadjusted for mass), and that men are 10% to 15% faster than women despite being heavier, the risk of injury created by large imbalances in

mass and speed may be considered significant. To explore this, we assessed the range of masses of players at the international level and

applied the findings to a biomechanical model to explore possible implications for injury risk should cross-over scenarios occur.

With respect to mass, we documented the range of sizes of elite men's and women's players from the 2011 Rugby World Cup up to the 2019

Rugby World Cup, finding:

Figure 1: Frequency histograms of mass of forwards (left panel) and backs (right panel) in
elite men's and women's rugby players. Dotted lines indicate the 50  percentile, while
dashed lines indicate the 98  percentile for each group.

Implications for injury risk - head injury models
The differences observed between men and women with respects to mass may be combined with differences in speed to create a theoretical

framework in which the inertial load and forces faced by smaller and slower player is significantly greater when in contact with a larger, faster

player. this model is intended for illustrative purposes and demonstrates the impact of only one variable known to differ between biological

Typical (median) men's players are 41.1% heavier than typical women's players (103 kg vs 73 kg)

Among forwards, the heaviest 1% of women players are smaller than the typical men's forward (109kg for women vs 112kg for men)

The heaviest 1% of women's backs are smaller than typical men's backs (89kg vs 92kg)

The lightest 1% of men's forwards are approximately equal in mass to the heaviest 10% of women's forwards, while the lightest 2% of

men's backs are approximately equal to the heaviest 10% of women's backs

Figure 1 below shows the frequency histograms for men's and women's players in forward and back positions
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males and females - namely mass - on head injury risk, in a basic parametric model, absent force application and complex movements, as a

preliminary impact analysis. the principles illustrated by the model would apply to other injuries. The addition of speed, and strength or force

exerted during contact would further increase the implications of the findings of this illustrative model, summarized below.

The representative figure below illustrates the concept of mass disparity as a risk of injury for ball carriers. It depicts the linear acceleration

(A), angular acceleration (B), neck force (C) and neck moment (D) experienced by ball carriers of different masses when tackled by players

with different masses. Using the known masses of international rugby player, the position of the average male (M50) and average female

(F50) are plotted on each heat map. F90 shows the scenario where a tackler (T) corresponds to the 90th percentile for women's mass (see

Figure 1) tackles a typical female mass ball carrier (BC). X indicates the hypothetical cross-over scenario in which a typical male tackler mass is

involved in a tackle against a ball carrier with a typical female mass.

Figure 2. Graphical representations of linear acceleration (A), angular acceleration (B),
neck force (C) and neck moment (D) for ball carriers of different masses during tackles by
tacklers  with different  masses.  Mso and  Fso show  the  modelled situation  when
typical/median players tackle one another for men and women, respectively. F90
represents a female ball-carrier with typical mass against a tackler in the heaviest 10% of
women's body mass. X denotes the cross-over situation that would hypothetically occur
for a tackler at the men's median mass tackling a typical female ball carrier
The modelling shows that a tackle involving players with typical or average mass produces slightly greater accelerations and forces in men

(Mso) than in women (Fso). This is a function of the higher mass of men's players. Head and neck kinematic and kinetic variables increase

significantly when the heaviest 10% of women's body mass is used for the tackler against a typical ball carrier (F90), but this extreme "within

female-bodied" scenario produces smaller kinetic and kinematic outcomes than if the hypothetical cross-over scenario were to occur, where

an average male-bodied player is the tackler and the average female-bodied player the ball carrier (X). The magnitude of the increase in neck

forces, moments and accelerations for the ball carrier is between 20% and 30% for typical cross-over scenario compared to the typical female

vs female scenario, and is 10% greater for  the male-bodied vs female-bodied crossover scenario than a tackle where the heaviest 10% of

women are matched against typical women's mass (F90).

Were the cross-over to  occur in a heavier male-bodied player (for example, the  heaviest 10% of male-bodied players), the increase in neck

load and head acceleration for the ball carrier approaches 50% compared to the typical tackle scenario in women's rugby. The magnitude of

these extreme head accelerations and neck forces are not seen in women and are created by cross-over of male-bodied players to women's
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rugby. Similar differences are seen when examining the accelerations and forces for the tackler's head and neck.

The magnitude of  the known risk factors for  head injury are thus predicted  by the  size of the disparity in mass between players involved in

the tackle. The addition of speed as a biomechanical variable further increases these disparities, which is relevant given that male players

weighing 103kg (the median for men) would be expected to run between 10% and 15% faster than typical female players (mass 73kg), and

thus considerably faster  than female players who are heavier than the median (eg females at the 90  percentile, Fig 1). This would further

compound the disparity created.

Next, it is important to also consider that these models do not account for the ability of players to actively exert force at high rates during

tackles. This would be a function of power and strength, which are similarly known to be 30% to 80% greater in biological males than

females. When these active applications of force during contact are added to the mass and speed characteristics illustrated and described

above, the resultant neck and head forces and accelerations will increase even further, such that the illustrative model shown above depicts

the smallest possible risk increase for typical players involved in a tackle as a result of mass alone. The addition of speed and force disparities

will increase the magnitude of these risk factors beyond the 20% to 30% we illustrate above.

The implication of these increases is complex  to  quantify but  would result in increased injury risk for the player experiencing the elevated

risk outcomes (force and acceleration). This is because head injuries occur when forces and accelerations on the head and neck reach a

threshold necessary to cause injury, and which is unique to each tackle situation. A tackle situation that typically  produces  risk factors within

20% of  this threshold  would, in the circumstance of a typical male-bodied vs typical female-bodied player illustrated above, be sufficiently

increased to cause an injury. The higher risk scenario involving heavier male bodied players would further increase injury likelihood, since all

tackle situations that normally produce kinetic and kinematic variables within 40% to 50% of an injury threshold would now exceed it, a

scenario unseen in women's rugby. The addition of strength and speed as described, further increases the  risk, such that a number of tackles

that currently lie beneath the threshold for injury would now exceed it, causing head injury.

Finally, it must also be considered that the ability to withstand or tolerate forces on the head and neck are required to avoid brain injury.  This

is the reason neck strength is critical in injury prevention. Since the strength disparities between males and females is so large, including a

50% lower neck isometric strength in females, the reduced ability of female players to tolerate or withstand the forces in tackles is a further

risk factor for injury, including head injury as described above, but relevant to all injuries where the rapid application of force or load are

responsible for injury.

Implications for injury risk - scrum forces
The implication of greater mass and force-producing ability in males can be seen in forces measured during scrums in both elite and

community level rugby. Research on the forces applied during scrums shows that at the elite level, males produce approximately twice the

peak force of females in the scrum. Even at the community level, where peak force is 30% lower than in the elite game, males produce

approximately 40% greater peak force during scrums than elite females. Given that force producing and receiving ability is likely to be

significantly lower in female community players, the implication is that men's community level rugby scrums will be considerably more

forceful than women's community  level scrums.
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The risk of particularly serious and catastrophic  injuries during scrums has led to a number of law changes specifically designed to depower

the scrum to reduce injury risk. This risk would be amplified by large mismatches in strength between opposing players, since the force

applied must be withstood by a direct opponent. This is an illustration of how mismatches in strength and size are directly responsible for

forces that result in injury.

Testosterone as a predictor of performance
It must be noted that the actual testosterone level, measurable in the body, is not a strong predictor of performance within men and within

women [27-29]. This is because performance is multifactorial, and testosterone's androgenzing effects contribute to, but do not solely

influence the biology and resultant performance outcomes within a group who are able to utilize it. The biological basis for male vs female

differences is thus the result of testosterone, but it does not necessarily follow that within men and within women, the hormone is a predictor

of performance.

Further, differences in the sensitivity to testosterone between individuals mean that a given level of testosterone is not a sensitive or specific

predictor of performance within each group (males and females). This is in part because most males have elevated levels and some degree of

sensitivity, while the level in females is significantly lower and rarely exceeds even the very low end of the male range [1]. Therefore, in two

homogenous groups that are matched for either the presence or absence of a given variable (males and females for the presence or absence

of testosterone, in this case), the predictive value of that variable within a group is greatly diminished, the same way that V02max is a

significant predictor of running or cycling performance across the whole population, but not within a group of elite marathon runners or

cyclists, who are already relatively homogenous for that characteristics [30]. Similarly, height is clearly advantageous for professional

basketball, but within the National Basketball Association (NBA), where height has already been selected for and participants are in the

extreme upper end of the overall population for that characteristic [31], it becomes a poorer predictor of performance.

However, when the  same question -does testosterone predict performance across humans of both sexes - is asked of binary categories (males

vs females in sport, rather than within males or females), then the predictive power of testosterone is strong, because "high testosterone"

during adulthood  is a very  reliable  indicator  that  the androgenizing  effects of testosterone have occurred earlier during life. When

understood and assessed this way, testosterone is necessary for  peak performance (since the top  performers within humans are all male),

but  it  is not  sufficient to  attain it.  It is here that the almost perfect sensitivity of biological sex emerges, since in a ranking list of the top

thousand performances in most sport, every year, every single one will be biologically male.

Summary
In summary, across all performance levels and ages after puberty, testosterone is primarily (though not exclusively) responsible for  very large

typical differences  in the  biology of males and females, and consequently, performances between the sexes. These are summarized in Figure

3 below, which combines the biological differences between males and females with their performance implications, and is reproduced from a

recent article currently in review [10].
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Figure 3: Summary comparison of biological (left table) and performance (right figure)
differences between males and females for a range of biological variables and physical
activities/events. Reproduced from Hilton & Lundberg [10]
Given that the women's category exists to ensure protection, safety and equality for those who do not benefit from the biological advantage

created by these biological performance attributes, the relevant and crucial question is whether the suppression  of  testosterone for a

period of 12 months, currently required for transgender women participation in women's sport, is sufficient to remove the biological

differences summarized above?

Effects of suppression of testosterone 
Current policies regulating the inclusion of transgender women in sport are based on the premise that reducing testosterone to levels found

in biological females is sufficient to remove many of the biologically-based performance advantages described above. However, peer-reviewed

evidence suggests that this is not the case, and particularly that the reduction in total mass, muscle mass, and strength variables of

transgender women may not be sufficient in order to remove the differences between males and females, and thus assure other participants

of safety or fairness in competition.

Based on the available evidence provided by studies where testosterone is reduced, the biological variables that confer sporting performance

advantages and create risks as described previously appear to be only minimally affected. Indeed, most studies assessing mass, muscle mass

and/or strength suggest that the reductions in these variables range between 5% and 10% (as described by Hilton & Lundberg [10]). Given

that the typical male vs female advantage ranges from 30% to 100%, these reductions are small and the biological differences relevant to

sport are largely retained.

For instance, bone mass is typically maintained  in transgender  women over the  course of at least 24 months of testosterone suppression, 

with some evidence even indicating small but significant increases in bone mineral density at the lumbar spine [32-34]. Height and other

skeletal measurements such as bone length and hip width have also not  been shown to change with testosterone suppression, and nor is

there any plausible biological mechanism by which this might occur, and so sporting advantages due to  skeletal differences between males

and females appear unlikely to change with testosterone reduction.

With respects to strength, 1 year of testosterone suppression and  oestrogen supplementation has been found to reduce thigh muscle area by

9% compared to baseline measurement [35]. After 3 years, a further reduction of 3% from baseline measurement occurred [36]. The total loss

of 12% over three years of treatment meant that transgender women retained significantly higher thigh muscle size (p<0.05) than the

baseline measurement of thigh muscle area in transgender men (who are born female  and experience female puberty), leading to a

conclusion that testosterone suppression in transgender women does not reverse muscle size to female levels [36].
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This finding has been replicated and confirmed by numerous studies examining the  effects of testosterone suppression on lean body mass or

muscle size in transgender women [37- 44]. Collectively, these studies find that 1 year of testosterone suppression to female typical reference

levels results in a comparatively modest loss of lean body mass (LBM) or muscle size, with consistent changes between 3% and 5% reduction

in LBM after 1 year of treatment (as summarized from source research studies by Hilton & Lundberg [10]).

Muscle force-producing capability is reduced after testosterone suppression, though as appears to be the case for muscle/lean mass, these

reductions are considerably smaller in magnitude that the initial male-vs-female differences in these variables. For instance, hand-grip

strength was reduced by 7% and 9% after 1 and 2 years, respectively, of cross hormone treatment in transgender  women [39], and by 4% in

249 transwomen after 1 year of gender-affirming treatment, with no variation between different testosterone levels, age or BMI tertiles [45].

Transgender women retained a 17% grip-strength advantage over transgender men at baseline measurement, with a similarly large, retained

advantage when compared to normative data from a reference or comparison group of biological females.

Most recently, Wiik et al found that isokinetic knee extension and flexion strength were not significantly reduced in 11 transgender women

after 12 months of testosterone suppression, with a retained advantage of 50% compared to a reference group of biological females and the

group of transgender men at baseline [41]. This absence of a reduction in strength occurred in conjunction with a 4% to 5% reduction in thigh

volume, and no difference in the contractile density of the muscle, which suggests that the reduction of testosterone for a period of a year

had no effect on the force-producing capacity per unit of cross sectional area [41], a variable that is known to be higher in males than females.

In conclusion, longitudinal research studies that have documented changes in lean mass, muscle mass/area and strength show consistently

that small decreases occur as a result of testosterone suppression, with a resultant relatively large retained advantage in these variables

compared to a group of biological females.

Conclusion
Testosterone exerts significant biological effects on biological males during puberty and adolescence. This creates large differences in

strength, mass, speed, power, and endurance capacity. In turn, these create player welfare concerns and performance inequality in rugby,

given the importance of physical contact and strength in the sport. Longitudinal research studies on the effect of reducing testosterone to

female levels for periods of 12 months or more do not support the contention that variables such as mass, lean mass and strength are altered

meaningfully in comparison to the original male-female differences in these variables. The lowering of testosterone removes only a small

proportion of the documented biological differences, with large, retained advantages in these physiological attributes, with the safety and

performance implications described previously. There is currently no basis with which safety and fairness can be assured to biologically female

rugby players should they encounter contact situations with players whose biologically male advantages persist to a large degree.

While there is overlap in variables such as mass, strength, speed and the resultant kinetic and kinematic forces we have modelled to explore

the risk factors, the situation where a typical player with male characteristics tackles a typical player with female characteristics increases the

magnitude of known risk factors for head injuries by between 20% and 30%. In the event of smaller female players being exposed to that risk,

or of larger male players acting as opponents, the risk factors increase significantly, and may reach levels twice as large, at the extremes. The

basis for regulation is the typical scenario, though risk mitigation must be mindful of the potential for worst-case scenarios that may arise.

Both are deemed unacceptably high, because they would result in a number of tackle situations that currently lie beneath a threshold

required to cause injury increasing to exceed that threshold.
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Thus, it is on the basis of male vs female biological differences, combined with no evidence for removal of their implications for safety and

performance, that the guideline is that trans women should not compete in women's rugby.

Assessment of research limitations and implications
It is acknowledged that the published studies currently available on testosterone suppression and physiological changes (compiled and

described in Hilton and Lundberg, 2020 and reviewed individually in the proposed policy document) have been conducted in untrained

transgender  women.  This invites questions over the  validity and generalizability of the studies to a sports-playing population.

This is a valid question, and it is acknowledged that research is required to fully address questions arising out of  this limitation.  World Rugby

is committed  to  supporting high quality research proposals in this area, should they be submitted as part of World Rugby's Research

programme.

However, this limitation can also be assessed within an understanding of the physiological implications of trained compared to untrained

individuals undergoing testosterone suppression. The application of insights from complementary studies leads to a conclusion that the

available research is in fact sufficient to arrive at firm conclusions about safety, performance and retained advantages, and thus the

recognized limitations are not sufficient to refrain from drawing a conclusion on the likely implications of the transgender research for

athletes.

In assessing this issue, two primary questions may be asked:

Both these questions can be answered by exploring complementary research studies. At present, there is evidence that:

Training during the intervention to lower testosterone levels can reduce, eliminate, and even reverse any losses in muscle and lean body

mass, muscle volume, and muscle strength. This is supported by evidence from various study models in which biological males reduce

testosterone to within the female range, and are able to maintain or even increase these physiological variables through training [46-48].

The implication is that any performance decline as a result of  androgen  deprivation is minimized or eliminated, and so the studies cited

in support of the World Rugby Guideline, while conducted on non-training individuals, establish the minimum possible retained

advantage for trans women. That is, they establish that in the absence of training during testosterone suppression, an advantage is

retained compared to cisgender women. That advantage is either the same, or very plausibly increased as a result of training.

1. How would training undertaken during the process of testosterone  suppression affect the changes observed in muscle and lean body

mass, and strength variables, compared to studies done in individuals who do not perform training?

2. How would training prior to a period of testosterone suppression influence:

1. The baseline or pre-suppression measures for muscle mass and strength in transgender women, and thus the differences in these variables

compared to a reference or control group of biological women (cisgender women)?

2. The likely "end-point" for muscle and lean body mass as well as strength after the testosterone suppression for a period of at least twelve

months, once again compared to a reference or comparison group of cisgender women?
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Training prior to the intervention will cause increased muscle mass and strength variables at baseline. This means that the initial or "pre-

suppression" differences in these variables compared to biological females will be greater than in an untrained trans woman. This rebuts the

assertion that trans women are weaker, less muscular and thus more similar to biological females at baseline, within a sporting context, since

the transgender woman being considered by World Rugby is much more likely to be trained (or will train once transition begins, as described

above).

Further, once the period of testosterone suppression begins, then the degree to which muscle mass and strength decreases may be

either the same or relatively greater in the trained trans women as a result of this higher baseline. Even if the relative loss of  muscle

mass and strength are higher than in untrained trans women, it is inconceivable, and even physiologically impossible, that a pre-trained

athletic trans woman is going to lose so much muscle mass and strength that they end at a point where they are less muscular/lean and

weaker than a theoretically untrained (and even 'self-starved') transgender woman.

Therefore, if research on untrained trans women establishes that the retained advantage in muscle mass and strength is corresponds to

a value of  X percent, this is the smallest possible remaining advantage for a pre-trained trans woman. The effect of training can only be

to  increase this value or to  achieve the  same value of X percent retained advantage, but it cannot reduce it further, unless one argues

that a trained trans woman will lose so much lean mass and strength that they end up weaker and less muscular than a completely non-

athletic individual.

Finally, it is relevant that studies comparing untrained biological males and highly trained females, males retain an advantage despite the

training status of biological females. For instance, in a study on grip strength, the strongest elite athletically trained females in sports where

grip strength is a performance advantage Uudo and handball) are only as strong as untrained biological males at the 58th percentile, with a

26% difference in strength between typical elite females  and typical untrained males  [49].  Similarly,  Morrow & Hosler (1981) found that

untrained college-aged males were more than twice as strong as trained female basketball and volleyball players in a bench press task, with

the top 5% strongest trained females equal in strength to the weakest 14% of untrained males This establishes that pre-trained biological

females can increase strength beyond that of untrained females, but still do not compare to untrained biological males.

The implication is also that since even typical untrained biological males have a large strength advantage compared to elite and trained

females, studies that have documented only small reductions in strength and thus persistence of strength  advantages  with androgen

deprivation in untrained biological males (as in Kvorning et al [46], Chen et al [47] and in studies on transgender women cited herein) should

be considered relevant for establishing the smallest possible retained advantage that would exist in the absence of training.  As described

above, and in studies where training is conducted while testosterone is suppressed [46-48], the advantage will only remain this size or

increase.

Finally, it is also recognized  that not all sports are affected similarly by the variables  we have weighted as crucial for rugby (size, strength,

speed, power). Indeed, in some sports, excess mass may be disadvantageous, and thus the model for retained advantage and persistent risk

may present differently for different physical activities.

In conclusion, with those recognized limitations, World Rugby is committed to supporting research that may in future establish that

biological differences between those to whom testosterone confers significant physiological and performance advantages and those to whom

it does not are removed sufficiently to enable participation of transgender women in women's rugby. At the present time, however, based on
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the best published scientific evidence, that position is unsupported.

The referenced research used to support this position can be viewed here.

Conclusion - Testosterone, Welfare and Performance
Having considered all of the currently available information, the working group determined that the best evidence currently available means

that those who experienced the biological effects of testosterone during puberty and adolescence cannot safely or fairly compete in women's

rugby. That means that currently, transgender women may not compete in women's rugby.

World Rugby is committed to encouraging transgender people to remain involved with rugby and is currently funding research to continue to

review any evidence that may emerge to enable the participation of transgender women in women's rugby. Details of the research currently

underway, along with details of how to apply for research funding for those who may be interested, is available here.

How do I stay involved in rugby if I can no longer play in the category that I want to?
World Rugby acknowledges that the introduction of this Guideline will mean that some players can no longer play in the  category that they

want to.  It  is possible that will change in the future and World Rugby is funding research to  try  to  find out if there are ways to allow that

safely and fairly (see here for details).  In the meantime, there are many other ways to stay involved with rugby:

World Rugby is currently exploring the possibility of an "open category" of rugby in which any player could play, regardless of gender identity.

World Rugby has committed to exploring this option with its Unions, Associations, International Rugby Players, and trans advocate groups

including Gendered Intelligence and International Gay Rugby.

What if I have concerns about safety or fairness relating to someone I am playing with or
against?
It is important to note that many people do not meet cultural or local norms or stereotypes related to the expression of gender identity. All

players and Unions ought to take care to consider this when raising any concerns about another player. In the event that a player or Union has

a genuine concern about safety or fairness in relation to another player, the concern should be dealt with as follows:

Other forms of the game: Many forms of non-contact Rugby exist such as: Tag; Touch; Flag etc all have open

Coaching: Coaching can be hugely rewarding and can provide players with life lessons, engender a love for the sport and provide an

enjoyable vehicle for World Rugby and its member Unions offer several courses  for coaches of children, adolescents, and adults. All

courses are open to any participant.

Refereeing: For many people who may not be able to play, refereeing is a viable alternative to stay close to the game. World Rugby and its

member Unions offer several introductory courses and a pathway exists in all Unions for fast-tracking talented

Administration: All clubs rely on volunteer administrators. As individuals enter the latter stages of the long-term participant model, then

administration becomes a realistic outlet for many. A number of Unions have dedicated support resources for individuals who wish to

pursue this path of staying involved.
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1. The concerned person should raise their concerns with their Union's Chief Medical Officer (CMO).

2. The Union's CMO should carefully consider the concerns raised, in the context of all of the known facts and if having done so, the CMO

determines that the concerns are not frivolous or vexatious, the CMO should contact the World Rugby CMO setting out the basis for the

3. The World Rugby CMO will engage with the CMO of the Union of the player about whom the concerns have been raised, ensuring

confidentiality for the player and involved team-mates and opponents throughout the

4. The World Rugby CMO and the relevant player's CMO will discuss the situation and agree on the most appropriate actions, based on the

specific circumstances

5. In some circumstances, such appropriate actions may include a recommendation that a standardised endocrinological assessment be

performed [Appendix].

6. For the avoidance of doubt, no player should or would be forced to undergo any medical or other assessment. It  is a player's responsibility

to decide on whether he or she wishes to proceed with any assessment. However, it should be noted that deciding not to participate in an

assessment, having been requested to do so, may have consequences in terms of the player's eligibility to participate in the category of

competition that is consistent with his/her/their gender identity, since it may not be possible to determine whether issues of safety or fairness

arise without such assessment.
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RESEARCH HIGHLIGHT

The significance of testosterone for fair participation of
the female sex in competitive sports

Louis Gooren

Asian Journal of Andrology (2011) 13, 653–654; doi:10.1038/aja.2011.91; published online 4 July 2011

S ex segregation in competitive sports is

regarded as fair. Before puberty, boys

and girls hardly differ in height, muscle and

bone mass. Pubertal testosterone exposure

leads to an ultimate average greater height

in men of 12–15 centimeters, larger bones,

greater muscle mass, increased strength and

higher hemoglobin levels. Post-pubertal

androgen ablation reverses, at least in part,

previous anabolic effects of testosterone on

muscle,1 bone mineral density and hemo-

globin, but the bones remain longer and have

a wider diameter. As testosterone administra-

tion produces a dose-dependent increase

in muscle mass and maximal voluntary

strength,2,3 exogenous androgens are banned

as performance-enhancing drugs.4 Men with

testosterone deficiency are allowed to receive

testosterone replacements which do not raise

blood testosterone levels above the normal

male range.5,6

A recent paper highlights the historical case

of a Dutch female athlete (1926–2007) out-

performing most of her competitors in the

years 1948–1950.7 DNA analysis revealed that

she was 46,XX/46,XY mosaic, with equal

numbers of both genetic cell types. While

having breasts, she also had a degree of facial

hairiness pointing to an excess of circulating

testosterone, likely produced by the presence

of Leydig cell in her gonads on the basis of her

XX/XY mosaicism. On the basis of this case,

the authors have also given attention to the

societal context of sports women becoming

involved in a (public) discussion about their

sex which is an intrusion into their privacy.

The authors advocate that matters of sex of

participants in competitive sports should be

settled before athletes enter the arena, and this

will be elaborated below.

Prior to the year 2000, genotyping was the

means of determining sex for competition in

sports. Chromosomal sex alone is not a par-

ticularly adequate indicator for the purpose

of ensuring fair competition, however. In

humans, there is no solid evidence that the

pattern of sex chromosomes has a direct effect

on muscle mass and strength. Rather, the

influence is indirect through determination

of the nature of the embryonic gonadal anla-

gen (testes or ovaries), the hormonal pro-

ducts of these (testosterone and estradiol)

and the quantitative relationship between

those products. In sports, previous and pre-

sent exposure to androgens is a reasonable

criterion for reducing unfair competition,

for both women and men. So, previous and

present exposure to testosterone should be

the determinant of fair competition between

men and between women, also separating the

two sexes. Changes in fat-free mass, muscle

size, strength and power appear to be assoc-

iated with testosterone dose and achieved

concentrations.8

An issue is the participation in competitive

sports of people with errors of sexual differ-

entiation and also of transsexuals treated with

cross-sex hormones (i.e., female-to-male

transsexuals receiving doses of testosterone

similar in magnitude as men receiving tes-

tosterone replacement). With regard to the

effects of testosterone in transsexuals, the

dividing line is whether sex (re)assignment

has taken place before or after hormonal

puberty. Before puberty, there are no signifi-

cant differences in body composition

between girls and boys, so, in this context only

post-pubertal sex reassignment is relevant.

It has been demonstrated in the rat that

genetic configuration and gonadal status have

no known significant effect on sensitivity to

the biological action of sex steroids.9 Effects

of testosterone in puberty and thereafter are

certainly in part reversible but there is no

definitive information on the extent of this.

It is unknown whether or for how long earlier

effects of androgen exposure carry over after

androgen ablation.10 In a study comparing

muscle surface areas between male-to-female

transsexuals and female-to-male transsex-

uals, we noted a significant difference in the

average, but there was also a considerable

overlap between the two groups before any

hormonal intervention had taken place. In

spite of muscle surface area reduction

induced by androgen deprivation, after 1 year

the mean muscle surface area in male-

to-female transsexuals remained significantly

greater than in untreated female-to-male

transsexuals; again, an almost complete over-

lap was noted between the two groups.

Testosterone administration to female-to-

male transsexuals increased muscle surface

areas significantly, producing a large overlap

with untreated male-to-female transsexuals

but with a significantly lower mean.10

Effects of cross-sex hormones on insulin-like

growth factor and hemoglobin levels par-

alleled changes in muscle surface area.10

Another group of interest is subjects with

disorders of sexual differentiation and other

subjects with a higher-than-normal endogen-

ous production of androgenic–anabolic hor-

mones (such as congenital virilizing adrenal

hyperplasia and polycystic ovarian syn-

drome). There are studies reporting a higher

lean body mass and bone mass in women

with polycystic ovarian syndrome,11–13 but

whether this translates into better perform-

ance in sports is unknown.

For transsexual people, the International

Olympic Committee has drawn a necessarily

arbitrary but reasonable line with regard to

participation of sex-reassigned transsexuals:

sex reassignment must have taken place at

least 2 years earlier. In support of this

decision, in the abovementioned study, we

found that changes in muscle surface area
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were not greater after 3 years of cross-sex hor-

mone administration than after 1 year.10

Hormone treatment must be appropriate

for the reassigned sex (no overdosing of tes-

tosterone in female-to-male transsexuals),

and the reassigned sex must be legally recog-

nized. The International Olympic Committee

policy is not binding for other sports orga-

nizations. Very recently (1 May 2011),

the International Association of Athletics

Federations (IAAF) has adopted revised

guidelines for the participation in sports of

athletes who have undergone sex reassign-

ment. Reassigned transsexuals must notify

the IAAF of their status if they wish to com-

pete with others. This will be dealt with con-

fidentially for the protection of the privacy of

the person, thus avoiding public debate on

the sex of the participant. The person in ques-

tion will be examined by an Expert Medical

Panel of the IAAF assessing the period of time

since the sex reassignment, the athlete’s

androgen levels and the nature, duration

and results of any treatment following sex

reassignment. The results will be reported to

the IAAF which will grant permission if the

medical assessment does not provide indica-

tions of unfair advantage over other female

competitors.
For subjects with hyperandrogenism, on 12

April 2011, the IAAF announced the adoption

of new rules and regulations governing the

eligibility of females with hyperandrogenism

to participate in women’s competition, which

equally have come into force on 1 May 2011

(http://www.iaaf.org/aboutiaaf/news/newsid

559746.html). The approach is similar to

that of transsexuals. Athletes with a hyper-

androgenic disorder report to the IAAF and

will undergo an assessment by the Expert

Medical Panel. The IAAF is of the opinion

that elevated androgen levels originating

from congenital virilizing adrenal hyperpla-

sia or polycystic ovarian syndrome or similar

conditions are no ground for exclusion even

though the associated hyperandrogenism

may provide some advantages to the athlete.

For the time being, the upper limit of accept-

able serum testosterone levels is a level that is

clearly at the lower limit of the normal male

range (10 nmol l21). This position was

adopted because there is no consensus on

the upper range of serum testosterone levels

in women,14 also in view of the problems

with accurate measurements, metabolites,

circadian rhythm and binding proteins etce-

tera of serum testosterone.15 The present

upper limit of acceptable serum testosterone

levels seems a compromise of a committee

that had to come up with formal rules gen-

erally applicable to a population of female

athletes. It might very well be that future

medical research solves the problems of

determining one’s androgen status more

accurately and that a stricter consensus can

be reached what constitutes hyperandrogen-

ism in women. If so, it is likely that the upper

limit of acceptable androgen levels for

female athletes will be lowered. Most practi-

cing physicians will start diagnostic work-up

of hyperandrogenism if serum testosterone

exceeds 3–5 nmol l21.

Eventually, it is illusionary to arrive at

100% fairness in competition on the basis of

serum testosterone levels. First of all, there are

the well-known methodological difficulties of

measuring serum testosterone levels reli-

ably.15 Second, serum testosterone levels pro-

vide an indicator of the strength of the

androgen signal, but have limited predictive

value of the biological effects of testosterone

which are codetermined by properties of the

androgen receptor.16 This is exemplified in

people with abnormalities of the androgen

receptor who have high circulating serum

androgen levels, but androgen action is

impaired due to genetically determined abnor-

malities of the molecular properties of the

androgen receptor (androgen insensitivity

syndrome). It seems further appropriate to

place the effects of testosterone in the perspec-

tive of naturally occurring and imponderable

differences in sporting capability between

members of the same sex. Unfair competition

should be prevented as much as possible, and

the above measures of the IAAF are the best

possible at present, but ultimately Nature is

unfair in her endowments of talents for all

walks of life, including sports.
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Abstract
The participation of girls in elite sport has increased expo-

nentially over the past 30 years. Despite these increases a 

tradition for recruiting boys for exercise studies persists 

and our knowledge of the physiologic response to exer-

cise in girls remains limited. Girls’ physiology varies with 

age and maturation and is underpinned by a divergent hor-

monal milieu which begins early in foetal life. Sexual dimor-

phism underlies much of the physiologic response to exer-

cise, and becomes most acute during adolescence when 

boys become taller, heavier, less fat and are more muscular 

than girls. Young girl athletes are not simply smaller, less 

muscular boys. The widening sex disparity in responses to 

exercise during puberty cannot always be accounted for 

by size. The woeful number of studies on girls and our prior 

inability to non- invasively study the complexity of the cel-

lular metabolic response to exercise means an integrative 

understanding of girls’ physiological responses to exer-

cise remains elusive. Success in elite sport requires intense 

training, which for a long time was thought to cause dis-

ruption to normal growth and maturation. It would appear 

that exercise training, without other predisposing factors, 

is unlikely to cause aberrations to either growth or matu-

ration. Nevertheless, there is clear evidence of a boundary 

between healthy and unhealthy levels of exertion when 

coupled with caloric limitation. Sports in which intense 

training is combined with the need for leanness may pre-

dispose girls to increased risk of skeletal and reproductive 

health problems, and ensuring risk is minimised should be 

a priority. Copyright © 2011 S. Karger AG, Basel

The young female athlete is unique. She stands 

out from her peers, who show declining levels of 

physical activity from early puberty [1]. In com-

parison to boys, she remains under- represented 

in competitive sport [2]. This persists to Olympic 

level competition with 1,704 fewer women com-

peting at the 2008 Beijing Olympics than men [3]. 

Moreover, there are fewer scientific data on physi-

ologic issues associated with exercise in girls than 

in boys. Traditionally, boys have been recruited 

for exercise studies and a search of key databases 

shows that this persists with comparatively fewer 

articles investigating physiologic responses to exer-

cise in girls. This preference for recruiting boys re-

flects social constraints which can be traced back to 

Victorian values surrounding women, exercise and 

health [4]. Central to the issue of women’s involve-

ment in sport was biology, bolstered by the idea 

that a woman’s structural and functional ability 

was unable to tolerate strenuous exercise, present-

ing considerable risk to her reproductive health. 

Indeed, whether or not chronic training causes less 

than optimal structural and functional alterations 

in girls remains the topic of lively debate [5– 8].

Sexual dimorphism does indeed underlie 

much of the physiological response to acute and 

chronic exercise, and although a myriad of fac-

tors have been shown to influence the develop-

ment of sport performance [9], structural and 

functional capacity represent a significant contri-

bution to the gender differences notable. Figure 1 
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24 McManus · Armstrong

illustrates the average running speed over 100, 

400 and 1,500 m for girls and boys competing 

in age- group track and field championships in 

North America and world junior records [10, 

11]. Analyses of these data show that regardless 

of distance, average running speed increases with 

age in both girls and boys (r2 >0.82 for all dis-

tances). Prior to 11 years of age differences in av-

erage speed are minimal, thereafter disparity be-

comes more pronounced with boys 8– 15% faster 

than girls from 13 years of age onwards. This is 

consistent with the 9– 15% advantage in speed 

adult men have over women across a wide range 

of distances from 100 m to 200 km [12]. When 

the slopes of the regression lines were compared 

between the sexes by age, these were significantly 

different for 100 and 400 m with the rate of im-

provement greater in the boys than the girls (see 

fig. 1). The rate of improvement in running speed 

over 1,500 m was similar between boys and girls 

with a pooled slope of 0.19. That an interaction 

between distance, speed developmental trajecto-

ries and sex exists suggests intriguing physiologi-

cal mechanisms.

A key question to be addressed is whether the 

superior performances of boys relate to qualitative 

discrepancies in functional capacity or alterna-

tively, they are simply a function of the increased 

body size and disparate body composition that 

accompanies adolescent growth and maturation. 

Appropriate adjustment for differences in body 

size and composition dampen many apparent 
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Fig. 1. Average running speed from North American age-group track and field records and world junior records over 

100m (a), 400m (b) and 1,500m (c) for girls and boys.
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physiological differences [13, 14]; however, young 

girl athletes are not simply smaller, less muscu-

lar boys. Girls’ physiology varies with age and 

is underpinned by a divergent hormonal milieu 

which begins early in foetal life. There is evidence 

that in the two- cell stage of embryonic develop-

ment, long before visual gonadal differentiation, 

the sex- determining region of the Y chromosome 

has already been transcribed [15]. Testosterone 

secretion commences at about 3 months in the 

male foetus, the absence of which in the female 

foetus allows maturation of the female reproduc-

tive organs, and by birth subtle differences in car-

diac function and body composition already exist 

[16, 17]. The accentuated hormonal adjustments 

which occur during adolescence result in differ-

ential development and a widening sex disparity 

in many physiological responses to exercise, some 

of which cannot be accounted for by size.

The primary focus of this chapter is on physi-

ologic issues that are associated with exercise in 

girls; but to illustrate sexual dimorphism, compar-

isons will be made with boys where relevant. The 

chapter begins with a brief overview of growth and 

maturation in girls, including a discussion of is-

sues related to body composition and size. This is 

followed by a focus on the acute responses to sus-

tained aerobic exercise, as well as short- duration 

high- intensity exercise in girls. The possible phys-

iological mechanisms that underlie these respons-

es, such as sex differences in pulmonary, cardiac, 

and peripheral function, as well as cellular metab-

olism are discussed. The chapter concludes with 

consideration of the contention that intensive 

training poses a substantial threat to the develop-

ment and health of young girls.

Growth and Maturation

Growth hormone (GH), insulin- like growth factor 

I (IGF- I), the sex steroids and insulin are all potent 

anabolic hormones. Their complex interactions en-

able linear growth, bone mineralization, increases 

in muscle and metabolic adaptations during child-

hood and adolescence and much of this hormonal 

mélange is sex dependent [18]. For example, the 

physiological effects of the sex steroids testoster-

one and oestrogen differ markedly, with evidence 

that combined testosterone and GH administra-

tion causes increases in IGF- I concentrations, re-

sulting in enhanced anabolism, greater increases 

in fat free mass and higher whole body protein 

synthesis in boys [19]. Oestrogen administration, 

on the other hand, has been shown to have no ef-

fect on whole body protein synthesis in girls [19]. 

Sex dimorphic growth and development is most 

pronounced during adolescence, which forms the 

primary focus of the following sections.

Stature and body mass follow a double- sigmoid 

growth pattern in girls and boys, with rapid gains 

in infancy, slower yearly gains of about 5– 6 cm in 

stature and 2.25– 2.75 kg in body mass through 

childhood, and a second rapid gain in adolescence 

[20]. Girls usually begin adolescent growth before 

boys and progress at a faster rate than boys [21, 

22]. At the peak of the adolescent growth spurt, 

girls gain approximately 8– 9 cm in a year in stat-

ure. Boys only gain about 3 cm more in stature 

during the adolescent growth spurt, but are about 

11– 13 cm taller by adulthood because of their 

extra pre- adolescent growth [23]. From onset to 

completion, adolescent growth in stature lasts 

about 4– 4.5 years in girls, until rising levels of oe-

strogen induce epiphyseal fusion marking an end 

to the growth in stature, usually around a skeletal 

age of 15 years [18, 21]. Peak body mass velocity 

is in lag by some 4– 6 months with peak height ve-

locity and total body mass gains of 16 kg are usual 

during the adolescent growth spurt in girls [24].

Other body proportions such as sitting height, 

leg length, biacromial and bicristal breadths fol-

low a similar growth pattern to stature. Leg length 

and sitting height differ little between girls and 

boys during childhood [23]. At the onset of ad-

olescence rapid growth in leg length precedes 

trunk growth. Boys surpass girls in leg length by 

about 12 years of age and in sitting height around 
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26 McManus · Armstrong

14 years of age. Yet, the ratio of sitting height to 

stature is higher in girls than boys through ado-

lescence indicating relatively shorter legs in girls 

for the same stature. Girls have a marginally wid-

er bicristal breadth than boys from late childhood 

to late adolescence, when boys catch- up [23]. In 

contrast, boys experience much more dramatic 

increases in biacromial breadth compared to girls 

[23]. When bicristal breadth is expressed as a ratio 

of biacromial breadth (hip- to- shoulder ratio), in 

comparison to boys values are higher in girls from 

early childhood, with bicristal breadth approxi-

mately 72– 73% of biacromial breath, remaining 

quite stable through adolescence. In boys a decline 

in this ratio is noted from about 70% at 11 years of 

age, to 65% by 16 years of age, which is an outcome 

of the disproportionately faster growth of biacro-

mial breadth [23]. Interestingly, although stature 

as well as mass- to-stature ratio differ between girls 

involved in different competitive sports, minimal 

differences in other proportions such as arm span 

and seated height have been reported [25, 26]. 

Greater mass- to-stature ratios can confer perfor-

mance benefit in some sports such as throwing 

events; however, the combined effect of broad-

er hips and shorter legs that usually accompany 

a greater mass- for-stature and characterize early 

maturation in girls, is generally disadvantageous. 

Although data are sparse, young female athletes in 

running events or gymnastics are generally more 

likely to be characterized by longer legs, lower hip-

 to- shoulder ratios and lower mass- for-stature.

Assessment of maturity stage is vital but poses 

considerable challenge. Skeletal age is the biologi-

cal marker of choice, but is hindered by ethical 

constraints related to ionizing radiation expo-

sure. The timing and tempo of sexual maturation 

in girls has most commonly been described using 

the visual descriptive stages of secondary sexual 

characteristics. These were first documented by 

Reynolds and Wines [27], and then further refined 

by J.M. Tanner and are better known as Tanner 

stages [28]. There is a large normal variation in the 

timing and tempo of sexual maturation in girls, as 

well as clearly documented sex differences. Like 

linear growth, girls normally begin sexual matu-

ration before boys and progress toward full matu-

rity at a faster tempo than boys [22].

A recent large- scale longitudinal study of 

Caucasian and African- American children sug-

gests that the average girl begins breast devel-

opment at 9.8 years, whilst the average boy be-

gins genital development at about 10.3 years 

[21]. Pubic hair growth usually occurs around 

10.2 years in girls and around 11.3 years in boys. 

The onset of the initial stages of sexual maturity 

in these American girls is somewhat earlier than 

previously published data for European girls, for 

whom breast budding was reported to occur at 

about 10.5 years and Tanner Stage two for pubic 

hair at 10.8 years [28, 29]. This discrepancy prob-

ably reflects the different racial mix of the groups, 

in addition to a possible secular trend for a declin-

ing age of onset of maturation [30].

Asynchronous maturation of secondary sex 

characteristics in girls is common and has been 

defined as a difference of at least 4 months be-

tween breast and pubic hair development. About 

51– 66% of girls follow an asynchronous matura-

tion pattern [21, 31]. Most (about 70%) follow a 

thelarchal pathway, with breast development be-

ginning prior to pubic hair growth (adrenarche). 

Asynchrony usually persists into Tanner stage 3, 

the onset of which is on average 11.3 years for 

breast development, with pubic hair stage three 

occurring some 2 months later [31]. As the lat-

ter stages of sexual maturity are attained, develop-

ment becomes more synchronous. A minority of 

girls (approximately 30%) follow an adrenarchal 

asynchronous pathway, in which pubic hair devel-

opment precedes breast development. Thelarchal 

asynchrony is believed to result from initial ad-

vanced stimulation of gonadotropin and oestro-

gen, thereby enabling earlier breast development. 

The converse is true of adrenarchal asynchro-

ny, where the advanced production of testoster-

one and adrenal hormones promotes earlier pu-

bic hair growth. Age of onset of menses usually 
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occurs during Tanner stage three for breast devel-

opment. For those girls following the thelarchal 

pathway, menses occurs at an earlier age, around 

12.6 years. Those following the adrenarchal path-

way usually begin menses around 13.1 years [21, 

31]. Lower oestrogen levels are noted in girls fol-

lowing an adrenarchal maturation pathway which 

persists throughout adolescence. This affords a 

body composition advantage, characterized by 

a lower sum of skinfolds, percent body fat and 

waist- to- hip ratio [31]. Girls involved in intensive 

training are generally characterized by lower per-

cent body fat, but there is little evidence to sug-

gest that they preferentially follow an asynchro-

nous adrenarchal pathway [32].

The presence of asynchronous sexual matura-

tion has implications when comparing young ath-

letes with non- athletes, as well as making compar-

isons between girls and boys. Whether alignment 

is on the basis of a single marker (e.g. pubic hair 

development), the creation of a composite score 

for both pubic hair and breast development, or 

on differing secondary sex characteristics (such 

as genitalia and breast development), the assump-

tion is that the timing of the appearance of a par-

ticular characteristic, as well as the tempo, is ho-

mogeneous. This is clearly not always the case, 

and it has been suggested that alignment of sexual 

maturation to other biological or somatic markers 

of maturation (e.g. age at menarche or peak height 

velocity) is more appropriate [33]. Menarchal age 

is convenient if retrospective, otherwise, like peak 

height velocity, a prospective research design is 

necessary. Assessment of maturational stage con-

tinues to present a real methodological challenge 

to paediatric exercise physiologists.

Body Composition and Size

Fat

Small sex differences in fat mass and percent body 

fat are evident from mid- childhood, with levels 

rising substantially in girls during adolescence. 

Body fat gains by the end of puberty usually result 

in 26– 31% body fat in the average adolescent girl 

[34, 35]. Young athletes are generally leaner than 

the average non- athletic girl, but this is dependent 

on the chosen sport. Values as low as 14.3% have 

been reported for 15- year- old rhythmic gymnasts, 

with gymnasts generally showing lower body fat 

than other athletes [34]. Body fat values from 21 

to 25% have been reported for dancers, distance 

runners and cross- country skiers from the ages 

of 10– 17 years [36– 39]. Higher values have been 

reported for 13-  to 17- year- old high- school ath-

letes competing in lacrosse, soccer, softball, swim-

ming, track and field and volleyball (mean 27.4 ± 

0.7%) [40].

Sex steroids are major determinants of body fat 

distribution, with the increases in body fat gener-

ally subcutaneous and in the gluteal and femoral 

regions in girls. Fat mass, combined with a small-

er leg length- to-stature ratio, lowers the centre of 

gravity in girls, thereby affording better balance. 

However, fat mass is also negatively related to heat 

dissipation, which may prove disadvantageous in 

girls during endurance events in hot environmen-

tal conditions [41].

Fat tissue has relatively uniform proper-

ties throughout life, with negligible water con-

tent and a tissue density of 0.9007 kg • l– 1 [42]. 

Recent reference data from Wells et al. [42] have 

shown that in comparison lean tissue shows sex-

 specific chemical maturation, with decreases in 

water content and increases in density with in-

creasing age. These new data have implications 

for the assessment of body fat since previous ref-

erence data extrapolated rather than directly as-

sessed age specific tissue densities and hydration. 

Wells et al.’s [42] work provides the first compre-

hensive empirical data set for lean tissue proper-

ties for 4-  to 23- year- old boys and girls, with lean 

tissue density values in girls of 1.0905 kg • l– 1 at 

8– 9 years, rising to 1.1021 kg • l– 1 at 16– 17 years. 

Lean tissue hydration values declined with age 

from 75.2% at 8– 9 years to 73.7% at 16– 17 years 
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in girls. Importantly, this study has shown that 

these new values differ from previously simulat-

ed values. The lean tissue density values of Wells 

et al. [42] were consistently higher, whilst the hy-

dration data were consistently lower than those 

reported by Lohman [43]. Comparisons of % fat 

calculated from densitometry with the Lohman 

[43] formula led to a between- study error of – 1 

to 2.5% fat in the average girl. Wells et al. [42] 

provide important new reference values for the 

assessment of body fat by both hydrometry (total 

body water, bioelectrical impedance) and densi-

tometry which should ensure greater clarity in fu-

ture analyses.

Muscle

At birth, boys tend to have a greater lean mass 

than girls. This difference remains small but de-

tectable throughout childhood with about a 10% 

greater lean mass in boys than girls prior to pu-

berty [17]. The sharp increase in muscle mass dis-

parity between the sexes during puberty indicates 

a primary role of the gonadal steroidal hormones. 

Muscle mass in girls increases from about 25 kg 

at 10 years of age to about 45 kg by 18 years of age 

[42]. Reported values for 15-  to 17- year- old female 

athletes are not dissimilar, ranging from 42 to 53 

kg [23]. These gains in muscle tissue represent an 

increase of about 5% in muscle mass. The relative 

contribution of muscle mass to total body mass 

usually declines once consideration is given to the 

relative contribution of fat mass. In comparison, 

the androgen- mediated growth of muscle in boys 

results in muscle mass reaching about 55% of to-

tal body mass at maturity [44]. The greater overall 

skeletal muscle mass in adolescent boys creates a 

potential cascade of functional differences appar-

ent in adults such as differing muscle fibre size, 

activities of metabolic enzymes, lipid content and 

oxidation, relative expression of myosin isoforms, 

and fatigability [45– 50]. Maturation of these fea-

tures remains poorly understood.

The use of ultrasonography and magnetic res-

onance imaging (MRI) are providing insight into 

changes in muscle architecture with growth. A re-

cent study using ultrasonography demonstrated 

that muscle thickness (a marker of physiological 

cross- sectional area) and pennation angle were 

correlated with age from 4 to 10 years in both sex-

es [51]. Findings from MRI studies have shown 

similarly that muscle cross- sectional area increas-

es with age from childhood through adolescence, 

and more so in boys than girls [52]. Pennation an-

gle on the other hand has not been found to dif-

fer between the sexes [51]. Whilst muscle cross-

 sectional area and pennation angle are related to 

age, this has not been shown in muscle fibre length 

[51]. Muscle fibre length has been found to have 

high inter-  and intra- individual variation, which 

may reflect a greater malleability in response to 

external stimuli such as the extent and intensity 

of exercise [51].

Morphological change in the muscle impacts 

upon function. Maximal strength, for example, 

is dependent on the specific joint angle (force-

 length relationship), contraction type, muscle 

cross- sectional area and velocity. The length of 

the muscle fibre is proportional to the absolute 

maximum contraction velocity, whilst the penna-

tion angle dictates the proportion of force trans-

mitted to the tendon. Muscle strength, expressed 

as torque, increases with age in children, but gains 

are greater in boys. This has been presumed to be 

an outcome of the greater muscle cross- sectional 

area [53]. Alternatively, there may be intrinsic sex 

differences in the fibre composition and fatigue 

characteristics of skeletal muscle that materialize 

during adolescence that also influence the ability 

to increase torque.

In adults, several studies have reported high-

er glycolytic enzyme activity and lower oxidative 

enzyme activity in men compared to women, 

supporting the contention that men have a lower 

proportion of type I fibres [50, 54]. Data on mus-

cle fibre typing in children are limited because of 

the invasive nature of the biopsy methodology, 
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but there is evidence to show that differentiation 

of fibre type occurs during the first few years of 

life. About 10% of skeletal muscle fibres remain 

undifferentiated up until puberty, with no sex 

difference notable in the percentage of type I fi-

bres (slow- twitch oxidative fibres) during child-

hood [55]. By adolescence females have a lower 

% of type I muscle fibres than males [45, 56]  

and the type II muscle fibres of young men are 

bigger than their type I fibres, something not ev-

ident in young women [56, 58].

Although boys gain more in strength than 

girls during adolescence, elite girl athletes are 

stronger than their less athletic peers. For ex-

ample, average quadriceps and biceps isometric 

strength was reported to be 22% greater in elite 

gymnasts and swimmers and 18% greater in ten-

nis players compared to less athletic school chil-

dren [59]. Interestingly this study found no dif-

ferences in strength between sports in the girls, 

even when co- varied for body mass. The rela-

tionship between strength and body mass, or 

strength- to-mass ratio, has been seen as an im-

portant predictor of sport performance particu-

larly in gymnastics, middle-  and long- distance 

running. Indeed, elite adult women runners such 

as Yvonne Murray and Greta Waitz were 17– 18% 

below the average body mass for their stature at 

the peak of their running careers, which suggests 

relative strength was high. The work of Bencke et 

al. [60] has shown that 11- year- old girl gymnasts 

were the smallest, lightest and possessed the high-

est explosive strength compared to other athletes, 

suggesting high relative strength confers advan-

tage in some sports in girls.

Bone

Bone characteristics differ little between boys and 

girls prior to puberty, but then follow two sex-

 divergent growth paths. During the adolescent 

growth spurt boys experience increases predom-

inantly in bone diameter and cortical thickness 

due to periosteal apposition [17]. Girls on the 

other hand experience increases in cortical thick-

ness, a decrease in medullary diameter, and little 

increase in periosteal diameter as a result of oe-

strogen inhibition of periosteal apposition [17, 

61]. It should be noted that bone accretion and 

endocortical features appear to be site specific 

with data showing endocortical resorption at the 

mid- femur and proximal tibia in girls through pu-

berty, but no endocortical resorption at the radial 

diaphysis [62, 63].

During puberty, bone mineral content (BMC) 

accrual rate is in lag with muscle accrual rate, sug-

gesting that muscle enlargement, and concomi-

tant increases in muscle force, are important for 

bone development [64]. Indeed, the ‘function-

al muscle- bone unit’ hypothesis suggests mus-

cle force is a primary determinant of bone mass, 

structure and strength [65]. Young female run-

ners and gymnasts have been shown to have el-

evated bone mass and enlarged bone size at spe-

cific sites such as the radius and lumbar spine in 

gymnasts [66] and the femur in runners [67], re-

flecting the specific mechanical- loading patterns 

these sports require. This has led some to con-

clude that muscular force alone explains the im-

pact loading effect on bone [68– 70]. On the con-

trary, recent research has shown that bone mass, 

size and strength increases in the upper extrem-

ity in gymnasts are independent of maturation, 

stature and muscle cross- sectional area and sub-

stantiates the hypothesis that other non- muscular 

loading factors may also account for skeletal ad-

aptations [71, 72].

Puberty is the most favourable period for 

augmented bone mineralization, with about one 

quarter of adult bone being laid down. Bone min-

eral accrual is sex and maturity dependent and ap-

pears to be enhanced by oestrogen. It is clear that 

the early pubertal and pre- menarchal years are 

particularly important for young girls in terms of 

optimizing their bone mineralization and weight-

 bearing exercise plays a key complementary role 

in this process [73].
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30 McManus · Armstrong

Body Size Considerations

By the time the adolescent growth spurt is com-

plete the body size, shape and composition of 

boys and girls is different. Boys have become tall-

er, have longer legs, broader shoulders, are heavi-

er, and have less fat and more muscle than girls. 

The effect of these discrepancies on performance 

is substantial, and it is important in understand-

ing girls’ physiologic responses to exercise that 

we are able to effectively partition the impact of 

size from function. Traditionally in exercise phys-

iology this has been achieved by expressing the 

physiological measure of interest (y) as a ratio of 

an appropriate marker of body size (x) to give the 

ratio y/x. Tanner suggested in 1949 that the use of 

such ratio standards to scale physiological mea-

surements to size was ‘theoretically fallacious and 

unless in exceptional circumstances, misleading’ 

[74]. Yet this has largely been ignored with much 

of the comparison between men and women, or 

boys and girls based on ratio standards [75, 76]. 

An implicit assumption with the ratio standard is 

that the relationship is linear and the y intercept 

is zero. Additionally, ratio standards should only 

be used when the coefficient of variation (V) for 

body size (x), divided by the coefficient of varia-

tion (V) for the physiological variable (y), equals 

the Pearson product moment correlation coeffi-

cient (r) for the two variables, expressed by the 

equation Vx/Vy = rx,y. These assumptions are 

rarely met and the outcome is scaling distortion, 

which may have obscured our understanding of 

the physiologic responses of girls [77].

Theoretically, morphological and physiologi-

cal variables are scaled according to the general 

allometric equation y = axb, where y is the mor-

phological or physiological variable of interest, x 

is the chosen size denominator, b is the scaling 

exponent and a is the constant [78]. When this 

equation is solved the resultant power function 

ratio (y/xb) is derived. Various studies have shown 

that with careful consideration of the denomina-

tor, alternative approaches, such as the allometric 

power function ratio or more complex multilev-

el modelling of longitudinal data, are more ap-

propriate than ratio scaling when comparisons 

of various physiological outcomes between indi-

viduals of differing body size are sought [79, 80]. 

These alternatives should, wherever possible, be 

utilised.

Acute Responses to Aerobic Exercise

Peak oxygen uptake (peak V̇O2), the highest V̇O2 

elicited during an exercise test to exhaustion in 

children, is well- established as the best single 

measure of aerobic fitness [81]. In comparison to 

boys, girls are characterised with a smaller abso-

lute peak V̇O2. Predicted values range from 1.5 to 

2.2 litres • min– 1 in 10-  to 16- year- old girls and are 

lower than boys by 11, 19, 23 and 27% at ages 10, 

12, 14 and 16 years of age, respectively [82]. Peak 

V̇O2 is strongly correlated with body size and com-

position and thus, much of the divergence in val-

ues reflects this. When expressed as a ratio stan-

dard with body mass (ml • kg– 1 • min– 1), peak V̇O2 

shows a progressive decline in girls from 13 years 

of age, with values dropping from approximately 

45 to 35 ml • kg– 1 • min– 1 [83]. In contrast, mass-

 related peak V̇O2 in young female runners has 

been found to be relatively constant with values of 

56.3, 57.1, 56.9 and 54.3 ml • kg– 1·min– 1 at ages 10, 

12, 14 and 16 years, respectively [84]. Likewise, 

peak V̇O2 has been shown to be fairly stable be-

tween 11 and 16 years of age in elite girl swim-

mers and tennis players [85], with values of 51– 

52 ml • kg– 1 • min– 1 and 47– 49 ml • kg– 1 • min– 1, 

respectively. When multilevel modelling was used 

to account for mass, stature and biological age, the 

elite girl swimmers and tennis players showed in-

creases in peak V̇O2 until late puberty when in-

creases became non- significant [85]. Similarly, in 

the less athletic population when more appropri-

ate allometric adjustment is used to partition size 

effects in body mass and stature, peak V̇O2 has 

been found to increase significantly from 11 to 13 
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years in girls, and then remain constant with no 

decline into adulthood evident [81].

Dramatic pubertal changes in muscle, fat and 

mass contribute to the widening of the sex differ-

ence in peak V̇O2. When a marker of body fat was 

included in a multilevel regression model which 

incorporated body mass, stature and age, the sex 

difference in peak V̇O2 was reduced, but the great-

er increase in boys’ peak V̇O2 with growth com-

pared to girls was still not fully explained [83]. 

Equally, longitudinal data have shown that even 

when differences in body mass and fat mass are 

controlled for allometrically, girls utilise less oxy-

gen than boys during submaximal exercise, and 

this becomes more pronounced with age [86]. 

Understanding the physiologic mechanisms that 

underlie these size- independent sex differences 

in peak and submaximal V̇O2 requires consider-

ation of the coordinated systems response, which 

includes pulmonary, cardiac and peripheral ad-

justments to the demands in muscular energy. A 

discussion of key features of each follows.

Pulmonary

It was generally assumed that because exercise train-

ing exerts little influence on lung structure or func-

tion that the lungs exert minimal influence on oxy-

gen transport. However, there is evidence that lung 

function adaptation does occur as a con sequence 

of exercise training in girls [87]. Moreover rec-

ent investigation of sex differences in pulmonary 

structure and function in adults has shown consid-

erable effects on gas exchange and the integrated 

ventilatory response during exercise, in particular 

exercise- induced arterial hypoxia [88]. There are 

well- documented sex differences in anatomical as-

pects of the pulmonary system which occur during 

lung growth [89]. The consequence of sex depen-

dent pubertal thoracic growth is a larger thoracic 

width in boys. When coupled with a greater muscle 

mass for generating lower lung function, boys have 

approximately 25% greater lung volumes than girls 

who are matched for stature [89]. By adult life, in 

addition to the smaller lung volumes, stature and 

age independent lower resting diffusion capacity 

(corrected for haemoglobin), lower maximal ex-

piratory flow rates [90], and a greater occurrence 

of exercise- induced hypoxia has been shown in 

women [91]. Equally, there is also evidence that 

when matched for size and aerobic power women 

do not have reduced diffusion capacity or impaired 

ventilation perfusion during exercise [92].

In children, like adults, exercise pulmonary gas 

exchange depends on pulmonary ventilation (V̇E) 

and at maximal work rates high rates of ventilation 

are usual. Maximal values of 49– 95 litres • min– 1 

have been recorded for girls between the ages of 

9 and 16 years [93] and there is a consistent sex 

difference with values somewhat higher in boys 

(58– 105 litres • min– 1) for the same age span. It 

should be noted that cross- study comparisons 

are difficult given the dependence of ventilation 

on the protocol and data such as these need to be 

interpreted cautiously. Maximum ventilation re-

mains higher in boys, whether controlled for body 

size using a ratio standard or allometric adjust-

ment with either stature and/or body mass [94, 

95]. Thus, the higher peak V̇O2 in boys is indeed 

supported by a higher V̇E.

During exercise, an expiratory flow limitation 

is apparent in adult women but not men, resulting 

in a greater oxygen cost of breathing and the onset 

of arterial desaturation [88, 96]. Recent evidence 

has provided a comparison between pre- pubertal 

boys and girls and found no difference in the oc-

currence or severity of expiratory flow limitation 

between girls and boys and no changes in arte-

rial saturation during exercise to maximum [97]. 

Others have found little evidence of exercise in-

duced arterial hypoxaemia in pre- pubertal girls, 

or lower ventilatory efficiency at maximum [98, 

99]. When Armstrong et al. [94] compared venti-

latory parameters during submaximal exercise at 

the same absolute intensities they noted that girls 

demonstrated higher ventilatory equivalents for 

oxygen and carbon dioxide, i.e. poorer ventilatory 
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32 McManus · Armstrong

efficiency in comparison to boys. However, when 

they compared submaximal ventilatory efficiency 

during the same relative exercise intensities, val-

ues were remarkably similar between the sexes. 

This suggests that differences apparent at abso-

lute submaximal exercise intensities simply re-

flect the higher relative percentage of maximum 

that girls are working at and do not denote true 

inefficiency.

There is little evidence that prior to puber-

ty pulmonary structure or function limits oxy-

gen uptake, however, considerable evidence has 

shown pulmonary function influences gas ex-

change in adult women, suggesting that matu-

rational adjustments occur. At present however, 

there is little evidence to substantiate this.

Blood Volume and Haemoglobin

Assessment of blood volume in children and ad-

olescents is complex and the variability in tech-

niques means there are considerable discrepan-

cies between studies. There are conflicting results 

regarding changes in blood volume with age. 

Some have shown that blood volume per unit 

body mass increases with age [100], others have 

found no change [101], whilst others report de-

creasing blood volume with age [102]. Likewise, 

data on sex differences in blood volume between 

girls and boys are mixed. When normalised using 

a ratio standard with body mass, differences be-

tween girls and boys were apparent from about 6 

years of age, with values lower in the girls [103]. In 

contrast, when normalised using a ratio standard 

for lean body mass, sex differences are no longer 

apparent for pre- pubertal children, or at any mat-

urational stage [103].

In boys, haemoglobin rises through adoles-

cence to about 152 g • l– 1 by 16 years of age [104]. 

Girls, on the other hand, usually demonstrate a 

plateau in haemoglobin concentration with val-

ues of about 137 g • l– 1 by 16 years of age [104]. 

Highly trained adolescent female athletes also 

show lower haemoglobin concentration values 

compared to trained boys, with about a 7% dif-

ference [105]. Fully saturated, 1 g of haemoglo-

bin carries 1.34 ml of oxygen, and one would pre-

sume that the smaller increase in haemoglobin in 

girls would result in a reduced oxygen carrying 

capacity in comparison to boys. However, it has 

been shown that haemoglobin concentration is 

not a significant predictor of peak V̇O2 in 11-  to 

17- year- olds once body size and composition and 

maturation have been controlled for [83].

Cardiac and Vascular Considerations

There are clear differences in cardiac function at 

rest and during exercise between girls and boys, 

with differences apparent even prior to puberty. 

The electrical conduction system is influenced by 

sex steroid hormones, with girls normally having 

higher resting heart rates than boys –  somewhere 

in the magnitude of 90 beats per minute at around 

10– 12 years of age [106]. This is thought to re-

late to intrinsic differences in the sinus node pace-

maker [107], a difference notable at birth with 

newborn boys displaying lower baseline heart 

rates than girls [16]. The higher resting heart rate 

in girls is often explained as an artefact of differ-

ences in cardiac dimensions, and indeed the ra-

tio of heart mass to body mass has been found to 

be higher in boys than girls at birth, remaining 

so through adolescence [106]. Heart volume has 

also been found to be greater in boys with val-

ues of 342 and 403 ml for pre-pubertal girls and 

boys, respectively, and of 466 and 561 ml for pu-

bertal girls and boys, respectively [108]. When ad-

justed for body mass these differences were found 

to persist through puberty (female 10.0 ml • kg– 1; 

male 10.8 ml • kg– 1). Inconsistencies in the find-

ings, however, are present and others have found 

no differences in either left ventricular mass [109] 

or heart volume [110].

Echocardiographic studies that have shown 

greater left ventricular mass in boys compared 
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to girls have suggested that the reduced cardi-

ac mass in girls may be associated with reduced 

contractility, reduced pre- load or increased af-

terload [106]. All of these could result in a re-

duced stroke index (SI) and therefore reduced 

cardiac index (CI). Cardiac index has general-

ly been found to be higher in boys than girls at 

maximal exercise (table 1) and in the absence of 

sex differences in maximal heart rate, it would 

appear that SI most likely accounts for this dif-

ference. Absolute maximal SI index has been re-

ported to be between 7 and 13% less in girls than 

boys. When corrected for body fat, this differ-

ence was reduced to 5.2% [112], but remained 

nonetheless. Interestingly, the lower maximal 

SI index apparent in girls has not always been 

found to relate to left ventricular dimensions, 

which suggests sex differences may instead relate 

to other factors such as the peripheral pump, sys-

temic vascular resistance or differing adrenergic 

responses [113, 115].

Evidence of cardiac re- modelling following 

training has provided some insight into the role 

systemic vascular resistance may play in SI dif-

ferences between boys and girls [113]. Following 

13 weeks of training, both pre- pubertal boys and 

girls increased LV end- diastolic diameter and left 

ventricular mass. However, only LV end- diastolic 

diameter was related to percent increase in SI. 

Percent increase in SI was also inversely related 

to systemic vascular resistance, suggestive of vas-

cular adaptations in response to high- intensity 

training. Of note, the decrease in systemic vas-

cular resistance was greater in the boys than the 

girls, which may account for the greater increase 

in maximal SI in the boys.

Table 1. Oxygen uptake, stroke index, cardiac index and arteriovenous oxygen difference at maximal cycle ergometer exercise

Reference Sex n Age

(years)

SI 

(ml • m– 2)

HR

(bpm)

CI 

(litres • 

min– 1 • m– 2)

a- v O2 

difference

 (ml • 100 ml– 1)

Peak V̇O2 

(litres • min– 1 •  

kg- 1)

Peak V̇O2 

(litres • 

min– 1)

Cumming [111] F 29 11.8±3.1 46±3† 174±11 8.61±8.1† – – –

M 31 12.6±3.5 56±13 170±17 10.1± 1.8 – – –

Rowland 

et al. [112]

F 24 11.7±0.5 55±9† 198±9 10.9±1.7† 12.3±1.9 40.4±5.8† 1.84±31

M 25 12.0±0.4 62±9 199±11 12.3±2.2 12.2±1.7 47.1±6.1 1.98±28

Obert et al. [113] 

Pre- training 

experimental 

group

F  7 10.66±0.3 47±7† 204±5 9.4±1.4† 13.2±1.6 40.9±8.9† –

M  9 10.66±0.5 52±8 199±9 10.5±1.8 13.0±2.1 44.1±6.1 –

Pre- training 

control group

F 10 10.41±0.3 46±6† 202±7 9.4±1.2† 13.1±2.8† 42.4±5.6† –

M  9 10.5±0.3 49±5 202±7 9.7±0.8 15.6±1.5 51.5±6.3 –

Winsley et al. [114] F  9 10.2±0.3 45±6 192±11 8.7±1.1 12.6±1.6† – 1.23±.08†

M  9 10.1±0.5 47±8 195±11 8.9±1.4 14.8±2.1 – 1.41±.18

SI = Stroke index; HR = heart rate; CI = cardiac index; a- v O2 difference = arterio- venous oxygen difference; V̇O2 =  oxygen 

uptake. † Significant differences noted.
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34 McManus · Armstrong

The vasoregulatory capacity of the arterial 

and arteriolar vessels manipulates peripheral re-

sistance. When blood is effectively distributed to 

the working muscle, peripheral resistance is re-

duced, which unloads the heart improving the ca-

pacity of the heart to increase SI. This is achieved 

by improving the flow of blood to and through 

the muscle and both the vasculature and skeletal 

muscle pump are involved. Interestingly, no sex 

differences in arterial compliance have been not-

ed in pre-  and early- pubertal children [116], al-

though the beneficial role of oestrogen in vasodi-

lation is well established and female advantage in 

arterial compliance is apparent in adults [117].

The skeletal muscle pump utilises the rhyth-

mic muscle contractions to empty the venous 

 vessels, aiding blood muscle hyperaemia and ve-

nous return. There is scant information on the 

skeletal muscle pump in children, but evidence 

in boys suggests, like adults, the skeletal mus-

cle pump is associated with improved CI [118, 

119]. In Rowland et al.’s [119] study, arterio-

venous  oxygen (a- v O2) difference, a composite 

index of the  haematological components of oxy-

gen  delivery, remained  constant during unloaded 

exercise suggesting the increases in muscle oxy-

gen supply were met by the increasing blood vol-

ume. Conversely, as exercise intensity increased 

with loading, a- v O2 difference increased indicat-

ing decreased effectiveness of the muscle pump 

in satisfying the metabolic demands of the work-

ing muscle.

Whilst some studies have found no differences 

in estimated a- v O2 difference at maximal or sub-

maximal intensities between pre- pubertal girls 

and boys [112, 120], there are conflicting find-

ings. Data recently published from a thoracic im-

pedance measure of peak CI and MRI markers of 

cardiac size [114] demonstrated that pre- pubertal 

boys had a 16.7% higher a- v O2 difference than 

girls. This was the only distinguishing factor to 

explain the significantly higher peak V̇O2 in the 

boys compared to the girls and unlike other stud-

ies no difference in either CI or SI were apparent 

at maximal exercise. It is interesting to note that 

a- v O2 difference was 16% lower in the girls of the 

control group (table 1) in the study of Obert et al. 

[113]. These findings are intriguing, but confir-

matory studies are needed to help understand the 

inconsistencies in the extant data.

Muscle Cellular Metabolism during Moderate 

Intensity Exercise

Characterizing muscle metabolism during exer-

cise is extremely challenging and for a long time 

hampered by the need for invasive measurement 

of enzymatic activity. 31P magnetic resonance 

spectroscopy (MRS) has enabled the study of high 

energy phosphates non- invasively in human skel-

etal muscle. This technique can provide an esti-

mation of skeletal muscle metabolic activity via 

examination of creatine phosphate (PCr), inor-

ganic phosphate (Pi) and intracellular pH, and has 

been validated in both adults and children [121, 

122]. There remain methodological challenges in 

the paediatric population, which have been out-

lined by Armstrong and Fawkner [123], but the 

data available are providing fascinating insight 

into cellular metabolic processes.

Children, like adults show high correspon-

dence between MRS determined muscle phos-

phocreatine (PCr) activity and the pulmonary 

oxygen uptake (pV̇O2) kinetic response [124, 

125]. This implies that pV̇O2 kinetics also pro-

vide a marker of energy utilization at the mus-

cular level, one which may prove very useful in 

understanding the interplay between cardiopul-

monary and metabolic processes during exer-

cise. More comprehensive descriptions of oxygen 

uptake kinetic assessments have been provided 

elsewhere [126] and only the salient issues re-

lated to girls’ responses are summarized here. 

The pV̇O2 kinetic response is tri- phasic, but only 

phases II and III pertain to muscle oxygen up-

take kinetics. During moderate intensity exer-

cise, the phase II pV̇O2 kinetic response involves 
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an exponential increase in oxygen uptake toward 

steady state, which signifies increases in mus-

cle V̇O2. The primary response is described by 

a time constant (τ), representing the time taken 

(s) to achieve 63% of the change in pV̇O2. The 

attainment of a steady state denotes phase III. At 

higher workloads, i.e. those above the maximal 

lactate steady state, the pV̇O2 kinetic response 

 alters, with phase III showing a delayed increase, 

eventually resulting in a pV̇O2 value higher than 

predicted on the  basis of exercise intensity. This 

‘slow component’ represents an increasing inef-

ficiency in energy turnover and negatively cor-

relates with increases in V̇O2 per unit increases 

in work, suggesting  fatigue. To ensure confidence 

in the kinetic parameters  estimated, the level of 

measurement rigour needed is high [126]. Few of 

the available oxygen uptake kinetics studies with 

children provide this and as such information on 

girls is very limited.

There is little evidence of a sex difference in 

pV̇O2 kinetic responses during moderate inten-

sity exercise in children [127]. Neither have sex 

differences been found in boys and girls for MRS 

determined pH, Pi to PCr ratio (Pi/PCr) or PCr 

kinetic time constant at either the onset or offset 

of moderate intensity exercise [128]. In contrast, a 

study of the kinetic responses to high- intensity ex-

ercise found sex differences [129]. Results showed 

phase II pV̇O2 kinetics were approximately 20% 

slower in pre- pubertal girls compared to boys and 

the relative contribution of the pV̇O2 slow com-

ponent to the end exercise pV̇O2 in the girls was 

about 30% greater. This is suggestive of a lower 

tolerance of fatigue in the girls, but the mecha-

nisms underlying this response are not yet under-

stood. One hypothesis suggests that these differ-

ences reflect a difference between boys and girls 

in the energetic profiles of the recruited muscles.

Barker et al. [130] have explored high- intensity 

exercise responses of the quadriceps muscle us-

ing MRS in children, but showed in accord with 

the pV̇O2 kinetic work, that girls responded with 

a greater anaerobic metabolic contribution than 

boys. These findings were partly attributed to the 

inequalities in maturity status, with relatively im-

mature boys compared to the girls. Maturation of 

the cellular anaerobic response was noted in the 

girls in this study, who progressed from a response 

that was attenuated prior to puberty, but adult-

 like with ensuing maturation. This was not appar-

ent in the boys, most likely an artefact of the nar-

row age range of the boys (9– 12 years). Generally, 

high- intensity work requires the recruitment of 

fast twitch muscle fibres that are faster and larg-

er, with a greater glycolytic and lower oxidative 

capacity. As discussed earlier, there is evidence 

of sex differences in muscle fibre type and size 

which vary with age and maturation, and clearly 

comparison of cellular metabolism during high-

 intensity exercise in girls and boys who are more 

closely aligned in terms of maturation is some-

thing which deserves further enquiry.

To summarise, there are differences between 

boys and girls in the aerobic responses to exer-

cise which cannot be accounted for solely by size. 

Ventilatory parameters do not appear to influence 

peak V̇O2 in pre- pubertal children, however, there 

is scant information on the maturation of ventila-

tory responses in girls. It has been suggested that 

peripheral factors may be more important in de-

fining aerobic fitness than cardiac function [131], 

but these are poorly understood in children and 

in particular in girls.

Acute Responses to High- Intensity Exercise

Most sports require short- duration bursts of 

high- intensity effort, which are supported by 

high muscle energy turnover. The direct exam-

ination of muscular energetics during short-

 duration high- intensity exercise is complex and 

instead investigations have largely concentrated 

on mechanical output markers of short duration 

exercise performance. The most commonly em-

ployed tests are the Wingate cycle ergometer test 

(WAnT) and cycle ergometer force- velocity tests, 
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both eliciting markers of leg power. Wingate test 

values for leg peak power in girls aged 11– 16 

years have ranged from 260 to 542 W [132– 136], 

whilst comparable values between 250 and 555 W 

have been recorded using force- velocity tests in 

similarly aged girls [137– 140]. Mean power val-

ues from the Wingate test have ranged from 228 

to 341 W in 11-  to 16- year- old girls [132, 136]. It 

is interesting to note that neither peak nor mean 

power appear to be unusually high in young girls 

who are engaged in elite tennis, swimming or 

gymnastics training [141]. Higher values have 

been recorded for elite handball players and elite 

sprinters [133, 141], which could not be fully ex-

plained by age and body composition; however, 

when comparison was made with published val-

ues for less athletic girls, peak and mean power 

for these elite girl athletes were not substantially 

different.

Longitudinal data have shown that leg peak 

power increases with age in both boys and girls, 

but the increases in boys are greater than in girls. 

In a study of 7-  to 18- year- olds, peak power was 

shown to increase by 273% in girls from 7 to 16 

years of age, and then to plateau [142]. In com-

parison, boys showed increases of 375% over this 

period with no plateau at 16 years. Armstrong 

et al. [132] examined changes in leg peak power 

from 12 to 17 years of age and noted increases of 

66% in girls, whilst boys increased peak power by 

120% over the same period. The increases noted 

by Armstrong et al. [132] are similar in magni-

tude to those of Martin et al. [142] when the same 

age range is considered. Similar age- related in-

creases in mean power have been noted, again 

with increases in boys almost double those of 

girls between the ages of 12 and 17 years [132]. 

Sex differences in peak leg power do not appear 

to emerge until about 14 years of age [141], whilst 

mean power is greater in boys than girls from 

about 13 years of age [132]. Clearly age is an im-

portant predictor of short-term power in young 

people. The influence of stature and mass as pre-

dictors of peak and mean power have also been 

established [132, 143], highlighting the need to 

consider both body mass and composition when 

assessing short-term power. De Ste Croix and 

colleagues [143] have shown that in addition to 

the effects of body mass, sum of skinfolds and 

age, MRI determined thigh muscle volume exerts 

considerable influence on young people’s short-

term power output. Furthermore, De Ste Croix 

and colleagues [143] have shown using multi-

level modelling that in addition to the effects 

of body mass, sum of skinfolds and age, MRI-

determined thigh muscle volume has a signifi-

cant impact on young people’s short-term power 

output during cycling.

There are very few data on skeletal muscle me-

tabolism during short- duration high- intensity ex-

ercise in girls. A MRS study of pH and Pi/PCr ra-

tio during supramaximal plantar flexion exercise 

in pre- pubertal and pubertal girls found that the 

maturational differences in pH and Pi/PCr values 

were not statistically significant [144]. The authors 

concluded that glycolytic metabolism was not ma-

turity dependent; rather, it was dependent on mus-

cle cross- sectional area. A more recent study of the 

PCr kinetics and intracellular pH response dur-

ing high- intensity exercise also showed a non sig-

nificant sex difference in pH. It is worthy of note 

that in both studies [144, 145] there was consider-

able variability within small samples which may 

be masking biological significance. Wilcox et al. 

[145] did demonstrate that the PCr cost per watt 

was higher in the girls compared to the boys [145]. 

These findings suggest lower efficiency in the girls 

compared to the boys, which may be an outcome of 

differences in muscle fibre type, muscle activation 

patterns or leg vasodilatory response. However, 

this study failed to demonstrate that the differ-

ences in the slow component of the PCr response 

between children and adults were statistically sig-

nificant, raising doubt that age- related change in 

muscle fibre recruitment substantially influences 

skeletal muscle metabolism during high- intensity 

exercise.
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Does Intensive Training Pose a Threat to the 

Development and Health of Young Girls?

Growth

Many young athletes begin formal training before 

10 years of age, with young elite gymnasts, swim-

mers and tennis players entering their respective 

sport between the ages of 6 and 7.5 years [146]. In 

a number of countries young girls are recruited 

into specialised sport schools as young as 5 years 

of age [147]. These elite young athletes train inten-

sively all year round, for many hours, with weekly 

training volumes of 24 h not being unusual [148]. 

Whether intensive training such as this distorts 

normal growth and maturation remains a topic of 

much debate [7, 149].

Evidence of reduced or delayed growth in 

some young athletes, such as gymnasts, has been 

suggested to be a direct outcome of the intensive 

training these youngsters have endured [5, 50, 

151]. Counter- argument contends that growth 

reductions or delay in young athletes simply 

 reflect their late maturation [136, 152– 154]. The 

Training of Young Athletes (TOYA) study found 

that elite young female swimmers and tennis play-

ers were generally taller than the general popula-

tion throughout the growth period (close to the 

75th percentile for stature), whilst gymnasts were 

generally smaller (below the 50th percentile for 

stature) from 10 to 17 years of age [146]. What was 

noteworthy was that by 18 years of age, the gym-

nasts were above the 50th percentile for stature 

and when aligned by biological age (years from at-

tainment of menarche), gymnasts, swimmers and 

tennis players showed no significant differences 

in height. The catch- up growth noted in the gym-

nasts was indicative of late maturation and appar-

ent in girls who are not involved in competitive 

training, but who mature late. Both the fathers and 

mothers of gymnasts have been found to be signif-

icantly shorter than the parents of other athletes 

and genetic predisposition for stature has been 

not only been shown to be preserved, but often 

exceeded [146, 155]. Combined, this  evidence in-

dicates that the tendency for short stature in gym-

nasts is not, as argued by some [151], evidence of 

a training- induced alteration in growth, but more 

likely a reflection of a genetic predisposition for 

later development and short stature.

Reproductive Health

Menstrual dysfunction in young athletes has also 

been interpreted as evidence that intensive train-

ing in young girls is harmful to reproductive health 

[156]. Menstrual dysfunction includes delayed me-

narche (onset after 16 years), luteal phase defects, 

oligomenorrhea and amenorrhea (table 2). Several 

studies have concluded that female gymnasts, 

swimmers and ballet dancers have delayed menar-

che. De Ridder et al. [29] observed that, in com-

parison to a control group of girls matched for mat-

uration and fatness, girls involved in competitive 

gymnastics exhibited delayed menarche. An ear-

ly hypothesis suggested that because these young 

girls had low levels of body fat they did not attain a 

critical level of body fat (22%) necessary for men-

struation. The wide variability noted in body fat at 

menarche [35] has provided proof that a thresh-

old of 22% body fat is incorrect. Additionally, there 

is sufficient experimental evidence in women to 

show that it is not body fat but caloric deprivation 

that affects reproductive health [157].

Genetic predisposition for late menarche in 

athletes has also been explored. When age of me-

narche in a group of elite gymnasts was correlated 

with maternal menarchal age, it was, on average, 

in lag by 0.81 years [158]. This lag was double that 

noted for elite swimmers and triple that for elite 

tennis players. These data suggest that despite a 

genetic predisposition for delayed menarche, this 

does not fully explain the extent of the delay, sig-

nalling that training may indeed delay menarche in 

gymnasts. However, Baxter- Jones et al. [158] went 

on to show that when the time period between 

menarchal age and retirement from the sport were 
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Table 2. Components of the female athlete triad, diagnosis and prevention

Component of the 

triad

Diagnosis Warning signs Prevention

Energy availability 

[160]

Energy availability is defined as 

energy intake minus exercise 

energy expenditure, with a 

threshold of 30 kcal • kg– 1 

LBM • day – 1.

Low body mass (>85% of 

ideal body mass for 

stature).

Fatigue.

Monitor dietary intake.

Monitor training volume.

Focus on healthy eating and 

caloric balance.

Educate youngsters about 

nutritional fads.

Reinforce message that body 

mass is only one aspect of 

good performance.

Educational information on 

nutrition and energy 

expenditure, e.g. http://

kidshealth.org/teen/food/

sports/triad.html

Eating disorders 

[173]

Anorexia nervosa 

Refusal to maintain body mass 

over a minimally normal mass for 

age and stature.

Intense fear of gaining mass or 

becoming fat.

Disturbed body image.

Secondary amenorrhea.

Bulimia nervosa

Recurrent episodes of binge 

eating (eating a large amount of 

food in a discrete period of time 

and lacking control over eating 

during the episode).

Recurrent inappropriate 

compensatory behaviour such as 

self- induced vomiting, laxatives 

or excessive exercise.

The binge- eating and purging 

behaviours occur at least twice a 

week for 3 months.

Anorexia

Dramatic loss in body 

mass.

Preoccupation with food, 

calories and body mass.

Wears baggy clothes.

Fine, downy facial hair.

Mood swings.

Avoidance of food- related 

social activities.

Bulimia

Noticeable loss in body 

mass.

Excessive worry over 

weight.

Bathroom visits after 

eating.

Depression.

Strict dieting followed by 

binging.

Dental erosion.

Promote healthy body image.

Removal of body mass/fat 

monitoring by coaches.

Provide opportunities for 

developing self- coping 

strategies.

Deemphasize body mass and 

thinness.

Provide opportunities for 

nutritional counselling.

Menstrual 

dysfunction [174]

Oligomenorrhea – irregular 

menses (length between cycles 

>35 days).

Primary amenorrhea – absence of 

menstruation by 15 years in girls 

with secondary sexual 

characteristics.

Secondary amenorrhea-  absence 

of menstrual cycles for 3 cycles 

after onset of menses.

Irregular or absent 

menstrual cycle.

Ask athletes to keep a training 

diary and include monitoring 

of menstrual cycle.

Help girls understand that 

secondary amenorrhea is not 

normal.

Provide education on 

reproductive health and the 

link between menstruation 

and bone health.

Provide dietary education and 

help girls understand the link 

between diet and 

reproductive health.
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considered, 92% of the girls began menarche prior 

to retiring. The authors concluded that training 

was therefore unlikely to cause the delay in me-

narche noted in the gymnasts, instead there was 

simply a chronological age difference in the tim-

ing of events. It would appear that exercise train-

ing, without other predisposing factors, is unlikely 

to be the cause of menstrual dysfunction.

The Female Athlete Triad

The female athlete triad was established in the 

early 1990s as a syndrome of three separate, but 

inter- related conditions, namely menstrual dys-

function, disordered eating and premature os-

teoporosis [159]. An updated position statement 

from the American College of Sports Medicine 

(ACSM) has revised the definition of the triad 

as the presence of one or more of (1) low energy 

availability (with or without eating disorders), 

(2) amenorrhea, and (3) osteoporosis (table 2) 

[160]. Prevalence estimates of components of 

the female triad are very dependent on the ath-

letic group studied, with higher rates in sports 

where low body mass is the norm. For instance, 

25% of young women in endurance, weight class 

or aesthetic sports had clinical eating disorders, 

compared to 9% of the general population [161]. 

Secondary amenorrhea has been reported to be 

as high as 69% in dancers and less than 1% in the 

general population [162, 163]. Osteoporosis has 

been found in about 13% of female athletes, al-

though this is not too different from the normal 

population [164] and in pre- menopausal women 

low bone mineral density for age is a more appro-

priate marker than osteoporosis.

Much of the available data on the female triad 

is on college- age or young adult athletes, with few 

reports targeting adolescents. Two key studies of 

Table 2. Continued

Component of the 

triad

Diagnosis Warning signs Prevention

Luteal phase dysfunction – 

shortened secretory phase of the 

menstrual cycle, typically less 

than 10 days.

Low bone mineral 

density 

[175]

If comparison with age, gender, 

stature and race specific Z- scores 

yields values ≤2.0 this is 

classified as a low bone mineral 

density for chronological age.

Osteoporosis is diagnosed if low 

BMD for chronological age is 

accompanied by one or more of 

the following fracture histories: 

long bone fracture of the lower 

extremities; vertebral 

compression fracture and 

two or more long–bone 

fractures of the upper 

extremities.

Secondary amenorrhea.

Stress fracture.

History of fractures.

Provide educational 

information on 

osteoporosis.

Provide information on 

nutrition for bone health, 

particularly focusing on 

calcium- rich foods.

Monitor diet and provide 

opportunities for nutritional 

counselling.
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high school athletes have shown a considerable 

number of girls present with components of the 

female triad. In a study of 170 13-  to 18- year- olds, 

18% had disordered eating, 24% had oligomenor-

rhea or amenorrhea and 22% had low bone mass 

for their age based on WHO diagnostic criteria 

[165]. A higher rate of occurrence of low energy 

availability (55%) was noted in a study of 80 simi-

larly aged young athletes, with 16% diagnosed with 

amenorrhea and using the same WHO diagnos-

tic criteria, 16% presented with low bone mineral 

density [166]. The existence of the female athlete 

triad in these young girls is particularly worrying 

given this is a time when substantial amounts of 

bone should be accrued.

Energy deficiency appears to be particular-

ly harmful when combined with excessive exer-

cise, and leads to reduced oestrogen levels, ath-

letic amenorrhea and bone demineralisation. 

Loucks et al. [167] have shown that there is an 

energy  availability threshold of 20– 25 kcal • kg– 

1 LBM • day– 1, below which skeletal and repro-

ductive health is compromised. This group con-

ducted a number of studies in which women 

underwent energy availability manipulations, 

decreasing energy availability from 45 to 20 

kcal • kg– 1 LBM • day– 1 or from 45 to 10 kcal • kg– 

1 LBM • day– 1. These reductions caused blunting 

of LH pulsatility [168] and a de- linking of bone 

resorption and  formation [169]. The existence of 

an energy availability threshold may help to ex-

plain why not all athletes develop athletic amen-

orrhea even when following the same training 

programme and provides a useful marker for nu-

tritional health.

Recent conjecture that the triad is a ‘myth’ [8] 

has caused intense debate [164, 170, 171]. This 

contention stems from a number of criticisms, 

including flaws in the epidemiological evidence, 

assumptions that low energy availability implies 

disordered eating and a lack of experimental ev-

idence in athletes. Much of the epidemiological 

evidence of the prevalence of the female triad is 

for individual components of the triad, rather 

than for the synchronous appearance of all three 

which, it has been argued, over- inflates the ex-

tent of the problems. When occurrence of all 

three components is examined, prevalence falls 

dramatically [172]. On the other hand, the defi-

nition of the female athlete triad states explicitly 

that presence of one component is sufficient for 

diagnosis and the revised guidelines provided by 

the ACSM, have removed disordered eating and 

replaced it with energy availability, accepting that 

low energy availability does not equate to a patho-

logical eating disorder [160].

Definitive conclusions on whether elite par-

ticipation causes aberrations to skeletal and re-

productive health are not possible. Nevertheless, 

there is clear evidence of a boundary between 

healthy and unhealthy levels of exertion when 

coupled with caloric limitation. Exposure to ex-

cessive training and caloric limitation causes ab-

normality in skeletal and reproductive function 

and regardless of the magnitude of the problem, 

young girl athletes deserve protection. Protection 

likely entails athlete education, coach recognition 

of the triad and the monitoring of both training 

volume and nutritional health in young elite girls. 

Table 2 provides an overview of the components 

of the triad, with possible prevention strategies for 

young athletes, coaches and parents.

Conclusions

Girls have differential growth and development 

in comparison to boys, resulting in substantial 

differences in body size and composition. Whilst 

stronger and leaner than many of her non- athletic 

peers, the smaller stature, shorter legs, lower mus-

cularity and greater relative fatness of the elite girl 

athlete means she is not as strong, nor as fast as 

her male counterpart. Some discordant responses 

to exercise are not solely explained by body size 

and/or composition and there is evidence of un-

derlying qualitative differences which require fur-

ther clarification.
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Ethnic and sex differences in body fat and visceral and
subcutaneous adiposity in children and adolescents

AE Staiano and PT Katzmarzyk
Population Science, Pennington Biomedical Research Center, Baton Rouge, LA, USA

Abstract

Body fat and the specific depot where adipose tissue (AT) is stored can contribute to

cardiometabolic health risks in children and adolescents. Imaging procedures including magnetic

resonance imaging and computed tomography allow for the exploration of individual and group

differences in pediatric adiposity. This review examines the variation in pediatric total body fat

(TBF), visceral AT (VAT) and subcutaneous AT (SAT) due to age, sex, maturational status and

ethnicity. TBF, VAT and SAT typically increase as a child ages, though different trends emerge.

Girls tend to accumulate more TBF and SAT during and after puberty, depositing fat preferentially

in the gynoid and extremity regions. In contrast, pubertal and postpubertal boys tend to deposit

more fat in the abdominal region, particularly in the VAT depot. Sexual maturation significantly

influences TBF, VAT and SAT. Ethnic differences in TBF are mixed. VAT tends to be higher in

white and Hispanic youth, whereas SAT is typically higher in African American youth. Asian

youth typically have less gynoid fat but more VAT than whites. Obesity per se may attenuate sex

and ethnic differences. Particular health risks are associated with high amounts of TBF, VAT and

SAT, including insulin resistance, hepatic steatosis, metabolic syndrome and hypertension. These

risks are affected by genetic, biological and lifestyle factors including physical activity, nutrition

and stress. Synthesizing evidence is difficult as there is no consistent methodology or definition to

estimate and define depot-specific adiposity, and many analyses compare SAT and VAT without

controlling for TBF. Future research should include longitudinal examinations of adiposity

changes over time in representative samples of youth to make generalizations to the entire

pediatric population and examine variation in organ-specific body fat.
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differences
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INTRODUCTION

Pediatric obesity contributes to physical and emotional health problems during childhood1

and leads to future co-morbidities and premature mortality in adulthood.2 Health

consequences associated with obesity differ based on where adipose tissue (AT) is stored,

for instance subcutaneously between the skin and muscle versus internally, such as within

the chest, abdomen and pelvis (visceral AT (VAT)) or within and between muscles

(nonvisceral AT).3 Recent advances in body composition imaging allow for the examination

of specific depots of AT in the pediatric population, providing sufficient precision to

evaluate individual and group differences. Although the terms body fat and AT are often

used interchangeably, fat specifically refers to lipids in the form of triglycerides, located

mostly in AT though also present in other tissues of the body.3 Dual-energy X-ray

absorptiometry (DXA) is the method most commonly used to quantify total body fat (TBF)

in vivo.

AT is loose connective tissue replete with adipocytes.3 Its chief functions are energy storage,

thermal insulation and mechanical cushioning. AT is composed of 80% fat but also includes

protein, minerals and water.4 Total AT is subdivided into subcutaneous AT (SAT) and

internal AT (IAT).3 The major contributor to IAT is VAT, which is located beneath the

abdominal muscles and is particularly linked to poor cardiometabolic outcomes in youth.5,6

To measure total AT as well as AT stored in specific organs and regions, the gold standards

are magnetic resonance imaging (MRI) and computed tomography (CT). MRI is favored for

the measurement of AT in children because, unlike CT, it uses a magnet and does not emit

radiation.7 We primarily focus on the depots of VAT and SAT, yet because the literature

contains variation in the definitions used for each internal compartment,3 we include IAT

and intra-abdominal AT (IAAT) when VAT is not reported. IAT includes all AT other than

SAT,3 and IAAT includes AT within both the abdomen and pelvic region.8

Recent technological advances in biomedical imaging have transformed our understanding

of pediatric obesity phenotypes in recent years. Thus, the purpose of this paper is to review

the current status of our understanding about the extent of human variation observed in

adiposity across the pediatric age range. Our focus is on the contributions of age, sex,

maturation and ethnicity to variation in TBF, VAT and SAT. Further, we provide evidence

of the link between adiposity and health outcomes where possible. Finally, we also discuss

potential mechanisms including biological, lifestyle and environmental influences,

challenges to measuring children’s adiposity, and future research directions. Studies were

preferentially included if the methodology employed MRI, CT or DXA. Studies using non-

imaging techniques, such as anthropometry, hydrodensitometry or bioelectrical impedance

methods, were included where image-based evidence was sparse.

INFLUENCE OF AGE

Total body fat

TBF accumulates as a child ages,9 although inter-individual variation is evident as early as

the third trimester of gestation. For example, MRI examination of 27 fetuses at 38–41 weeks

of gestation demonstrated a range of 11.8–25%BF.10 Thirteen of these babies born to
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mothers with poorly controlled diabetes had higher birth weight and higher %BF (average of

27.4%) compared with the normal group, revealing early maternal influences on TBF.10

TBF also varies considerably during infancy: for instance, %BF estimated by MRI ranged

from 13.3 to 22.6% in a group of eight white infants measured within 36 h of delivery.11

Estimates from total body electrical conductivity demonstrated a sharp increase in %BF

during the first 6 months of life and a slow decline thereafter in 423 healthy white infants

(aged 14–379 days).12

After the first year of life, absolute TBF typically declines or stabilizes until 6 years of

age.13,14 A DXA study of the first 24 months of life found that %BF increased between 15

days and 6 months then decreased thereafter, although TBF increased with age.15 At about 6

years of age, an ‘adiposity rebound’ occurs where TBF increases throughout the rest of

childhood and into adolescence.16 This rebound was confirmed in a growth curve analysis of

CT scans that documented an average 2.0±0.9 kg per year increase in TBF throughout

childhood between ages 8 and 13, adjusted for ethnicity, sex and baseline age.17 When

adjusted for total lean tissue mass, the increase in TBF remained significant at 1.9±0.8 kg

per year, indicating that TBF accumulated faster than the growth of lean tissue.17

During the peripubertal and postpubertal periods, TBF tends to fluctuate within and among

individuals. Trajectories established for 678 US children between the ages of 8 and 18 years,

based on 12 observations over 4 years, revealed that TBF decreased as males aged, whereas

TBF increased or remained constant in females.18 The increase in TBF co-occurred with

increases in body mass index (BMI) and abdominal circumference in both males and

females. In a DXA study of 112 white girls tracked from ages 11 to 18 years, TBF gained

was B6 kg.19 Increase in %BF occurred between ages 11 and 12 and after age 16, whereas

%BF decreased between 13.5 and 16 years.19

In an underwater weighing study, girls increased from 6.4 to 16.3 kg TBF and from 20 to

26%BF between the ages of 8 and 20, increasing constantly across the age range.9 TBF

growth was less consistent for boys and was inversely related to the increase in fat-free

mass.9 The increase of TBF persisted until about age 16 in girls and age 18 in boys, at which

point it typically stabilized.20 Similarly, in a sample of 8269 5–18-year-old children from

the US National Health and Nutrition Examination Survey (NHANES), %BF based on

skinfold thicknesses peaked at age 11 in boys but increased throughout childhood and

adolescence for girls, resulting in a 1.5 times greater %BF in girls versus boys by age 18.21

Visceral adipose tissue

Young children deposit less than 10% of their AT in the IAAT depot, as observed in 12–14-

year-olds.8 Within the first month of life, IAT accounted for 10% of TBF in eight infants

(within 36 h of delivery), yet most was deposited in the pelvis and limbs, not in the

abdomen.11 In fact, VAT was on average 0.03±0.01 l that comprised 33% of total IAT and

just 0.7% of total body weight.11 However, IAT may act as a protective fat layer in early

infancy: 10 growth-restricted infants who had lower TBF, total SAT and abdominal SAT,

still had similar levels of IAT compared with 25 normal weight newborns.22 Similarly, VAT

was higher in 2–6-year-old children born small-for-gestational age compared with normal
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weight babies.23 High levels of VAT can persist for several years: by age 6 years, VAT in

small-for-gestational age babies was on average 50% higher than normal birth weight

children.24

VAT increases with age throughout childhood (ages 5–17) and into adulthood.25 In African

American prepubertal 4–10-year-old children, the rate of change of IAAT was 4.3±1.6 cm2

per year over 2 years.26 A longitudinal study of 138 white and African American children

aged 8 years at baseline and followed for 3–5 years found that VAT grew on average

11.6±2.9 cm2 per year, and after adjusting for abdominal SAT the growth rate remained

significant at 5.2±2.2 cm2 per year.17 However, as age increased, the growth in VAT slowed

down.17

Age contributed 7.3% to the variance in VAT in 7–16-year-old white and Hispanic youth.27

Over a 2-year period in 11–13-year-olds, boys increased IAT by 69% and increased from

0.31 to 0.39 in abdominal IAT-to-SAT ratio.28 Girls increased 48% in IAT with a reduction

in abdominal IAT-to-SAT ratio from 0.39 to 0.35.28 One cross-sectional study adjusted for

total AT and ethnicity, and demonstrated a decline in VAT as females went through

adolescence, in contrast to males where VAT grew larger after age 12.25

In summary, VAT is present at birth and increases throughout childhood and adolescence,

independent of growth in TBF or SAT. VAT growth appears constant throughout

prepubertal ages (4–10 years)26 but group differences in VAT growth emerge during the

peripubertal and postpubertal ages.27

Subcutaneous adipose tissue

SAT increases as children age,25 and age contributed 11% of the variance in SAT in a

sample of 7–16-year-old Hispanic and white children.27 In the first year of life, SAT

composes the majority of TBF, varying between 89.0 to 92.3% of TBF 29 and 15.9 to 27.8%

of total body weight.11 Abdominal SAT is slightly lower, averaging 0.11±0.06 l in eight

white newborn infants but still accounting for 12.2% of total body weight.11 Annual

observations over 3–5 years in 138 children (age 8.1±1.6 years) demonstrated that

abdominal SAT grew 32.6±10.7 cm2 per year.17 Once adjusted for TBF, however, the

growth rate was no longer significant. The authors conjecture that SAT is deposited in other

areas than abdominally during this period in childhood.17

INFLUENCE OF SEX

Total body fat

Cross-sectional and longitudinal studies indicate that girls have more TBF than boys

throughout childhood and adolescence (Table 1). This has been demonstrated in a

longitudinal underwater weighing study in 8–20-year-olds9 and in DXA cross-sectional

studies of 7–17-year-olds in the US30,31 and 6–18-year-olds in China,32 among others. A

cross-sectional study of 265 4–26-year-olds revealed that DXA-measured %BF was higher

in females compared with males at all ages, and %BF increased for females throughout this

period but not for males.33 A contributing factor to sex differences in TBF is the higher

amount of extremity BF in girls, as demonstrated in US children and adolescents aged 5–18
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years.34,35 Girls also have higher %BF by age 5, and this sex difference continues to

increase until 18 years of age.36 One exception is a study of 194 boys and 96 girls aged 6–15

years, in which CT-measured %BF was not different among girls and boys, though this was

in a sample of obese children where sex differences may be attenuated.37

Sex differences in body fat emerge at specific developmental periods. At infancy, there is

little documented sex difference in TBF. Female infants tend to have 50 g more DXA-

derived TBF at birth than male infants, yet this 1.5% difference is within the coefficient of

variation, and thus may not be detected in small sample sizes.11 For instance, there were no

sex differences in TBF in a cohort of eight white infants.11 However, male infants tend to be

longer in stature and have more lean mass during the first year of life,38 which may

contribute to sex differences in %BF.

Little MRI or CT data are available on sex differences during early childhood. A multi-

component study calculating TBF from water, potassium and bone content found that TBF

did not differ by sex during 0 to 24 months, except at 6 and 9 months at which point girls

had higher %BF than boys.15 In prepubertal children, girls typically have more TBF than

boys. A CT study of 43 boys and 58 girls in the US aged approximately 7 years

demonstrated that girls had more TBF.26 African American 4–10-year-old girls had higher

TBF and %BF (measured by DXA) than boys,39 and Italian 3–11-year-old girls had more

TBF than boys based on estimated fat mass from skinfold measurements.40 However, not all

studies demonstrate sex differences in TBF before puberty. A multi-year longitudinal study

of American boys and girls aged 8.1±1.6 years found similar TBF.17 There were no

significant sex differences for TBF measured by bioelectrical resistance in a study of 4 boys

and 12 girls aged 6.4±1.2 years in the US.41 A study of 129 African American and white

10–12-year-olds indicated no difference in TBF measured by DXA across sexes, though

boys had a bimodal distribution of TBF whereas girls’ TBF was skewed to higher values.42

Additionally, there were no sex differences in total abdominal fat measured by CT in 31 6–

7-year-olds in the Netherlands.43 Not controlling for other influences like age, maturational

status and obesity status may account for the contradictory findings on sex differences,

particularly in studies with small sample sizes.

During the pubertal period, females develop more TBF and fat deposited in the arms and

legs, whereas males develop more total lean and muscle mass.38 In a group of 678 children

aged 8, 11 and 14 years, BMI and waist circumference (WC) increased similarly for both

sexes, yet TBF increased in females and decreased in males.18 In contrast, one study

demonstrated no sex differences in TBF in a study of 160 US girls and boys aged 12–13

years.44 Throughout adolescence after puberty, boys continue to primarily increase lean

mass with little increase in TBF, as opposed to girls who tend to gain substantial TBF but

little lean mass.38 This sex divergence was also demonstrated in skinfold measurements

collected in a representative sample of 5–18-year-olds in the US: girls increased in %BF

throughout childhood and adolescence, whereas boys %BF peaked at age 11 and declined

thereafter.21

Staiano and Katzmarzyk Page 5

Int J Obes (Lond). Author manuscript; available in PMC 2014 August 12.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Case 2:21-cv-00316   Document 317-13   Filed 05/12/22   Page 6 of 22 PageID #: 21342



Visceral adipose tissue

Findings related to sex differences in children and adolescents VAT are mixed. Many

studies indicate males have more VAT than females throughout the ages of 5–25,5,25,44,45

while others indicate no sex differences in VAT after adjustment for abdominal SAT in 4–

10-year-olds.26 Sex explained 1.8% of the variance in VAT in a study of 497 7–16-year-old

prepubertal and pubertal boys and girls, and there was no sex difference in the abdominal

VAT-to-SAT ratio.27 However, boys had more VAT than girls in an MRI study of 12–13-

year-old children, and the magnitude of the difference increased as WC increased.44

During childhood before puberty, boys may accumulate more VAT than girls. This was

demonstrated in a study of 138 US girls and boys (mean age 8.1±1.6 years and followed for

3–5 years) in which VAT was higher in boys than in girls,17 as well as in 290 Japanese

children aged 6–15 years.37 Despite similar %BF in 64 7–11-year-old obese boys and girls,

boys had more VAT.5 A study of 138 Hispanic and African American youth aged 13–25

showed that MRI-measured VAT was higher in boys than in girls.45 Whereas IAT increased

in peripubertal boys over a 2-year period (baseline mean 13 years old), the same decreased

in girls.28 In contrast, a CT study of prepubertal boys and girls (mean 13 years old) showed

that IAAT was the same.30

During puberty, boys develop a more android shape by depositing more fat in the abdomen,

whereas girls develop more TBF in general but deposit it in the hips and limbs forming a

gynoid shape.46 Boys’ abdominal fat increases independently of total AT,38 which was

demonstrated in Australian 5–35-year-old males who had more abdominal fat than girls

regardless of TBF.47 In a US study (n = 160) of 12-year-olds, pubertal boys had higher

VAT, WC, BMI and waist–hip ratio, even though pubertal girls had higher %BF.44 VAT

remained similar across the ages of 5–12 years, yet males had more VAT between 12 and 17

years, which marked pubertal onset for most.25 DXA-derived waist fat and trunk fat

adjusted for extremity fat was higher in boys than girls for those in late puberty in a sample

of 5–29-year-olds, even though girls had more extremity and hip fat and more %BF.48

Although 6–16-year-olds in Japan had no sex differences in VAT, older adolescent boys

aged 16–20 had more VAT than their female counterparts.49 Importantly, obesity increases

android fat distribution in both sexes, thereby decreasing sex differences in body shape.38

Some studies demonstrate that girls have higher VAT than boys during adolescence. In a

study of 160 12–14-year-olds, despite similar WC, girls had more IAAT compared with

boys;8 girls also were more sexually mature and had higher BMI and WC. Female

adolescents aged ∼13–14 years had more VAT than males,50 and also had higher BMIs.

There was no sex difference in IAT (measured at the L4 lumbar level) in 16 obese

adolescents (baseline age 12.8±1.4 years) measured over a 5-year period during pubertal

attainment.51 However, none of these studies controlled for TBF, and the fact that girls tend

to have higher TBF may be driving the sex difference in these studies. More research is

needed to elucidate reliable sex differences in VAT, and controlling for TBF is an important

consideration.
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Subcutaneous adipose tissue

SAT appears to be similar across sex before puberty. A study of 4 boys and 12 girls aged

6.4±1.2 years in the US showed no significant sex difference in abdominal SAT measured

by skinfold thickness.41 Similarly, abdominal SAT was the same in ∼8-year-olds boys and

girls in US,17 in 6–7-year-olds in the Netherlands43 and in 6–15-year-olds in Japan.37 In

contrast, 4–10-year-old girls had higher CT-measured abdominal SAT than boys,26 African

American 4–10-year-old girls had higher abdominal SAT measured by CT,39 8-year-old

prepubertal girls had more abdominal SAT than boys in a US study using CT,30 and girls

had more whole-body SAT than boys in a sample of 147 5–17-year-old Caucasian, African

American, Hispanic and Asian children.25

After puberty girls tend to accumulate more SAT than boys, as demonstrated in a 2-year

study of 11–13-year-olds where girls increased abdominal SAT by 78% versus a 19%

increase in boys.28 Additionally, girls had more SAT in a CT study of 11–20-year-old

Japanese adolescents,49 and girls had more abdominal SAT in a sample of British 12–14-

year-olds.8 Whole-body SAT was also higher in pubertal adolescent girls in an MRI study of

5–17-year-olds in the US.25 An exception was found in boys and girls with similar SAT in a

CT study of 12–13-year-olds44 and in a study of 138 US girls and boys aged 13–25;45

however, neither analysis controlled for TBF.

INFLUENCE OF MATURATIONAL STATUS

Total body fat

Puberty involves simultaneous hormonal, biological and behavioral changes centered on

sexual maturation, including the development of primary and secondary sexual

characteristics.52 Sexual maturation influences TBF accumulation. Whereas boys decrease

in gynoid body fat in late puberty compared with early prepuberty, girls accumulate more

gynoid body fat.35 For instance, girls who are more sexually mature have more TBF than

those less mature, whereas it is the opposite for boys.53 In a DXA study of 920 5–18-year-

old children grouped into pre-, early- and late-puberty based on breast or genitalia and pubic

hair development, gynoid BF was lower in late pubertal compared with prepubertal boys,

but there were no differences across pubertal stage for girls.35 Skeletal maturation is also

related to TBF, where rapidly maturing girls had more TBF and %BF than intermediate

maturing girls, and rapidly maturing boys assessed from 8 to 20 years of age had higher TBF

and %BF compared with slowly maturing boys.9

Visceral adipose tissue

Pubertal status explained 12.4% of the variance in VAT in a study of 7–16-year-olds.27 In

fact, failing to control for children and adolescents pubertal stage may contribute to

inconsistencies in VAT comparisons across studies.25 Obesity status may also alter the

effects of puberty on VAT: in normal weight children, IAT typically decreases during

puberty, whereas IAT typically stabilizes in obese children.51 A longitudinal study of 16

obese male and female adolescents aged 12.8±1.4 years indicated that over a 4-year period,

during which puberty was completed, IAT did not change, nor did relative body weight.51
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Some results indicate that pubertal status did not significantly predict VAT in 5–17-year-

olds, although chronological age did.25 Children aged 7.7±1.6 years who remained

prepubertal gained a similar amount of IAT (4.6 (SD 2.1) cm2 per year) compared with

those who began puberty (5.6 (SD 2.1) cm2 per year).26 In 10–15-year-old normal weight

and obese youth, there was no difference in abdominal SAT-to-IAT ratio by pubertal

status.54 IAT remained constant over the 4 years (under 130 cm2) though there was a 15–

100 cm2 range in individual variation of IAT.54 Yet an MRI study of 170 British

peripubertal 12–14-year-old youth demonstrated that pubertal status explained 3.7% of the

variance in IAAT and was significantly related to IAAT in boys but not girls.8 Pubertal

status did not, however, significantly relate to the abdominal IAAT-SAT ratio in girls or

boys.

During pubertal onset and directly following puberty, children and adolescents typically

have low amounts of VAT compared with SAT. For instance, in one MRI study of 170

British 12–14-year-olds, less than 10% of total abdominal fat was IAAT.8 Whereas fat

distribution was consistent in pre- versus late-pubertal girls aged 5–18 years, boys gained

more of an android fat distribution late in puberty.35 Differences in VAT occurring in late

puberty may be predominantly due to boys accumulation of VAT during this period versus

smaller VAT growth in girls.55

Subcutaneous adipose tissue

Pubertal status contributed to 18.6% of the variance in abdominal SAT in a study of 497 7–

16-year-old white and Hispanic children.27 SAT appears to be relatively stable during

puberty, as demonstrated in 170 12–14-year-olds in which there was no effect of pubertal

status on abdominal SAT.8 However, one study demonstrated an increase in abdominal SAT

during and after puberty in 16 obese male and female adolescents over a 4-year period

during pubertal onset from approximately age 12 through age 16.51 Yet age, not pubertal

status, significantly predicted SAT in a full-body MRI scan of 5–17-year-olds.25

INFLUENCE OF ETHNICITY

Total body fat

Ethnicity is a significant correlate of %BF, independent of BMI, sex, sexual maturation and

distribution of fat, as demonstrated in a study of 201 white and African American 7–17-

year-olds.31 Ethnic differences are evident in TBF and fat patterning in children (Table 2).

For instance, Asian 8–10-year-olds varied in TBF depending on country of origin and a

marginal trend persisted in girls once adjusted for age and BMI.56 White youth typically

have more %BF than African American youth at any given BMI as observed in a sample of

7–17-year-olds;31 however, the population of African American 2–17-year-old children

experienced a steeper rise in the prevalence of obesity measured by BMI based on a 30-year

period of successive cross-sectional data.57 In a bioelectrical impedance study of white and

African American 9–19-year-old girls, white girls had higher %BF between ages 9 and 12,

whereas African American girls had a higher %BF at older ages.58 These differences are

attributed to minor fluctuations of %BF in girls between the ages of 9 and 12 years, followed
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by a steeper incline in %BF in African American girls after age 12 that eclipsed white girls’

%BF.

In a DXA study of 920 children, Asian girls had less gynoid fat compared with white and

African American girls throughout pre-, early and late puberty during the ages of 5–18, and

Asian boys had less gynoid fat during early and late puberty.35 Similarly, Asian boys and

girls had less extremity and gynoid fat compared with whites, whereas gynoid fat was

similar between Asian and African American boys.35

Some studies indicate no ethnic differences in TBF: in a sample of 36 white and 65 African

American prepubertal 4–10-year-old children, there were no ethnic differences in TBF or

%BF despite differences in IAAT and abdominal SAT.26 In a sample of 40 African

American and white 7–10-year-old girls, there was no difference in DXA-measured TBF or

%BF calculated by bioelectric impedance, although white girls had more fat deposited in the

arm and chest.59 Similarly, a sample of 40 African American and white 8–18-year-old

overweight adolescent boys demonstrated no difference in MRI-measured total AT, even

though African Americans had more whole-body SAT and less VAT.60 One study

demonstrated higher TBF in African Americans than whites at approximately age 8.17

Obesity status may attenuate racial differences in TBF, demonstrated in a study of 55 obese

adolescents (mean age 14–15 years) in which TBF and %BF did not differ among white,

African American or Hispanic ethnic groups.61

Visceral adipose tissue

Racial/ethnic differences in VAT appear as early as infancy: in a comparison of 69 healthy

Asian Indian and white European infants within 2 weeks of birth, Asian Indians had more

VAT, despite having lower body mass, smaller head circumference and length, and less non-

abdominal superficial SAT compared with the white Europeans.62 In fact, ethnicity is a

significant predictor of IAAT and can be used in a regression equation along with skinfold

thickness to predict IAAT when DXA data are absent.63

Similarly, white youth have more VAT than African American youth at a given BMI.64 In a

study of 55 obese adolescents aged ∼13 years, MRI-measured VAT was higher in white and

Hispanic obese adolescents compared with African American obese adolescents,61 and in a

multi-ethnic sample of 118 obese adolescents aged 13–15, African Americans were less

likely to be in the middle or upper tertile of VAT compared with white and Hispanic

adolescents.65 Despite similar total AT, 11–18-year-old overweight white boys had 50%

more VAT than similarly aged overweight African American boys.60 White children also

accumulate IAAT relative to abdominal SAT at a 26% higher rate compared with African

American children aged 4–10, demonstrated by a steeper regression line for IAAT to

abdominal SAT in white compared with African American obese and non-obese children.26

In a 3–5-year longitudinal study beginning at approximately age 8, white children had a

steeper growth in VAT, growing on average 1.9±0.8 cm2 per year in VAT more than

African Americans did, with no ethnic difference in abdominal SAT or TBF growth.17 A

study of 20 African American and 20 white 7–10-year-old normal weight girls matched for

BMI, bone age, chronological age, breast stage and socio-economic status, found that white

girls had higher MRI-measured VAT and higher waist-to-thigh ratio compared with African
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American girls.59 For a given waist-to-height ratio, in a sample of 12-year-olds, white boys

had more VAT and higher WC than African American boys, but there was no difference for

girls.44

There were ethnic differences between 407 Hispanic and white 5–18-year-olds where

Hispanics had higher VAT amounts than whites, but after correcting for abdominal SAT and

BMI there was no difference in VAT.27 Moreover, ethnicity explained just 2.1% of the

variance in VAT and 5.9% of the variance in abdominal SAT.

Racial differences in VAT may be attenuated in obese children and adolescents. For

instance, one study of 36 obese African American and white 6–18-year-olds found that CT-

measured VAT did not differ by ethnicity after adjustment for age and pubertal stage.66

Subcutaneous adipose tissue

Although white youth tend to have higher WC on average, African American youth often

have higher abdominal SAT and this accumulates faster at higher levels of WC.44 African

American 7–11-year-olds had more abdominal SAT and TBF than white youth, despite no

ethnic difference in %BF or VAT.5 Also, 11–18-year-old African American overweight

boys had more whole-body SAT and specifically more leg and thigh SAT compared with

overweight white boys, despite having similar total AT.60 However, abdominal SAT did not

differ by ethnicity in a study of 36 obese African American and white 6–18-year-olds,66 and

abdominal SAT was higher in white girls compared with African American girls in a 7–10-

year-old sample matched for age, BMI, breast stage and socioeconomic status.59 Ethnic

differences are also seen at the beginning of life: in a study of 69 infants under 2 weeks old,

Asian Indian infants had more deep abdominal SAT and superficial abdominal SAT than

white European infants, even with lower body mass.62

HEALTH RISKS

The importance of where AT is stored and ensuing health risks was made evident in a

comparison study of 28 obese adolescents on average 13 years old, of which half were

insulin resistant and half were insulin sensitive.67 Despite pairs being matched for age, sex,

pubertal stage and body composition, obese insulin-resistant adolescents had higher VAT,

indicating that VAT in particular was related to early formation of insulin resistance. One

study of 118 obese adolescents demonstrated that as VAT increased, abdominal SAT

decreased.68 Interestingly, this adiposity profile of high VAT and low abdominal SAT had

hepatic steatosis, insulin resistance and increased risk for metabolic syndrome. In a group of

14 obese adolescent girls aged 10–16, VAT but not BMI or waist–hip ratio highly correlated

with cardiovascular risk factors including basal insulin, triglycerides and HDL cholesterol.69

Ultrasonography-measured VAT in 192 6–15-year-old obese children demonstrated that

VAT (maximum preperitoneal fat thickness) was related to elevated systolic blood pressure,

regardless of family history of hypertension.70 MRI-measured VAT was related to adverse

markers of insulin resistance syndrome in 81 obese African American and white 13–16-

year-olds, independent of cardiovascular fitness.71 In fact, VAT was a more powerful

predictor than %BF (measured by DXA) for lipoproteins. An early review of the literature
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determined that IAAT was related to fasting insulin, insulin secretion and sensitivity,

triglyceride and cholesterol concentrations.72 However, DXA-measured TBF was related to

insulin sensitivity.

Sex influences

Sex differences in fat distribution may lead to different health outcomes. For instance, a

study of 920 healthy US 5–18-year-olds revealed a relationship between trunk fat and higher

fasting blood pressure in boys but not in girls.34 This relationship remained in boys (African

American, Asian, white) across all pubertal stages. Intra-abdominal obesity may only

adversely influence blood pressure in males, whereas the metabolic and inflammatory

responses to excess adiposity may be similar in boys and girls.6 Obesity may attenuate sex

differences in obesity-related health outcomes: in a separate study of children aged ∼11

years-old, there was no difference in insulin resistance in obese boys and girls with similar

TBF, %BF, abdominal SAT and VAT.66

Maturational status

Pubertal status may affect the relationship between AT and health outcomes. In children

aged ∼12 years whose amount of IAT remained constant across multiple measurements,

IAT was related to insulin glucose metabolism after puberty only, but there was no

relationship between IAT and insulin or glucose before puberty.51 In peri- and postpubertal

adolescents aged 10–15, IAT was significantly related to insulin and HDL cholesterol,

demonstrating that adolescents past puberty have similar IAT-risk factor relationships as

adults do.54

Ethnicity

The relationship between adiposity and metabolic risk may differ between African American

and white youth.64 Despite a lower VAT, African American 7–12-year-old youth tend to

have higher risk for diabetes compared with white youth, as well as lower insulin

sensitivity.73 Glucose and insulin were correlated with abdominal SAT in African American

girls only, and glucose/insulin were not correlated with VAT in either African American or

white girls aged 7–10.59 One study of 36 obese African American and white 6–18-year-olds

found that VAT and abdominal SAT did not differ by ethnicity, nor did insulin levels or

insulin resistance.66 Further studies should investigate racial differences in how various

adipose depots confer health risk.59

POTENTIAL MECHANISMS

It is important to discover the underlying mechanisms for the observed group differences in

total and regional adiposity in children and adolescents, particularly to design clinical and

public health interventions to prevent the accumulation of excess adiposity.

Biological and genetic factors

Genetic factors explain a significant proportion of the variance in total and depot-specific

body fat.74,75 However, the degree to which observed sex or ethnic differences in adiposity

are explained by genetic differences is not well understood. The relative contributions of
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genes versus the environment to the total phenotypic variance in BMI may differ between

white and African American children;76 however, little research exists on the differential

effects of specific genetic markers for obesity in different ethnic groups in childhood.77 The

determination of genetic influences on obesity in different ethnic groups is a research

priority.

Pubertal changes including insulin-sensitivity change,53 hormonal and endocrine factors,46

and sex steroid hormones like estrogen38 relate to body composition changes. Body

composition may differ based on growth spurts and peak height velocity.78 The earlier that

the adiposity rebound occurs in a child’s life, the more likely that child is to become

overweight.16

Current level of adiposity may determine the location of subsequent adiposity accumulation:

differences between obese and non-obese children are predominantly found in the

abdominal SAT compartment, although obese children also have more IAAT.79 The

difference in SAT by adiposity status may be from continued expansion of the SAT depot

compared to a plateau of IAT, as demonstrated in obese 12-year-old adolescents over a 4-

year longitudinal study.51 Obesity also attenuates group differences in adiposity and fat.

Ethnic differences between obese white and black 6–18-year-olds were only found for the

SAT depot but not for VAT,66 and no ethnic differences were observed in TBF or %BF in

obese 13–14-year-olds.61 One explanation may be that obesity promotes central fat

distribution in an android pattern regardless of sex, ethnicity or maturational status.38

Further research should examine how obesity status diminishes group differences that are

otherwise apparent in non-obese children.

Behavior and lifestyle factors

Though the literature is sparse, lifestyle factors including physical activity and nutrition may

impact TBF and depot-specific adiposity,55 and there may be group differences that

influence these daily behaviors. In a study of 42 8-year-old children, after controlling for

TBF, higher amounts of physical activity measured by accelerometry was related to lower

VAT, but not SAT.80 VAT measured by MRI was inversely related to aerobic fitness

measured by peak VO2 consumption during a treadmill test in 30 male and 22 female

adolescents aged ∼13.50 A sedentary lifestyle may promote excess adipose accumulation.

For instance, screen-time including watching television or movies predicted an increase in

%BF measured by DXA in 661 healthy African American and white 14–18-year-olds.81

Nutrition also affects AT accumulation, though the relationships between dietary intake and

depot-specific adiposity in children is not well studied.55 Increased energy intake from

protein predicted higher %BF in a sample of white and African American 14–18-year-old

adolescents, but increased fat consumption predicted higher %BF in whites only and not in

African Americans.81 Interestingly, once energy intake was controlled for in regression

analyses, there was no longer a significant relationship between vigorous physical activity

and %BF.81

Stress may also be related to abdominal fat.82,83 Insulin and cortisol may promote lipid

growth.47 A cross-sectional study of 23 female peripubertal Hispanic girls aged 8–11-years-
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old demonstrated that school-related life events were related to higher VAT and abdominal

SAT for girls who had high cortisol awakening response, but not for those with lower

cortisol levels.82 This stress may derive from environmental factors, particularly socio-

economic status, which is inversely related to TBF in children.84

CHALLENGES AND FUTURE DIRECTIONS

Childhood and adolescence is a time of rapid growth, and maturational status is difficult to

quantify in children and adolescents because pubertal stage, biological development, skeletal

growth and somatic growth increase at different rates for different children and vary by

chronological age78 and pubertal stage.55 Most studies are limited to cross-sectional

analyses, and longitudinal analyses of the maturation of AT across the pediatric age range

and pubertal stages of development are needed.55 AT can change quickly and dramatically,

and even though the total mass of AT may remain constant, the distribution of the fat may

change particularly in puberty.85 These developmental changes demonstrate the need for

whole-body MRI measured by multiple slices so that fat lost at one site may be detected as

fat gained at another site.85

Owing to the cost and resources required, most imaging studies published to date are

typically limited by small sample sizes that are not necessarily representative of

populations.55 Population-based data on depot-specific AT in children and adolescents is

virtually nonexistent; thus efforts should be made to include imaging methods in large-scale

studies. Further, an urgent research priority is to determine the best anthropometric

measurements of total and depot-specific body fat in children, such that better measures can

be incorporated into epidemiological studies.8

Choosing the best protocols for current imaging instruments remains an urgent need,

particularly in the pediatric population. Reliability and validity across imaging measures of

adiposity should be established. Errors related to slice gap and number must be overcome,

and methodologies need to maximize accuracy while minimizing the burden to the

participant. The measurement methodology including instrument and measurement site may

alter results, particularly considering group differences in fat patterning. For example, the

L4–L5 intervertebral region of the spine is predominantly used in MRI studies to measure

abdominal adiposity, but it is unknown if this slice provides the most accurate estimate of

abdominal adiposity in children. A single MRI slice may not adequately provide a reference

standard to measure total abdominal adiposity, meaning that multiple slices are needed.

Ethnic-specific MRI measurement sites of VAT have been recommended in adolescents to

best predict total VAT and risk for the metabolic syndrome.86 Understanding which specific

depots and regions of fat yield the most harm is necessary to tailor physical activity and

weight-reduction efforts.

Moving beyond the study of IAT and VAT to examine organ-specific fat deposits, such as

liver fat and intramyocellular lipid content, warrants further research. Ectopic fat deposition

in organs and other tissues may better explain ethnic differences in health risks.87 Among

obese adolescents, African Americans did not have sufficient liver fat to be detected,

whereas white and Hispanic adolescents had over twice as much liver fat as considered
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normal.61 Hispanic adolescents had higher liver fat and intramyocellular lipid content than

both African American and white adolescents, even at similar weight and age. Moreover,

ethnicity contributed 10% of the difference in liver fat and intramyocellular lipid,

independent of age, gender or %BF.61 Interestingly, in a multi-ethnic sample of 118 obese

adolescents, at higher levels of VAT adolescents had less %BF and SAT and more hepatic

fat, indicating that the excess amount of AT was being deposited in the visceral area,

particularly in the liver.65

CONCLUSIONS

TBF and depot-specific AT influence cardiometabolic health risks in children and

adolescents. Understanding the age, sex, maturational status and ethnic differences in TBF,

VAT and SAT can improve prevention and treatment efforts, particularly if health risks are

linked to these group differences. Future research should examine longitudinal changes of

adiposity over time in representative samples of youth in order to generalize to the entire

pediatric population.
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69 

Re-Affirming the Value of the Sports Exception 
to Title IX’s General Non-Discrimination Rule 

 
DORIANE LAMBELET COLEMAN* MICHAEL J. JOYNER** DONNA LOPIANO*** 

It all grew from the power of an idea.1 

INTRODUCTION 

In just two years, we will celebrate Title IX’s fiftieth anniversary. The statute 
was designed to address pervasive sex inequality in educational settings, 
including in admissions and programming, and in benefits and treatment.  
Although sex equality in education-based sport was not an original focus of Title 
IX’s proponents, it became an integral part of the project from the date of its 
enactment in 1972.  Indeed, by the time the statute was in effect re-enacted in 1988, 
Title IX had become synonymous with sport.2 

Title IX’s structure reflects a hybrid approach to sex equality. That is, the 
statute consists of a sex-blind non-discrimination rule, and its regulations contain 
a set of limited, sex-affirmative exceptions. Thus, the statutory text provides in 
relevant part that 

[n]o person in the United States shall, on the basis of sex, be excluded from 
participation in, be denied the benefits of, or be subjected to discrimination under 
any education program or activity receiving Federal financial assistance.3 

And the exceptions permit schools to take sex into account to address 
imbalances in admissions, academic programming, and sport.4 Because these 

 
 Copyright © 2020 by Doriane Lambelet Coleman, Michael J. Joyner, and Donna Lopiano. 
       *        Professor of Law, Duke Law School. 
       **      Caywood Professor of Anesthesiology and Perioperative Medicine, Mayo Clinic School of Medicine. 
       ***    Adjunct Professor of Sports Management, Southern Connecticut State University.  President, 
Sports Management Resources. Former Chief Executive Officer of the Women’s Sports Foundation and 
Director of Women’s Athletics at the University of Texas at Austin. 
 1.  Cary McTighe Musil, The Triumph of Title IX, MS. MAG., Fall 2007, at 42, https://www. 
feminist.org/education/TriumphsOfTitleIX.pdf (quoting Professor David Sadker, whose 
groundbreaking work with his wife Professor Myra Sadker on gender bias and educational equity 
helped to support the development and eventual success of Title IX).  
 2.  See generally EQUAL PLAY: TITLE IX AND SOCIAL CHANGE (Nancy Hogshead-Makar & Andrew 
Zimbalist eds., 2007). See also infra notes 38–78 and accompanying text (setting out the history of Title 
IX). 
 3.  20 U.S.C. § 1681 (2018). 
 4.  34 C.F.R. § 106 (2019); 34 C.F.R. §§ 106.41(a)–(b) (2019) (containing the general non-
discrimination provision and the sports exception to that provision). 
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original regulations were specifically required by Congress,5 they have 
traditionally been accorded heightened deference by the courts and are tightly 
woven into Title IX’s legal fabric.6 

This regulatory approach was designed to and has yielded extraordinary 
results for women and girls, and for society more generally. The pre- and post-
Title IX narrative is well worn at this point:  “Title IX has successfully changed the 
lives of girls and of women educators, protecting their rights, broadening their 
horizons and setting them up for success in later stages of their education and 
careers.”7 Still, coming almost two centuries after Mary Wollstonecraft’s original 
argument for educating women, its recency still surprises.8 

There is this, for example, from The Harvard Crimson on November 15, 1968, 
three years before Title IX became law: 

Yale President Kingman Brewster announced yesterday that Yale will become 
coeducational in September 1969.  The announcement came shortly after the Yale 
faculty approved with only one dissenting vote a plan to admit 250 freshman 
women plus 250 upperclass women by transfer. Eventually 1500 women will be 
admitted in addition to the 4000 male students . . . The faculty first approved 
under-graduate coeducation at Yale in 1962, after women graduate students had 
been admitted for several years. The administration considered establishing an 
independent coordinate college for women, similar to Radcliffe, two years ago. 
Later, Vassar was invited to consider affiliating with Yale, but its trustees declined 
to abandon Poughkeepsie for New Haven.9 

This last bit of regional disrespect was righted in The New York Times which, 
a month later, reported that “[a] Radcliffe dormitory at Harvard is applying as a 
unit for admission to Yale next year . . . to end the frustrations of semi-

 
 5.  Pursuant to a now-defunct process, the regulations were presented by Secretary Weinberger 
to President Ford for his signature in May 1975, and then to Congress on June 4, 1975.  From that date, 
Congress had 45 days to review and approve or disapprove them.  Letter from Caspar Weinberger, 
Sec’y of the Dep’t of Health, Education, & Welfare, to the President (Feb. 28, 1975), at A-1–2 [hereinafter 
Letter from Casper Weinberger] (delivering and explaining HEW’s final regulation), (on file with the 
Gerald R. Ford Presidential Library).  Had Congress failed to act, the regulations would have become 
valid by default.  Id.  In its review period, senators and congressmen opposed to Title IX in its entirety 
or as applied to sport presented a series of resolutions rejecting the regulations, but ultimately, on July 
21, the regulations were approved. See History of Title IX, WOMEN’S SPORTS FOUND. (Aug. 13, 2019), 
https://www.womenssportsfoundation.org/advocate/title-ix-issues/history-title-ix/history-title-ix/.  
We detail this history, including the still-active practice of according the regulations heightened 
deference, infra at notes 40–69 and accompanying text., 
 6.  See, e.g., McCormick ex rel. McCormick v. Sch. Dist. of Mamaroneck, 370 F.3d 275, 286 (2d Cir. 
2004) (summarizing the legislative history of Title IX and noting this heightened deference point).  See 
also infra notes 65–69 and accompanying text (further discussing the modern legal basis for heightened 
deference in this context). 
 7.  See Jennifer Hahn, Schoolgirl Dreams, MS. MAG., Fall 2007, at 46. 
 8.  MARY WOLLSTONECRAFT, A VINDICATION OF THE RIGHTS OF WOMAN (1792). 
 9.  Yale Will Admit Women in 1969; May Have Coeducational Housing, HARV. CRIMSON (Nov. 15, 
1968), https://www.thecrimson.com/article/1968/11/15/yale-will-admit-women-in-1969/ [hereinafter 
Yale Will Admit Women in 1969]. 
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coeducation.”10  The utter lack of seriousness with which the matter was discussed 
among otherwise respectable people and institutions belied its significance for 
women.  But it appears to have been in line with the administration’s rationale for 
the policy change, which was reported more-or-less consistently by the rival 
schools’ newspapers. According to The Crimson, President Brewster denied that a 
“student-sponsored Coed Week [which] brought women students from 
throughout the northeast for academic and social activity . . . had a direct effect on 
his decision, but his proposal to the faculty praised the organizers of the week and 
their guests for providing Yale with ‘uncommon excitement.’”11 The Yale Daily 
News noted that “the decision to have women in 1969 was based not on Yale’s 
seeing her mission as the education of both sexes, but on fears that Yale cannot 
continue to attract the nation’s top males to a non-coeducated campus.”12 

In this context, Title IX was very much an “idea revolution.”13 It sought to 
force colleges and universities to matriculate, educate, and graduate female 
students not to service men and their institutional needs, but on an equal basis 
with their male students. It required them to see women as they saw men: as 
students and as alumni without regard to their sex; and to own sex equality in all 
respects as one of their own institutional goals. 

The transition wasn’t always smooth, but with some notable exceptions, 
mostly today colleges and universities have fully embraced these ideas.  Indeed, 
as we write this almost fifty years later, although their numbers are still 
disproportionately low in STEM fields and in leadership positions in the 
professional ranks, women have become the majority of college graduates.14  As a 
result, they are an increasingly important part of the work force and the 
economy.15 Title IX was not singularly responsible for these developments, of 
course, but the statute’s role in the larger societal project that is sex equality, and 
specifically the empowerment of women and girls, is widely recognized and 
celebrated.16 

This narrative is generally mirrored in the context of education-based sport.  
High schools, colleges, and universities understand that the education of women 

 
 10.  A Timeline of Women at Yale, YALE U., https://celebratewomen.yale.edu/sites/default/files/ 
files/Timeline-of-Women-at-Yale.pdf (last visited Dec. 1, 2019) (quoting N.Y. TIMES). This is not an 
isolated example of the sexism on display in the paper in that period.  See also, e.g, Faith A. Seidenberg, 
The Federal Bar v. The Ale House Bar: Women and Public Accommodations, 5 VAL. U. L. REV. 318, 324–25 
(1971) (noting that “The New York Times, in reporting the . . . story [of Seidenberg v. McSorleys’ Old Ale 
House, Inc., 317 F. Supp. 593 (S.D.N.Y. 1970) (holding that bar violated Equal Protection Clause when it 
refused to admit women as patrons)], said, ‘There was, perhaps a trace of wistfulness in the ruling 
[that] the sawdust-floored haven was just another “public place” that must admit any customer who 
comes in, even a woman.’” N.Y. TIMES, June 26, 1970, at 1.). 
 11.  Yale Will Admit Women in 1969, supra note 9. 
 12.  A Timeline of Women at Yale, supra note 10. 
 13. Musil, supra note 1, at 42 (quoting Professor Sadker). 
 14.  Dani Matias, New Report Says Women Will Soon Be Majority of College-Educated U.S. Workers, 
NPR (June 20, 2019), https://www.npr.org/2019/06/20/734408574/new-report-says-college-educated-
women-will-soon-make-up-majority-of-u-s-labor-f. 
 15.  Id. 
 16.  See, e.g., Hogshead-Makar & Zimbalist, supra note 2. 
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and girls includes providing them with opportunities both to participate and to 
compete that are on par with those that are provided to boys and men. As is the 
case in STEM, the numbers are not equal, and schools often struggle to achieve 
their regulatory obligations.17 Still, “[s]ince the enactment of Title IX, women’s 
participation in sport has grown exponentially.”18 In high school, girls’ 
participation numbers have grown from 294,000 in 1971–72 to more than 3.4 
million in 2018-19.19  In college, women’s numbers have grown from 30,00020 in 
1972 to more than 288,00021 in 2017–18. Women and girls today have the 
opportunity only boys and men had in the previous period to reap the widely 
recognized and highly valued benefits of being physically strong, of being on 
teams and developing the myriad skills associated with competitive sport, of 
attending college on athletic scholarships, and of high-end competitive 
experiences.22 Again, although Title IX is not singularly responsible for these 
developments, it is generally credited with a central role in this aspect of the 
empowerment project.23 

There is an important difference between the two stories, however. Where 
there has been a clear and steady upward trajectory for women and girls in 
academics, especially outside of STEM, in athletics the momentum has always 
been mixed, and it has been a constant battle to gain and to retain ground.24  
Among other things, the “fate” of women’s sports “has always been tied to the 
larger political climate.”25 Because of this, and because of the recency in historical 
time of the broader commitment to sex equality, it is important for those who are 
devoted to the idea to remain attuned to shifts in that climate. 

The earliest and most persistent political opponents of women’s sports came 
from the broader football community and from men’s sport more generally.26  
Whatever they thought about women’s equality in theory, they were clear that it 

 
 17.  See Gerald Gurney, Donna Lopiano & Andrew Zimbalist, Chapter 6: A Continuing Disgrace: 
Discrimination Based on Gender, Race, Ethnicity, and Disability, in UNWINDING MADNESS:  WHAT WENT 
WRONG WITH COLLEGE SPORTS AND HOW TO FIX IT (2017). 
 18.  This Day in History: Title IX Enacted, HISTORY (July 28, 2019), https://www.history.com/this-
day-in-history/title-ix-enacted [hereinafter This Day in History]. 
 19.  2018-19 High School Athletics Participation Survey, NAT’L FED’N OF STATE HIGH SCH. ASS’NS 50, 
54 (2019), https://www.nfhs.org/sports-resource-content/high-school-participation-survey-archive/. 
 20.  This Day in History, supra note 18.   
 21.  The Equity in Athletics Data Analysis Cutting Tool, OFFICE OF POSTSECONDARY EDUC., U.S. DEP’T 
OF  EDUC., http://ope.ed.gov/athletics (last visited Feb. 29, 2020). 
 22.  See infra notes 128–147 and accompanying text (detailing this point). 
 23.  See, e.g., This Day in History, supra note 18. 
 24.  This aspect of the story is routinely emphasized in Title IX retrospectives.  See, e.g., Hogshead-
Makar & Zimbalist, supra note 2, at 5–6 (summarizing “the struggle for gender equity in athletics”). 
 25.  SUSAN WARE, TITLE IX: A BRIEF HISTORY WITH DOCUMENTS, 13 (2007). Interestingly, the 
explanations for the relative weakness of sport and STEM may be similar or the same, i.e., a lack of 
commitment on the part of original stakeholders to seeing females succeeding in those areas in 
particular, together with related sex-linked stereotypes and cultural norms. The numbers and 
experiences are better in medical school and medicine, which our co-author Michael Joyner suggests 
may be related to the higher likelihood of predictability, promotion, and success in that STEM field. 
 26.  See Hogshead-Makar & Zimbalist, supra note 2; infra note 41 and accompanying text. 
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should not come at the expense of existing men’s programs. In addition to resisting 
the threshold assumption that Title IX should apply to sport, they have specifically 
resisted the integration of teams, the inclusion of men’s revenue producing sports 
in spending comparisons, and the reallocation of spending from men’s programs 
to fund women’s programs. Throughout, the underlying premise has been that 
men’s sport produces higher value social goods and thus should not be 
diminished in an effort to achieve different goods that are of lesser or questionable 
value. 

The most recent political challenge has come from the identity movement and 
affiliated advocacy groups whose goal has been to secure much needed 
protections for people who are transgender. To that end, movement advocates 
have pushed for policy reforms that would grow the circumstances in which law 
is sex-blind. Where sex remains a basis for classification, they have worked to 
ensure that people who are transgender are included in spaces and programming 
consistent with their gender identity.27 

The merits of both approaches are clear to us in contexts where sex does not 
actually matter. But in sport, where sex and the sex-linked physical traits 
associated with the male and female body are outcome determinative, the effects 
of the proposed reforms would be revolutionary: they would require either the 
dismantling of Title IX’s existing sex-segregated architecture and thus of the 
female category, or the unconditional inclusion of males who identify as females 
in girls and women’s sport.28  While the latter is less obviously existential than the 
former, both would signal that policymakers were abandoning the original 
commitment to sex equality in this setting. 

There is no question about this, as the goal is expressed, unambiguously, in 
the public statements of movement advocates; for example, in this one from a set 
of prominent civil rights organizations dedicated to ensuring, among other things, 
that Title IX evolves to disallow any distinctions on the basis of sex as “sex” is 
normally defined:   

[W]e support laws and policies that protect transgender people from 
discrimination, including in participation in sports, and reject the suggestion that 
cisgender [sex typical] women and girls benefit from the exclusion of women and 
girls who happen to be transgender.29 

 
 27.  Doriane Lambelet Coleman, Sex in Sport, 80 LAW & CONTEMP. PROBS 63, 102–111 (2017). 
 28.  We understand that language and word choices are fraught in this discussion. We explain our 
approach and vocabulary immediately below, at and around notes 31–37. The bottom line is that our 
goal is to communicate to a broad audience in a highly contested space, including about what sex is 
and how it is relevant.  To do this well, we can’t adopt an unfamiliar or unclear lexicon, or one that 
assumes a particular political outcome since this paper is in part about what that outcome should be.  
We know this will make some readers uncomfortable, but we hope that this explanation will help.  We 
intend no disrespect. 
 29.  Statement of Women’s Rights and Gender Justice Organizations in Support of Full and Equal Access 
to Participation in Athletics for Transgender People, NAT. WOMEN’S LAW CTR. (Apr. 10, 2019), https:// 
nwlc.org/wp-content/uploads/2019/04/Womens-Groups-Sign-on-Letter-Trans-Sports-4.9.19.pdf 
[hereinafter Statement of Women’s Rights and Gender Justice Organizations].  
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The underlying premise of those who support this move to elide the relevant 
physical differences between females on the one hand, and males who identify as 
women and girls on the other, is that reconceiving of sex as gender identity—or 
privileging gender identity over sex—will produce the highest value overall.30 

The goals of this paper are to provide the legal, factual, and normative 
background necessary to evaluate the merits of this most recent challenge to the 
sports exception to Title IX’s general nondiscrimination rule, and then to present 
the case for re-affirming the exception in a form that is appropriate for this next 
period of its history. It proceeds in three parts as follows: Part I describes the legal 
history of Title IX’s sports exception, its goals, and the current state of the legal 
doctrine. Part II explains its scientific basis and rationale. Part III sets out the best 
case for and against affirming the commitment to sex equality in education-based 
sport, and then presents our argument for resolving the collision of interests at 
issue. The paper concludes that the original “idea revolution” continues to do 
important work and should not be abandoned, including in the sports space where 
equality requires not only recognizing but also celebrating physical sex 
differences.  Including trans people within this design is difficult by definition, but 
because they are also entitled to dignity and respect, policymakers should accept 
the challenge. 

*     *     * 
Standardizing vocabulary is critical to communication among the different 

groups concerned with this topic.  Many do not use the same words and phrases, 
and even if they do, they often use them differently. Most difficult are those 
instances when a word or term that is important to one group for descriptive or 
political reasons is politically anathema or even painful to another. Because 
capturing and controlling language is part of movement strategy, solving the latter 
impasse is especially complicated.  We have attempted to standardize our use of 
the language in a way that avoids unnecessary harm or discomfort, but to the 
extent we cannot always do this, we intend no disrespect.  Our goal is to 
communicate to a broad audience using standard terms, not to demean.31 

Most importantly, given current debates, we do not work from the 
assumption that sex is or includes gender identity.  Whether “sex” in law includes 
or is distinct from “gender identity” is at issue in both the debates about H.R. 5, 
The Equality Act (2019),32 and in the Title VII case currently pending in the United 

 
 30.  See, e.g., id. (arguing that it is good for all women that transgender women and girls are 
included in the category “women” including in athletics competition on the basis that there are no 
cognizable differences among transwomen and females that are not “driven by stereotypes and fear . . . 
nondiscrimination protections for transgender people—including women and girls who are 
transgender—are not at odds with women’s equality or well-being, but advance them”).  For an 
analysis of this claim from our perspective, i.e., from a different feminism, see infra notes 184–193 and 
accompanying text. 
 31.  For a set of up-to-date working definitions from medicine and endocrinology, see Joshua D. 
Safer & Vin Tangpricha, Care of Transgender Persons, 381 NEW ENG. J. MED. 2451, 2451–60 (2019). 
 32.  Earlier versions of H.R. 5 distinguished “sex” from “gender identity” where the current bill 
defines “sex” to include “gender identity.” See Equality Act, H.R. 5, 116th Cong. (2019). This drafting 
move is based in evolving views in the advocacy and biosciences communities about how gender 
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States Supreme Court.33 The related question whether gender identity is 
biologically based and, if so, whether it should be considered an aspect or 
characteristic of biological sex is the subject of ongoing consideration by relevant 
experts in the scientific community.34  For now, however, both remain contested 
claims in a context in which “sex” is otherwise understood to be the word we use 
to denote the individual’s biological and reproductive classification as male or 
female.35  Because this paper is precisely about whether policy should be reformed 
so that sex in this standard sense comes to be replaced by or to include gender 
identity in the context of education-based sport, it is necessary for us clearly to 
distinguish the operative terms. Again, we intend no disrespect. 

 
Sex – Biological sex.  “Either of the two divisions, designated female and male, by 
which most organisms are classified on the basis of their reproductive organs and 
functions.”36 The cluster of sex-linked traits—i.e., chromosomal, gonadal, 
endocrinological (hormonal), and phenotypic characteristics—commonly used to 
establish and denote sex.  Primary and secondary sex characteristics.  Although 
they are terms of art and commonly used in science and medicine, “biological sex” 
and “biological (fe)male” may be hurtful to those who are triggered by references 
to sexed bodies.  Because sport relies on the biological distinction between males 
and females to justify separate sex sport, however, we need to use the terms in 
their scientific sense and to consider their substance in this discussion.37  Again, 
we intend no disrespect. 

 
identity is appropriately characterized and also how best to craft a political path to full equality and 
inclusion. 
 33.  Equal Emp’t Opportunity Comm’n v. R.G. & G.R. Harris Funeral Homes Inc., 884 F.3d 560 
(6th Cir. 2018). 
 34.  See Safer & Tangpricha, supra note 31, at 2451–52 (addressing this point). For a summary 
description of some of the ongoing work on “brain sex” more generally, see also Coleman, Sex in Sport, 
supra note 27, at 75–77. 
 35.  See, e.g., R (on the Application of Miller) v. College of Policing &  Chief Constable of 
Humberside, [2020] EWHC 225 (Admin) [225],  ¶ 267 (Eng.) (decision out of the United Kingdom’s 
High Court of Justice, addressing this contested issue and the expert witness statement of Professor 
Kathleen Stock on the point that “For many English speakers, ‘woman’ is strictly synonymous with 
‘biologically female[‘] and ‘man’ with ‘biologically male’.”). 
 36.  Sex, AM. HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE (5th ed. 2020). 
 37.  One of our co-authors, Michael Joyner, is a biomedical researcher who, in the 2000s, was 
admonished in the peer review process to use the phrase “sex differences” and not “gender 
differences” when describing biological phenomenon.  This insistence is increasingly routine in the 
biomedical setting where the study of sex differences is now well established and producing important 
value both in the basic sciences and in applications in personalized medicine.  For example, there is a 
journal dedicated to the subject, see BIOLOGY OF SEX DIFFERENCES, https://bsd.biomedcentral. 
com/about/ (last visited Feb. 15, 2020); and the federal government routinely emphasizes this focus in 
its own work and in the distribution of research funding.  See, e.g., U.S. FOOD & DRUG ADMIN., 
Understanding Sex Differences at FDA (Apr. 12, 2019), https://www.fda.gov/science-research/womens-
health-research/understanding-sex-differences-fda. This focus is in part the result of the report from 
the NAT’L. ACAD. OF SCI. INST. OF MED., EXPLORING THE BIOLOGICAL CONTRIBUTIONS TO HUMAN 
HEALTH: DOES SEX MATTER? (2001) [hereinafter EXPLORING THE BIOLOGICAL CONTRIBUTIONS], 
http://www.nationalacademies.org/hmd/~/ media/Files/Report%20Files/2003/Exploring-theBiological-
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Female—An individual whose sex is female, i.e., who has ovaries not testes and a 
natural estrogenic not androgenic endocrine system.  A person’s designation as 
“female” may not correspond with their gender identity (in the case of a trans 
person) or their sex recorded at birth (in the case of some intersex persons). 
 
Male—A person whose sex is male, i.e., who has testes not ovaries and a natural 
androgenic not estrogenic endocrine system.  A person’s designation as “male” 
may not correspond with their gender identity (in the case of a trans person) or 
their sex recorded at birth (in the case of some intersex persons). 

 
Sex stereotype—An assumption (which may be evidence-based or not) or a 
generalization (which may have a factual basis) about the aptitudes, preferences, 
and capacities of males and females based on their biological sex. 

 
Gender—Social and cultural expression of masculine or feminine behavior. Often 
used differently as a synonym for biological sex. 

 
Gender identity—A person’s deeply held internal sense of themselves as male, 
female, both, neither, or fluid, and which can be different from their biological sex 
or their sex recorded at birth. 

 
Trans—Transgender—Gender incongruent—The word or term used to describe a 
person whose gender identity is different from their biological sex or their sex 
recorded at birth. 

 
Trans(gender) woman/girl or man/boy—A person who is trans(gender) who 
identifies as a woman/girl or man/boy. 

I. THE LEGAL HISTORY, MISSION, AND CURRENT DOCTRINE 

Title IX was developed to secure equality for women and girls in federally 
funded educational settings.  It filled the gap that was left by Title VII of the 1964 
Civil Rights Act, which protects against sex discrimination in employment but 
excludes educational settings otherwise, and by Title VI, which prohibits federally 
funded programs from discriminating on the basis of race, color, and national 
origin, but not on the basis of sex. Because of this gap, there was no federal 
statutory remedy to address the educational disparities women and girls 
experienced in relation to boys and men before Title IX. There was also no effective 
constitutional remedy to address laws that supported sex discrimination, as the 

 
Contributions-to-Human-Health-Does-Sex-Matter/DoesSexMatter8pager.pdf (explaining the 
difference between sex and gender (identity), reporting on the extensive physiological processes and 
medical contexts in which “sex matters”, and because of this indicating, among other things, the need 
for researchers to address “the inconsistent and often confusing use of the terms “sex” and “gender” 
in the scientific literature and popular press”). 
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United States Supreme Court had yet to subject them to more than rational basis 
scrutiny.38 

As described in the Introduction, the architects of Title IX settled on a hybrid 
approach to achieving sex equality in education. They paired a general, sex-blind 
non-discrimination rule with a set of limited, sex-affirmative exceptions, which 
allow educational institutions to take sex into account where doing so is necessary 
to address particular imbalances, i.e., in admissions, in programming, and in sport.  
In sport, at least, if an institution can meet its sex equality obligations using a sex-
blind approach—without taking sex into account—it need not use these sex-
affirmative tools; they are formally permissive not mandatory. But they become 
mandatory in effect if these obligations are not or cannot be met otherwise.39 

Assurances that sports teams would be sex segregated were material to Title 
IX’s passage and to congressional approval of its implementing regulations.40  For 
 
 38.  See Craig v. Boren, 429 U.S. 190 (1976) (holding for the first time that sex discrimination was 
subject to heightened, i.e., intermediate, scrutiny under the Constitution’s Equal Protection Clause). 
 39.  As it concerns sports, this requirement is clear in the statute’s legislative history, in the original 
1975 regulations, and in the original 1979 Policy Interpretation. See Regulations of the Department of 
Education, Nondiscrimination on the Basis of Sex in Education Programs or Activities Receiving 
Federal Financial Assistance, 34 C.F.R. §106.12 (regulations governing athletics); Title IX of the 
Education Amendments of 1972; The Policy Interpretation: Title IX and Intercollegiate Athletics, 44 
Fed. Reg. 71,419 (Dec. 11, 1979) (again making clear the requirement of parity of competitive 
opportunities). For example, the 1979 Policy Interpretation provides, inter alia, as follows: 

4. Application of the Policy—Selection of Sports.  
In the selection of sports, the regulation does not require institutions to integrate their 
teams nor to provide exactly the same choice of sports to men and women. However, 
where an institution sponsors a team in a particular sport for members of one sex, it 
may be required either to permit the excluded sex to try out for the team or to sponsor 
a separate team for the previously excluded sex. 
a. Contact Sports—Effective accommodation means that if an institution sponsors a 
team for members of one sex in a contact sport, it must do so for members of the other 
sex under the following circumstances: 
(1) The opportunities for members of the excluded sex have historically been limited; 
and 
(2) There is sufficient interest and ability among the members of the excluded sex to 
sustain a viable team and a reasonable expectation of intercollegiate competition for 
that team. 
b. Non-Contact Sports—Effective accommodation means that if an institution sponsors 
a team for members of one sex in a non-contact sport, it must do so for members of the 
other sex under the following circumstances: 
(1) The opportunities for members of the excluded sex have historically been limited; 
(2) There is sufficient interest and ability among the members of the excluded sex to 
sustain a viable team and a reasonable expectation of intercollegiate competition for 
that team; and 
(3) Members of the excluded sex do not possess sufficient skill to be selected for a single 
integrated team, or to compete actively on such a team if selected. 

In this context “skill” is understood to include physical not just learned capacity.  See infra notes 40–54 
and accompanying text.  Together with the original 1975 regulations, the 1979 Policy Interpretation is 
woven into the fabric of Title IX, including in statutory law.  See infra notes 51–69 and accompanying 
text (elaborating on the Title IX scheme). 
 40.  As the bill made its way through Congress, “[a] few people (very few) noticed that athletics 
might be affected . . . and so there was a discussion on the floor of the Senate about whether [it] required 
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different reasons, both men’s and women’s groups supported and/or insisted on 
this.  Men’s teams simply did not want to have to include females on their rosters 
or to be made to subsidize the equality project.41 Women’s groups wanted separate 
opportunities because they were keen to secure equality in education-based 
sports, and they understood that it couldn’t be achieved without this separation. 

In particular, women and women’s groups fell into one of two camps. Both 
accepted that there was a performance gap between male and female athletes that 
necessitated sex segregation and thus a sports exception to Title IX’s general non-
discrimination rule.  But they disagreed about the source of the gap and thus about 
the terms of the exception: 

One group took the position that sex segregation and thus the sports 
exception in the regulations would be necessary only for a period, until females 
were afforded the (equal) training and competition opportunities that would be 
required eventually to close the performance gap; after that, sport could be co-ed.42  

 
educational institutions to allow women to play on football teams.” WARE, supra note 25, at 41. The 
answer from its floor manager Senator Birch Bayh was no. Id. “Having inserted that notion into the 
legislative history, higher education retreated.” Id. That brief discussion on the Senate floor was 
significant in two respects:  it presaged the decades-long resistance to Title IX that would come from 
college football and men’s sport in general. See supra note 26 and accompanying text (summarizing this 
resistance), and infra note 41 and accompanying text (further describing the legislative and regulatory 
history).  And it laid the necessary legal foundation for sex segregation in this setting. The “sports 
exception” or “carve out” to Title IX’s prohibition on sex discrimination in federally funded educational 
settings powered girls’ and women’s sport and continues to secure its success today. 
 41.  See supra note 26 and accompanying text.  The sports question exploded in the aftermath of 
the bill’s passage through Congress.  From the time President Richard Nixon signed the Education 
Amendments into law in the summer of 1972 to the summer of 1975 when Congress formally approved 
the implementing regulations, the institutional powerhouse that is men’s college football went into 
overdrive to ensure that, in fact men’s teams would not have to accommodate female athletes, and that 
equality for female athletes would not come at the expense of men’s revenue producing sports.  This 
activity was particularly heated in 1974 and 1975.  In that period, the Senate heard but ultimately 
declined to pass a bill sponsored by Senator John Tower (R-TX) to amend Title IX to exclude revenue 
producing sports from compliance tabulation.  Had it succeeded, this would have meant that spending 
on female athletes and women’s sports programs could be only be compared with spending on men’s 
non-revenue producing sports, simultaneously insulating (primarily) men’s football and basketball 
programs from Title IX’s effects, and reducing schools’ obligations to women’s programs.  Instead, 
Congress passed an alternative bill sponsored by Senator Jacob Javitz (R-NY), formally the Educational 
Amendments of 1974, which required the Secretary of the Department of Health, Education, and 
Welfare (HEW) to develop “with respect to intercollegiate athletic activities reasonable [regulations] 
concerning the nature of particular sports.” The Education Amendments of 1974, Pub. L. 93–380, 88 
Stat. 612. Although some advocates for men’s sport continued to press the point that men’s revenue 
producing sports should not be made to pay (either directly or indirectly) for women’s programming, 
the Department’s focus during this rulemaking process was mainly on the question whether men’s and 
women’s sport and teams would be sex segregated. Comments and lobbying from men’s groups were 
consistently against integration.  The NCAA, for example, had no interest in having Title IX cover sport 
at all, and it was opposed to including women in any of its programming. 
 42.  The National Organization for Women (NOW) originally disagreed with the AIAW and the 
NCAA that the goal should be separate sex sport.  In a letter to President Ford, HEW Secretary Casper 
Weinberger explained NOW’s position that “the ‘separate but equal’ concept is inappropriate for any 
civil rights regulation and that open access should be required for all athletic teams with one exception.  

Case 2:21-cv-00316   Document 317-14   Filed 05/12/22   Page 11 of 67 PageID #: 21369



Prof. Coleman- FINAL PAGE PROOF 0305 (Do Not Delete) 3/6/2020  9:11 AM 

  RE-AFFIRMING THE VALUE OF THE SPORTS EXCEPTION 79 

 

In general, one might characterize advocates in this first group as holding the view 
that sex differences were entirely the result of disparate treatment and sex 
stereotypes, both of which could be eradicated over time.  In their view, like the 
classroom, eventually sport could also be sex-blind.  The language they used in 
this context is reminiscent of that which appears in cases involving race-based 
affirmative action measures.43 

The other group took the position that the performance gap was the result of 
a combination of disparate treatment, sex stereotypes, and biological differences.  
For those in this second group, even if that part of the performance gap that was 
the result of disparate treatment and sex stereotype could be eradicated, sex 
segregation would always be necessary because immutable biological differences 
would remain.44 This view is consistent with the Supreme Court’s current 
substantive equality jurisprudence, which distinguishes sex from stereotype, but 
also race from sex on the ground that the latter but not the former involve inherent 
differences—these differences are properly considered when doing so serves to 
empower rather than to subordinate.45 

Importantly, although textualists reject the role of legislative history in 
statutory interpretation, to the extent that it remains important to others, and that 
there is an ongoing debate about what policymakers meant when they used the 
word “sex” in the drafting period,46 it is easily resolved in the sports setting.  At 
least in this context, the legislative history is clear that “sex” meant biological sex, 
which was distinguished from sex stereotype. Specifically, the biological 

 
When women are effectively excluded from open teams (where skill in the given sport is the criteria, it 
is still conceded by all that open competition for a tackle football team would result in an all-male 
team), separate teams should be provided for them on the basis that the training and sports 
traditionally available to women have been limited and the provision of separate teams until such time 
as the training gap is filled would best fulfill the purposes of the Act.” See Letter from Caspar 
Weinberger, supra note 5, at A-6, A-7. 
 43.  See, e.g., Grutter v. Bollinger, 539 U.S. 306 (2003) (“We expect that 25 years from now, the use 
of racial preferences will no longer be necessary to further the interest [in student body diversity] 
approved today.”). 
 44.  See Kathleen Megan, Transgender Sports Debate Polarizes Women’s Advocates, CT MIRROR (July 
22, 2019), https://ctmirror.org/2019/07/22/transgender-issues-polarizes-womens-advocates-a-conundr 
um/ (quoting our co-author Donna Lopiano: “Title IX was passed 47 years ago to ensure an equal 
education for girls, but included a ‘carve out’ allowing separate programs for girls because of the clear 
biological advantage that males have over females in athletics.  ‘It was the notion that there are distinct 
biological differences in sex that are immutable.’”); Memorandum from Patricia Sullivan Lindh, the 
President’s Special Assistant for Women’s Programs, to James Cannon, White House Domestic Policy 
Advisor (May 1, 1975) (on file with the Gerald R. Ford Presidential Library) (noting that allowing 
schools to field only one “open” team would let them off the hook in terms of providing equal 
opportunities for women, and that to assure sex equality, schools should have to take into account 
differences between men and women in “competitive skill and physical ability”). 
 45.  See, e.g., United States v. Virginia, 518 U.S. 515, 532–33 (1996). 
 46.  See, e.g., Brief of Walter Dellinger, et al. as Amici Curiae in Support of the Employees, Bostock 
v. Clayton County, GA, Altitude Express, Inc. v. Zarda, and Harris Funeral Homes, Inc. v. Stephens, 
888 F.3d 100 (Nos.17-1618, 17-1623,18-107), 2019 WL 3027045; Brief for the Federal Respondent 
Supporting Reversal, Harris Funeral Homes, Inc. v. EEOC, et al., 884 F.3d 560 (No.19-107) (debating 
this question in the context of Title VII of the 1964 Civil Rights Act). 
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differences between males and females that account for the performance gap, as 
well as those sex traits and related customs that raised safety and privacy concerns, 
were key to the discussions and decisions around inclusion and segregation.47 

Similarly, to the extent that there is debate today about whether Title IX was 
designed to ensure that girls and women were able not only to participate but also 
to compete on an equal basis with boys and men, the legislative history also 
confirms this commitment.  While some early proponents of the statute suggested 
that females were or should be interested only in (“cooperative and inclusive”) 
participation not (“patriarchal capitalist”) competition,48 the stereotypes and 

 
 47.  The hearings throughout the month of June 1975, before the House of Representatives 
Subcommittee on Post-Secondary Education of the Committee on Education and Labor, are illustrative, 
including in that members and witnesses distinguished race from sex, and focused on the extent to 
which the performance gap was the result of inherent differences between the sexes rather than 
historical disparate treatment.  See Sex Discrimination Regulations: Hearings Before the Subcomm. on Post-
Secondary Educ. of the Comm. of Educ. & Labor, 94th Cong. 54 (1975) (statement of Bob Blackman, Head 
Football Coach, Univ. of Illinois) (“HEW has already [taken sex differences into consideration], they 
have already stated . . . that because of physiological differences between men and women, the women 
are not expected to compete in the so-called contact sports . . . . So they have already stated the fact that 
there are differences.”); id. at 130 (statement of Joan Holt, President, Eastern District, Ass’n for 
Intercollegiate Athletics for Women) (“[W]e have been discriminated against in the past due to 
physiological limitations that women do have, we are not capable of getting a place on the men’s team, 
and they then have an obligation, both because of the discrimination of the past and because of our 
competitive interests, that they would have to provide a separate team for the women in this case.”); 
id. at 197 (statement of Rep. McKinney) (“We know that until puberty, girl and boy children have 
roughly the same athletic capacity.  After this point there is a significant difference in their ability in 
most sports.  However, until we stop punishing girl children for being tomboys and allow their full 
participation in scholastic athletics, we will never know their true capacity as sportspersons.”); id. at 
390 (statement of Bernice Sandler, Dir., Project of the Status and Educ. of Women & Exec. Assoc., Ass’n 
of Am. Colls.) (“In almost all other areas of discrimination, the precedents and principles developed by 
the courts in race discrimination cases can readily and easily be applied to sex discrimination problems.  
Because of the general physical differences between men and women as a whole, the principles 
developed in other discrimination areas do not easily fit athletic issues, particularly in the area of 
competitive sports, where the issue of single sex and integrated teams is a difficult one to solve.  
‘Separate but equal,’ which is a discredited legal principle in terms of civil rights, may have some 
validity when applied to some areas of competitive athletics . . . .”); id. at 339 (“Before puberty, males 
and females are nearly identical in their physical abilities. Tests of strength, muscular endurance, 
cardiovascular endurance and motor performance show few differences between the sexes up to this 
age.  Beyond that age, however, the male becomes considerably stronger, possesses greater muscular 
and cardiovascular endurance and is more proficient in almost all motor skills.”); id. at 343 (“To some, 
complete integration of the sexes in all sports would appear to be both the simplest and the least 
discriminatory solution.  Upon closer examination, however, it becomes clear that because of the 
differences in training and physiology, such an arrangement would effectively eliminate opportunities 
for women to play in organized competitive athletics.  For these reasons, this alternative would not 
appear to be in line with the principle of equal opportunity.”); id. (“[T]he ‘separate-but-equal’ principal 
in competitive athletics can be justified for sex discrimination (but not for race discrimination) because 
there are general physical differences between [women] and men (but not between blacks and 
whites).”). 
 48.  See Interview with our co-author Donna Lopiano, Adjunct Professor of Sports Mgmt., S. Conn. 
State Univ. (Oct. 13, 2019) (describing the views of some within the “old” NOW and the AIAW who 
rejected NCAA-style sports administration and competition).  This approach to women’s sport is 
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norms they advanced were rejected by other advocates and ultimately by 
lawmakers.49  To use a currently topical distinction, education-based sport was not 
designed to be like selection for the military’s special forces, where women are 
entitled to participate in selection rounds but are rarely, if ever, competitive for 
full status because of their physical disadvantages relative to men;50 rather, sport 
was sex segregated because the goal was parity across all categories of 
opportunity. 

The regulations that were formally presented to, reviewed, and passed over 
by Congress in 1975 mimic Title IX’s hybrid approach, and reflect the general 
consensus at the time regarding sex segregation in sport.  Specifically, they begin 
with this general nondiscrimination provision: 

86.41(a) General. No person shall, on the basis of sex, be excluded from 
participation in, be denied the benefits of, be treated differently from another 
person or otherwise discriminated against in any interscholastic … athletics 
offered by a recipient, and no recipient shall provide any such athletics separately 
on such basis.51 

The provision is followed by the exception, or “carve out,” for sex-segregation in 
sport.  The exception emphasizes the two factors that make sex segregation 

 
described in Ann Travers, The Sport Nexus and Gender Injustice, 2 STUD. IN SOC. JUST. 79, 86 (2008) 
(describing “radical and cultural feminist . . .  scholars [who] indict sport in its current patriarchal 
capitalist iteration and seek to replace it with cooperative and nonhierarchical celebrations of 
physicality and play based on feminist principles of cooperation and inclusion”). 
 49.   DEP’T OF EDUC., OFFICE FOR CIVIL RIGHTS, A POLICY INTERPRETATION: TITLE IX AND 
INTERCOLLEGIATE ATHLETICS (1979) (making clear the requirement of parity of competitive 
opportunities); McCormick ex rel. McCormick v. Sch. Dist. of Mamaroneck, 370 F.3d 275, 282 (2d Cir. 
2004) (recognizing the difference between the opportunity to participate and the opportunity to 
compete for the win, including for championships, and holding that Title IX requires schools to provide 
females with opportunities in both categories that are on par with those provided to males).  Notably, 
when the subject is not trans athletes or (intersex) athletes with differences of sex development, the 
premise that sex segregated sport exists in part to ensure that there are the same numbers of spots in 
finals and on podiums for females as for males is generally not controversial.  Indeed, even their 
advocates tend to take this as a given, i.e., they appear to appreciate the benefits, including for their 
clients, of sex segregation.  This has them arguing not for co-ed sport, but rather for what is in effect an 
exception for those whose sex is male but who identify legally and/or personally as women and girls.  
See, e.g., Statement of Women’s Rights and Gender Justice Organizations, supra  note 29 (arguing that 
“transgender women and girls” should benefit fully and equally from participation “in women’s 
sports”); Doriane Lambelet Coleman, Semenya and ASA v. IAAF: Affirming the Lawfulness of a Sex-Based 
Eligibility Rule for the Women’s Category in Elite Sport, 19 SWEET & MAXWELL’S INT’L SPORTS L. REV. 83 
(detailing how a version of this approach was presented in Ms. Semenya’s case at CAS) [hereinafter 
Coleman, Semenya and ASA v. IAAF] .  
 50.  Meghann Myers, A Female Soldier Has Made It Through the Army’s Special Forces Selection, ARMY 
TIMES (Nov. 14, 2018), https://www.armytimes.com/news/your-army/2018/11/14/a-female-soldier-has-
made-it-through-the-armys-special-forces-selection/.For more information on the integration of 
women into special operations career fields and concerns about sex equality and sex specific or neutral 
standards in that highly competitive context, see KRISTY M. KAMARCK, CONG. RESEARCH SERV., R42075, 
WOMEN IN COMBAT: ISSUES FOR CONGRESS (2016), https://fas.org/sgp/crs/natsec/R42075.pdf. 
 51.  34 C.F.R. § 106.41 (a) (2019). 
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necessary for the attainment of equality in sport, that is, concerns about 
competitive fairness and physical safety: 

86.41(b) Separate teams.  A recipient may operate or sponsor separate teams for 
members of each sex where selection for such teams is based upon competitive 
skill or the activity involved is a contact sport.  However, where a recipient 
operates or sponsors a team in a particular sport for members of one sex but 
operates or sponsors no such team for members of the other sex, and athletic 
opportunities for members of that sex have previously been limited, members of 
the excluded sex must be allowed to try-out for the team offered unless the sport 
involved is a contact sport.  For purposes of this part, contact sports include 
boxing, wrestling, rugby, ice hockey, football, basketball and other sports the 
purpose or major activity of which involved bodily contact.52 

As is the case with Title IX more generally, the affirmative approach is permissive, 
not mandatory, in the first instance, meaning that if a school can find a way to 
provide equal training and competition opportunities for females without taking 
sex into account, they can proceed in a sex-blind way; but if proceeding in a sex-
blind way perpetuates disparities, the affirmative approach becomes mandatory.53 

According to Susan Ware, “[i]n the early days of the law, much discussion 
centered on whether teams should be coeducational based on skill (the model 
adopted in elementary and high school physical education classes) and whether 
women should be eligible to play on men’s teams.  On the high school and 
intercollegiate level, a consensus soon emerged that sex-segregated but 
comparable sports teams were a better model.”54  As our co-author Donna Lopiano 
has explained, “[i]t was the notion that there are distinct biological differences in 
sex that are immutable . . .  Everybody agreed that . . . if you have boys and girls 
competing after puberty, who would be more likely to get on a team? Who would 
win? It would be men. There would be very few women.”55 

From 1975 through 1988, proponents of girls’ and women’s sport continued 
to face resistance from boys and men and the male sports establishment, including 
with respect to funding, facilities, coaching staff, and competition opportunities.56  

 
 52.  Id. § 106.41 (b).   
 53.  See, e.g., Yellow Springs Exempted Village School Dist. Bd. Of Educ. v. Ohio High School 
Athletic Ass’n, 647 F.2d 651, 656 (6th Cir. 1981) (Title IX “grant[s] flexibility to the recipient of federal 
funds to organize its athletic program as it wishes [one or separate teams] so long as the goal of equal 
athletic opportunity is met.”).   
 54.  WARE, supra note 25, at 5.  This model—co-ed “prior to puberty”— is represented in the still-
current position of the Women’s Sports Foundation (WSF).  See WOMEN’S SPORTS FOUND., ISSUES 
RELATED TO GIRLS AND BOYS COMPETING WITH AND AGAINST EACH OTHER IN SPORTS AND PHYSICAL 
ACTIVITY SETTINGS, https://www.womenssportsfoundation.org/wp-content/uploads/2019/08/issues-
related-to-girls-and-boys-competing-with-and-against-each-other-in-sports-and-physical-activity-sett 
ings-the-foundation-position.pdf [hereinafter WOMEN SPORTS FOUND., ISSUES RELATED TO GIRLS AND 
BOYS COMPETING].  Although the original position paper was developed and published several years 
ago, the WSF re-affirmed it on August 14, 2019. See id.  
 55.  Megan, supra note 44 (quoting Donna Lopiano). 
 56.  See Hogshead-Makar & Zimbalist, supra note 2, at Part III (describing this period as “The 
Initial Backlash”); Mary C. Curtis & Christine Grant, Landmark Title IX Cases in History, GENDER EQUITY 
IN SPORT, http://bailiwick.lib.uiowa.edu/ge/historyRE.html (listing key dates in the resistance).  
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This resistance was particularly fierce in circumstances that involved cuts to boys’ 
and men’s programs that were considered—or described as—necessary to meet 
Title IX requirements.57  It culminated in the 1984 decision, Grove City College v. 
Bell, in which the United States Supreme Court sided with the Reagan 
Administration’s position that Title IX and its sex equality requirements applied 
only to the particular programs that received federal funds, not more broadly to 
the institutions of which they were a part.58  Because the federal government did 
not contribute directly to education-based sports programs, Grove City in effect 
“gutted” Title IX.59  As a result, the merits of the “idea revolution”—that there 
should be sex equality across educational settings including in education-based 
sport—were once again put to Congress.60 

The Education Amendments of the Civil Rights Restoration Act of 1987 were 
finally passed in 1988, over President Reagan’s veto, extending Title IX’s sex 
equality requirements to all programs within institutions receiving federal funds.61  
As Title IX expert and three-time Olympic Gold Medalist Nancy Hogshead-Makar 
explains, although sport was not prominent in the legislative history prior to the 
statute’s passage in 1972, “sports for girls and women were the driving narrative 
behind the imperative to pass the law again in 1988.  Sports for women swung 
Republicans and average families.”62  Since then, although resistance has been 
ongoing,63 the legislative, executive, and judicial branches of the federal 
government have consistently reaffirmed at least the essential aspects of the 
statutory scheme, including that parity of competitive opportunities matter and 
that the original regulations remain an integral part of the law.64 
 
 57.  Cases involving cuts to boys’ and men’s wrestling were particularly prevalent.  See generally 
Bradley David Ridpath et al., Changing Sides: The Failure of the Wrestling Community’s Challenges to Title 
IX and New Strategies for Saving NCAA Sport Teams, 1 J. INTERCOLLEGIATE SPORT 255 (2008). See, e.g., 
Nat’l Wrestling Coaches Ass’n v. Dep’t of Educ., 366 F.3d 930 (D.C. Cir. 2004) (affirming district court’s 
finding that the decision to drop wrestling is a matter of institutional preference not a requirement in 
fact or in effect of Title IX). 
 58. Grove City College v. Bell, 465 U.S. 555 (1984) (rejecting Association’s challenge to Title IX 
Policy Interpretation). 
 59.  See E-mail from Nancy Hogshead-Makar, Chief Exec. Officer, Champion Women, to Doriane 
Lambelet Coleman, Professor of Law, Duke Law Sch. (Feb. 19, 2020, 3:17 PM) (on file with authors). 
 60.  See supra note 13 and accompanying text (introducing “the idea revolution”). 
 61.  See S. 557 (100th): Civil Rights Restoration Act of 1987, 100th Cong. (1987), https://www. 
govtrack.us/congress/bills/100/s557 (providing timeline of the history and text of the legislation). 
 62. See E-mail from Hogshead-Makar, supra note 59. See also WARE, supra note 25, at 36–43 
(describing this history).   
 63.  See Hogshead-Makar & Zimbalist, supra note 2, at Part V (describing the period from 2001 to 
2008 as “The Second Backlash”). 
 64.  For example, the 1994 Equity in Athletics Disclosure Act requires “co-educational institutions 
of postsecondary education that participate in a Title IV, federal student financial assistance program, 
and have an intercollegiate athletic program, to prepare an annual report to the Department of 
Education on athletic participation, staffing, and revenues and expenses, by men’s and women’s teams. 
The Department . . . use[s] this information in preparing its required report to the Congress on gender 
equity in intercollegiate athletics.”  Equity in Athletics Disclosure Act, U.S. DEPT. OF EDUC. (Jan. 24, 2017), 
https://www2.ed.gov/finaid/prof/resources/athletics/eada.html. The data in detail are available from 
The Equity in Athletics Data Analysis Cutting Tool, OFFICE OF POSTSECONDARY EDUC., U.S. DEP’T OF 

Case 2:21-cv-00316   Document 317-14   Filed 05/12/22   Page 16 of 67 PageID #: 21374



Prof. Coleman- FINAL PAGE PROOF 0305 (Do Not Delete) 3/6/2020  9:11 AM 

84 DUKE JOURNAL OF GENDER LAW & POLICY Volume 27:69 2020 

 

Although the legislative veto was declared unconstitutional in 1983,65 in 1984, 
the United States Supreme Court affirmed that “where Congress has specifically 
delegated to an agency the responsibility to articulate standards governing a 
particular area”—as it did in 1972 with respect to Title IX’s standards governing 
athletics—“we must accord the ensuing regulation considerable deference.”66  The 
standards in the 1975 Regulations as well as their 1979 Policy Interpretation have 
continued to benefit from such protection, even as the Court has increasingly 
rejected the use of legislative history as a tool for statutory interpretation.67  In part, 

 
EDUC., http://ope.ed.gov/athletics. In McCormick ex rel. McCormick v. Sch. Dist. Of Mamaroneck, 370 F.3d 
275, 282 (2d Cir. 2004), the Second Circuit held that a school district was out of compliance with Title 
IX when it established separate boys’ and girls’ teams but provided boys with more and more 
important competitive opportunities. And in 2016, the Obama Administration issued guidance for the 
inclusion of transgender student-athletes in education-based sports that made clear its commitment to 
sex segregation when this remains necessary to secure competitive fairness and physical safety.  See 
infra note 73 and accompanying text (providing the details of this guidance). 
 65.  INS v. Chadha, 462 U.S. 919, 959 (1983). 
 66.  Kelley v. Bd. of Trs., 35 F.3d 265, 270 (1994) (citing Chevron, U.S.A., Inc. v. Nat. Res. Def. 
Council, Inc., 467 U.S. 837 (1984)). 
 67.  In 2018, the Eastern District of Michigan explained that heightened deference under Chevron 
is accorded to both the 1975 Regulations and the 1979 Policy Interpretation of the 1975 Regulations 
“because Congress explicitly delegated to the agency the task of prescribing standards for athletic 
programs under Title IX.”  See Mayerova v. E. Mich. Univ., 346 F. Supp. 3d 983, 989 (E.D. Mich. 2018) 
(citing the First Circuit’s decision in Cohen v. Brown Univ., 991 F.2d 888, 895 (1st Cir. 1993) and the 
Sixth Circuit’s decision in Miami Univ. Wrestling Club v. Miami Univ., 302 F.3d 608, 615 (6th Cir. 
2002)). See also Ollier v. Sweetwater Union High Sch. Dist., 768 F.3d 843, 855  (9th Cir. 2014) (affirming 
its practice of giving Chevron deference to the 1979 Policy Interpretation and applying it to the high 
school setting, citing the Second Circuit’s decision in Mamaroneck, 370 F.3d at 300, and the Sixth Circuit’s 
decision in Horner v. Ky. High Sch. Athletic Ass’n, 43 F.3d 265, 272–75 (6th Cir. 1994)); Biediger v. 
Quinnipiac Univ., 691 F.3d 85, 96–97 (2d Cir. 2012) (the Second Circuit reaffirming its decision in 
Mamaroneck); Mansourian v. Regents of Univ. of Cal., 602 F.3d 957, 965 (9th Cir. 2010) (the Ninth Circuit 
reaffirming that “both the Policy Interpretation and the Clarification are entitled 
to deference under Chevron”).   
           Chevron was reaffirmed by the Court itself in 2013, in City of Arlington v. FCC, 569 U.S. 290 (2013) 
(Justice Scalia writing for the Court and noting that courts cannot substitute themselves as 
policymakers when this is precisely the job of the federal agencies). City of Arlington was a 6/3 decision, 
with Justices Roberts, Kennedy, and Alito in dissent. Their concern was the extension of what they 
describe as essentially legislative authority to the executive—and to the consequent creation of an ever-
growing administrative state—even in circumstances where Congress did not clearly delegate this 
authority.  Id. at 312 (Roberts, C.J., dissenting).  In their view, “before a court may grant such deference, 
it must on its own decide whether Congress—the branch vested with lawmaking authority under the 
Constitution—has in fact delegated to the agency lawmaking power over the ambiguity at issue.” Id. 
at 317. Unless Chevron itself is repealed, because Congress “explicitly delegated to the agency the task 
of prescribing standards for athletic programs under Title IX,” both the 1975 Regulations and the 1979 
Policy Interpretation should continue to be accorded heightened deference by the courts. Mayerova, 346 
F. Supp. 3d at 989.  Of course, this would not be the case should Title IX, the Regulations, and/or the 
Policy Interpretation be repealed. 
               The final deference point relates to the Department of Education’s own ongoing interpretation 
of the 1975 Regulations and the 1979 Policy Interpretation.  Such interpretations are afforded regular—
not heightened—deference only when the standards themselves are “genuinely ambiguous” and: the 
agency’s interpretation is (1) its own “‘authoritative’ or ‘official position,’” (2) “reasonable”; (3) 
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this is because the Regulations and Policy Interpretation establish the architecture 
of and rationale for sex segregated education-based sport; and, they are embedded 
in an inextricably linked web of related law, including in statutory law. For 
example, the 1994 Equity in Athletics Disclosure Act (EADA) requires federally 
funded colleges and universities to produce annual reports regarding their athletic 
programs so that the Department of Education can monitor compliance with Title 
IX.68  The fact that there is deep bipartisan support for girls and women’s sport 
surely influences ongoing deference to the regulations as well.69 

To date, the movement to include trans people in spaces and opportunities 
based on their gender identity rather than on their sex has not altered this legal 
state of affairs at the federal level. That is, as of this writing, there are no new 
regulations that require recipients of federal education dollars to include 
transgender people in sport on the basis of their gender identity rather than their 
biological sex; and there are no federal cases that expand the meaning of “sex” to 
include or to be replaced by “gender identity” in a Title IX sports context.70  As 
they have done under Title VII, a few federal circuits have expanded the meaning 
of “sex” under Title IX, but so far only in the contexts of restrooms and locker room 
access.71 

Supporters of transgender student-athletes have argued that these 
precedents are applicable to sport: that just as transgender girls must be permitted 
to use girls’ restrooms they must also be permitted to be on girls’ sports teams and 
included without condition in girls’ competitions.72 But as the Obama 

 
“implicate[s] its substantive expertise”; and (4) “reflect[s] ‘fair and considered judgment.’” Kisor v. 
Wilkie, 139 S. Ct. 2400, 2412, 2415–17 (2019) (explaining that deference to agencies under the Court’s 
decision in Auer v. Robbins, 519 U.S. 452 (1997), are based in the presumption that “when granting 
rulemaking power to agencies, Congress usually intends to give them, too, considerable latitude to 
interpret the ambiguous rules they issue” but that courts need not defer to those interpretations when 
they are not justified according to these requirements). 
 68.  See supra note 64 (discussing the EADA). 
 69.  This bipartisan support for girls and women’s sport, in a climate where such issues are often 
difficult to find, is presumably one of the reasons Republicans have seized on trans inclusion in girls 
and women’s sport as an election issue for the 2020 cycle. See, e.g., James Freeman, Opinion, Did 
Democrats Just Create a Problem with Soccer Moms and Dads? A Friday House Vote Could Be the Sleeper Issue 
of 2020, WALL ST. J. (May 20, 2019, 4:56 PM), https://www.wsj.com/articles/did-democrats-just-create-
a-problem-with-soccer-moms-and-dads-11558385818. 
 70.  As of this writing, the first federal case to address this issue has just been filed in the United 
States District Court in the District of Connecticut. See Soule et al. v. Conn. Interscholastic Athletic 
Conference et al., No. 3:20-cv-00201, (D. Conn., filed Feb. 12, 2020). Otherwise, a Westlaw search of the 
All Federal database for “Title w/1 IX & transgender & sport” yields only thirteen cases, none of which 
apply to selection for sex segregated sports teams. Almost all are bathroom and/or locker room privacy 
cases.  The others are not even indirectly on point. 
 71.  See, e.g., Adams ex rel. Kasper v. Sch. Bd. of St. Johns Cty., 318 F. Supp. 3d 1293 (M.D. Fla. 
2018) (restrooms); G.G. ex rel. Grimm v. Gloucester Cty. Sch. Bd., 822 F.3d 709 (4th Cir. 2016), vacated 
and remanded, 137 S. Ct. 1239 (2017) (restrooms); Johnston v. Univ. of Pittsburgh, 97 F. Supp. 3d 657 
(W.D. Penn. 2015) (restrooms and locker rooms). 
 72.  See, e.g., Shayna Medley & Galen Sherwin, Banning Trans Girls from School Sports Is Neither 
Feminist Nor Legal, ACLU (Mar. 12, 2019, 5:45 PM), https://www.aclu.org/blog/lgbt-rights/transgender-
rights/banning-trans-girls-school-sports-neither-feminist-nor-legal (arguing that “[w]hen 
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Administration apparently recognized in 2016 when it was interpreting Title IX in 
its Transgender Guidance to schools, sport is different from restrooms not only in 
its policy objectives but also in the extent to which sex actually matters:73 Where 
sport is designed to develop and showcase the capacities of the physical body—
including mental control of the physical body, and the girls’ and women’s 
categories are designed to secure sex equality with respect to the benefits that flow 
from sports, restrooms are designed to provide a space for people to relieve 
themselves, and girls’ and women’s restrooms are designed to secure safety and 
privacy as they do.74  In law, at least, institutional design and objectives matter, as 
do the facts about whether individuals are similarly or dissimilarly situated with 
respect to the characteristics that are relevant to their attainment.  In any event, the 
Trump Administration has withdrawn the Obama Guidance, restoring the 
original regulatory status quo;75 and the Department of Education’s Office of Civil 
Rights is investigating a complaint alleging that the Connecticut Interscholastic 
 
misinformation about biology and gender is used to bar transgender girls from sports in schools 
receiving federal funds, it amounts to the same form of sex discrimination that has long been prohibited 
under Title IX”); Dave Zirin, Transphobia’s New Target Is the World of Sports: First It Was Bathrooms, Now 
It’s Athletics, NATION (Mar. 5, 2019), https://www.thenation.com/article/archive/trans-runner-daily-
caller-terry-miller-andraya-yearwood-martina-navratilova (analogizing the two in general). 
 73.  Dear Colleague Letter on Transgender Students from Catherine E. Lhamon, Assist. Sec’y for 
Civil Rights, U.S. Dep’t of Educ. & Vanita Gupta, Principal Deputy Assist. Att’y Gen. for Civil Rights, 
U.S. Dep’t of Justice (May 13, 2016), https://www2.ed.gov/about/offices/list/ocr/letters/colleague-
201605-title-ix-transgender.pdf.  Compare 

Restrooms and Locker Rooms. A school may provide separate facilities on the basis of sex, 
but must allow transgender students access to such facilities consistent with their gender 
identity.  A school may not require transgender students to use facilities inconsistent with 
their gender identity or to use individual-user facilities when other students are not required 
to do so. A school may, however, make individual-user options available to all students who 
voluntarily seek additional privacy. 

with 
Athletics. Title IX regulations permit a school to operate or sponsor sex-segregated athletics 
teams when selection for such teams is based upon competitive skill or when the activity 
involved is a contact sport.  A school may not, however, adopt or adhere to requirements that rely 
on overly broad generalizations or stereotypes about the differences between transgender students and 
other students of the same sex (i.e., the same gender identity) or others’ discomfort with transgender 
students.  Title IX does not prohibit age-appropriate, tailored requirements based on sound, 
current, and research-based medical knowledge about the impact of the students’ 
participation on the competitive fairness or physical safety of the sport.   

Id. at 3 (emphasis added). The first and third sentences in the “Athletics” paragraph are original to the 
regulations.  The second or middle sentence is guidance developed by the administration concerning 
the application of the traditional rule to the transgender context. The administration’s position at least 
on the first and third points, but arguably also the second, was well-grounded in the legislative history 
as recognized over the years by the courts interpreting the statute and its regulations.  See, e.g., Kelley 
v. Bd. of Trs., 35 F.3d 265, 270 (7th Cir. 1994) (noting that “Congress itself recognized that addressing 
discrimination in athletics presented a unique set of problems not raised in areas such as employment 
and academics”).   
 74.  The difference between sport and restrooms is further detailed in Coleman, Sex in Sports, supra 
note 27, at nn.316–317 and accompanying text. 
 75.  Andrew Mytelka, Trump Administration Rescinds Obama-Era Guidance on Transgender Students, 
CHRON. OF HIGHER EDUC. (Feb. 22, 2017),   https://www.chronicle.com/blogs/ticker/trump-administrati 
on-rescinds-obama-era-guidance-on-transgender-students/117025. 
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Athletic Conference (CIAC) policy allowing unconditional inclusion of trans girls 
in girls competition violates Title IX.76 

Regardless of the Trump Administration’s motivation for taking up this 
complaint,77 as a doctrinal matter it is on sound footing.  Not only is the legal 
history of the sports exception to Title IX’s general nondiscrimination rule clear 
that it is focused on equality for females in relation to males, but it is also generally 
accepted that sex segregated sport is constitutional because of its grounding in the 
“inherent [biological] differences between men and women” and because its 
purposes are to “compensate” women (and girls) for past and ongoing sex-related 
discriminations, to “promote equal [sports] opportunity [between men and 
women],” and to “advance full development of [women’s and girls’] talent and 
capacities.”78 As we explore further below, if both “sex” and “gender identity” 
became the basis for eligibility for girls’ and women’s sport—or, as applied, if both 
girls’ and boys’ sport included both males and females—inherent differences 
would no longer be the rationale for separate sex sport, and the girls and women’s 
categories would no longer serve their equality and empowerment goals.  They 
would lose their constitutional grounding. 

II. THE SCIENTIFIC EVIDENCE SUPPORTING THE SPORTS EXCEPTION 
The disagreement among women and women’s groups in the 1970s about 

whether sex differences in athletic ability were merely stereotype or in fact 
inherent has long since been resolved. In 2008, Gina Kolata of The New York Times 
reported that “even though some scientists once predicted that women would 
eventually close the gender gap in elite performances—it was proposed that all 
they needed was more experience, better training and stronger coaching—that 
idea is . . . largely discredited, at least for Olympic events.”79 As we write this paper 
in 2020, it is clear that Kolata’s point is accurate across the board, at both the elite 
and non-elite levels of almost all standard sports and events. To say, as some 
advocacy groups do, that there is “no evidence”—or that it is “myth” and 

 
 76.  Dan Brechlin, Federal Office of Civil Rights Agrees to Investigate Connecticut’s High School 
Transgender Athlete Policy, HARTFORD COURANT (Aug. 8, 2019), https://www.courant.com/sports/high-
schools/hc-sp-high-school-connecticut-transgender-policy-20190808-20190808-
j5yfbovklvf4fjrir4ouybssj4-story.html. 
 77.  Mark Joseph Stern, Betsy DeVos May Force High Schools to Discriminate Against Trans Athletes, 
SLATE (Aug. 9, 2019), https://slate.com/news-and-politics/2019/08/trump-education-department-title-
ix-trans-athletes-discrimination.html (noting that this decision may be part of a broader anti-trans 
agenda). 
 78.  Coleman, Sex in Sport, supra note 27, at 67–70 (quoting United States v. Virginia, 518 U.S. 515, 
532 (1996)); see also Kelley v. Bd. of Trs., 35 F.3d 265, 272 (7th Cir. 1994) (upholding the constitutionality 
of the statute and regulations against an equal protection challenge on these grounds); Cohen v. Brown 
Univ., 991 F.2d 888, 900–01 (same). 
 79.  Gina Kolata, Men, Women and Speed. 2 Words: Got Testosterone?  N.Y. TIMES (Aug. 22, 2008), 
https://www.nytimes.com/2008/08/22/news/22iht-22testosterone.15533354.html; see also Robinson 
Meyer, We Thought Female Athletes Were Catching Up to Men, but They’re Not, ATLANTIC (Aug. 9, 2012), 
https://www.theatlantic.com/technology/archive/2012/08/we-thought-female-athletes-were-catching-
up-to-men-but-theyre-not/260927/. 

Case 2:21-cv-00316   Document 317-14   Filed 05/12/22   Page 20 of 67 PageID #: 21378



Prof. Coleman- FINAL PAGE PROOF 0305 (Do Not Delete) 3/6/2020  9:11 AM 

88 DUKE JOURNAL OF GENDER LAW & POLICY Volume 27:69 2020 

 

“outdated stereotype”—that males, including trans women and girls not on gender 
affirming hormones, are “better” in sport than females is simply to deny science.80 
 Sporting opportunities are not always identical, but there is now substantial 
parity in training and competition, especially at the elite level, and this has resulted 
in important performance gains for female athletes. But as the following figure by 
our co-author Mike Joyner tracking marathon performances illustrates, better 
training, better races, and more competitive opportunities throughout the world 
have resulted in gains for both sexes with a compressed time frame for women. 
 

 
Marathon World Record Progression 

 
 

  
The upshot is that today, depending on the sport and event, the gap between the 
best male and female performances remains somewhere between 7 to 25 percent; 
and even the best female is consistently surpassed by many elite and non-elite 
males, including both boys and men.81 If elite sport were co-ed or competition were 
open, even the best female would be rendered invisible by the sea of men and boys 

 
 80.  See, e.g., Medley & Sherwin, supra note 72 (using the terms “myth”, “stereotype” and the claim 
of “no research” to describe the biological evidence in this context); Emilie Kao, How Pelosi’s “Equality 
Act” Would Ruin Women’s Sport, HERITAGE FOUND. (Apr. 24, 2019), https://www.her 
itage.org/gender/commentary/how-pelosis-equality-act-would-ruin-womens-sports (quoting Sunu 
Chandy from the National Women’s Law Center using these ACLU talking points). 
 81.  For data comparing male and female performances in a number of events on the track, 
including the number of males (boys and men) who surpass the very best females, see, e.g., Doriane 
Lambelet Coleman &Wickliffe Shreve, Comparing Athletic Performances: The Best Elite Women to Boys and 
Men, DUKE CTR. FOR SPORTS LAW & POL’Y (2018), https://law.duke.edu/sites/default/files/cente 
rs/sportslaw/comparingathleticperformances.pdf. 
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who would surpass her.  As this next visual using the 400 meters on the track 
reflects, in percentage terms, the best female is bettered by relatively non-elite boys 
and men starting at 0.01 percent.82 Simulating the final 100 meters of that event, it 
shows three of the fastest ever females on their very best day, against the 
thousands of boys and men whose performances—just in the single year 2017—
would be competitive with or better than them in that final stretch. 
 

Comparing the Best Elite Females to Boys & Men: 
Personal Bests For 3 Female Gold Medalists vs 2017 Performances by Boys & Men 

 

  
 The same is true outside of the professional ranks in education-based sport, 
including in high school regular and post-season competition.  For example, in 
2016, Vashti Cunningham—the daughter of former NFL quarterback Randall 
Cunningham—set the high school American record in the high jump outdoors at 6 
feet, 4½ inches.  Since she joined the professional ranks, she has jumped 6 feet, 6¾ 
inches, and is ranked in the top ten in the world.83  Still, in just one year—2018— 
and just in the state of California, 50 high school boys jumped higher than her high 
school best. Nationwide, in 2019, 760 boys jumped higher.84 As the following 
figure simulating a high jump competition demonstrates, if high school sport were 
co-ed or competition were open, Cunningham would not have made it to her state 

 
 82.  Jeff Wald, Doriane Lambelet Coleman, Wickliffe Shreve & Richard Clark, Comparing the Best 
Elite Females to Boys and Men: Personal Bests for 3 Female Gold Medalists Versus 2017 Performances by Boys 
and Men, DUKE CTR. FOR SPORTS LAW & POL’Y (2018). 
 83.  Athlete Profile: Vashti Cunningham, WORLD ATHLETICS, https://www.iaaf.org/athletes/united-
states/vashti-cunningham-280887 (last visited Jan. 15, 2020). 
 84.  See 2019 High School Men’s High Jump Rankings, ATHLETIC.NET, https://www.athletic.net/Tra 
ckAndField/Division/Event.aspx?DivID=97967&Event=9&page=7. 
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meet, she would not be on the national team, and we would not know her name 
other than as a footnote on her father’s Wikipedia page.85 
 

High Jump: Best American Boys in 2019 
Compared to the Girls’ American Record 

 

It is perhaps more important for policy purposes that those girls who are only 
average high school athletes—for example, those who might just or occasionally 
win an invitational event or regional competition—would fare even worse.  
Indeed, a review of age-group performance data confirms what policymakers 
understood already in the 1970s: if sport were not sex segregated, most school-
aged females would be eliminated from competition in  the earliest rounds.86 The 
following chart illustrates this point, using California intra-state regional results 
from the 2019 outdoor season, where the best boy in the state jumped 7 feet, 0 
inches, and the best girl jumped 5 feet, 10 ½ inches.  The average differential was 
 
 85.  This figure by Jeff Wald is based on data from Athletics.net.  According to that database and 
that of the NAT’L FED’N OF STATE HIGH SCH. ATHLETIC ASS’NS, https://www.nfhs.org/RecordBook/ 
Record-book-result.aspx?CategoryId=1712 (last visited Jan. 28, 2020), only five other females residing 
and competing in the U.S. have jumped in this range:  Alyxandria Treasure (1.92 meters in 2017), 
Jeannelle Scheper (1.91 meters in 2016), Toni Young (1.93 meters in 2009), Amy Acuff (1.91 meters in 
1992), and Latrese Johnson (1.90 meters in 1985). 
 86.  See supra notes 44, 54–55 and accompanying text (discussing this concern as it arose in the 
original policymaking process).  See also E-mail from Michael J. Joyner, Caywood Professor of 
Anesthesiology and Perioperative Med., Mayo Clinic Sch. of Med., to Doriane Lambelet Coleman, 
Professor of Law, Duke Law Sch. (Oct. 6, 2019, 9:08 AM) (on file with authors) (“My younger boys 9 
and 7 are good swimmers and they are in mixed races and it is hit or miss boy or girl who wins.  The 
best swimmer in the club is a tall skinny 16-year-old girl who is getting recruited by good schools.  She 
has real ability.  She gets crushed by guys who will swim D3 if they choose to.”); Coleman, Sex in Sport, 
supra note 27, at n.173 (describing the experience in Massachusetts with boys at the girls’ state 
swimming championships). 

Case 2:21-cv-00316   Document 317-14   Filed 05/12/22   Page 23 of 67 PageID #: 21381



Prof. Coleman- FINAL PAGE PROOF 0305 (Do Not Delete) 3/6/2020  9:11 AM 

  RE-AFFIRMING THE VALUE OF THE SPORTS EXCEPTION 91 

 

approximately 12 inches. In percentage terms, across the state the performance gap 
ranged from 11.88 percent to 20.73 percent. 
 

2019 California Regional High Jump Results87 

The point that from puberty on, co-ed competition relegates most, if not all, 
females to being only participants in the game is easiest to prove in the case of 
sports with objective metrics, but “it is well-understood that a version of this story 
can be told across the board, almost no matter the event.”88 Indeed, the 
performance gap is so well-understood, and so abundantly documented in easily 
searchable databases, that it’s difficult to take seriously the claim that it is merely 

 
 87.  We developed this chart using data from the query “California High Jump Results,” in 
ATHLETIC.NET , https://www.athletic.net/ (last visited September 25, 2019). 
 88.  Coleman, Sex in Sport, supra note 27, at 91; Robinson Meyer, We Thought Female Athletes Were 
Catching Up to Men, but They’re Not, supra note 79.  

REGION  BEST BOY  BEST GIRL  % DIFFERENCE 

 Central   2.0828  1.778   14.63% 

 Central Coast   1.9812  1.6764   15.38% 

 Los Angeles   1.8796  1.5748   16.22% 

 North Coast   2.0828  1.651   20.73% 

 Northern   1.9558  1.6764  14.29% 

 Oakland   1.8034  1.4732  18.31% 

 Sac-Joaquin   2.032  1.73355  14.69% 

 San Diego   2.032  1.7907  11.88% 

 San Francisco   1.8288  1.4732  19.44% 

 Southern   2.1336  1.7399  18.45% 
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“myth” and “false stereotype.”89 Indeed, many on the sport and science side of the 
discussion have not bothered to try.90 

Beyond the data, the sex-specific biology underlying the performance gap is 
also well-studied and well documented.  Like other scientific fields that have 
focused on biological sex differences and that have come to recognize the extensive 
(beyond reproductive) reach of sex in the human body,91 sports science and related 
disciplines—e.g., cardiology, hematology, endocrinology—have advanced 
tremendously in their understanding of the bases for the sex differences in athletic 
performance.  What is clear from the evidence is that “the differences aren’t the 
result of boys and men having a male gender identity, more resources, better 
training or superior discipline. It’s because they have androgenized bodies.”92  
Specifically, scientists agree that “males and females are materially different with 
respect to the main physical attributes that contribute to athletic performance,” 
and that “the primary reason for sex differences in these attributes is exposure in 
gonadal males to much higher levels of testosterone (T) during growth and 
development (puberty), and throughout the athletic career.”93 

Before the onset of puberty, males and females produce similar, low levels of 
T, that is, on the order of 0.25 milligrams (mg) per day. But starting at puberty, 
male testes begin to produce much more than female ovaries and adrenal glands 
combined. On average, males (including elite male athletes) produce about 7 mg 
per day, and females (including elite female athletes) continue to produce about 
0.25 mg per day. The normal male range is from 7.7 to 29.4 nmol/L. The normal 

 
 89.  For example, domestic databases like Athletics.net provide not only national coverage but 
also regional, state, and local coverage that goes deep into college, high school, junior high school, and 
age group results.  And international databases run by the governing bodies do a version of the same 
on a global level. See supra notes 81–83 (providing data from the IAAF’s interactive database).  
Nevertheless, in this period the ACLU regularly insists that there is “no evidence” that males are better 
than females in sport.  And even the NWLC publicly repeats this “no evidence” claim and adds that 
all sex differences are “unfounded stereotype.” See supra note 80 and accompanying text (citing to these 
talking points).  It is only if one accepts their predicate that the category “women” includes males who 
identify as female—or, as they put it, “women who happen to be transgender”—that stereotype theory 
works in the sports space. See Coleman, Sex in Sport, supra note 27, at 105–106, 109–11 (describing and 
responding to these rhetorical claims as they relate to sport). Otherwise, their argument is either 
uneducated or convenient science denial.  See Doriane Coleman, Martina Navratilova & Sanya 
Richards-Ross, Pass the Equality Act but Don’t Abandon Title IX, WASH. POST (Apr. 29, 2019), 
https://www.washingtonpost.com/opinions/pass-the-equality-act-but-dont-abandontitleix/2019/04/29 
/2dae7e58-65ed-11e9-a1b6-b29b90efa879_story.html?noredirect=on.  
 90.  From statistics, for example, see, e.g., For Crying Out Loud 2019, Biology in Sports Matters, 
STATHOLE SPORTS (Apr. 18, 2019), http://statholesports.com/for-crying-out-loud-2019-biology-in-sport 
s-matters/. 
 91.  See EXPLORING THE BIOLOGICAL CONTRIBUTIONS, supra note 37 (IOM report examining the 
evolving study of sex differences and making the case that barriers to knowledge about sex differences 
must be eliminated). 
 92.  Coleman & Shreve, supra note 81. 
 93.  Various experts have recognized the impact of testosterone in athletic performance. The Role 
of Testosterone in Athletic Performance, DUKE CTR. FOR SPORTS LAW & POLICY (Jan. 2019) [hereinafter 
Testosterone in Athletic Performance] (emphasis added), https://law.duke.edu/sites/default/files/centers/ 
sportslaw/Experts_T_Statement_2019.pdf. 
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female range is from 0.06 to 1.68 nmol/L.94 In other words, as the following figure 
from Jonathon Senefeld and our co-author Michael Joyner shows, beginning at 
puberty, testosterone distributes bi-modally and males (whether they are trans or 
not) generally produce four to fifteen times more testosterone than females 
(whether they are trans or not). Female T readings are represented in red, male T 
readings in blue/purple. 
 

Nationally Representative Data for Total Testosterone 
for the U.S. Population Ages 6–35 Years95 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 94.  Females with polycystic ovaries (PCOS) may have levels upward of 4.8 nmol/L, and those 
with with untreated congenital adrenal hyperplasia (CAH) may have levels that are higher than that.  
But no healthy female, e.g., no elite athlete, has a natural T level above 5 nmol/L.  
 95.  Jonathon W. Senefeld & Michael J. Joyner (2019).  The data in the figure are from the National 
Health and Nutrition Examination Survey (NHANES), a study of health of random sample of children 
and adults in the United States. Using standard, validated clinical laboratory measurement tools 
(isotope dilution liquid chromatography tandem mass spectrometry) the NHANES laboratory 
precisely determined total testosterone of 4,229 girls/women and boys/men from ages 6 –35 years. 
These data are collected biennially to create a longstanding, National database of normative data.  Panel 
A demonstrates the distribution of total testosterone concentration in children age 6–18 for each year 
using a box-plot to show the 25th, 50th and 75th percentile scores of testosterone. The error bars 
represent 3 standard deviations (SD) from the mean testosterone, and all outliers (greater or lesser than 
3 SD from the mean) are marked using symbols. The girls (red colored box-plots and symbols) have a 
~10-fold increase in testosterone (~3 ng∙dL-1 to ~30 ng∙dL-1) that plateaus at 14 years. The boys (blue 
colored box-plots and symbols) have a substantially greater increase in testosterone than girls, an 
increase of over 100-fold (~4 ng∙dL-1 to ~450 ng∙dL-1) that begins to plateau at 16 years.  Testosterone 
concentrations are high and steady after age 18 (during years of peak endurance), and the distribution 
of testosterone for adults in this age range (19-35 years) are displayed in Panel B. This data set of over 
1,400 samples from men and women shows the distribution curves from 99 percent of the data, with 
upper and lower outliers (0.05 percent above and below the mean) removed. The narrow range of the 
distribution for normative values for women (10-60 ng∙dL-1) is much smaller than the large range of 
normative values for men (175-925 ng∙dL-1).  
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As the next two figures demonstrate, this different exposure literally builds 
the male body in the respects that matter for sport. Specifically, “compared to 
biological females, biological males have greater lean body mass (more skeletal 
muscle and less fat), larger hearts (both in absolute terms and scaled to lean body 
mass), higher cardiac outputs, larger hemoglobin mass, (also both in absolute 
terms and scaled to lean body mass), larger V�O2max (higher aerobic capacity) (also 
both in absolute terms and scaled to lean body mass), greater glycogen utilization, 
higher anaerobic capacity, and different economy of motion.”96 

The figure immediately below, from David Handelsman, shows that the 
emergence of the performance gap in running, jumping, and swimming tracks the 
rise in male T levels at puberty: 

 
Sex Differences in Athletic Performance Coinciding with the Onset of Male Puberty: 

Running, Jumping, and Swimming97 
 

  

 
 96.  Testosterone in Athletic Performance, supra note 93. 
 97.  This figure is part of a series that was published by David J. Handelsman et al., Circulating 
Testosterone as the Hormonal Basis of Sex Differences in Athletic Performance, 39 ENDOCRINE REVS. 803–29 
(2018), https://academic.oup.com/edrv/article/39/5/803/5052770/. 
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This final figure, from our co-author Michael Joyner and his colleague 
Jonathon Senefeld, homes in on the swimming line.  It confirms that pre-pubertal 
children of both sexes are competitive for the win in co-ed events, with females 
having some advantage in the six to eight-year-old age brackets. This—together 
with the requirement of sex-blind approaches when these do not undermine 
equality goals—is the basis for co-educational programming in elementary school 
and some age-group competitions.98 The figure also confirms that from the onset 
of physical puberty to late adolescence, the competitiveness of females decreases 
essentially to zero. This—together with the preference for sex conscious 
approaches when these are necessary to meet equality goals—is the basis for 
policies that separate males and females in athletic competition starting in middle 
school and beyond.99 

 
Sex Differences in Swimming Performance by Age100 

 
 98.  See generally WOMEN’S SPORT FOUND., ISSUES RELATED TO GIRLS AND BOYS COMPETING, supra 
note 54 (describing the circumstances in which it is appropriate legally and scientifically to provide for 
co-ed and sex segregated sports and physical activities). 
 99.  See id. (preferring co-ed sport until puberty). Swimming provides a particularly powerful 
example of the need for sex segregation in this context because the socio-cultural explanations for the 
performance gap are neutralized if not eliminated.  Women and girls have had significant competitive 
opportunities in swimming that preceded Title IX, more girls participate in USA swimming than boys, 
training is systematic, rigorous and mixed from an early age, and records are typically set under 
standardized conditions.  Additionally, swimmers typically come from resource rich homes where sex 
differences in nutrition or access to medical care are unlikely. 
 100.  Michael J. Joyner & Jonathon W. Senefeld, Sex Differences in Youth Elite Swimming, 14 PLOS 
ONE 5 (2019). The data in the figure are from the top five swimming performances of all-time by US 
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The State of Connecticut is illustrative. It explains the applicability of these 
science facts in the FAQs that accompany its public school health, fitness, and 
performance standards:101 

Why do some standards for boys and girls differ? 

Two factors must be taken into account when determining criterion-
referenced health standards: inherent physiologic differences between 
genders, and differences in health risks between genders. Due to physiologic 
and anatomic differences between the genders, there may be inherent 
performance differences between boys and girls for a specific fitness 
component. For example, differences in cardiac function and body 
composition between adolescent boys and adolescent girls result in 
adolescent boys, as a general rule, having a higher aerobic capacity than 
adolescent girls. Specifically, if the minimum V ̇O2max for healthy girls is 28 ml. 
kg-1. min-1 and for healthy boys, 32 ml. kg-1. min-1, setting the same standard 
for both on the One-Mile Run Test would not be appropriate. In the case of 
aerobic capacity, gender differences are taken into account, along with 
existing data on health risks, in order to determine the standards. In addition 
to physiologic differences, the two genders do not face the same health risks 
during their growth. To reflect these differentiated health risks, the standards 
are adjusted. 

Why are some standards for boys and girls the same? 

When there is no valid reason for expecting a difference in the performance 
between boys and girls, the standards are the same. For example, young 
children, particularly in Grades 1-6, do not always possess the physical and 
physiological differences that appear as children approach puberty (Falls & 
Pate, 1993). When this is true, the same standards may be used for both 
genders. 

Why are standards for aerobic endurance lower for girls than for boys? 

Inherent gender-related differences in body composition and in hemoglobin 
concentration cause aerobic capacity, referred to as VO2 max, for boys and 
girls who have the same level of physical activity, to be different. The 
differences prior to puberty are very small or nonexistent (for hemoglobin 

 
swimmers for each 1-year age group from age 5 to 18 years, a database maintained and verified by 
USA Swimming. These data are using long course, freestyle swimming performances. Panel A 
demonstrates the sex difference in swimming performance across age (5–18 years). The sex difference 
in negative (indicating faster performances by girls) until age 10 (no sex differences) and then the sex 
difference markedly increases (faster boys) with a plateau at age 17. This plateau at ~8.5 percent 
maintains steady until ~age 50. The black line is the mean sex difference, and the grey area is the 95 
percent confidence interval. Panel B demonstrates that similar trends were observed for each major 
freestyle swimming distance. Notably, the sex difference is largest in ‘sprint events’ (50, 100 and 200 
m) and smallest in ‘endurance events’ (400, 800 and 1,500 m).  Panel C is the legend for panel B. The y-
axis for panel C is sex difference (%). 
 101.  CONN. STATE DEP’T OF EDUC., CONNECTICUT PHYSICAL FITNESS ASSESSMENT: THIRD 
GENERATION 12–13 (2019–2020), https://portal.ct.gov/-/media/SDE/Phys-Ed/CPFA----Test-Administrat 
ors-Manual---2019.pdf?la=en. 
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concentration), but they increase during puberty and adolescence. These 
differences are linked in part to differences in the reproductive hormones. The 
lower VO2 max in girls compared to boys with the same physical activity level 
are not thought to be associated with increased health risk. The standards for 
boys and girls reflect the different levels of VO2 max that are associated with 
increased health risk in adults.102 

Notably, based on its interpretation of Connecticut anti-discrimination law, the 
Connecticut Interscholastic Athletics Conference (CIAC) has taken a position that 
is at odds with the state’s physical standards, that is, despite the science and 
related policy, it permits trans girls—whether or not they were on gender 
affirming hormones—to compete in girls’ events.103  As a result, in the three year 
period 2016 to 2019, two trans girls who would not have been successful, had they 
competed in the boys’ division, won fifteen individual state championships in the 
girls division.104 It is this set of facts that is the basis for the federal Title IX 
complaint that the United States Department of Education’s Office of Civil Rights 
is currently investigating.105 

Apart from testosterone, different sex-linked factors and processes also 
contribute to sex differences in athletic performance.  What this means is that even 
when trans women and girls use blockers and/or gender affirming hormones, male 
legacy advantages remain if their therapy begins only after the onset of puberty.106  
These include—among others—different muscle mass, bone density, and airway 
size.107  Legacy advantages are more or less pronounced, depending on the age at 

 
 102.  Id. 
 103.  See infra note 104 and accompanying text (summarizing the results of CIAC policy). 
 104.  In spring 2018, Terry Miller and Andraya Yearwood placed first and second at the 2018 Class 
M State Championship in the girls’ 100 meters with times of 11.77 and 12.22, respectively.  Miller broke 
the meet record of 12.16 that was set in 1995. 2018 CIAC Spring Championships: Class M Outdoor Track, 
CIAC TOURNAMENT CENT., https://content.ciacsports.com/ot18m.shtml (last visited Jan. 28, 2020). The 
top five finishers from the Class M meet go on to the State Open, which includes the top twenty-five 
athletes in the state.  Miller and Yearwood took 1st and 2nd place there too, with times of 11.72 and 
12.29 respectively. See 2018 CIAC Spring Championships: Open Outdoor Track, CIAC TOURNAMENT CENT.,  
https://content.ciacsports.com/ot18o.shtml  (last visited Jan. 28, 2020). Because they had only run 11.87 
and 12.28 going into the State Championships, and the boys’ qualifying time was 11.84, neither would 
have qualified for post-season competition had they been competing in the boys’ division.  The top six 
from the State Open represent Connecticut in the New England Championship, which Miller went on 
to win as well.  See 2018 New England High School Outdoor Track and Field Championships, 
RUNNERSPACE.COM, https://new-england-interscholastic-outdoor-championships.runnerspace.com/e 
profile.php?do=info&event_id=5773&year=2018 (last visited Jan. 28, 2020). 
 105.  See supra notes 76–77 and accompanying text (discussing this complaint). 
 106.  Among other related questions, whether male legacy advantages are offset by disadvantages 
associated with transition is the subject of ongoing inquiry, including by Joanna Harper and colleagues 
at the University of Loughborough. 
 107.  For an easy to follow description of sex differences in this category, see Yvonne van Dongen’s 
interview with physiologist Alison Heather, Even Before Birth, Genetic Building Blocks Are Giving Athletes 
Born Male a Massive Advantage Over Females, STUFF (July 21, 2019), https://www.stuff.co.nz/sport/other-
sports/114327152/even-before-birth-genetic-building-blocks-are-giving-athletes-born-male-a-massive-
advantage-over-females; see also, e.g., Paolo B. Dominelli  et al., Sex Differences in Large Conducting 
Airway Anatomy, J. APPLIED PHYSIOLOGY (1985). 
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which the person physically transitions, and Joanna Harper has cautioned that 
they may be offset by the disadvantages associated with taking exogenous 
hormones and performing in a male frame with female T levels.108  Finally, legacy 
advantages are more or less relevant to performance depending on the sport and 
event.  The latter is why, for example, track and field has taken the position that 
winding down testosterone levels is an acceptable compromise, but power lifting 
has not.109 

In contrast, despite the frequent contrary assertion from advocates for 
unconditional transgender inclusion, there is no evidence that other physical 
traits—such as height, wingspan, muscle fiber type, or lactic acid processing 
ability, among others—are similarly determinative of outcomes in sport.110  As our 
co-author Doriane Coleman has written elsewhere, 

[t]here is no characteristic that matters more than testes and testosterone. Pick your 
body part, your geography, and your socioeconomic status and do your 
comparative homework. Starting in puberty there will always be boys who can 
beat the best girls and men who can beat the best women. 

Because of this, without a women’s category based on sex, or at least these sex-
linked traits, girls and women would not have the chance they have now to 
develop their athletic talents and reap the many benefits of participating and 
winning in sports and competition.111 

Indeed, even scientists Ross Tucker and Eric Vilain, who are on record in support 
of gender inclusive policies, have acknowledged that this is why “we separate men 
and women into categories . . . we want women to be able to win some 
competitions;”112 and, “[w]ithout a women’s category” based on sex-linked traits, 
“elite sport would be exclusively male.”113  Because the traits that account for the 
performance gap are in play starting at the onset of male puberty, the same would 
be true of non-elite, education-based sport. To paraphrase them both, without a 
girls’ category based on sex, or at least on sex-linked traits, education-based 

 
 108.  Katherine Kornei, This Scientist is Racing to Discover How Gender Transitions Alter Athletic 
Performance—Including Her Own, SCI. MAG. (July 25, 2018, 9:00 AM), https://www.sciencemag. 
org/news/2018/07/scientist-racing-discover-how-gender-transitions-alterathletic-performance-
including. 
 109.  Compare WORLD ATHLETICS ELIGIBILITY REGULATIONS FOR TRANSGENDER ATHLETES, WORLD 
ATHLETICS, http://www.athletics.org.tw/Upload/Web_Page/WA/Eligibility%20Regulations%20for%20 
Transgender%20Athletes,%20.pdf, with USA POWERLIFTING TUE COMMITTEE REPORT 2019, USA 
POWERLIFTING,https://www.usapowerlifting.com/wp-content/uploads/2019/05/USA-Powerllifting-TU 
E-Committee-Report-2019.pdf.  
 110.  See Testosterone in Athletic Performance, supra note 93 (“No other endogenous physical or 
physiological factors have been identified as contributing substantially and predominantly to [sex] 
differences [in athletic performance].”). 
 111.  Doriane Lambelet Coleman, Sex, Sport, and Why Track and Field’s New Rules on Intersex Athletes 
are Essential, N.Y. TIMES (Apr. 30, 2018), https://www.nytimes.com/2018/04/30/sports/track-gender-
rules.html. 
 112.  Coleman, Sex in Sport, supra note 27, at 91 (quoting Eric Vilain). 
 113.  Id. at 86 (quoting Ross Tucker). 
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competitive sport would be mostly, if not exclusively, male.  And so, if we want 
females to win some competitions, we need to separate them.114 

III.  REAFFIRMING THE MISSION  
IN LIGHT OF THE CHALLENGE FROM THE IDENTITY MOVEMENT 

As we show in Parts I and II, the question presented by advocates for 
unconditional inclusion of transgender athletes in girls and women’s sport is not 
whether there is a difference between the male body and the female body that 
justifies current Title IX policy; nor is it whether that policy supports sex 
segregation in this arena. Rather, the question is the normative one whether, in 
light of new attention to and growing knowledge about differences of sex 
development and gender incongruence, we are and should remain committed to 
equality for females in relation to males in the education-based sports space.  
Specifically, is that aspect of the idea revolution that was equality for females still 
viable, or should we be moving on to a new one that rejects the original focus on 
sex so that we can be inclusive of individuals who are gender diverse? 

The voices with the megaphone at the moment prioritize this new and 
different revolution;115 but in fact, feminists are split on this issue, as are 
transgender people whether or not they are also feminists.116 In this respect, the 
dispute is as much “in the family”117 as it is among traditional political 
opponents.118  Biological sex, sex equality, and sport are matters that mean a lot to 
 
 114.  None of this is new to gym teachers and secondary school coaches, who have long used sex 
specific performance charts both to assess physical health and development and to sort students for 
competitive games and teams.  See supra notes 101–102 and accompanying text (setting out the State of 
Connecticut’s standards). Nor is it new to the military, which similarly uses sex specific standards for 
initial inclusion into the armed services and for fitness reviews, and sex neutral standards in 
circumstances where operational needs outweigh inclusion and equality concerns. See generally 
KAMARCK, supra note 50. 
 115.  See infra text and accompanying notes 177–190 (discussing the public positions taken by, 
among other organizations, the ACLU, the National Women’s Law Center, and the Women’s Sports 
Foundation). 
 116.  Compare  Shasta Darlington, Transgender Volleyball Star in Brazil Eyes Olympics and Stirs Debate, 
N. Y. TIMES (Mar. 17, 2018), https://www.nytimes.com/2018/03/17/world/americas/brazil-transgender-
volleyball-tifanny-abreu.html (including the views of Joanna Harper and Tifany Abreu), with Scott 
Gleeson & Erik Brady, These Transgender Cyclists Have Olympian Disagreements on How to Define Fairness, 
USA TODAY (Jan. 11, 2011), https://www.usatoday.com/story/sports/olympics/2018/01/11/these-
transgender-cyclists-have-olympian-disagreement-how-define-fairness/995434001/ (comparing the 
views of Rachel McKinnon with those of some of her female competitors). 
 117.  See, e.g., Coleman, Navratilova, & Richards-Ross, supra note 89; Doriane Coleman, Who Is a 
“Woman” in Sport, VOLOKH CONSPIRACY  (Mar. 11, 2019, 8:02 AM), https://reason.com/2019/03/11/who-
is-a-woman-in-sport/; Dave Zirin, Martina Navratilova is Expelled From an LGBTQ Advocacy Group Over 
Transphobia Accusations, NATION (Feb. 25, 2019), https://www.thenation.com/article/martina-navratil 
ova-athlete-ally-transphobia/. 
 118.  See, e.g., Andrea Jones & Clare Hepler, Males Don’t Belong in Women’s Sports—Even If They 
Don’t Always Win, HERITAGE FOUND. (Nov. 27, 2019), https://www.heritage.org/gender/ 
commentary/males-dont-belong-womens-sports-even-if-they-dont-always-win (one of a series of 
commentaries on the subject by the foundation); Megan,  supra note 44 (reporting on filing of a Title IX 
complaint by the Alliance Defending Freedom). 

Case 2:21-cv-00316   Document 317-14   Filed 05/12/22   Page 32 of 67 PageID #: 21390



Prof. Coleman- FINAL PAGE PROOF 0305 (Do Not Delete) 3/6/2020  9:11 AM 

100 DUKE JOURNAL OF GENDER LAW & POLICY Volume 27:69 2020 

 

many people regardless of politics, and so many people are interested in the 
conversation. 

In this final part of the paper, we set out what we see as the most persuasive 
arguments on both sides of this debate, and we offer a proposal for policy reform 
that would simultaneously secure Title IX’s existing commitment to sex equality 
and make clear policymakers’ authority to develop approaches to the inclusion of 
gender diverse students in education-based sport that do not undermine that 
commitment. 

A. The Affirmative Case for Sex Equality in Sport 

As we see it, the most persuasive argument for sex equality in sport, 
including in competitive education-based sport, is the following: 

Equality for females is a broadly-held commitment and a high value social 
good.  Extending this commitment to education-based sport is part and parcel of 
securing this value for the individual females who are directly involved, for 
related stakeholders, and for society more generally.  Because of biological 
(“inherent”) differences between males and females, this value cannot be achieved 
if teams and events are not separated by sex.  And, because of the way equal 
protection doctrine has evolved, there is likely no different—other than sex-
based—rationale for segregated sport that is likely to survive constitutional 
scrutiny: if the classifications “girls’ sport” and “women’s sport” were based on 
gender identity rather than sex, they would be difficult if not impossible to sustain.  
Thus, for both biological and legal reasons, unless society is prepared to forego the 
benefits that flow from girls’ and women’s sport, the classification must continue 
to be based on sex, or at least on reproductive sex-linked traits. 

1. Sex Equality is a High-Value Social Good 

Both sex equality in general and empowering females in particular are 
societal priorities.  For example, here using the word “gender” as a synonym for 
“sex” the United Nations Population Fund explains that: 

Gender equality is intrinsically linked to sustainable development and is vital to 
the realization of human rights for all. The overall objective of gender equality is a 
society in which women and men enjoy the same opportunities, rights and 
obligations in all spheres of life. Equality between men and women exists when 
both sexes are able to share equally in the distribution of power and influence; 
have equal opportunities for financial independence through work or through 
setting up businesses; enjoy equal access to education and the opportunity to 
develop personal ambitions, interests and talents; share responsibility for the 
home and children and are completely free from coercion, intimidation and 
gender-based violence both at work and at home. 

Within the context of population and development programmes, gender equality 
is critical because it will enable women and men to make decisions that impact 
more positively on their own sexual and reproductive health as well as that of their 
spouses and families. Decision-making with regard to such issues as age at 
marriage, timing of births, use of contraception, and recourse to harmful practices 
(such as female genital cutting) stands to be improved with the achievement of 
gender equality. 
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However it is important to acknowledge that where gender inequality exists, it is 
generally women who are excluded or disadvantaged in relation to decision-
making and access to economic and social resources. Therefore a critical aspect of 
promoting gender equality is the empowerment of women, with a focus on 
identifying and redressing power imbalances and giving women more autonomy 
to manage their own lives. This would enable them to make decisions and take 
actions to achieve and maintain their own reproductive and sexual health. Gender 
equality and women’s empowerment do not mean that men and women become 
the same; only that access to opportunities and life changes is neither dependent 
on, nor constrained by, their sex.119 

That males and females are physically different in relevant ways, and that 
females are routinely subject to discrimination because of their distinct physical 
characteristics, explains the UN’s commitment to an equality toolbox that includes 
sex affirmative measures, that is, measures that “see” sex or that are not “sex 
blind.”  It is understood that such measures can be effective in ways that sex 
neutral measures are not: 120 

Taking gender concerns into account when designing and implementing 
population and development programmes therefore is important for two reasons. 
First, there are differences between the roles of men and women, differences that 
demand different approaches. Second, there is systemic inequality between men 
and women. Universally, there are clear patterns of women’s inferior access to 
resources and opportunities. Moreover, women are systematically under-
represented in decision-making processes that shape their societies and their own 
lives. This pattern of inequality is a constraint to the progress of any society 
because it limits the opportunities of one-half of its population. When women are 
constrained from reaching their full potential, that potential is lost to society as a 
whole. Programme design and implementation should endeavour to address 
either or both of these factors.121 

These principles are codified at the international level in, for example, the UN 
Convention on the Elimination of Discrimination Against Women, and in 
European Union law.122 

The goal to “[de]limit the opportunities of one-half of [the] population,” as 
well as the utility of sex conscious approaches to achieving it, have been embraced 
in the domestic context as well.  In the United States, both the means and the ends 
are supported by a constitutional standard that recognizes the fact of sex 
differences and the distinction between sex and sex stereotype. The now-classic 

 
 119.  Frequently Asked Questions About Gender Equality (FAQS), UNITED NATIONS POPULATION FUND, 
https://www.unfpa.org/resources/frequently-asked-questions-about-gender-equality (last visited Jan. 
28, 2020) [hereinafter Gender Equality FAQs] . 
 120.  Mona Lena Krook & Diana Z. O’Brien, The Politics of Group Representation: Quotas for Women 
and Minorities Worldwide, 42 COMP. POL. 253 (2010); Stephanie M. Wildman, Affirmative Action: Necessary 
for Equality for All Women, 12 BERKELEY LA RAZA L.J. 429 (2000); Laurel Wamsley, California Becomes 1st 
State To Require Women On Corporate Boards, NPR (Oct. 1, 2018), https://www.npr.org/2018/10/01/6533 
18005/california-becomes-1st-state-to-require-women-on-corporate-boards. 
 121.  Gender Equality FAQs, supra note 119. 
 122.  See Coleman, Sex in Sport, supra note 27, at 68, n.17. 
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articulation of this standard comes from Justice Ruth Bader Ginsburg’s majority 
opinion in United States v. Virginia:123   

While the law cannot “rely on overbroad generalizations about the different 
talents, capacities, or preferences of males and females,” it “does not make sex a 
proscribed classification.”124 Indeed, it recognizes that “[p]hysical differences 
between men and women . . . are enduring” and that these “‘[i]nherent differences’ 
. . . remain a cause for celebration, but not for denigration of the members of either 
sex or for artificial constraints on an individual’s opportunity.”125 As applied, this 
means is that “[s]ex classifications may be used to compensate women ‘for 
particular economic disabilities [they have] suffered,’ to ‘promot[e] equal 
employment opportunity,’ [and] to advance full development of the talent and 
capacities of our Nation’s people”;126 but, they may not be used to “den[y] to 
women, simply because they are women, full citizenship stature—equal 
opportunity to aspire, achieve, participate in and contribute to society based on 
their individual talents and capacities.”127 

2. Sex Equality in Sport is a High-Value Social Good 

Sport is one of the areas in which the sex equality project has particularly 
thrived.  The goals of competitive sport are “to showcase the best athletes, to 
produce related goods for stakeholders, and to use sport as a means to spread 
certain values throughout society.  In all three respects, sport seek specifically to 
reverse society’s traditional subordination of women by providing them with 
opportunities for equal treatment and empowerment.”128 

The Olympic Movement supports sex equality in international sport by 
setting aside separate competitive opportunities for males and for females.  For 
example: 

FIFA sponsors a football (soccer) World Cup for men and a World Cup for 
women so that both sexes have the chance to field teams, to experience high level 
international competition, and to be regional and world champions in the sport.  
Through the production of its various events, FIFA is able to promote the sport 
and to express its emerging commitment to sex equality—or at least to the value 
of showcasing empowered females.129  FIFA President Gianni Infantino explained 
the impact of the 2019 World Cup on the organization this way: 

 
 123.  U.S. v. Virginia, 518 U.S. 533 (1996). 
 124.  Id. at 533 (emphasis added). 
 125.  Id. (distinguishing the “[s]upposed ‘inherent differences’” between the races and national 
orgins and adding that “‘the two sexes are not fungible; a community made up exclusively of one [sex] 
is different from a community composed of both’”).  See also id. at 532 (“Without equating gender 
classifications, for all purposes, to classifications based on race or national origin, the Court . . . has 
carefully inspected official action that closes the door or denies opportunity to women (or to men).”). 
 126.  Id. at 533 (emphasis added). 
 127.  Id. at 516 (emphasis added). 
 128.  Coleman, Sex in Sport, supra note 27, at 85. 
 129.  FIFA Women’s World Cup France 2019 Watched by More Than 1 Billion, FIFA.COM (Oct. 18, 2019), 
https://www.fifa.com/womensworldcup/news/fifa-women-s-world-cup-2019tm-watched-by-moretha 
n-1-billion [hereinafter FIFA Women’s World Cup France 2019]. See Andreas Themistokleous, The Need 
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More than a sporting event, the FIFA Women’s World Cup 2019 was a cultural 
phenomenon attracting more media attention than ever before and providing a 
platform for women’s football to flourish in the spotlight. The fact that we broke 
the 1 billion target just shows the pulling power of the women’s game and the fact 
that, if we promote and broadcast world-class football widely, whether it’s played 
by men or women, the fans will always want to watch[.]130 

The official blog of the U.S. Department of State added that: 

Every four years, the FIFA Women’s World Cup brings the participation and 
empowerment of women through sports to the international stage and reminds us 
of the essential contributions of women to societies around the world. From the 
first tournament held in China twenty eight years ago to France today, the arena 
of the Women’s World Cup not only continues to inspire, but also demonstrates 
the progress that has been made through the leadership of female athletes, role 
models and their supporters on gender equality.  A key priority for the State 
Department is to support women and girls’ empowerment across economic, 
political, and social spheres.  One of the ways we achieve this is through sports 
diplomacy . . . as the U.S. Women’s National Team holds the Women’s World Cup 
Champion title, the positive impacts of Title IX continue to be felt at home and 
abroad.131 

Toward these same combined ends, the sport of athletics (track and field) has 
men and women competing separately but at the same event in all of the same 
disciplines and arenas.132  From the international federation—formerly the IAAF 
now World Athletics—pay is also equal.  For example, a world record at the World 
Championships is compensated at the rate of $100,000, whether it is set by a male 
or a female.133  At the 2019 World Championships, Dalilah Muhammad was the 

 
for Female Role Models in Sport, MONEY SMART ATHLETE BLOG (Mar. 13, 2019), http://moneysmart 
athlete.com/2019/03/13/the-need-for-female-role-models-in-sports/ (discussing research on the broader 
effects of seeing strong female athletes and of the related Irish campaign, “If she can’t see it, she can’t 
be it”). 
 130.  FIFA Women’s World Cup France 2019, supra note 129.   
 131.  Erin Brown, The 2019 FIFA Women’s World Cup: A Women’s Team That Dares To Shine, DIPNOTE: 
U.S. DEP’T OF STATE OFFICIAL BLOG (July 8, 2019), https://blogs.state.gov/stories/2019/07/08/en/2019-
fifa-women-s-world-cup-women-s-team-dares-shine. 
 132.  Eddie Pells & Pat Graham, Felix, Other Top Stars, Fight Track’s Pregnancy Penalty, ASSOCIATED 
PRESS (Sept. 28, 2019), https://www.apnews.com/80b9e2db9a614cef99fadc5f7f0f8902 (noting that some 
sponsors have subjected female track and field athletes to a “pregnancy penalty”, but that exposure in 
competition is equal because “Diamond League meets have just as many female events as male events” 
and because “[t]he women’s side of the sport has long produced as much talent and star power as the 
men”). See also Peter Bodo, Follow the Money: How the Pay Gap in Grand Slam Tennis Finally Closed, 
ESPN.COM (Sept. 6, 2018), https://www.espn.com/tennis/story/_/id/24599816/us-open-follow-money-
how-pay-gap-grand-slam-tennis-closed (noting that while pay is not equal across all tennis events, “the 
equivalent prize money that men and women receive at Grand Slam events still puts tennis ahead of 
other leagues and associations in terms of equality”). 
 133.  See, e.g., Press Release, IAAF, TDK and QNB to Support World Record Program in Doha (Sept. 
17, 2019), https://www.iaaf.org/news/press-release/world-championships-doha-2019-record-program 
m.  In 2019 in Doha, Dalilah Muhammad of Team USA and Team USA’s mixed 4x400m relay were 
paid under this program, which has been the IAAF standard since the 2009. See IAAF $100,000 IAAF 
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only individual athlete to earn the bonus, for her world record in the women’s 400 
meters hurdles;134 and for her extraordinary achievements she was subsequently 
celebrated, alongside Eliud Kipchoge, who broke the two-hour barrier in the 
marathon, as the sport’s Athlete of the Year.135 

Sex equality in international sport remains an aspiration, not a perfected goal.  
There is no doubt, however, that we have come a long way toward parity in this 
setting even as it remains elusive in different institutional contexts.  In important 
part, this is because the sex affirmative measures in use in sport—including sex 
segregation and a quota system which ensure an equal number of spots on teams, 
in finals, and on podiums—have not been embraced elsewhere. 

Females have most of the same matching opportunities domestically that 
exist internationally, not only to participate but also to make those teams, finals, 
and podiums; but here, as the State Department’s statement following Team USA’s 
victory in the FIFA Women’s World Cup suggests, this is primarily the result of 
Title IX’s equality mandate.136 In the United States, most sport and athlete 
development, and most competitions, take place under the auspices of secondary 
and post-secondary educational institutions and affiliated sports organizations.  
This includes state interscholastic athletic associations and the NCAA. These 
institutions and organizations embrace sex equality not only because they have to 
as recipients of federal funds and actors in interstate commerce, but also because 
they understand the important social value that is created when opportunities for 
participation and competition are distributed not only to boys and men but also to 
women and girls. The set of synergistic goods that flow from sport to individual, 
institutional, and community stakeholders is believed to be worth the investment. 

Thus, starting in high school if not already in middle school, educational 
institutions and affiliated organizations support separate local, state, regional, and 
national competitions for males and females which are designed—like elite 
sport—to isolate and celebrate the champions. They also support a combination of 
co-ed and sex-segregated opportunities for participation, the latter as pathways to 
developing competitive athletes and to inculcating the values of fitness and 
athleticism for lifelong health and wellness. The opportunity to be engaged in 
competitive sport in particular—regardless of the level at which the competition 
occurs—is understood to impart additional socially valuable traits including 
teamwork, sportsmanship, and leadership, as well as individually valuable traits 
including goal setting, time management, perseverance, discipline, and grit.137 

 
World Record Programme Supported by TDK and Toyota – Berlin 2009, WORLD ATHLETICS (Aug. 12, 2009), 
https://www.iaaf.org/news/news/100000-iaaf-world-record-programme-supported. 
 134.  Scott Cacciola, Dalilah Muhammad Breaks Her Own World Record in the 400-Meter Hurdles, N.Y. 
TIMES (Oct. 4, 2019), https://www.nytimes.com/2019/10/04/sports/dalilah-muhammad-world-record-
hurdles.html. 
 135.  OlympicTalk, Dalilah Muhammad, Eliud Kipchoge Named World Athletes of the Year, NBC SPORTS 
(Nov. 23, 2019, 3:43 PM), https://olympics.nbcsports.com/2019/11/23/eliud-kipchoge-dalilah-muhamm 
ad-world-athletics-athlete-year/.  
 136.  See supra note 131 and accompanying text (quoting that statement). 
 137.  Coleman, Sex in Sport, supra note 27, at 95–96. 
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As in the international context, opportunities for participation and 
competition are still not equal;138 and compared to boys, girls have 
“disproportionate drop-out rates . . . which [are] heightened as girls transition 
from childhood to early adolescence.”139 Nonetheless, because of Title IX and its 
sports exception, it is no longer just boys and men who have the opportunity to 
experience the sense of strength and power—both physical and mental—that 
comes from consistent training and competition; the proverbial “thrill of victory” 
and “agony of defeat”; the notion of failure as opportunity; and those “fourth and 
goal” high intensity, high impact moments when the team is counting on the 
individual to be at their best not only for themselves but also for the collective 
endeavor.  Because of Title IX and its sports exception, it is no longer just boys and 
men who experience being celebrated as champions in their communities, who are 
recruited to compete in college, and who provide the optics necessary for those 
who look like them and come from their circumstances realistically to dream of 
following in their footsteps.  The latter point about optics is controversial in some 
circles because it is focused on the female phenotype.140 But as the pervasive 

 
 138.  Congress continues to require institutions to produce an annual accounting of their efforts 
toward Title IX’s equality mandate.  See supra notes 64 and 68 and accompanying text (discussing the 
Equity in Athletics Disclosure Act).  And, litigation is ongoing to ensure that they are held accountable 
also at the local level.  See, e.g., Portz v. St. Cloud State Univ., No. CV 16-1115 (JRT/LIB), 2019 WL 
6727122 (D. Minn. Dec. 11, 2019) (denying defendants’ motion to stay injunction requiring schools to 
“take immediate steps to provide its female students with an equitable opportunity to participate in 
varsity intercollegiate athletics and with an equitable athletic-related treatment and benefits at every 
tier of its athletic department”; injunction was based on a finding that the schools “did not comply with 
Title IX in its allocation of athletic participation opportunities and treatment and benefits and had not 
since at least 2014); Robb v. Lock Haven Univ. of Pa., No. 4:17-CV-00964, 2019 WL 2005636 (M.D. Pa. 
May 7, 2019) (denying summary judgment because facts are in dispute on the issue whether the 
university’s plans to eliminate its women’s varsity swim team and demote its women’s varsity field 
hockey team from Division I to Division II discriminated against female student athletes in violation of 
Title IX’s requirement that schools provide “equivalently advanced competitive opportunities”); D.M. 
by Bao Xiong v. Minn. State High Sch. League, 335 F. Supp. 3d 1136, 1139–40 (D. Minn. 2018), rev’d and 
remanded, 917 F.3d 994 (8th Cir. 2019) (rejecting boy’s challenge to girls’-only competitive dance team 
on the grounds that the exclusion is designed to delimit competitive opportunities for girls in state’s 
high school sports space: “[I]t is not unfair discriminatory practice to restrict membership on an athletic 
team to participants of one sex whose overall athletic opportunities have previously been limited”). 
 139.  NICOLE ZARRETT, ET AL., WOMEN’S SPORTS FOUND., COACHING THROUGH A GENDER LENS: 
MAXIMIZING GIRLS’ PLAY AND POTENTIAL, EXECUTIVE SUMMARY 1 (2019), http://www.womensspo 
rtsfoundation.org/wp-content/uploads/2019/04/coaching-through-a-gender-lens-executive-summary-
web-1.pdf ; Laura Mallonee, The Importance of Photographing Women in Sports, WIRED (June 26, 2019, 4:56 
PM), https://www.wired.com/story/female-hockey-players-photo-gallery/ (“By age 14, girls drop out 
of sports at a rate nearly twice that of boys, due to lack of access, social stigma, and other inequities.”). 
 140.  See Coleman, Sex in Sport, supra note 27, at 91–93 (discussing the controversy over the optics 
of the female body). 
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mantra “If she can’t see it, she can’t be it” suggests,141 it is both well-studied and 
widely-embraced.142 

Finally, it is because of Title IX and its sports exception—together with the 
fight that Title IX advocates have put to those who would impede the project—
that we have now experienced four generations of empowered little girls 
becoming empowered women.  According to Donna de Varona and Beth Brooke-
Marciniak, “Girls who play sport stay in school longer, suffer fewer health 
problems, enter the labor force at higher rates, and are more likely to land better 
jobs. They are also more likely to lead.  [Ernst & Young] research shows stunningly 
that 94% percent of women C-Suite executives today played sport, and over half 
played at a university level.”143 Although we have not been able to verify their 
particular numbers,144 and education-based sport is certainly not the only path to 
 
 141.  See, e.g., Themistokleous, supra note 129 (discussing the use of this phrase by the Federation 
of Irish Sport); Melody Glenn, If She Can’t See It, She Can’t Be It: Part 1, FEMINEM (May 25, 2017), 
https://feminem.org/2017/05/25/cant-see-cant-part-1/ (using this phrase in support of female role 
models in emergency medicine).  The phrase is a variant of others such as “you can’t be what you can’t 
see” that have also been applied to the cause of women’s equality and the use of female role models in 
that context.  See, e.g., Tasnuva Bindi, If You Can’t See It, You Can’t Be It: Female Founders Crushing 
Stereotypes, STARTUP DAILY (May 13, 2014), https://www.startupdaily.net/2014/05/cant-see-cant/ (using 
this phrase in support of female role models in business, tech, and politics). 
 142.  It is beyond legitimate dispute that role models are effective when their observable 
characteristics and trajectories are relevant to the aspirant. This is why, for example, we say that girls 
need to see women in positions of authority and that children of color need to see people of color in 
those same positions. What we can see—the optics—matter.  And the point of reference is the viewer 
or aspirant, not the individual who would self-identify as a role model. See Coleman, Sex in Sport, supra 
note 27, at n.256; ZARRETT, ET AL., supra note 139, at 3 (listing “female coaches” as one of the things that 
can encourage girls to stay engaged in sport once they have chosen to participate: “Girls more readily 
identify with and see a female coach as a mentor and role  model, which in turn, can help counter 
stereotypes and boost girls’ confidence, self-efficacy, and sense of belonging.”). See also Coleman, 
Semenya and ASA v. IAAF, supra note 49 (“It is well understood that the empowerment effects of [sex 
segregated female sport] are different from those that result from seeing men compete together, and 
also different from seeing open competition among men and women.”). 
 143.  Beth A. Brooke-Marciniak & Donna de Varona, Amazing Things Happen When You Give Female 
Athletes the Same Funding as Men, WORLD ECON. FORUM (Aug. 25, 2016), https://www.weforum.org/ 
agenda/2016/08/sustaining-the-olympic-legacy-women-sports-and-public-policy/. 
 144.  See also Rebecca Hinds, The 1 Trait 94 Percent of C-Suite Women Share (And How to Get It), INC. 
MAG. (Feb. 8, 2018), https://www.inc.com/rebecca-hinds/the-1-trait-94-percent-of-c-suite-women-sha 
re-and-how-to-get-it.html (citing these EY statistics and noting that being “former or current athletes” 
is “a trait that Meg Whitman, Indra Noovi, Marissa Mayer, and many other top female executives 
possess”); Monica Miller, 4 Female C-Suite Executives Who Played College Sports, NCAA AFTER THE GAME 
(Mar. 8, 2018), http://www.ncaa.org/student-athletes/former-student-athlete/4-female-c-suite-executiv 
es-who-played-college-sports (noting that being a former athlete is a characteristic top female 
executives share); Valentina Zarya, What Do 65% of the Most Powerful Women Have in Common? Sports, 
FORTUNE (Sept. 22, 2017), https://fortune.com/2017/09/22/powerful-women-business-sports/ (same).  
We were especially interested in the study design that resulted in the 94 percent figure and so sought 
to establish how the company that ran the survey—Longitude—identified its recipients.  A 
representative from the company explained that “[a]t the time of recruiting for a particular study, our 
vendors reach out to the general survey audience and screen respondents according to the survey 
requirements.  Due to the nature of our work, we therefore deploy purposive sampling methods where 
we purposely target a specific type of audience to eventually qualify the right people.”  E-mail from 
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the C-Suite,145 its multiple health, welfare, competence, and confidence effects have 
been well-understood for decades.146 Indeed, as the award-winning sports reporter 
Christine Brennan offered in the wake of Team USA’s victory at the 2019 FIFA 
Women’s World Cup: 

This is a watershed moment.  The 1999 U.S. Women’s World Cup victory was a 
revelation. Back then, the nation fell in love with what it created with Title IX.  But 
this, the 2019 U.S. Women’s World Cup victory—this is an affirmation. This is the 
nation saying, ‘We want to see more of this.’ We’ve been watching these little girls 
running to practice every day in our neighborhoods for a couple of decades. They 
grow up and this is what happens. They become strong, powerful, fearless women 
who can do anything. The success of the 2019 U.S. soccer team is set against the 
backdrop of more than 100 women in Congress and 25 women in the Senate. This 
is that conversation, #MeToo, women speaking out, equal pay, it’s all wrapped in 
one.147 

The women on this and other teams stand on the shoulders of their predecessors 
and all of them started in school.148 

3. Sex Segregation is Necessary to Protect This Good 

If schools could not “carve out an exclusive [girls’ and] women’s category 
defined by sex, females and their associates would be excluded from the most 
important of the[] benefits” that flow from participation in competitive sport.149  
As we explain in Part II, this is because females as a group are not competitive 
with males as a group beginning from the onset of male puberty. Starting then, 

 
Ali Syed, Research Operations Manager, Longitude to Eugene Volokh, Gary T. Shchwartz, 
Distinguished Professor of Law, UCLA Law Sch. (May 20, 2019, 8:40 AM) (on file with authors).  We 
were not provided with further detail about how the company’s purposive approach may have 
influenced who received and responded to the survey.  The approach may have caused the number to 
be higher than it would have been otherwise. 
 145.  Sport is one way that individuals can gain the set of traits that are commonly associated with 
success.  It is ultimately that set of traits that is valuable to employers.  See, e.g., Christina DesMarais, 7 
Reasons Athletes Make the Best Employees, INC. MAG. (Nov. 22, 2017), https://www.inc.com/christina-
desmarais/heres-why-kids-who-play-sports-do-better-in-life.html?cid=search (describing the traits are 
commonly associated with athleticism); Coleman, Sex in Sport, supra note 27, at 96 (noting that the traits 
athletes develop “are socially valuable in part because they are highly transferrable . . . which is why 
‘executives like to hire athletes’”); Nanette Fondas, Research: More Than Half of Top Female Execs Were 
College Athletes, HARV. BUS. REV. (Oct. 9, 2014), https://hbr.org/2014/10/research-more-than-half-of-fem 
ale-execs-were-college-athletes (same). 
 146.  See Coleman, Sex in Sport, supra note 27, at 95–96; Donna Lopiano, Modern History of Women in 
Sports: Twenty-five Years of Title IX, 19 CLIN. SPORTS MED. 163, 163–73 (2000). 
 147.  E-mail from Christine Brennan, Sports Columnist, CNN, to Doriane Lambelet Coleman, 
Professor of Law, Duke Law Sch. (Aug. 17, 2019, 10:14 AM) (on file with authors) (discussing CNN 
broadcast on day of Team USAs return from France to the parade in New York City). 
 148.  Women’s Interest in Sport Continues to Grow, IBERDROLA, https://www.iberdrola.com/about-us/ 
womens-sport/other-sports/women-sport-today (last visited Jan. 28, 2020) (detailing “the influence of 
participation in sports at school [beginning in the 1970s] on women’s sustained interest in sports now”). 
 149.  Coleman, Sex in Sport, supra note 27, at 96. 
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even the very best females are surpassed by second-tier males, and second-tier 
females have no realistic chance to be anything but early participants in the game. 

The case for re-affirming the sports exception is based in the goods produced 
by girls’ and women’s sport and in the causal link between sex segregation and 
those goods.  The more specific case for not including—or for conditioning the 
inclusion of—transgender women and girls in girls’ and women’s sport is related:  
If they haven’t been on feminizing hormones  for a relevant period of time,150 trans 
women and girls remain fully male-bodied in the respects that matter for sport; 
because of this, their inclusion effectively de-segregates the teams and events they 
join.151  Beyond this basic structural point is the fact that if they are just decent 
athletes, they will displace females who are the classification’s raison d’être,152 
including in championship positions.153 This matters for the individual females 
who are displaced, for those who would aspire to be champions, and for the 
broader expressive effects we expect from the classification. Even an exception 
risks swallowing the rule and defeating the category. 

Finally, the position that there is no legally cognizable difference between 
females and trans women and girls destroys the legal basis for separate sex 
sport.154 This position—encapsulated in the movement mantra, “Girls who are 
transgender are girls. Period.”155—is presumably designed to erase sex-linked 
traits from consideration in the analysis whether the two groups are similarly 
situated for purposes of equal protection doctrine. If we are not permitted legally 
to notice that girls who are female and girls who are transgender are dissimilarly 
situated with respect to their anatomy and physiology, and if we are not permitted 
to distinguish among them in circumstances where sex actually matters, we will 
have dismantled the legal scaffolding that supports separate sex sport. Unlike 
restrooms, which are segregated for safety and privacy, sport does not have an 
argument that it needs to separate girls from boys, men from women, for any 
reason other than sex.156 And, sex discrimination, including sex segregation, is only 
lawful if it is necessary. 

 
 150.  Feminizing Hormone Therapy, MAYO CLINIC, https://www.mayoclinic.org/tests-procedures/ mt 
f-hormone-therapy/about/pac-20385096 (last visited Jan. 28, 2020).  
 151.  See supra notes 91–102 and accompanying text (summarizing the effects of male puberty on 
the body). 
 152.  See supra notes 81–88 and accompanying text (explaining that even second-tier males routinely 
surpass not only second-tier females but also the very best elite females).  We don’t separate men from 
women, girls from boys, in competitive sport because they have a different gender identity; we separate 
them because they have different sex-linked anatomy and physiology.  See supra and infra notes 111–
114 and 218 and accompanying text (elaborating on this point).   
 153.  See infra notes 181–182 and accompanying text (noting recent victories by trans women 
athletes on and not on hormones). 
 154.   See supra notes 77–78 and accompanying text (describing this legal point). 
 155.  See, e.g., Support Trans Student Athletes, ACLU, https://action.aclu.org/petition/support-trans-
student-athletes?ms_aff=NAT&initms_aff=NAT&ms=190726_lgbtrights_transathletepledge&initms=1 
90726_lgbtrights_transathletepledge&ms_chan=tw&initms_chan=tw&redirect=transathletesbelong 
(last visited Jan. 28, 2020). 
 156.  For additional analysis of the difference between sport and restrooms, see supra notes 72–74 
and accompanying text. 
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B. The Affirmative Case for Inclusion on the Basis of Gender Identity 

There are important arguments on the other side.  From our perspective, this 
is the most persuasive case: 

A just and ethical society aspires to be inclusive of and to secure equal 
protection for all of its citizens, especially for its most vulnerable. Because schools 
are one of the settings in which children learn societal values, a just and ethical 
society inculcates inclusivity through its educational programming, and then 
ensures that all students have equal access to high value spaces and opportunities.  
Education-based sports are among the high value spaces and opportunities 
schools provide. Eligibility rules for teams and events that sort students based on 
biological sex may have the effect of excluding those who are transgender. (This 
effect exists when individual transgender students are sufficiently uncomfortable 
with the barrier to entry that they choose to exclude themselves.)  When this 
happens, they are denied equal access to sports.  It also denies their schools and 
athletic associations the ability to pursue their pedagogical goals and to perfect 
themselves as just and ethical institutions.  Finally, where a particular student is 
especially vulnerable, schools and organizations acting in quasi loco parentis are 
denied the means to secure their health and welfare. 

1. Equality and Inclusivity as Hallmarks of a Just and Ethical Society 

A just and ethical society aspires to be inclusive of and to secure equal 
protection for its most vulnerable citizens. Policies that exclude or deny them 
equal access are flawed as a matter of principle because they have these effects, 
and because they impede the perfection of a virtuous society. Where the policies 
are otherwise valuable, a just and ethical society should provide for exceptions.  
Where their value is in doubt and cannot be established, they should be 
dismantled. The goal should be to acknowledge everyone’s humanity, to practice 
generosity, and to make room at the table for everyone. It is often difficult but 
especially important to do so in the face of incomprehensible or inexperienced 
difference. 

In the international context, “social integration to create an inclusive society 
… [is] one of the key goals of social development.”157 For example, the United 
Nations Department of Economic and Social Affairs understands social 
integration to be “a dynamic and principled process of promoting the values, 
relations and institutions that enable all people to participate in social, economic, 
cultural, and political life on the basis of equality of rights, equity and dignity.”158  
Social inclusion “is understood as a process by which efforts are made to ensure 
equal opportunities for all, regardless of their background, so that they can achieve 
their full potential in life.”159 

 
 157.  UNITED NATIONS  DEP’T OF ECON. & SOC. AFFAIRS, CREATING AN INCLUSIVE SOCIETY: 
PRACTICAL STRATEGIES TO PROMOTE SOCIAL INTEGRATION  4 (2009) (draft), https://www.un.org/esa/soc 
dev/egms/docs/2009/Ghana/inclusive-society.pdf. 
 158.  Id. at 3. 
 159.  Id. 
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In the domestic context, these same inclusion and equal access goals 
motivated the creation of the Civil Rights Division of the Department of Justice in 
1957, the passage of the 1964 Civil Rights Act, and, among other subsequent civil 
rights legislation, the Americans with Disabilities Act. Throughout, the idea has 
been to re-define “We the people” in our Constitution to include all of us within 
its protections. And then, through the law and the social movements that 
constantly re-work its application, to evolve the culture and social norms also to 
be inclusive of and even generous toward those who were previously excluded.  
As we do, we not only make room at the table but we also perfect our society. 

In both the international and domestic contexts, civil and human rights 
advocates have called on states and institutions to make room at the table for trans 
people specifically, by protecting them from discrimination and securing their full 
social integration according to these principles. This advocacy 

[s]eeks to persuade institutional decisionmakers to develop policies designed to 
recognize, normalize, include, and empower . . . trans people who throughout 
history have been erased or severely marginalized and often subject to violence . . 
. [T]he trans community . . . is . . . particularly “associated with high levels of 
stigmatization, discrimination and victimization, contributing to negative self-
image and increased rates of other mental disorder.”  For example, in the United 
States, “[t]ransgender individuals are at a higher risk of victimization and hate 
crimes than the general public” and “[a]dolescents and adults with gender 
dysphoria are at increased risk for suicide.” In less tolerant parts of the world, 
trans people are at even greater risk of violence, social isolation, and reduced life 
span.160 

We are in the midst of this particular social movement, which has garnered 
important support. In the United States, the 116th Congress passed H.R. 5 - The 
Equality Act in 2019, which re-defines “sex” in federal civil rights law to include 
“gender identity.”161  This move was designed to make it unlawful to discriminate 
against individuals based on their gender identity; among other things, it would 
disallow distinctions among people on the basis of sex.  Because it faces significant 
opposition in the Republican-controlled Senate and President Trump likely would 
not sign it, it probably will not become law; but the vote in the House of 
Representative expresses an important social and political viewpoint. Also in 2019, 
a consortium of the most important human rights organizations within the United 
Nations signed a joint statement “call[ing] on States [and other stakeholders] to act 
urgently to end [among other things] . . . discrimination against . . . transgender 
and intersex . . . adults, adolescents and children.”162  Like H.R. 5, this statement is 
 
 160.  Coleman, Sex in Sport, supra note 27, at 102.  For example, in the United States, the Human 
Rights Campaign “envisions a world where LGBTQ people are ensured of their basic rights, and can 
be open, honest and safe at home, at work and in the community.” HRC’s Mission Statement, HUMAN 
RIGHTS CAMPAIGN, https://www.hrc.org/hrc-story/mission-statement (last visited Jan. 28, 2020). Its 
Transgender Equality Council advocates specifically for full inclusion and equality for “transgender 
children and gender expansive youth.” Explore: Transgender Children & Youth, HUMAN RIGHTS 
CAMPAIGN,  https://www.hrc.org/explore/topic/transgender-children-youth (last visited Jan. 28, 2020). 
 161.  Equality Act, H.R. 5, 116th Cong. (2019). 
 162.  Ending Violence and Discrimination Against Lesbian, Gay, Bisexual, Transgender and Intersex 
People, UNITED NATIONS (Sept. 2015), https://www.ohchr.org/Document/Issues/Discrimination/ 

Case 2:21-cv-00316   Document 317-14   Filed 05/12/22   Page 43 of 67 PageID #: 21401



Prof. Coleman- FINAL PAGE PROOF 0305 (Do Not Delete) 3/6/2020  9:11 AM 

  RE-AFFIRMING THE VALUE OF THE SPORTS EXCEPTION 111 

 

not itself formal law, but it nevertheless demonstrates important support for the 
cause. 

2.  The Mission of Schools in a Just and Ethical Society Includes Providing 
  Equal Access and Inculcating and Expressing Inclusivity 

Part of the mission of educational institutions in any society is to inculcate 
and express community values. The extent to which they do depends on whether 
the institutions are public or private, and also on the degree of consensus within 
the community about what those values are. Where there is ideological 
homogeneity, values are most likely to be inculcated through the schools.  Where 
there is ideological heterogeneity, this is less likely. 

In a just and ethical society, there is or should be a high degree of consensus 
that inclusivity and equality are among the most important societal values.  
Educational institutions within such a society are likely to be permitted or even 
required by the government and citizenry to inculcate and express both. Doing 
this successfully means ensuring that school programming is accessible to all 
students. This is especially important with respect to high value spaces and 
opportunities which are most likely to be arbitrarily exclusive if they are not 
carefully monitored. 

Education-based sport, including competitive sport, is understood to be a 
high value space and opportunity. This is because of the direct physical and health 
benefits it yields, and because in elementary and secondary school sports are 
also—if not mostly—a co-curricular social space where students learn to interact 
successfully with their peers. Because of this, all students should have access to 
school sports and related structures should be designed to make this possible. 

It is noteworthy that school sports programming has traditionally provided 
the basis for inculcating inclusivity. While this is especially evident in the context 
of noncompetitive games, it is also apparent in lower level competitive ones.  
“Everyone can play” policies, rotation and substitution practices, and the selection 
of teams balanced by ability are all ways in which the existing practices of 
competitive education-based sport express and inculcate inclusivity. 

Providing equality of opportunity for transgender students is consistent with 
this approach and the values that drive it. Because they may be excluded in effect 
by programming that sorts students according to their sex, it is arguably 
incumbent on schools and athletic organizations either to sort students differently 
or to accommodate them within existing structures according to their gender 
identity. Like other students, transgender students should have the benefit of the 
positive social, health, and empowerment effects of school sports. Rashaan 

 
Joint_LGBTI_Statement_ENG.PDF (adopted by the International Labour Organization, Office of the 
High Commissioner of the United Nations Human Rights Council, UNDP, UNESCO, UNFPA, 
UNHCR, UNICEF, UNODC, UN Women, World Food Programme, World Health Organization, and 
UNAIDS); see also UNITED NATIONS, THE ROLE OF THE UNITED NATIONS IN COMBATTING 
DISCRIMINATION AND VIOLENCE AGAINST LESBIAN, GAY, BISEXUAL, TRANSGENDER AND INTERSEX 
PEOPLE: A PROGRAMMATIC OVERVIEW (2019), https://www.ohchr.org/Documents/Issues/Discrimin 
ation/LGBT/UN_LGBTI_summary_2019.pdf. 
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Yearwood, an educator who is also the father of a transgender girl, expresses the 
point this way: 

My daughter is a trans-female. That means she needs to compete on girls’ teams 
in order to feel most comfortable.  [This isn’t about competition for her.]  She’s 
running because she wants to be part of a team at this age.  You know, comradery.  
Perseverance, grit, teamwork.  My job is to raise a healthy child.  And we all know 
that being part of groups and being included allows students to develop in a 
healthier way than when you’re excluded.”163 

Because all students gain from exposure to important social values, including 
transgender children in school activities like sport according to their gender 
identity separately supports the institutions’ broader pedagogical goals. 

3. Schools Need to be Able to Take Care of the Especially Vulnerable Child 

Schools stand in quasi loco parentis.  Although they are not formally in the 
shoes of parents, they do have physical custody of the children during the school 
day while they are on campus, and their charge is not only to ensure that the 
children are safe but also that they are prepared to engage and to learn.  Where an 
individual child is especially vulnerable—where they might not be safe or when 
the environment is such that they might be unable successfully to participate—
schools should have the tools to address their circumstances. 

This is a commonplace. When a child has a peanut allergy, we say that other 
children cannot bring peanut butter to school.  When a child becomes ill, it is or 
should be “all hands on deck.” The interests of the at-risk child are understood to 
outweigh the interests of others in their teachers’ focused attention or in their 
lunch preferences or even their nutritional needs. This balancing analysis does not 
always come out in the vulnerable child’s favor—for example when they are 
disruptive of the educational process, when they risk the health and welfare of 
other children, or when the school is not and cannot be equipped to handle their 
special needs.  But it should come out in their favor when the interests on the other 
side are not so significant. 

Not all transgender children are struggling and fragile. Being trans does not 
mean having dysphoria.164  But many are and do. Individual transgender students 
may be struggling and fragile because of the discordance between their sex and 
their gender identity, because they are in the process of transitioning socially and 
maybe also physically, and because of the ways in which others perceive and treat 
them: 

The disconnect between their experienced gender and their assigned gender can 
result in acute stress called gender dysphoria.  Gender dysphoria can be a source 
of profound suffering.  A recent study of transgender teens found that more than 
50 percent of transgender males and almost 30 percent of transgender females 
reported attempting suicide.  Transgender adolescents are often vulnerable to 

 
 163.  Nia Hamm, Father of Transgender Student Athlete Pushes Back Against Petition to Change 
Competition Policy, FOX 61 (June 26, 2018), https://fox61.com/2018/06/26/father-of-transgender-student-
athlete-pushes-back-against-petition-to-change-competition-policy/. 
 164.  See Safer & Tangpricha, supra note 31, at 2451 (explaining this point). 
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bullying and family rejection.  And even when families are supportive, it can be a 
very difficult transition for both the teen and the parents.165 

The medical standard of care for trans and gender diverse children includes living 
and having others treat them in accordance with their gender identity.166  Although 
medicine can’t prescribe other-than-medical policy, schools should take that 
standard under advisement as they develop their policies; and they should follow 
it in individual instances when the benefits of doing so outweigh the costs.  As 
applied, taking care of transgender children means including them in sex 
segregated spaces and opportunities like sport on the basis of their gender 
identity. Where the individual child is especially vulnerable, supporting their 
successful social transition is arguably more important than the integrity of the 
sex-segregated competitions they would enter.  If the student is a transgender girl, 
supporting her is arguably more important than the interests of all female students 
in winning. 

This last argument is often coupled with evidence that transgender teens are 
at an especially high risk of suicide.  For example, Helen Carroll of the National 
Center for Lesbian Rights explains that “[s]port can be life-saver for transgender 
people, who are at high risk of suicide . . . ‘They’ve been fighting themselves and 
feeling like they’re in the wrong body, and sport gives them a place to be happy 
about their body and what it can do.’”167 Carroll is right on the facts; an 
extraordinarily disturbing 30 to 50 percent of transgender teens report attempting 
suicide.168  Carroll herself continues to be invaluable to all stakeholders in her 
support for trans athletes within existing structures.169 But of course her point is 
 
 165.  Caroline Miller, Transgender Kids and Gender Dysphoria, CHILD MIND INST., 
https://childmind.org/article/transgender-teens-gender-dysphoria/ (last visited Jan. 28, 2020).  See also 
Doriane Lambelet Coleman, Transgender Children, Puberty Blockers, and the Law: Solutions to the Problem 
of Dissenting Parents, 19 AM. J.  BIOETHICS 82 (2019) (addressing the question whether and how the law 
is able to assist transgender children whose families are not supportive). 
 166.  News Release, Endocrine Soc’y, Endocrine Society Urges Policymakers to Follow Science on 
Transgender Health (Oct. 29, 2019), https://www.eurekalert.org/pub_releases/2019-10/tes-esu102919. 
php (“As noted in our evidence-based guideline, transgender individuals, both children and adults, 
should be encouraged to experience living in the new gender role and assess whether this improves 
their quality of life.”).  See also Jason Rafferty, Ensuring Comprehensive Care and Support for Transgender 
and Gender-Diverse Children and Adolescents, 142 PEDIATRICS 1 (2018); https://pediatrics.aappublications. 
org/content/pediatrics/142/4/e20182162.full.pdf (American Academy of Pediatrics does the same.); 
Joshua Safer & Vin Tangpricha, Care of the Transgender Patient, ANNALS OF INTERNAL MED. (July 2, 2019), 
https://annals.org/aim/article-abstract/2737401/care-transgender-patient (American College of 
Physicians guidelines support the same.).  
 167.  Christie Aschwanden, Trans Athletes Are Posting Victories and Shaking Up Sports, WIRED (Oct. 
29, 2019, 12:00 PM), https://www.wired.com/story/the-glorious-victories-of-trans-athletes-are-shaking-
up-sports/. 
 168.  Rokia Hassanein, New Study Reveals Shocking Rates of Attempted Suicide Among Trans 
Adolescents, HUMAN RIGHTS CAMPAIGN BLOG (Sept. 12, 2018), https://www.hrc.org/blog/new-study-rev 
eals-shocking-rates-of-attempted-suicide-among-trans-adolescen. 
 169.  See generally Cyd Zeigler, LGBTQ Sports Advocate Helen Carroll Retires From NCLR, OUTSPORTS 
(June 1, 2017, 10:27 PM), https://www.outsports.com/2017/6/1/15723406/helen-carroll-nclr-lgbtq-spo 
rts-retire and infra note 225 and accompanying text (discussing her work with Pat Griffin on the NCAA 
transgender guidelines). 
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an application of more general ones, about the empowerment effects of sport for 
females and its therapeutic effects for those who are suffering as a result of difficult 
personal and mental health issues whatever their source.170  It is an unfortunate 
fact that major depression and associated feelings of hopelessness are on the rise 
among children in the United States, with girls being especially affected.171  Suicide 
is now the second leading cause of death among adolescents in general.172 Risk 
factors include “psychiatric disorders and comorbidities, family history of 
depression or suicide, loss of a parent to death or divorce, physical and/or sexual 
abuse, lack of a support network, feelings of social isolation, and bullying”173 as 
well as “barriers to access treatment, homosexual orientation” and being an “early 
or late developing girl[].”174  Educational institutions that have the necessary 
resources should follow the evidence and do what they can to mitigate these risks 
regardless of the child at issue.175 

There is a related, overlapping claim from vulnerability. It is that as a group, 
transgender children are struggling and fragile so that their interests in being 
included in sex-segregated spaces and opportunities on the basis of their gender 
identity always trump the interests of classmates who, as a group, cannot be 
described as similarly vulnerable.  This is a standard move in advocacy circles 
which has, in turn, influenced sports policymakers on the ground. For example, 
the Executive Director of the National Federation of State High School 
Associations Karissa Niehoff argues that: 

[This] is not about the winning and losing. It’s about the successful development 
of these [transgender] kids.  [I]f we don’t treat them respectfully, their 
development is going to lose. That’s a much bigger issue than someone not getting 
a medal or a place in a race. Much bigger issue.176 

 
 170.  See generally Emily Pluhar et al., Team Sport Athletes May Be Less Likely To Suffer Anxiety and 
Depression Than Individual Sport Athletes, 18 J. SPORTS, SCI., & MED. 490 (2019) (noting positive mental 
health effects of sports in general while distinguishing results in team and individual sports); Nick 
Pearce et al., The Role of Physical Activity and Sport in Mental Health, FACULTY OF SPORT & EXERCISE MED. 
UK (May 2018), https://www.fsem.ac.uk/position_statement/the-role-of-physical-activity-and-sport-
in-mental-health/. 
 171.   Patti Neighmond, A Rise In Depression Among Teens and Young Adults Could Be Linked to Social 
Media Use, NPR (Mar. 14, 2019, 11:01 AM), https://www.npr.org/sections/health-shots/2019/03/14/703 
170892/a-rise-in-depression-among-teens-and-young-adults-could-be-linked-to-social-medi. 
 172.  Melonie Heron, Deaths: Leading Causes for 2017, 68 NAT’L VITAL STAT. REP. 1 (2019). 
 173.  Teen Suicide, AMERICA’S HEALTH RANKINGS, https://ww.americashealthrankings.org/explore/ 
health-of-women-andchildren/measure/teen_suicide/ state/ALL (last visited Jan. 28. 2020).  
 174.  Stephanie Secord Fredrick et al., Can Social Support Buffer the Association Between Depression and 
Suicidal Ideation in Adolescent Boys and Girls?, 55 PSYCHOL. IN THE SCHOOLS 490, 491 (2018). 
 175.  See generally CTRS. FOR DISEASE CONTROL & PREVENTION, NAT’L CTR. FOR INJURY PREVENTION 
& CONTROL, DIV. OF VIOLENCE PREVENTION, THE RELATIONSHIP BETWEEN BULLYING AND SUICIDE: 
WHAT WE KNOW AND WHAT IT MEANS FOR SCHOOLS (2014), https://www.cdc.gov/violenceprevention/ 
pdf/bullying-suicide-translation-final-a.pdf. 
 176.  Mary Albl, CIAC’s Transgender Policy Faces Test With New Lawsuit, DYESTAT (June 24, 2019, 
1:20 PM), https://www.runnerspace.com/gprofile.php?mgroup_id=44531&do=news&news_id=58023 
8.  
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Niehoff’s statement reflects the sense that the successful development of different 
kids is not similarly dependent on equality, inclusion, and success in school and 
sport; and that to the extent it might be, this will either be an only occasional 
conflict, or else the opportunity to participate will be enough for most or all kids 
who are not transgender. It also reflects the view that although education-based 
sport sometimes promotes competition and winning, this is ultimately not its 
primary institutional focus. 

*     *     * 
We close out this section with brief reactions to four arguments that are not 

persuasive from our perspective. They include some that are particularly 
prominent in the public relations strategies of the advocacy groups that currently 
control the megaphone. 

The first of these is the argument, grounded in science denial, that we have 
already addressed in Part II.177 It is fact, not myth or stereotype, that beginning at 
the onset of male puberty, an insurmountable performance gap between males 
and females emerges such that even the very best females are not competitive for 
the win against males, including against second-tier males. If we care about sex 
equality in sport, that is, if we care about seeing females in finals and on the 
podium however they might happen to identify, competitive sport has to be 
segregated on the basis of sex. 

The second is the suggestion that because there are few transgender women 
and girls relative to the numbers of females, any disruption of the competitive 
hierarchy is unlikely to be substantial enough to jeopardize sex equality goals.178  
That some transgender women and girls may be on feminizing hormones is said 
to reduce their potential impact even further.  As we explain in Part III(C) below, 
we agree that a consistent course of hormone replacement therapy (HRT) can wind 
down the male advantage to the point that a policy exception at the development 
elite and collegiate levels is justified.  But we don’t think that transition hormones 
should be a requirement for participation in secondary school competition; and in 
any event, many transgender teens do not want or have access to hormones.  As 
students in the latter category are increasingly comfortable coming out at school— 
which from our perspective is a good thing—the number of “out” trans kids is 
growing beyond the small percentages described in earlier population surveys.  
This increase is not yet well understood, but it appears to be an upward 
trajectory.179   Because it is well-established that athletic but not necessarily elite 

 
 177.  See supra Part II. See, e.g., Medley & Sherwin, supra note 72 (describing as “myth” and 
“impermissible sex stereotype” the fact of the sex-linked performance gap, and as “arbitrary” the rules 
of sports governing bodies that use sex-linked traits as the basis for classification into and out of the 
women’s category, and claiming that there is “ample evidence that girls can compete and win against 
boys”). 
 178.  See, e.g., id. (“The truth is, transgender women and girls have been competing in sports at all 
levels for years, and there is no research supporting that they maintain a competitive advantage.”). 
 179.  See Rafferty, supra note 166 (discussing recent statistics); Michelle M. Johns et al., Transgender 
Identity and Experiences of Violence Victimization, Substance Use, Suicide Risk, and Sexual Risk Behaviors 
Among High School Students—19 States and Large Urban School Districts, 2017, 68 CDC MORBIDITY & 
MORTALITY WKLY. REP. 67 (reporting a 1.8 percent incidence rate as of 2017); Jesse Singal, When Children 
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males dominate females in almost every sport and event, which is true without 
regard to how individuals identify, it is reasonable to expect that trans girls not on 
hormones will affect results in important ways—as athletes with 46,XY  differences 
of sex development have in the international arena.180  It is not a fluke that, in the 
last three years, we have seen the first trans girls as state champions,181 the first 
trans woman as DII national champion,182 and the first potentially consequential 
trans woman in a DI sport.183 

The third is the political and sociological claim184 that transgender girls are 
girls and, because of this, their reproductive sex-linked traits are irrelevant to the 
conversation about their classification into spaces and opportunities designed 
specifically to empower females.185  This claim is weak not only because it has its 

 
Say They’re Trans, ATLANTIC (July/Aug. 2018), https://www.theatlantic.com/magazine/archive/2018/07 
/when-a-child-says-shes-trans/561749/ (reporting on rise in numbers of people identifying as trans). 
 180.  See Coleman, Sex in Sport, supra note 27, at 106–108 (responding to the numbers argument in 
that context). 
 181.  See 2018 CIAC Spring Championships: Class M Outdoor Track, supra note 104 and accompanying 
text (discussing Connecticut state championships in track and field). 
 182.  Press Release, Franklin Pierce Univ., NATIONAL CHAMPION! Telfer Claims Women’s Track 
& Field’s First NCAA Title (May 26, 2019), https://www.franklinpierce.edu/about/news/Nation 
al_Champion_CeCe_Telfer.htm. 
 183.  Kyle Hansen, Montana Cross Country Runner, Belgrade Native to Make History as Transgender 
Athlete, MISSOULIAN (Aug. 30, 2019), https://missoulian.com/sports/college/big-sky-conference /univers 
ity-of-montana/montana-cross-country-runner-belgrade-native-to-make-history-as/article_2a 37bd80-
9eea-519d-8636-040473b84cc8.html. As of this writing, June Eastwood’s performances appear to be 
consistent with Joanna Harper’s hypothesis that, at least for distance runners, a year of consistent use 
of gender affirming hormones winds down the male advantage to the point that trans women return 
to their place in the hierarchy, e.g., roughly speaking if they were the tenth best man they will be 
approximately the tenth best woman. Eastwood’s announcement that she was transitioning from male 
to female, and from the Montana men’s team to the Montana women’s team, sounded alarm bells 
within the sport, however, because her pre-transition times in high school and early college, especially 
in the middle distances, would have immediately put her at or close to the professional women’s world 
records.  In this respect she was, and depending on how she runs going forward may still be, the most 
significant trans woman athlete to date. 
 184.  We characterize this as a political and sociological claim because it is based in an effort to 
expand the standard definitions of female, girl, and woman beyond their basis in female reproductive 
sex to include a subset of individuals whose reproductive sex is male.  It is one of a number of strategies 
that might be employed to secure equality for trans people.  There is a counterargument that this is a 
factual claim since gender identity likely has a neurobiological basis and may be related to our natural 
reproductive inclinations.  Even if this is eventually established, however, individuals would still have 
either male or female reproductive sex, which is what the words and dichotomies male/female, 
girl/boy, and man/woman are generally understood to connote; and we would still need words that 
did this descriptive work.  The arguments that we wouldn’t or shouldn’t, or that it shouldn’t or couldn’t 
be the ones we use now because they exclude trans people, are undoubtedly political. 
 185.  See, e.g., Medley & Sherwin, supra note 72 (rejecting the “policing of gender [that] has been 
used to justify subjecting transgender student athletes to numerous additional barriers to participating 
in sports, from onerous medical requirements to segregation in locker rooms to outright bans on their 
participation”); Statement of Women’s Rights and Gender Justice Organizations, supra note 29 (rejecting any 
distinctions among cis and trans women and girls on the argument that “Transgender girls are girls 
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advocates making easily dismissed arguments about testes and T levels being no 
different than—for example—height and wingspan, but also because it ignores the 
reasons these spaces and opportunities exist and censors legitimate discussions 
about the implications of erasing biological sex even where it is undoubtedly 
relevant. This includes contexts in which sex is outcome determinative, like 
competitive sport. It also includes contexts in which sex differences are an 
affirmative individual and societal good.  Discussions about sex and sex-linked 
anatomy and physiology must be had kindly, but it is wrong to censor them.186 

The fourth is the argument from intersectional feminism that it is good for all 
women that we accept that transgender women are women, and that transgender 
girls are girls.187  Accepting  trans women and girls is the good and right thing to 
do for a lot of reasons, including that our default should be inclusion unless there 
are persuasive reasons to make distinctions.  But the suggestion that women 
should understand that eliding relevant sex differences is good for them 
particularly—even if they don’t know it—is patronizing and otherwise deeply 
problematic.188  From what we have gathered, it appears to be based in a number 
of different assumptions all of which we reject: that sex classifications are always 

 
and transgender women are women.  They are not and should not be referred to as boys or men, 
biological or otherwise”).   
 186.  For an analysis of the harm caused by the censorship of females talking about the female body 
see Doriane Lambelet Coleman, A Victory for Female Athletes Everywhere, QUILLETTE (May 3, 2019), 
https://quillette.com/2019/05/03/a-victory-for-female-athletes-everywhere/. 
 187.  See, e.g, Statement of Women’s Rights and Gender Justice Organizations, supra note 29 (“[W]e . . . 
reject the suggestion that cisgender women and girls benefit from the exclusion of women and girls 
who happen to be transgender”; “we recognize the harm to all women and girls that will flow from 
allowing some women and girls to be denied opportunities to participate and cast out of the category 
of ‘woman’ for failing to meet standards driven by stereotypes and fear”; “we speak from experience 
and expertise when we say that nondiscrimination protections for transgender people—including 
women and girls who are transgender—are not at odds with women’s equality or well-being, but 
advance them.”); Support Trans Student Athletes,  supra note 155 (“The marginalization of trans student-
athletes is rooted in the same kind of gender discrimination and stereotyping that has held back 
cisgender women athletes. Transgender girls are often told that they are not girls (and conversely 
transgender boys are told they are not really boys) based on inaccurate stereotypes about biology, 
athleticism, and gender. . . . Girls who are transgender are girls. Period.”).  See also, e.g., Carol Hay, Who 
Counts as a Woman, N.Y. TIMES (Apr. 1, 2019), https://www.nytimes.com/2019/04/01/opinion/trans-wom 
en-feminism.html (noting the origins of this claim in intersectional feminism); Jack Guy, Women or 
‘Womxn’? Students Adopt Inclusive Language, CNN (Nov. 27, 2018, 11:38 AM), https://www.cnn.com/20 
18/11/27/uk/womxn-inclusive-language-gbr-scli-intl/index.html (describing the “growing use of 
inclusive language, designed to avoid excluding particular groups of people” including that “Womxn 
is a more inclusive term which promotes intersectionality” and is thus “more inclusive of all kinds of 
women, including trans women” and that “Womxn is used to demonstrate our commitment to 
inclusiveness”). 
 188.  Especially patronizing is the suggestion that these organizations have particular “experience 
and expertise” about women—including about how they should define themselves and their 
wellbeing—that women themselves don’t have.  See, e.g., Statement of Women’s Rights and Gender Justice 
Organizations, supra note 29 (“[W]e speak from experience and expertise when we say that 
nondiscrimination protections for transgender people—including women and girls who are 
transgender—are not at odds with women’s equality or well-being, but advance them.”).  It is this kind 
of talk that has alienated many, including many women, who might otherwise be natural allies. 
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harmful or at least a net harm to women and girls; that all sex classifications are 
based in false and damaging sex stereotypes; that women all want or should want 
to be freed from the yoke that is their secondary sex characteristics and cultural 
expectations around femininity; that women and girls are by nature or necessity 
inclusive and self-sacrificing, so that the category that describes them itself should 
be generously so; and that women and girls—and their allies—don’t or shouldn’t 
care as much as boys and men do about competition and being competitive for the 
win.  We reject each of these because they are themselves false and damaging sex 
stereotypes. 

The last of these is especially problematic as we discuss the future of Title IX.  
It has led a group of prominent civil rights organizations to return to the posture 
of some of their 1970s counterparts who argued that high-end NCAA-style 
competitions were not for women;189 today, they have determined to limit their 
advocacy to protecting opportunities for women and girls to participate—not 
necessarily to win—in sport.190  It is presumably just helpful coincidence and not 
coordinated strategy that their position aligns with the position of some in the 
trans advocacy community that because trans women and girls are women and 
girls, their victories in events in which females retain opportunities to participate 
should be celebrated, not discredited.191 This move is particularly insidious as 
applied to the high school sports space which can be described as relatively 
unimportant to protect if it’s really just about participation. 
 
 189.  See supra notes 42 and 48 and accompanying text (describing that earlier position); and 
Interview with our co-author Donna Lopiano, President & Founder, Sports Mgmt. Res. (Oct. 13, 2019),  
(noting that in the development of Title IX, “the focus on participation opportunities came first, 
followed by the focus on competition, because we had to build the ranks of those participating before 
we could think about competition, but also because early advocates preferred a health-focused, 
student-led, physical education model that would concentrate on intramural or junior varsity style 
events, as distinguished from the varsity and NCAA commercial model for competition they rejected”).   
 190.  Id. (noting that women’s organizations that fought for both participation and competition 
opportunities in earlier periods have decided as a strategic matter to focus their efforts going forward 
on participation numbers and not to use organizational resources  to continue to secure and protect the 
right of women and girls also to win, i.e., also to spots in finals and on podiums); E-mail from N.F. to 
M.R. (Mar. 23, 2019, 3:17 PM) (on file with authors) (sharing that “the Title IX advocacy community is 
in lockstep” in its commitment to the unconditional inclusion of trans kids in high school sports on the 
basis of their gender identity so that the right of cis-girls to more than just participation in this—as 
opposed to the college sports—space “is not the battle of [the organizations] at this time”).  This 
position appears to be reflected in the approach of the Connecticut CIAC, among other state athletic 
associations. See New Hampshire House Bill 1251, SAVE WOMEN’S SPORTS (Jan. 15, 2020), https://savewom 
enssports.com/original-articles/f/new-hampshire-house-bill-1251-hearing (quoting a testimonial from 
Connecticut mother, Christy Mitchell, “I was astounded to hear from state officials that ‘girls have the 
right to participate not to win.’”). 
 191.  See, e.g., Rachel McKinnon, I Won a World Championship.  Some People Aren’t Happy., N.Y. TIMES 
(Dec. 5, 2019), https://www.nytimes.com/2019/12/05/opinion/i-won-a-world-championship-some-peo 
ple-arent-happy.html (“Trans women are women.  We are female . . .  It is a human right to be able to 
compete.  I will continue to show up.  I hope you’ll consider cheering.”); Dave Zirin, Transphobia’s New 
Target Is The World of Sports, supra note 72 (“Terry Miller and Andraya Yearwood finished first and 
second place respectively in the state open indoor-track championships last month.  Instead of 
celebrating one of the great moments in their lives, they were immediately put on the defensive about 
their right to compete in the first place.”). 
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The proposition that females don’t need to be competitive for the win is no 
longer viable; see the FIFA Women’s World Cup.192 The proposition that 
showcasing strong female-bodied champions is not a high value social good is no 
longer viable; see Serena Williams and Allyson Felix.193  We do not doubt that they 
are well-intentioned, but coming in 2020, from organizations that otherwise decry 
sex stereotypes and that previously championed the right of women and girls also 
to equality of competitive opportunity, they are nothing short of extraordinary.  
We need to take care of transgender women and girls, but the path should not 
involve weakening the commitment to females.  And here we should be clear:  It 
is weakening the commitment to females and to sex equality to accept that the 
boys’ state championship will probably always be won by a male where the girls’ 
state championship will not always be won by a female. 

C. Updating Title IX for Its Next Half Century 

Biological sex matters. It is real, not socially constructed; and it affects 
peoples’ lives, opportunities, and experiences in even the most benign or 
egalitarian situations and societies. In particular, because of their different 
reproductive biology and secondary sex characteristics, females in general have 
different physical capacities and experiences than males.  This is true regardless of 
how they identify. 

Sex matters in ways that are empowering and celebrated, and also in ways 
that are damaging and censured. For females, physical—including sexual— 
violence perpetrated primarily by males is a destructive commonplace, as are the 
routine exclusions and subordinations they experience based on their phenotype 
and their reproductive biology. Sometimes these exclusions and subordinations 
are driven by false stereotypes.  But they may also be driven by a reluctance to re-
imagine structures to accommodate real and otherwise appreciated sex-linked 
physical differences.  Regardless, sex is relevant if not defining. 

Sex equality also matters. Although we can imagine a world in which sex is 
not relevant or defining, in which we classify people on entirely different terms or 
else not at all, this isn’t ours. As ours exists, because sex matters, so does sex 
equality. The United Nations is not wrong to think about the world’s population 
in male and female halves, because this is how we tend in the first instance to sort 
ourselves, and then how our experiences and opportunities line up. They 
generally line up this way, again at least in the first instance, without regard to 
race, class, or gender identity. Because of this, it is also not wrong to make anti-
subordination commitments specifically to the female half of the world’s 
population. This should not be our only anti-subordination commitment, but is it 
an entirely rational and important one. 

 
 192.  See also ZARRETT, ET AL., supra note 139, at 3 (noting that one of the things that can work to 
encourage girls to stay engaged in sport once they have chosen to participate is “[a]n emphasis on 
winning . . . when combined with an emphasis on fun and skill development . . . . Healthy forms of 
competition are ideal for fostering girls’ engagement”). 
 193.  Mallonee, supra note 139 (“One of the biggest things researchers are finding that keeps girls 
engaged in sports is access to their heroes and mentors—even if it’s just seeing them . . . [t]o see a 
banner or a poster or an ad featuring someone like you is monumental.”). 
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Sex equality can sometimes be achieved without affirmative consideration of 
sex, and in this period in the United States, sex-blind policies are preferred.  But 
when sex blindness would be counterproductive, ineffective, or insufficiently 
remedial, sex conscious approaches should be tools in the equality toolbox. These 
are especially useful in circumstances where, to fix inequities, it is important to 
see, not to erase, the female body. This includes at least aspects of the workplace; 
the military; medicine and bio-medical research; and competitive sport.  If we were 
to have to ignore sex differences in these circumstances, sex equality would remain 
elusive. 

Efforts to secure inclusion and equality for transgender people that are 
premised on erasing sex and sex differences—conceptually and from the 
discourse—are fundamentally incompatible with these facts, priorities, and 
approaches.  Where sex, including being able to name it, is central for many if not 
most females, both are anathema for many in the transgender community.  For 
this reason, but also because it fits their legal and political strategy, some trans 
rights advocates seek to redefine sex to be or to include gender identity; and 
further to ensure that no distinctions can be made on the basis of sex on the ground 
that such distinctions are a rejection of transgender people.194 Those who do not 
play ball are labeled “transphobic” and, if they are liberal and feminist, also as 
“trans exclusionary radical feminists” (TERFs), which is intended as an insult.195 

The competitive sports question is hard, maybe even impossible to resolve 
with a win on all sides, because what females need to have recognized is precisely 
what advocates for trans students suggest should be erased. For example, if we 
continue to be committed to equality for females in relation to males in the high 
school sports space—equality not only for its own sake but also for the myriad 
individual, institutional, and societal benefits that flow from its terms—we need 
structures that recognize sex differences in athletic performance and that sort 
athletes on the basis of sex.196  At the same time, because they are properly focused 
on the individual children in their care—and not on the implications for others of 
their approach—erasure of these same sex differences has been built into the 
therapeutic model developed by pediatricians working with transgender children, 
and impressed on their educational custodians.197 

As we have already discussed, efforts to will this collision away do not work 
because they rest on a series of ultimately unacceptable fictions: That all sex is 
socially constructed stereotype that inures to the detriment of women.  That there 
are no cognizable differences between women who are transgender and women 
who are not.  And that “women” is a concept that, in its best iteration, describes 

 
 194.  See supra notes 29–30 and accompanying text. 
 195. Colleen Flaherty, ‘TERF’ War, INSIDE HIGHER ED (Aug. 29, 2018), https://www.insidehigher 
ed.com/news/2018/08/29/philosophers-object-journals-publication-terf-reference-some-feminists-it-re 
ally. See R (on the Application of Miller) v.  College of Policing & Chief Constable of Humberside, [2020] 
EWHC 225 (Admin) [225], ¶ 241–46 (Eng.) (describing and quoting the expert witness statement of 
Professor Kathleen Stock on the use of the term ‘TERF’ in the context of the gender-related divisions 
among feminist academics).   
 196.  See supra notes 112–114, 149–156 and accompanying text. 
 197.  See supra note 166 and accompanying text. 
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people who are relatively anti-competitive and selfless and so do not mind being 
relegated to the bench if this is necessary to secure the health and welfare of others 
who may be more vulnerable.198 

The competitive sports question is also hard because it involves claims for 
inclusion and equality from both sides; and, because of how sport and sex-linked 
biology work together, including one group necessarily means excluding or 
limiting the opportunities of the other.  The carve-out that is the sports exception 
to Title IX’s general, sex-blind nondiscrimination rule recognizes this.  And so, to 
secure the inclusion of and equality for females, it formally permits—but also 
sometimes requires—schools to exclude males from their sports and events.199  
Carving out what would be, in effect, an exception to this exception for the subset 
of males who identify as women and girls would result in their inclusion; but it 
would have exclusive effects in the other direction.  Longer term, it would 
inevitably signal that we don’t actually need sex segregation, which would result 
in the full re-integration of sport and thus the re-exclusion of females. Shorter term, 
because competition itself is exclusionary in the sense that making teams requires 
try-outs and cuts, and making it through to the finals and championships involves 
a version of the same—there can be only one state, regional, or national 
champion—carving out an exception to the sex segregation rule for males who 
identify as women and girls will result in the exclusion of females from teams, 
finals, and podiums.200 

The problem is hard but, in general, there are four possible approaches: 
affirming the carve-out as a biological classification tied to natal sex; re-imagining 
the carve-out as an identity classification; re-imagining the carve-out as a 
biological classification tied to the onset of male puberty; and formalizing an 
accommodations approach. 

1. Affirming the Carve-Out as a Biological Classification Tied to Natal Sex 

The first option is to affirm the traditional approach. This approach ties 
eligibility to natal sex, which would generally be based on the sex recorded at birth 
on the individual’s birth certificate.  It is mostly efficient and effective because 
natal sex and sex recorded at birth are typically the same, and both typically 
correspond to the relevant primary and secondary sex characteristics that matter 
for sport. 

Nevertheless, the traditional approach is both over and underinclusive: On 
the one hand, it includes trans boys and trans men who go on puberty blockers 
and gender affirming hormones beginning at the onset of female puberty; as a 
result, these athletes develop the male secondary sex traits that girls’ and women’s 
sport exist to exclude. On the other hand, it excludes trans girls and trans women 
who do the same at the onset of male puberty, and who, as a result, never develop 
those traits. 

 
 198.  See supra notes 185–193 and accompanying text. 
 199.  See supra notes 52–53 and accompanying text. 
 200.  See supra notes 104–105 and accompanying text (detailing how this has already happened in 
the State of Connecticut and how the related data are being used in a Title IX OCR complaint). 

Case 2:21-cv-00316   Document 317-14   Filed 05/12/22   Page 54 of 67 PageID #: 21412



Prof. Coleman- FINAL PAGE PROOF 0305 (Do Not Delete) 3/6/2020  9:11 AM 

122 DUKE JOURNAL OF GENDER LAW & POLICY Volume 27:69 2020 

 

In addition, many jurisdictions now permit people who are transgender to 
change the sex that is recorded on their birth certificates so that it accords with 
their gender identity; in some places, parents can do the same for their children.201  
Depending on the jurisdiction, the individual need not have gone on hormones 
before making this switch; that is, the switch may be permitted on some form of 
self-declaration.202 As a result,  at least for some trans people, the sex recorded on 
the birth certificate is no longer a reliable proxy either for natal sex or for the 
relevant sex traits. 

Because of these administrative and policy concerns, but also because the law 
requires sex-related criteria to be closely tailored to institutional ends, we do not 
support this approach. In our view, transgender women and girls should not be 
excluded from girls’ and women’s sport if they have not gone through any part of 
male puberty.  Moreover, to include transgender men and boys who are on gender 
affirming androgens is, in effect, no different from condoning the use of 
performance enhancing drugs. Still, whether it is as a matter of choice or inertia, 
many jurisdictions continue to provide that natal sex as recorded on the 
individual’s birth certificate is the standard for eligibility for sex segregated sport.203 

2. Re-imagining the Carve-out as an Identity Classification 

The second option is to abandon the carve-out for females only. This would 
necessarily entail a rejection of the legitimacy and value of the claim from females 
for equality in relation to males in the education-based competitive sports space.  
It would involve either the full integration of sports and events, that is,  all would 
be co-ed; or it would involve a challenge to re-imagine girls’ and women’s sport 
as a category that includes anyone who identifies as a girl or woman most broadly 
defined, even if they retain their full male-linked performance advantages. The 
best analog would be to an all-women’s college that admits and retains students 
who identify as women regardless of their sex.204 

Advocates for transgender rights have persuaded many secondary school 
athletic associations to adopt this approach. The unfounded claim that it is 
required by Title IX may have been at play in some cases.205  Nevertheless, it is 
 
 201.  See generally ID Documents Center, NAT’L CTR. FOR TRANSGENDER EQUAL., https://transequality. 
org/documents (last updated Jan. 2020) (providing state-by-state information and details on New York 
City rules permitting parents to change their child’s birth certificate). 
 202.  See id. 
 203.  See High School Policies, TRANSATHLETE, https://www.transathlete.com/k-12 (last visited Jan. 
28, 2020). 
 204.  See, e.g., Jeremy Bauer-Wolf, At Women’s Colleges, Rules Vary Widely for Trans and Nonbinary 
Students, EDUC. DIVE (Nov. 18, 2019), https://www.educationdive.com/news/at-womens-colleges-tra 
ns-and-nonbinary-applicants-face-inconsistent-rules/567537/; Rebecca Brenner Graham, Women’s 
Colleges Should Admit Trans Students. It’s Wholly Consistent with Their Mission, WASH. POST (Jan. 10, 2019), 
https://www.washingtonpost.com/outlook/2019/01/10/womens-colleges-should-admit-trans-women-
its-wholly-consistent-with-their-mission/. 
 205.  See supra notes 70–76 and accompanying text (discussing the state of the law); supra note 203 
(providing an up-to-date description of state high school athletic association policies). See e.g., 
Complaint Targets Transgender HS Track Athletes, ESPN (June 20, 2019),  https://www.espn.com/high-sch 
ool/story/_/id/27015115/complaint-targets-transgender-hs-track-athletes  (discussing the claim that 
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viable in the long run only if these advocates can convince law and policy makers 
at the national level that Title IX should be revised to these ends.  Specifically, they 
will need to convince the federal government that the original Title IX carve-out 
for females in sport is not a commitment it wants to keep; but that we still need—
and need to support with federal funds—two classifications, both of which would 
be comprised of a combination of males and females, and both of which would see 
males in championship positions. 

These are important hurdles, particularly in an adverse political climate. Not 
only have the last two administrations held firm to the premise that distinctions 
on the basis of sex in Title IX sport are necessary and appropriate, but also, this 
policy choice appears to be based in or at least consistent with a clear, bipartisan, 
nationwide consensus in favor of the traditional approach.206  Nevertheless, the 
option is attractive to those who prefer that education-based sport focus on 
opportunities for participation not competition, including whenever possible in 
co-ed settings.207 It is also attractive to those whose focus is specifically on the 
health and welfare of transgender people, rather than on  females, on the view that 
at least in this period, the former need support more than the latter.208 Finally, it is 
attractive to those who prefer a wait-and-see to a precautionary approach to 
restrictions on eligibility; they predict that trans women and girls won’t have an 
important impact on girls’ and women’s sport, but that we can re-evaluate if they 
do. 

The best argument in favor of this approach  today is based in the view that 
almost everyone has a gender identity that aligns with their natal sex, in the still 
small numbers of trans girls and women who seek to be classified according to 
their gender identity, and in the fact that, until recently, we had not known of any 
in championship positions.  Until recently, including them was—in effect—a non-
category defeating accommodation within the existing sex segregated structure.  
As Rachel McKinnon has argued, 

 
Title IX requires the inclusion of trans girls in girls sport); Reference Guide for Transgender Policy, CONN. 
INTERSCHOLASTIC ATHLETIC CONF., https://www.casciac.org/pdfs/Principal_Transgender_Discussion 
_Quick_Reference_Guide.pdf (last visited on Feb. 19, 2020) (explaining that “[t]he CIAC has concluded 
that it would be fundamentally unjust and contrary to applicable state and federal law to preclude a 
student from participation on a gender specific sports team that is consistent with the public gender 
identity of that student for all other purposes”). 
 206.  See supra notes 69–76 and accompanying text. See, e.g., Most Oppose Transgender Athletes on 
Opposite Sex Teams, RASMUSSEN REP. (June 4, 2019), https://www.rasmussenreports.com/public _conten 
t/lifestyle/social_issues/most_oppose_transgender_athletes_on_opposite_sex_teams (finding that “just 
28% of American Adults favor allowing transgender students to participate on the sports team of the 
gender they identify with”). Given that this is a breakout conversation, see supra note 69, this number 
is likely to shift in one or the other direction, as is the number representing undecideds, i.e., 18 percent 
in the same survey.  
 207.  See infra note 208 and accompanying text (describing this position). 
 208.  See Navratilova, Coleman & Richards-Ross, supra note 89 (noting that “Advocates of the 
Equality Act who know sports or aren’t science deniers . . . [argue] that it’s time to shift our focus from 
supporting female-bodied athletes for whom Title IX has already done a lot of work, to supporting 
transgender women and girls who [now] need our help more”). 
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Since the 2004 Athens Olympics, there have been over 54,000 Olympians.  Not one 
of them has been openly trans.  There also aren’t any cases of men pretending to 
be (trans) women.  Next year, there are a few athletes who have the potential to be 
the first openly trans athlete to compete in the Games. None are a medal favorite.  
This is not the beginning of the end of women’s sports.209 

This moment is passing quickly, however, as more children identify as 
transgender; as we are learning to embrace them as they are; as they are 
increasingly comfortable coming out in high school even if they are not on 
hormones; and as advocacy to establish trans rights is increasingly successful in 
other contexts.210  This includes recent legislation in the United States and in many 
countries around the world that permits trans people more easily to reform their 
identity documents to provide that their legal sex is their gender identity.211  As 
we have already noted, it is not a coincidence that it is in the last three years we 
have seen the first male-to-female transgender state, national, and international 
champions in girls’ and women’s Olympic events,212 and that international 
regulators are working to ensure that policies are in place to address the expected 
increase in numbers.213 

McKinnon herself made history when she won gold in the women’s sprint 
event at the 2018 and 2019 Masters Track Cycling World Championships and in 
the process set a women’s world record.214  She is a trans woman who has met the 
hormonal conditions required for inclusion in women’s cycling events; she is 
playing by the rules established by her governing body.215 Those rules are in play, 
however. On the one hand, many have expressed concern that they insufficiently 
account for the legacy advantages retained by trans women who physically 
transition after puberty.216 On the other, some, including McKinnon, have argued 
that they should be revised to permit unconditional inclusion on the view that 
trans women are women based on their gender identity, without respect to the 
decisions they might take privately about gender affirming hormones or 

 
 209.  McKinnon, supra note 191.  
 210.  See supra note 179. 
 211.  See, e.g., ID Documents Center, supra note 201 (providing up-to-date information on relevant 
state laws and practices). 
 212.  See supra notes 181–182 and 209 and accompanying text. 
 213.  Press Release, World Athletics, International Federations Discuss Consensus on Establishing 
Rules for Transgender Athletes (Oct. 31, 2019), https://www.worldathletics.org/news/press-release/inte 
rnational-federations-rules-transgender-a. 
 214.  Karleigh Webb, Trans Cyclist Rachel McKinnon Keeps Winning Championships and Her Detractors 
Don’t Like It, OUTSPORTS (Oct. 23, 2019), https://www.outsports.com/2019/10/23/20928252/rachel-mckin 
non-trump-cycling-trans-athletes-transphobia-world-championships.  
 215.  McKinnon, supra note 191.  
 216.  See, e.g., Sean Ingle, Sports Stars Weigh in on Row Over Transgender Athletes, GUARDIAN (Mar. 3, 
2019), https://www.theguardian.com/society/2019/mar/03/sports-stars-weigh-in-on-row-over-transge 
nder-athletes (summarizing this argument).  For a good description and evaluation of the debate 
around legacy advantages, see generally Ross Tucker, On Transgender Athletes and Performance 
Advantages, SCI. SPORT (Mar. 24, 2019), https://sportsscientists.com/2019/03/on-transgender-athletes-an 
d-performance-advantages/?doing_wp_cron=1576790435.8559970855712890625000.  
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surgery.217 Although the call for unconditional inclusion has not yet succeeded in 
the elite sport space, related efforts directed at state high school athletic 
associations across the United States have altered that landscape. 

3. Re-Imagining the Carve-Out as a Biological Classification Tied to Puberty 

In 2019, in the challenge brought by Caster Semenya to the eligibility criteria 
for the women’s category in the sport of track and field, the Court of Arbitration 
for Sport (CAS) explained that: 

the purpose of the male-female divide in competitive athletics is not to protect 
athletes with a female legal sex from having to compete against athletes with a 
male legal sex.  Nor is it to protect athletes with a female gender identity from 
having to compete with athletes with a male gender identity.  Rather, it is to protect 
individuals whose bodies have developed in a certain way following puberty from 
having to compete against individuals who, by virtue of their bodies having 
developed in a different way following puberty, possess certain physical traits that 
create such a significant performance advantage that fair competition between the 
two groups is not possible.218 

Consistent with this rationale, the third approach affirms the carve-out for those 
who have not experienced male puberty.  We peg this to male puberty to include 
in the classification all those who cannot be said to have developed the male sex-
linked advantages that justify sex-segregated sport. It would include all females—
however they identify—so long as they are not on masculinizing hormones; and 
all trans girls who, because they were on blockers and then feminizing hormones, 
have not experienced male puberty. This option is a challenge to imagine 
education-based sport as analogous to the medical setting, where sex and 
associated physical characteristics remain relevant; and where gender identity and 
expression are for the individual to resolve and others to respect as they would 
any central aspect of an individual’s personhood. 

This option is attractive for several reasons: 
It is fully consistent with the carve-out’s raison d’être and with its legal 

grounding.219 In the language of the law, an approach that hews closely to this 
rationale is, as required, narrowly tailored and neither over- nor under-inclusive. 

Moreover, as in other modern contexts where physical facts remain relevant 
to the enterprise, it distinguishes only on those objective grounds and otherwise 
respects the inherently personal nature of gender identity and expression. That is, 
it does not seek to establish, judge, or sort anyone on those different grounds 
that—in contrast with the physical—are ultimately unrelated to the institution’s 
goals.  But it does commit to respecting them without challenge.  As it should be 
 
 217.  See, e.g., Charlie Ashworth, Women’s Sports: Rachel McKinnon Believes Trans Women Have a 
‘Human Right’ to Compete, GIVE ME SPORT (Oct. 21, 2019), https://www.givemesport.com/1514948wome 
ns-sports-rachel-mckinnon-believes-trans-women-have-a-human-right-t-ocompete (“By preventing 
trans women from competing or requiring them to take medication, you’re denying their human 
rights.”). 
 218.  Mokgadi Caster Semenya & Athletics S. Afr. v. Int’l Ass’n of Athletics Fed’ns, CAS 
2018/O/5794 ¶ 559 (2019).  
 219.  Id. 
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developmentally, there is no questioning by a school or athletic association of a 
child’s credibility about or commitment to a particular gender identity or 
expression; nor is there a requirement that they agree to be fixed for a season or an 
academic year to their expressed preferences.  They can be who they are, including 
in flux, throughout the relevant period. 

Consistent with Title IX’s original design, all females who are not on 
transition hormones—however they might identify—have a space in which they 
can not only play but also compete for the win.  Except in the rare case of an 
exceptionally precocious child star, the policy cannot be said to incentivize a 
student’s choice to go on gender affirming hormones. And because they have 
benefitted from either endogenous or exogenous male testosterone levels, the 
subset of trans kids who start on hormones only after the onset of puberty is not 
be eligible to compete in the female category; but they are eligible to participate 
and welcome in the male category, and—importantly—their private needs and 
choices will not dictate outcomes for others. In this respect, this option is the least 
disruptive of the existing model that does a lot of good work for the vast majority 
of stakeholders. 

It would be most easily implemented in circumstances where school sports 
teams don’t have to train separately, that is, where only competition itself needs 
to be sex segregated.  In such contexts, the social aspects of participation in 
education-based sport would not be linked to sex or gender.  Swimming, cross 
country, and track and field are among the sports where—at least as practiced in 
some places—a version of this model already exists.220 

The principal costs associated with this approach are as follows: 
Because it is not simply a re-naming of the existing sex-segregated structure, 

imagining the classifications as we suggest would take work, even if everyone 
were on board. This work would range from the relatively simple and technical to 
the more difficult and conceptual.  For example, we would have to decide what to 
call the classifications and how to establish where students belong. We have 
labeled the classifications “male” and “female” here, but they could be labeled 
differently. Uniform rules would need to be changed to allow students to select 
the style that makes them most comfortable regardless of sex or gender. And the 
notion of school sports as sex or gender-specific social spaces would need to be 
wound down.  The latter would be resisted by traditionalists but also by some 
trans kids and their advocates who embrace binary sex classifications and see 
inclusion within them as having the potential to contribute to their successful 
transition.221 

Finally, regardless of how respectful and welcoming the environment is 
made for gender diverse students within the categories, those who may be passing 
do not want to be outed by sex classifications. Others who are not passing but who 
suffer from dysphoria and are deeply (not just politically) hurt by references to 
their sex-linked traits may continue to be effectively excluded from participation 

 
 220.  See, e.g., Josh Weinreb, Thetford Academy Transgender Runner Embraces Her Identity and Gains 
Freedom, VALLEY NEWS (May 25, 2019, 9:25 AM),  https://www.vnews.com/Running-career-has-helped-
Thetford-Academy-senior-Bel-Spelman-navigate-her-gender-identity-24764677. 
 221.  See supra note 166 and accompanying text (noting this strategy). 
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and competition. Still others who do not suffer from dysphoria but who prefer to 
occupy spaces where sex is irrelevant may reject school sport because it is still so 
focused. To the extent the institution could and should produce important health 
and welfare benefits for these individuals, this approach would not be effective.  
As is the case today for kids who for various reasons eschew school sports, some 
will remain left out or will choose to exclude themselves. 

4. Formalizing an Accommodations Approach 

The fourth option is to affirm the commitment to the Title IX carve-out for 
females but also formally to grant authority to policymakers to accommodate 
gender diverse students in ways that are not category defeating.  Accommodations 
are often preferred in circumstances that involve competing rights claims.222  To 
date, some form of this approach has been preferred by those working most 
thoughtfully on inclusion in the elite sports space, for example within the Olympic 
Movement, the NCAA, and the National Scholastic Athletics Foundation 
(NSAF).223 

Although it has not been formally tested to date, the NCAA policy is 
especially relevant as it operates within institutions governed by Title IX.  It 
permits transgender student-athletes to compete either according to their natal sex 
or their gender identity. In the latter case, if the athlete is a trans man, they are 
required to have a therapeutic use exemption (TUE) if they are on gender affirming 
hormones (testosterone); and if they are a trans woman, they are required to have 
been on testosterone suppressants for at least a year before they are eligible for 
women’s teams and competitions.224 We do not have enough studied experience 
with trans women and girls in sport to know that suppression to a certain level for 
a given period of time is sufficient to wind down male-linked advantages to the 
point where they are not category defeating in particular sports and events.  
Nevertheless, the rule fits the model because it presumes an ongoing primary 
commitment to female athletes, which is the raison d’être for the sports exception 
to Title IX’s non-discrimination rule; and it includes trans women when they meet 

 
 222.  See, e.g., Notice, Enforcement Guidance: Reasonable Accommodation and Undue Hardship Under the 
Americans with Disabilities Act, U.S. Equal Emp. Opportunity Comm’n (Oct. 17, 2002), https://www. 
eeoc.gov/policy/docs/accommodation.html (applying the model in the context of conflicts between 
employers and employees with disabilities).  Accommodation is related to compromise.  See, e.g., Dale 
Eilerman, Agree to Disagree: The Use of Compromise in Conflict Management, MEDIATE (Oct. 2006), 
https://www.mediate.com/articles/eilermanD7.cfm (describing when compromise is useful in 
mediation). 
 223.  Almost all elite sports institutions have adopted a rule of conditional inclusion based on 
testosterone levels. See, e.g., IOC Consensus Meeting on Sex Reassignment and Hyperandrogenism, INT’L 
OLYMPIC COMM. (2015), https://stillmed.olympic.org/Documents/Commissions_PDFfiles/Medical _co 
mmission/201511_ioc_consensus_meeting_on_sex_reassignment_and_hyperandrogenism-en.pdf; 
NCAA Inclusion of Transgender Student-Athletes, NAT’L COLLEGIATE ATHLETIC ASS’N (2011), https://132 
48aea-16f8-fc0a-cf26-a9339dd2a3f0.filesusr.com/ugd/2bc3fc_4a135824fabc462183c71357c93a99b4. 
pdf; National Scholastic Athletic Foundation Transgender Participation Policy and Procedure, NAT’L 
SCHOLASTIC ATHLETICS FOUND.  (2019), https://www.nationalscholastic.org/nbin/transgender/. 
 224.  NCAA Inclusion of Transgender Student-Athletes, supra note 223, at 13.  
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relevant physical conditions.225 At least conceptually, because testosterone is the 
primarily driver of the performance gap, the accommodation is viable as category 
affirming not defeating.  As an evidentiary matter, and thus legally, the rule would 
be especially defensible if the NCAA were to establish a maximum allowable T 
level that is within the female range and then to develop a protocol for monitoring 
compliance.226 

A different example of the accommodations approach outside of elite sports 
can be found in the policies of state athletic associations that have experience 
integrating male students who are not transgender into girls’ sports and events.  
This happens where there is no boys’ team and the male students can show— 
consistent with Title IX requirements—that they are the excluded sex.  Where 
particular males threaten to disrupt the championship experience and hierarchy, 
officials have sought solutions to their inclusion that are consistent with the goals 
of the carve-out, such as adding lanes or running separate male and female 
sections of a final, and featuring separate podiums for male and female finishers.  
Consistent with the goals of the sports exception to Title IX’s general non-
discrimination rule, this has ensured that male student-athletes are not precluded 
from participating in their chosen sports, but also that there cannot be a male 
winner of the girls state championship.227  These strategies aren’t perfect fits, given 
that trans girls and women identify as girls and women, not as boys and men.  But 
since sport is segregated on the basis of sex, not identity, and identity is ultimately 
irrelevant to sports performance, they can be useful as examples of solutions that 
might resolve certain impasses. 

Other models that could be adapted depending on the sport and event are 
quotas and adjusted scores and start lines.  Quotas might be especially useful in 
team sports situations.  Joanna Harper and Tiffany Abreu have suggested they 
could work in volleyball and basketball, for example.228 The basic concept of 
adjusted scores and start lines comes from golf, which designate different Tee 
boxes for males and females and—to level the playing field for golfers of different 
abilities—use adjusted scores (handicaps) to compare relative performances.  

 
 225.  According to the Justice Department, the NCAA rule was developed in “consult[ation] with 
medical experts, athletics officials, affected students, and [with advocates for transgender student-
athletes].” Dear Colleague Letter, supra note 73 (citing NCAA Inclusion of Transgender Student-
Athletes 2, 30–31, and Pat Griffin & Helen J. Carroll, On the Team: Equal Opportunity for Transgender 
Student Athletes (2010)).  On the Team itself notes that “policies that may be appropriate at the college 
level may be unfair and too complicated for [the high school] level of competition.”  It thus encourages 
the development at the high school level of age-appropriate policies. Id. at 26. It was co-authored by 
two of the leading players in this area, Helen Carroll of the National Center for Lesbian Rights (NCLR) 
and Pat Griffin of the University of Massachusetts Amherst, in consultation with Shannon Minter, also 
of the NCLR, and Eric Vilain, who also consulted on the IOC policy.  Both Minter and Vilain are leading 
experts in their respective fields, i.e., civil rights litigation and biological sex, respectively. 
 226.  As of this writing, although we expect that most trans girls and women on hormones follow 
the medical standard of care which has a target of well under 5 nmol/L, the NCAA has not set a 
maximum allowable level, nor does it monitor compliance. 
 227.  See, e.g., Coleman, Sex in Sport, supra note 27, at 173–77 (describing the State of Massachusetts’ 
approach to the inclusion of boys in girls’ swimming events). 
 228. Darlington, supra note 116.  
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Different start lines could be adjusted based on the sport’s average performance 
gap between males and females, in the manner that the distance between Tee 
boxes is adjusted to reflect the relative power of female and male golfers, and 
scores could be adjusted at the outset on the same group—rather than individual—
basis. More complicated iterations of golf’s handicapping system have been 
described elsewhere.229  Ultimately, the key to such approaches would be assuring 
their efficacy and their administrative feasibility. 

Like accommodations in general, accommodations in sport have the benefit 
of being adaptable over time based on new knowledge. For example, as we learn 
more about the nature and extent of the legacy advantages of going through male 
puberty, as well as about their particular effects in different sports and events, the 
specific requirements within the model could be adjusted without altering the 
commitment to the model itself. And as we develop a better sense of the political 
community’s relative commitments to female sport on the one hand and to trans 
inclusion on the other, the reasonableness of specific conditions within models will 
also evolve. 

The merits of and problems inherent in accommodations models are that they 
tend mostly, but not entirely, to satisfy principal policy goals while reducing, but 
not eliminating, the concerns of affected individuals.  In other words, like all 
compromises, accommodations generally mean that no one gets everything they 
wanted; and, depending on the specifics, one or the other side still faces a complete 
loss.  As it considers the question of transgender inclusion, sport is no different.  
Purists on both sides of the debate decry all proposed concessions: Those who 
want girls’ and women’s sport to remain exclusively for females say they cannot 
abide a solution that would ever see a transgender athlete in a championship 
position, even if she is following all of the rules. Those who want girls and 
women’s sport to be unconditionally inclusive of transgender athletes say they 
cannot abide a solution that recognizes that there is a difference between females 
and transgender women and girls: “Transgender women are women. Period.  
Transgender girls are girls.  Period.”  Those who argue from “the messy middle” 
can struggle to get a foothold.  But given the stakes on both sides, it is surely 
worthwhile also to consider solutions in this space. 

D. Our Recommendations 

Because sex equality in education-based sport  produces enormous value, 
and because the development of inclusive policies is separately consistent with 
educational institutions’ goals, policymakers should affirm Title IX’s original 
design and work to include gender diverse students within that design.  Because 
institutional goals are different in non-elite and elite settings, approaches to 
inclusion should track those different goals. Throughout, policymakers should 
endeavor to develop strategies that will encourage as many students as possible 
to remain engaged in school sports as participants and as competitors. 

Where it can be effective to all ends to combine teams or at least team 
practices and only to segregate competition itself on the basis of sex, the approach 
 
 229.  See, e.g., Aschwanden, supra note 167 (discussing the concept in general and the work of Alison 
Heather and colleagues in particular). 
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we detail in Part IIIC3—re-imagining the carve-out as a biological classification 
pegged to puberty—should be preferred.  So long as it doesn’t result in diminished 
coaching opportunities for females who remain underrepresented in those ranks 
or deter female students from staying engaged with sport, it is the most inclusive, 
least intrusive, and simplest to administer. Existing co-ed arrangements can be an 
ongoing model for this purpose. 

Where combined teams or practices coupled with sex segregated competition 
cannot accomplish institutional goals, the accommodations approach detailed in 
Part IIIC4 should be adopted. This will be the case in circumstances where sex 
segregated teams and events remain necessary to secure parity of opportunity for 
females. Where the accommodations approach is adopted, trans students will train 
and compete consistent with their gender identity so long as their inclusion can be 
relevantly conditioned. The NCAA transgender policy is illustrative of a hormonal 
condition in this category; others that do not require medicalization— such as 
handicaps, offsets, and quotas—exist as more appropriate models for the high 
school sports space. 

In high school intramural, junior varsity, and regular season play, where 
institutional goals are primarily related to health and fitness and to the 
development of social skills, unconditional inclusion of gender diverse students 
according to their gender identity rather than their sex will usually be category 
affirming.  Exceptions will arise where this is not the case, for example in contact 
sports situations where physical safety is tied to sex-linked differences, and where 
regular season play determines invitational and post-season opportunities.  But to 
the extent that including trans students according to their gender identity merely 
makes others uncomfortable, educators should be encouraged to educate, 
including to inculcate empathy and inclusivity, rather than to exclude. 

Once the focus shifts to competition and to the establishment of hierarchy and 
the isolation and celebration of champions, unconditional inclusion of trans girls 
and women who have benefited from male puberty becomes category defeating.  
Conditional inclusion in this context is therefore appropriate. This position will 
not satisfy purists on either side of the issue and both have strong arguments in 
support of their views. Most immediately, it won’t satisfy those who believe the 
category is inevitably defeated by the inclusion of students whose natal sex is male 
regardless of how their participation is conditioned. And it won’t satisfy either 
medical providers who have built girls sport or invariable inclusion on the basis 
of gender identity into their treatment design or trans advocates whose movement 
strategy is to elide the differences between sex and identity. Ultimately, however, 
the standard that prevails should be one that provides for reasonable 
accommodations given institutional goals. 

Finally, because the legal landscape has become muddied in this period, to 
the point that there are questions about what Title IX does or should require, the 
re-commitment to its original design should be codified by statute along with an 
allowance for reasonable, non-category defeating accommodations.230 To the 

 
 230.  The Obama and Trump Administrations were both put to this question in the context of claims 
for transgender inclusion and both have re-affirmed the federal government’s commitment to sex 
equality, albeit in different forms. See supra notes 73–75 and accompanying text. But because the 
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extent possible the legislation should be based in existing language so as not to 
disrupt the well-established body of accompanying law, with definitions and 
clarifications as appropriate given the current context. Consistent with this 
prescription, we propose the following draft language: 

No person shall, on the basis of sex, be excluded from participation in, be denied 
the benefits of, be treated differently from another person or otherwise 
discriminated against in any interscholastic athletics offered by a recipient, and no 
recipient shall provide any such athletics separately on such basis. 

However, to secure Title IX’s commitment to sex equality, a recipient may operate 
or sponsor separate teams and events based on sex where selection and 
advancement are affected by sex-linked competitive advantages or the activity 
involved is a contact sport in which physical safety is implicated. 

So long as they do not imperil female students’ physical safety or diminish their 
competitive opportunities, a recipient that operates or sponsors separate sex teams 
and events may include persons of the excluded sex when their gender identity is 
concordant.  On the same conditions, a recipient that sponsors a team for only one 
sex may include persons of the excluded sex. Reasonable accommodations 
consistent with these conditions are encouraged. 

For purposes of this statute, sex retains its dictionary definition as “either of the 
two divisions, designated female and male, by which most organisms are 
classified on the basis of their reproductive organs and functions.”231 It does not 
include sex stereotypes or legal or gender identity. 

CONCLUSION 

Title IX expresses society’s commitment to sex equality in educational 
settings. At the time of the statute’s enactment in 1972, this commitment was 
revolutionary. Today, in no small part because Americans across the political 
spectrum are invested in the goal, Title IX’s value is mostly a given.232 From the 
focus on increasing the numbers of women in STEM to the effort to eradicate the 
conditions that enable sexual assault, the idea that women belong as equals on 
campus persists. Notably, the commitment to this idea is not merely normative.  
As Nicholas Kristof wrote in his year-end column for the New York Times in 2019, 
“few forces change the world so much as education and the empowerment of 
women.”233 

 
executive branch has discretion in the interpretation of federal regulations, and because 
administrations come and go, they can foster unnecessary confusion and ensure that the matter 
remains unsettled. 
 231. Sex, AM. HERITAGE DICTIONARY OF THE ENGLISH LANGUAGE (5th ed. 2020). 
 232.  Sandra Guy, Title IX at 45, SOC’Y OF WOMEN ENG’RS MAG. (Mar. 20, 2017), https://alltogether. 
swe.org/2017/03/title-ix-45/ (“Title IX is hugely popular, and it’s a bipartisan issue. We don’t expect 
that to change.”).  
 233.  Nicholas Kristof, This Year Has Been The Best Year Ever, N.Y. TIMES (Dec. 31, 2019), https://ww 
w.nytimes.com/2019/12/28/opinion/sunday/2019-best-year-poverty.html. See also Ana Revenga & 
Sudhir Shetty, Empowering Women is Smart Economics, 49 IMF FIN. & DEV. (2012), https://www. imf.org/e 
xternal/pubs/ft/fandd/2012/03/revenga.htm. 
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The structure of the Title IX regulatory scheme makes clear that the goal is 
sex equality, not sex neutrality. Consistent with American equal protection 
jurisprudence and our general political inclinations, the latter is merely the 
preferred means to the former end. Like other sex equality measures, Title IX 
recognizes that females often remain disadvantaged in relation to males because 
of their reproductive biology and because of stereotypes about them based on that 
biology.  Sex affirmative approaches are appropriate when sex neutrality cannot 
effectively address that disadvantage.  Thus, such approaches may be used to 
overcome entrenched discriminatory patterns that are not explained by inherent 
differences; see special provisions for women and girls in fields in which they 
remain underrepresented.  And they may be used to ensure that such differences 
are not unnecessary obstacles to important opportunities; see separate sex sport. 

Notwithstanding our general preference for sex neutral measures, the sports 
exception to Title IX’s general nondiscrimination rule has long been one of the 
statute’s most popular features.234 This affirmative approach is understood to be 
necessary to ensure that the sex-linked differences that emerge from the onset of 
male puberty do not stand as obstacles to sex equality in the athletic arena. From 
the beginning, it was understood that any different, sex neutral measure would 
ensure precisely the opposite—that spaces on selective teams and spots in finals 
and on podiums would all go to boys and men. The sports exception makes it 
possible for women and girls also to benefit from the multiple positive effects of 
these experiences, and for their communities and the broader society to reap the 
benefits of their empowerment. 

The challenge in the beginning of the Title IX era was to conceive of and 
equally to support females as athletes, coaches, and sports administrators.  We 
continue to fight for equal support as important institutions still stumble—see, for 
example, the dearth of female coaches in NCAA programs;235 Nike’s recently-
revealed failure to keep its brightest female stars under contract when they become 
pregnant;236 and USA Soccer’s refusal to provide equal pay to the members of its 
male and female teams.237  But as Title IX concludes its first semi-centennial, we no 
longer struggle as we did in the beginning with the basic concept of females as 
athletes.  It is no longer commonplace for an athletic department to assume that a 
female is on the field to land a husband rather than a medal.  Female puberty, 
pregnancy, and motherhood remain visible indicia of difference, but because of 

 
 234.  See supra note 62 and accompanying text (quoting Nancy Hogshead-Makar on this point). 
 235.  Jeré Longman, Number of Women Coaching in College Has Plummeted in Title IX Era, N. Y. TIMES 
(Mar. 30, 2017), https://www.nytimes.com/2017/03/30/sports/ncaabasketball/coaches-women-titleix.ht 
ml. 
 236.  Alisia Montaño, Nike Told Me to Dream Crazy, Until I Wanted a Baby, N. Y. TIMES (May 12, 2019), 
https://www.nytimes.com/2019/05/12/opinion/nike-maternity-leave.html. The company was smart 
enough to continue to pay Serena Williams through her pregnancy, but other stars—including most 
notably Allyson Felix—were not similarly treated.  Scott Davis, Serena Williams Supports Nike After Its 
Maternity Pay Controversy, Saying the Company Is ‘Learning from Mistakes and Doing Better’, BUS. INSIDER 
(May 28, 2019, 12:51 PM), https://www.businessinsider.com/serena-williams-backs-nike-maternity-
pay-controversy-2019-5. 
 237.  Andrew Das, U.S. Women’s Soccer Team Granted Class Status in Equal Pay Lawsuit, N. Y. TIMES 
(Nov. 8, 2019), https://www.nytimes.com/2019/11/08/sports/uswnt-equal-pay-lawsuit.html.  
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the sports exception, they are no longer disqualifying. Indeed, when the 
promotion is done right, these are affirmatively empowering and celebrated.238 

The challenge as we move into Title IX’s second semi-centennial is to 
persuade institutions finally to address the remaining disparities in their support 
of female athletes and female sport at the same time that we enter a new 
revolutionary period in which we are being asked to imagine that “female” 
includes individuals of both biological sexes so long as they identify as women 
and girls.  This ask reflects the intellectual choice to conceive of sex as a social 
construct rather than as a fact of biology tied to reproduction, and also the strategic 
choice of trans rights advocates to work toward law reform that would disallow 
any distinctions on the basis of reproductive sex. A popular manifestation of this 
strategy is their insistence that we accept as threshold truth rather than as political 
claim the proposition that “Trans women are women, period.” 

The problem is that female sport is by design and for good reasons, a 
reproductive sex classification. These reasons have nothing to do with transphobia 
and everything to do with the performance gap that emerges from the onset of 
male puberty.  Whether one is trans or not, if one is in sport and cares about sex 
equality, this physical phenomenon is undeniably relevant. Changing how we 
define “female” so that it includes individuals of both sexes, and then disallowing 
any distinctions among them on the basis of sex, is by definition and in effect a 
rejection of Title IX’s equality goals. Whatever their earlier allegiances, and 
however they would seek to re-tool the relevant vocabulary to obscure this point, 
we should be clear that those push for these changes today are committed to sex 
neutrality, not to sex equality. 

We need to find a path to equality also for trans people. And we need to be 
thoughtful about how they are included within an institution whose design is at 
odds with who they are.  But given the enormous social utility and popularity of 
that design, as well as the work that still needs to be done to fulfill its promise, a 
path that involves a rejection of its principal terms is a non-starter. 

In this paper, we have provided the legal history and the science that make 
sense of the sports exception to Title IX’s general nondiscrimination rule. We have 
also developed the policy arguments for affirming the commitment to sex equality 
in the education-based sports space, and for including trans kids in that space in 
ways that support their healthy development without undermining either the 
statute’s sex equality goals or its allowance for sex affirmative measures to achieve 
them.  Finally, we have described and evaluated the options that are and ought to 
be on the table as civil rights advocates and policymakers work through this 
challenge.  We do not expect that we have thought of everything; indeed, because 
the science and social norms are evolving as we write, we assume that regular 
 
 238.  This video from the Olympic Channel, Aiming for the Olympics After Child-Birth ft. Allyson Felix/ 
Top Performer, YOUTUBE (Oct. 21, 2019), https://www.youtube.com/watch?v=TNuL38NRppg is 
illustrative. See also, e.g., Annabelle Timsit, Serena Williams’s New Ad Gives Working Moms the Nuanced 
Representation They Deserve, QUARTZ AT WORK (Aug.  29, 2018), https://qz.com/work/1372139/serena-
williams-thismama-ad-offers-a-powerful-vision-of-working-moms/. For a summary of the 
development of the market for female sport, see Ross Andrews, Women’s Sports Popularity is Growing, 
According to Nielsen Study, GLOB. SPORT MATTERS (Nov. 13, 2018), https://globalsportmatters.com/busin 
ess/2018/11/13/womens-sports-popularity-is-growing-according-to-nielsen/.  
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updating will be necessary. But we hope that the structure, background, and 
arguments we’ve set out will be useful in the process. 
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ORIGINAL RESEARCH

TRANSGENDER HEALTH

Early Hormonal Treatment Affects Body Composition and Body
Shape in Young Transgender Adolescents

Maartje Klaver, MD,1 Renée de Mutsert, PhD,2 Chantal M. Wiepjes, MD,1 Jos W. R. Twisk, PhD,3

Martin den Heijer, MD, PhD,1 Joost Rotteveel, MD, PhD,4 and Daniël T. Klink, MD, PhD4,5

ABSTRACT

Background: Transgender adolescents aspiring to have the body characteristics of the affirmed sex can receive
hormonal treatment. However, it is unknown how body shape and composition develop during treatment and
whether transgender persons obtain the desired body phenotype.

Aim: To examine the change in body shape and composition from the start of treatment with gonadotropin-
releasing hormone agonists (GnRHa) until 22 years of age and to compare these measurements at 22 years
with those of age-matched peers.

Methods: 71 transwomen (birth-assigned boys) and 121 transmen (birth-assigned girls) who started treatment
from 1998 through 2014 were included in this retrospective study. GnRHa treatment was started and cross-sex
hormonal treatment was added at 16 years of age. Anthropometric and whole-body dual-energy x-ray absorp-
tiometry data were retrieved from medical records. Linear mixed model regression was performed to examine
changes over time. SD scores (SDS) were calculated to compare body shape and composition with those of age-
matched peers.

Outcomes: Change in waist-hip ratio (WHR), total body fat (TBF), and total lean body mass (LBM) during
hormonal treatment. SDS of measures of body shape and composition compared with age-matched peers at 22
years of age.

Results: In transwomen, TBF increased (þ10%, 95% CI ¼ 7e11) while total LBM (�10%, 95% CI ¼ �11
to �7) and WHR (�0.04, 95% CI ¼ �0.05 to �0.02) decreased. Compared with ciswomen, SDS at 22 years
of age were þ0.3 (95% CI ¼ 0.0e0.5) for WHR, and 0.0 (95% CI ¼ �0.2 to 0.3) for TBF. Compared with
cismen, SDS were �1.0 (95% CI ¼ �1.3 to �0.7) for WHR, and þ2.2 (95% CI ¼ 2.2e2.4) for TBF. In
transmen, TBF decreased (�3%, 95% CI ¼ �4 to �1), while LBM (þ3%, 95% CI ¼ 1e4) and WHR
(þ0.03, 95% CI ¼ 0.01e0.04) increased. Compared with ciswomen, SDS at 22 years of age were þ0.6 (95%
CI ¼ 0.4e0.8) for WHR, and �1.1 (95% CI ¼ �1.4 to �0.9) for TBF. Compared with cismen, SDS were
�0.5 (95% CI ¼ �0.8 to �0.3) for WHR, and þ1.8 (95% CI ¼ 1.6e1.9) for TBF.

Clinical Implications: Knowing body shape and composition outcomes at 22 years of age will help care pro-
viders in counseling transgender youth on expectations of attaining the desired body phenotype.

Strengths and Limitations: This study presents the largest group of transgender adults to date who started
treatment in their teens. Despite missing data, selection bias was not found.

Conclusions: During treatment, WHR and body composition changed toward the affirmed sex. At 22 years of
age, transwomen compared better to age-matched ciswomen than to cismen, whereas transmen were between
reference values for ciswomen and cismen. Klaver M, de Mutsert R, Wiepjes CM, et al. Early Hormonal
Treatment Affects Body Composition and Body Shape in Young Transgender Adolescents. J Sex Med
2018;15:251e260.
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INTRODUCTION

Adolescents with gender dysphoria aspire to have body char-
acteristics that are similar to those of the affirmed sex. From 12
years of age, adolescents with male-to-female gender dysphoria,
referred to as transwomen, and adolescents with female-to-male
gender dysphoria, referred to as transmen, can be treated with
gonadotropin-releasing hormone analogues (GnRHa) to suppress
puberty. Subsequently, at 16 years of age and if the person still
pursues gender-affirming treatment, cross-sex hormonal treat-
ment (CHT) is added to induce the secondary sexual charac-
teristics of the affirmed sex.1

During puberty, with increasing sex steroid levels, girls
develop more body fat that is deposited mainly in the gluteal and
femoral region (so-called gynoid region).2,3 This leads to a female
body shape with a low waist-to-hip ratio (WHR).3,4 Pubertal
boys obtain more lean body mass (LBM) and store body fat
mainly in the abdominal region (also referred to as the android
region),3 resulting in a male body shape with a higher WHR
than seen in girls.3,4 It is unknown how total and regional body
fat, LBM, and body shape develop in transgender adolescents
treated with GnRHa and CHT, and whether this results in a
similar body composition and body shape as the affirmed sex in
young adulthood.

Therefore, the 1st aim of this study was to examine the effects
of treatment with GnRHa and CHT on total body and regional
body fat, LBM, and body shape in adolescents with gender
dysphoria. A 2nd aim of this study was to compare the achieved
amount of total and regional body fat, LBM, and WHR of these
transwomen and transmen at 22 years of age with reference
values of the affirmed sex and to examine whether they obtained
the desired body composition and body shape in young adult-
hood. A 3rd aim was to examine the influence of pubertal stage
at start of treatment on the achieved body composition and body
shape at 22 years.

METHODS

Study Design and Study Population
We retrospectively reviewed the medical records of all ado-

lescents diagnosed with gender dysphoria (Diagnostic and Sta-
tistical Manual of Mental Disorders, 4th Edition, Text Revision5) at
the VU University Medical Center (Amsterdam, the
Netherlands) until December 2015. All persons who started
hormonal treatment before 18 years of age, started the treatment
protocol as described below,1 had undergone whole-body
dual-energy x-ray absorptiometry (DXA) during treatment, and

according to their age had their medical checkups in young
adulthood (>20.5 years) were eligible for this study. Data ob-
tained during routine medical checkups on anthropometry,
laboratory measurements, and whole-body DXA were collected
at 3 time points: start of GnRHa, addition of CHT, and result at
22 years of age (range ¼ 20.5e23.5 years). The local ethics
committee approved the study and the necessity for informed
consent was waived.

Treatment Protocol
The treatment protocol, also referred to as the Dutch pro-

tocol, has been published in detail.1 At a minimum age of 12
years and stage B2 (breast) for girls and Tanner stage G3
(genital) for boys, subcutaneous GnRHa 3.75 mg for 4 weeks
was started. From 16 years of age, CHT was added with
increasing doses to initiate pubertal development. Transwomen
were prescribed oral 17b-estradiol starting at 5 mg per kilogram
of body weight per day, which was increased by 5 mg/kg per day
every 6 months until the maintenance dose of 2 mg/day was
reached. Transmen used initially mixed testosterone esters
(Sustanon; Organon Pharmaceuticals, Oss, The Netherlands)
intramuscularly starting at 25 mg per square meter of body
surface area every 2 weeks, which was increased by 25 mg/m2

every 6 months until the maintenance dose of 250 mg every 3
to 4 weeks was achieved. When GnRHa were started after 16
years of age, CHT was added after 3 to 6 months with a start
dosage of 17b-estradiol 1 mg/day or intramuscular Sustanon 75
mg/week. After 6 months, this was increased to 17b-estradiol 2
mg/day in transwomen and Sustanon 250 mg every 3 to 4
weeks in transmen. From 18 years, patients were eligible for
gonadectomy, after which treatment with GnRHa ceased. From
the start of treatment, patients were advised to maintain a
healthy lifestyle with sportive activities and an adequate calcium
intake to prevent bone loss.

Anthropometry and Whole-Body DXA
At each visit, body height, body weight, waist circumference,

and hip circumference were measured. Body height was
measured to the nearest 0.1 cm using a Harpenden stadiometer.
Body weight was measured while the subject wore only un-
derwear without shoes to the nearest 0.1 kg. Body mass index
(BMI) was calculated as weight in kilograms divided by height
in meters squared. Waist circumference, defined as the smallest
abdominal circumference, and hip circumference, measured at
the level of the trochanter major, were determined with a tape
measure to the nearest 0.1 cm. From these 2 measurements, the
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WHR was calculated, which was used as a measure for body
shape.

Whole-body and regional body fat, LBM, and total mass were
measured using DXA. Until 2002, the Hologic QDR 2000
(Hologic Inc, Bedford, MA, USA) was used. From 2002, a
Hologic Delphi apparatus (Hologic Inc) was used with software
version 8.26, which was updated in 2005 to version 12.3.3. In
2011, the Hologic Delphi was replaced by a Hologic Discovery
13.1 (Hologic Inc), which was updated to version 3.3 in 2012 and
to version 4.5.3 in 2015. During the review of medical records,
DXA scans were included when they were obtained within 4
months before or after the start of GnRHa or CHT or within 1.5
years before or after the 22nd birthday. All available DXA scans
from participants were obtained and reanalyzed with the most
recent software version (version 13.5.3). The android region and
gynoid region were defined using the software provided by
Hologic. The lower boundary of the android region coincides
with the upper edge of the pelvis and the height equals 20% of the
distance from the upper edge of the pelvis to the bottom of the
chin. The upper boundary of the gynoid region is below the upper
edge of the pelvis by 1.5 times the height of the android region.
The gynoid region equals twice the height of the android region.

Statistical Analyses
STATA 13.1 (StataCorp, College Station, TX, USA) was used

for statistical analyses. Linear mixed model regression analyses
with observations clustered within participants were performed to
examine mean changes in measurements of body composition
and body shape from the start of GnRHa to 22 years of age.
Linear mixed models also properly deal with missing data.6 When
outcome variables were not normally distributed, the natural
logarithm was obtained for analyses. Analyses were adjusted for
Tanner stage at start of treatment, and BMI at start of treatment
using centered variables. Student t-tests were used to examine
whether changes in body shape and body composition during
GnRHa monotherapy differed from changes after the addition of
CHT.

Tanner stage at start of treatment, time, and the interaction
between Tanner stage and time were added to the linear mixed
model regression analysis to examine the influence on the ach-
ieved body composition and body shape at 22 years of age. In
transwomen, Tanner stage at start was defined by testes volume
and this resulted in the following categories: less than or equal to
8 mL (early puberty), 10 to 15 mL (mid-puberty), and at least
20 mL (late puberty).7,8 In transmen, Tanner stage at start of
treatment was defined by breast development.7 Because a small
number of transmen had Tanner stage II (n ¼ 3) or III (n ¼ 8)
at the start of CHT, the 2 groups were classified as starters in
early and mid-puberty. Transmen with Tanner stage IV or V
were classified as starters in late puberty. Analyses were adjusted
for BMI at 22 years of age.

We calculated standard deviation scores (SDS) to compare
measures of body composition and body shape in participants at

22 years of age with reference values from age-matched peers
with no (treatment for) gender dysphoria, also referred to as
ciswomen and cismen. In transwomen and transmen, SDS were
calculated for both ciswomen and cismen in order to compare
measures with the at birth assigned sex and the affirmed sex. For
the mean age of start of GnRHa (15 years in both transwomen
and transmen) and for the age of 22 years, age-specific reference
values 4,9-12 were retrieved from literature.

RESULTS

71 transwomen and 121 transmen who started with GnRHa
and CHT from 1998 through 2014 were included in the present
analyses (Figure 1). The general characteristics of the participants
are presented in Table 1.

Change in Body Shape and Body Composition
During Treatment in Transwomen

The results of the mixed model analyses showed that in
transwomen waist circumference (þ8 cm, 95% CI ¼ 5e10,
P < .001) and hip circumference (þ17 cm, 95% CI ¼ 13e21,
P < .001) increased and WHR decreased (�0.04,
95% CI ¼ �0.05 to �0.02, P < .001). The percentage of total
body fat increased (þ9%, 95% CI ¼ 8e11, P < .001) and thus
the percentage of LBM decreased (�9%, 95% CI ¼ �11 to �8,
P < .001; Table 2, Figure 2). Percentage of body fat increased in
the android region (þ9%, 95% CI ¼ 6e12, P < .001) and the
gynoid region (þ11%, 95% CI ¼ 9e12, P < .001; Table 2).
Changes in body composition and body shape measurements
were not different after adjustment for Tanner stage at start of
treatment, or BMI at start of treatment.

Change in Body Shape and Body Composition
During Treatment in Transmen

Transmen showed increases in waist circumference (þ6 cm,
95% CI ¼ 4e8, P < .001), hip circumference (þ5 cm, 95%
CI ¼ 2e7, P < .001), and WHR (þ0.03, 95% CI ¼

Transgender persons who started hormonal treatment when
<18 years old

N=489

Not eliglible for the study:

N= 66 persons who started in a different protocol
N= 225 persons <20.5 years who did not have their final visit yet
N= 5 persons in which no DXA was performed during treatment
N= 1 person who stopped hormonal treatment

Total of transgender persons who were included for analyses
N=192

Transwomen N=71                                  Transmen N=121

Figure 1. Flowchart of participant inclusion process. DXA ¼
whole-body dual-energy x-ray absorptiometry.
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0.01e0.04, P < .002). Percentage of total body fat decreased
(�3%, 95% CI ¼ �4 to �2, P < .001), so percentage of LBM
increased (þ3%, 95% CI ¼ 2e4, P < .001; Table 2, Figure 2).
Percentage of body fat decreased in the gynoid region (�5%,
95% CI ¼ �6 to �3, P < .001) with no change in the android
region (þ1%, 95% CI ¼ 0e3, P ¼ .18; Table 2). Changes in
body composition and body shape measurements were not
different after adjustment for Tanner stage at start of treatment,
or BMI at start of treatment.

Body Shape and Body Composition at 22 Years
Compared With Peers

SDS of body shape and body composition in transgender persons
for both ciswomen and cismen are presented in Table 3.

Influence of Tanner Stage at Start on Body Shape
and Body Composition at 22 Years
Transmen who started CHT in early or mid-puberty had a

higher WHR than transmen who started treatment in late pu-
berty. Transwomen tended to have a lower WHR starting in
early or mid-puberty than those who started in late puberty. No
differences in percentage of total body fat or percentage of total
LBM were found across Tanner stages at start of treatment in
transwomen and transmen (Table 4).

DISCUSSION

This study of 71 transwomen and 121 transmen shows that
measurements of body shape and body composition change

Table 1. Characteristics of adolescents who started treatment with GnRHa and CHT at the VU University Medical Center from 1998
through 2014*

Transwomen Transmen

Adolescents 71 121
Age at start of GnRHa (y) 14.5 ± 1.8 15.3 ± 2.0
Age at start of CHT (y) 16.4 ± 1.1 16.9 ± 0.9
Ethnicity, %

Caucasian 98 94
Asian 1 2
Black American 1 2

Occurrence of menarche, %†
— 84

BMI at start (kg/m2) 19.8 (18.0e22.0) 20.6 (19.1e23.1)
Duration of GnRHa monotherapy (y) 2.1 (1.0e2.8) 1.0 (0.5e2.9)
Duration of GnRHa þ CHT (y) 3.1 (2.5e3.6) 2.4 (2.0e3.1)
Duration of CHTmonotherapy (y) 2.8 (1.6e3.4) 3.0 (1.9e3.4)
E2 level at start of GnRHa (pmol/L) 50 (20e79) 112 (70e202)
E2 level at start of CHT (pmol/L) 25 (20e31) 28 (23e36)
E2 level at 22 y of age (pmol/L) 121 (81e154) 70 (43e135)
T level at start of GnRHa (nmol/L) 10.0 (4.3e14.0) 1.0 (1.0e1.3)
T level at start of CHT (nmol/L) 1.0 (1.0e1.0) 1.0 (1.0e1.0)
T level at 22 y of age (nmol/L) 1.0 (0.8e1.0) 16.0 (8.8e37.0)
SDS at start vs ciswomen

BMI 0.1 (�0.1 to 0.4) 0.4 (0.4e0.8)
Waist 0.6 (0.3e0.9) 0.6 (0.3e0.8)
Hip 0.0 (�0.2 to 0.2) 1.1 (0.1e0.5)
WHR 0.9 (0.6e0.9) 0.2 (0.0e0.3)
Total body fat �0.9 (�1.0 to �0.7) �0.1 (�0.2 to 0.1)
Lean body mass 2.5 (2.0e2.8) 1.3 (1.0e1.5)

SDS at start vs cismen
BMI 0.4 (0.1e0.7) 0.7 (0.7e1.1)
Waist 0.1 (�0.2 to 0.4) 0.1 (�0.2 to 0.3)
Hip 0.3 (0.0e0.6) 0.7 (0.4e0.8)
WHR �0.2 (�0.3 to 0.0) �1.0 (�1.0 to �0.7)
Total body fat 1.6 (1.5e1.8) 2.0 (1.9e2.0)
Lean body mass �0.7 (�0.9 to �0.6) �1.1 (�1.1 to �1.0)

BMI ¼ body mass index; CHT ¼cross-sex hormonal treatment; E2 ¼ estradiol; GnRHa ¼ gonadotropin-releasing hormone analogues; SDS ¼ SD score; T ¼
testosterone; WHR ¼ waist-to-hip ratio.
*Data are presented as number, mean ± SD, median (interquartile range), or SDS (95% CI).
†Data were missing for 8% of transmen.
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toward the values of the affirmed sex during treatment with
GnRHa and CHT. As a result of these changes, in young adult
transwomen at 22 years of age, SDS for WHR, body fat, and
LBM showed greater similarity to ciswomen than to cismen. In
transmen at the same age, SDS for WHR, body fat, and LBM
were between reference values for ciswomen and cismen. The
achieved body fat and LBM at 22 years were similar across
different Tanner stages at start of treatment in transwomen and
transmen. However, in transmen, an earlier Tanner stage at start
of treatment appeared to be associated with a closer resemblance
of body shape to their affirmed sex at 22 years, and this tended to
be the same in transwomen.

Compared with ciswomen and cismen in adolescence, trans-
gender adolescents who are treated with GnRHa and CHT
exhibit greater changes in body composition. A larger increase in
percentage of body fat has been seen in transwomen compared
with ciswomen within the same lifespan.10 Transmen exhibit
decreased percentage of body fat, whereas percentage of body fat
in cismen remains stable during puberty.10 This observation is
likely explained by the fact that prepubertal girls already have

more body fat than prepubertal boys, and therefore transgender
persons have a different body composition at the start of hor-
monal treatment than age-matched peers of the affirmed sex.13

Also, compared with adult transgender persons treated with
CHT,14,15 larger changes in body shape and body composition
are seen in transgender persons who start in adolescence.
Moreover, transgender persons who start treatment in adoles-
cence have at 22 years of age a body composition that approaches
the affirmed sex more closely than transgender persons who start
CHT in adulthood.15

The appropriate moment of starting gender reassignment
continues to be a topic of debate.16 The findings of this study
favor starting treatment in an early stage of puberty, because
this appears to be associated with a closer resemblance of body
shape to the affirmed sex at 22 years. This observation can be
explained in part by the fact that in early puberty there is no
distinct sex-specific body fat distribution, but also other factors
can contribute to this difference. For instance, the period of
gonadal suppression is generally considered a period of status
quo. However, it can be postulated that a body of a transwomen

Table 2. Measurements of body shape and body composition at the start of GnRHa, the start of CHT, and at 22 years of age in
transwomen (n ¼ 71) and transmen (n ¼ 121)

Start of GnRH Start of CHT 22 y of age

Transwomen
Body weight (kg) 58 (56e61) 66 (63e69) 76 (71e82)
BMI (kg/m2) 20.2 (19.4e20.9) 21.3 (20.5e22.0) 23.2 (21.6e24.8)
Waist circumference (cm)* 71 (69e73) 75 (73e77) 79 (77e82)
Hip circumference (cm)* 89 (87e91) 95 (93e97) 106 (102e110)
WHR* 0.81 (0.79e0.82) 0.79 (0.78e0.80) 0.77 (0.75e0.79)
Body fat
Total body (%)* 25 (23e26) 31 (29e32) 34 (32e36)
Android (%)* 23 (21e25) 28 (26e31) 32 (28e36)
Gynoid (%)* 29 (27e30) 36 (34e38) 40 (38e42)

Lean body mass
Total body (%)* 75 (74e77) 69 (68e71) 66 (64e68)

Transmen
Body weight (kg) 58 (56e61) 63 (60e65) 69 (66e71)
BMI (kg/m2) 21.6 (20.9e22.3) 22.5 (21.7e23.2) 23.9 (23.0e24.7)
Waist circumference (cm)* 71 (69e72) 73 (71e74) 77 (75e79)
Hip circumference (cm)* 92 (90e93) 95 (93e97) 96 (94e99)
WHR* 0.77 (0.76e0.78) 0.76 (0.75e0.77) 0.80 (0.78e0.82)
Body fat
Total body (%)* 30 (29e31) 33 (32e35) 27 (26e28)
Android (%)* 29 (27e30) 33 (32e35) 30 (28e32)
Gynoid (%)* 36 (35e37) 39 (38e40) 31 (30e33)

Lean body mass
Total body (%)* 70 (69e71) 67 (66e68) 73 (72e74)

BMI ¼ body mass index; CHT ¼ cross-sex hormonal treatment; GnRHa ¼ gonadotropin-releasing hormone analogues; WHR ¼ waist-to-hip ratio.
*Percentages of missing data for anthropometrics were 11% in transwomen and 18% in transmen for start of GnRHa, 10% in transwomen and 13% in
transmen for start of CHT, and 71% in transwomen and 76% for visit at 22 years of age. For measurements of body composition examined by whole-body
dual-energy x-ray absorptiometry, percentages of missing data were 12% in transwomen and 11% in transmen for start of GnRHa, 36% in transwomen and
45% in transmen for start of CHT, and 64% in transwomen and 65% in transmen at 22 years of age.
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in a prolonged androgen-deprived state might respond differ-
ently to estrogens than a body that has had greater androgen
exposure. Although programming properties of androgens are
most pronounced prenatally, during puberty programming ef-
fects have been described in the brain.17 Therefore, other sex
dimorphic organs such as body fat might also undergo

androgen-induced programming that results in a lesser response
to estrogens. To achieve a better outcome (ie, greater resem-
blance to the affirmed sex), both this phase of gonadal sup-
pression can be modulated as the phase of gonadal suppression
combined with CHT. Although in this study the period of
CHT did not differ much between pubertal groups, previous
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Figure 2. Changes (þ95% CI) in percentage of total body fat, percentage of total body lean mass, and WHR in transwomen and transmen
from the start of GnRHa to 22 years of age examined with mixed-model analyses using reference values for ciswomen and cismen.
Reference data for ciswomen and cismen are shown for percentage of body fat,10 percentage of lean body mass,10 and WHR.4 Mean
differences between changes during GnRHa alone and changes after the addition of CHT in transwomen were þ3 (95% CI �0 to 5) for
percentage of total body fat, �3 (95% CI �5 to 0) for percentage of lean body mass, and 0.00 (95% CI �0.02 to 0.03) for WHR and in
transmen were þ9 (95% CI 7e11) for percentage of total body fat, �9 (95% CI �11 to �7) for percentage of lean body mass, and �0.04
(95% CI �0.06 to �0.02) for WHR. CHT ¼ cross-sex hormonal treatment; GnRHa ¼ gonadotrophin-releasing hormone analogues;
WHR ¼ waist-to-hip ratio.
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Table 3. SDS of body shape and body composition in trans persons at 22 years of age for ciswomen and cismen

Transwomen (n ¼ 71) Transmen (n ¼ 121)

SDS for ciswomen SDS for cismen SDS for ciswomen SDS for cismen

BMI þ0.4 (�0.2 to 1.0) þ0.4 (�0.2 to 1.0) þ0.5 (0.3e0.8) þ0.6 (0.3e0.8)
Waist circumference þ1.1 (0.8e1.6) �0.1 (�0.4 to 0.3) þ0.8 (0.5e1.1) �0.1 (�0.4 to 0.3)
Hip circumference þ1.4 (1.0e1.9) þ1.8 (1.3e2.4) þ0.2 (�0.2 to 0.5) þ0.3 (�0.2 to 0.7)
WHR þ0.3 (0.0e0.5) �1.0 (�1.3 to �0.7) þ0.6 (0.4e0.8) �0.5 (�0.8 to �0.3)
Total body fat �0.4 (�0.8 to 0.0) þ2.1 (2.1e2.3) �1.1 (�1.4 to �0.9) þ1.8 (1.6e1.9)
Android fat �0.1 (�0.3 to 0.3) þ0.8 (0.6e1.1) �0.3 (�0.4 to 0.0) þ0.7 (0.5e0.9)
Gynoid fat �0.1 (�0.4 to 0.3) þ2.1 (1.8e2.3) �1.7 (�1.8 to �1.5) þ0.9 (0.8e1.1)
Lean body mass þ1.3 (0.8e1.8) �1.4 (�1.5 to �1.2) þ3.0 (2.8e3.3) �0.9 (�0.9 to �0.8)

BMI ¼ body mass index; SDSs ¼ SD scores; WHR ¼ waist-to-hip ratio.

Table 4. Measurements of body shape and body composition at 22 years of age shown per category of Tanner stage at start of treatment
and differences between those categories

Transwomen

Tanner stages at start of treatment Difference between Tanner stages

Early puberty
(n ¼ 16)

Mid-puberty
(n ¼ 21)

Late puberty
(n ¼ 34)

DEarly vs
mid-puberty

DEarly vs
late puberty

Age at start (y) 13.2 (12.8e13.5) 13.3 (13.1e14.0) 15.6 (14.3e17.2)
Duration of GnRHa

monotherapy (y)
2.7 (2.4e3.1) 2.7 (2.1e3.1) 1.0 (0.6e1.6)

Duration of
GnRHa þ CHT (y)

3.0 (2.6e3.6) 3.1 (2.6e3.7) 3.1 (2.3e3.5)

BMI (kg/m2) 23.8 (21.5e26.2) 20.9 (18.7e23.1) 24.2 (22.8e25.6) 2.9 (�0.3 to 6) �0.4 (�3.1 to 2.3)
SDS for ciswomen 0.6 (�0.2 to 1.5) �0.4 (�1.2 to 0.4) 2.1 (0.3e1.3)
WHR 0.75 (0.71e0.79) 0.75 (0.69e0.80) 0.78 (0.76e0.80) 0.00 (�0.07 to 0.07)�0.03 (�0.08 to 0.02)
SDS for ciswomen 0.0 (�0.5 to 0.5) 0.0 (�0.8 to 0.6) 0.4 (0.1e0.6)
Total body fat (%) 33 (29e38) 30 (25e35) 34 (32e36) 3 (�4 to 10) �1 (�6 to 4)
SDS for ciswomen �0.2 (�0.8 to 0.4) �0.6 (�1.4 to 0.0) �0.1 (�0.4 to 0.1)
Lean body mass (%) 67 (62e72) 70 (65e75) 66 (64e68) �3 (�10 to 4) þ1 (�4 to 6)
SDS for ciswomen 1.5 (0.3e2.8) 2.3 (1.0e3.5) 1.3 (0.8e1.8)

Transmen Early to mid-puberty (n ¼ 11)
Late puberty
(n ¼ 110) DEarly to mid vs late puberty

Age at start (y) 12.3 ± 0.5 15.6 ± 1.7
Duration of GnRHa

monotherapy (y)
3.5 (3.4e3.9) 0.9 (0.5e2.0)

Duration of
GnRHa þ CHT (y)

2.2 (2.0e2.5) 2.5 (1.9e3.2)

BMI (kg/m2) 22.5 (19.8e25.1) 23.9 (23.0e24.7) �1.4 (�4.2 to 1.4)
SDS for cismen 0.1 (�0.9 to 1.1) 0.7 (0.3e1.0)
WHR 0.85 (0.80e0.90) 0.79 (0.77e0.80) 0.06 (0.02 to 0.12)
SDS for ciswomen 0.3 (�0.5 to 1.2) �0.7 (�1.0 to �0.5)
Total body fat (%) 26 (21e31) 27 (26e29) �1 (�6 to 4)
SDS for cismen 1.7 (1.3e2.0) 1.8 (1.7e1.9)
Lean body mass (%) 74 (69e79) 73 (72e74) 1 (�4 to 6)
SDS for cismen �0.8 (�1.1 to �0.4) �0.9 (�0.9 to �0.8)

BMI ¼ body mass index; CHT ¼ cross-sex hormonal treatment; GnRHa ¼ gonadotropin-releasing hormone analogues; SDS ¼ SD score; WHR ¼ waist-to-
hip ratio.
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studies have shown that in adult transwomen18—but not in
transmen19—a longer period of CHT establishes ongoing
changes in body composition after the 1st year of treatment,
which also could be applicable to body fat distribution and
body shape. Therefore, one can postulate that starting CHT
earlier than the current recommended age of 1620 would
improve outcomes in young adulthood.

We observed that transwomen at 22 years more closely
resembled the affirmed sex regarding total body fat than trans-
men did. Body composition is the result of an interplay among
multiple factors, including hormonal status, genetic predisposi-
tion, and lifestyle features such as diet and physical activity levels.
A variance in these factors could explain this difference in
treatment results between transwomen and transmen. Before the
start of GnRHa, this difference was already present. Transmen
had a percentage of total body fat very similar to that of cis-
women (SDS ¼ �0.1), but transwomen had a percentage of
body fat closer to that of ciswomen (SDS ¼ �0.9) than to that of
cismen (SDS ¼ 1.6). The cause of the increased percentage
of body fat and BMI in transwomen is unknown, but it can be
postulated that psychological stress from gender dysphoria and
an inactive lifestyle21 could have contributed. Alternatively, the
genetic predisposition, independent of hormonal treatment, of
transmen could have resulted in less comparable values to their
affirmed sex at 22 years than that of transwomen.22 It can be
debated whether the 46,XX karyotype23 or other autosomal
genes24 are responsible.

As shown in Figure 2, the largest changes in transwomen were
seen during GnRHa monotherapy (ie, during the suppression of
testosterone). In transmen, the largest change was observed after
the start of testosterone treatment. Therefore, it can be postu-
lated that the suppression or addition of testosterone has a greater
impact than the suppression or addition of estradiol. However, it
is unclear whether the larger increase in body fat during GnRHa
monotherapy in transwomen is due solely to the direct absence of
testosterone action or the hypogonadal state itself. Indeed, also in
transmen an increase in body fat was seen during GnRHa
monotherapy. The larger change in body fat in transmen after
the addition of testosterone could be due to the known lipolytic
and anabolic effects of testosterone,25 which in turn could be
enhanced by practicing more sports or strength training in later
adolescence.

This study is the 1st examining the effects of GnRHa and
CHT on body shape and body composition in a large cohort of
transgender adults who started treatment in their teens. A
limitation of our study is the presence of missing data, which is
seen more often in studies with a retrospective design when data
are collected during regular patient care. However, our missing
data were missing ad random and analyses between persons
with missing data and persons without missing data did not
indicate selection bias. Another limitation of our study is that

(change in) body fat and LBM are dependent on other factors
such as diet and physical activity and those were not system-
atically recorded.

This study provides insight into the effects of GnRHa and
CHT on body shape and body composition during treatment in
adolescence. Transgender adolescents starting treatment can be
better informed on the extent to which their bodies will change
and on what to expect of the results of such changes in young
adulthood. Also, the finding that an early start of treatment in
transmen results in a body shape that more closely resemble those
of the affirmed sex than a late start supports early medical
intervention.

The transgender persons included in this study were the first
adolescents to be treated with the Dutch protocol.1 Despite the
favorable results on body shape and body composition, future
research is warranted to improve current treatment protocols or
devise alternative treatment protocols when GnRHa are not
available.26 Further, this study focused on body shape and body
composition as important features of physical appearance, but it
would also be of interest to determine the effects on body
composition in the context of cardiovascular risk. For example,
visceral fat seems to play an important role in the onset of insulin
resistance and the metabolic syndrome,27,28 and thus the study
of changes in subcutaneous and visceral fat depots and their
relation to cardiometabolic outcome could be relevant in the
future.

CONCLUSION

Transwomen who started treatment with GnRHa and CHT
in adolescence showed an increase in body fat with a decrease in
LBM and WHR. At 22 years of age, their body shape and body
composition were more similar to those of ciswomen than to
those of cismen. In transmen, an increase in LBM and WHR
was seen with a decrease in body fat during therapy, and at 22
years they had values between reference values for ciswomen
and cismen. The achieved body fat and LBM at 22 were similar
across different Tanner stages at start of treatment in trans-
women and transmen. However, in transmen, start of treatment
in early or mid-puberty resulted in a body shape more similar to
that of the affirmed sex, and this tended to be the same in
transwomen.
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The Olympics, sex, and gender in the physiology classroom

The recent Tokyo Olympic Games present an opportunity for a number of intriguing discussions in a physiology
classroom.  Typical discussion topics around the Olympic Games involve muscle strength, muscle power, aerobic
�tness, bioenergetics, and a number of other physiological factors that determine athletic performance. 
Coronavirus, immunity, disease transmission, and similar topics may be unique areas of discussion related to the
Tokyo Olympic Games.  Another topic that has been prevalent in the news for the Tokyo Olympic Games is the role
of sex and gender in athletic competition.

Before and during the Tokyo Olympic Games several athletes were featured in news headlines due to either gender
identity or di�erences of sexual development (DSD, also sometimes called disorders of sexual development).  Male-
to-female transgender athletes competing in women’s sports in the Tokyo Olympic Games include weightlifter Laurel
Hubbard, archer Stephanie Barrett, cyclist Chelsea Wolfe, soccer player Quinn, and volleyball player Tifanny Abreu,
(1, 2).  There have also been news stories about Caster Semenya, Christine Mboma, and Beatrice Masilingi being
ineligible to participate in the Olympics due to their DSD causing their serum testosterone concentrations to be
above the allowed limits for female athletes (3, 4).  In addition to physiology sex and gender are interwoven with
culture, religion, and politics, so how to discuss sex and gender in the physiology classroom needs to be carefully
considered by each instructor depending on the campus climate, policies, and individual comfort level with walking

into these potential mine�elds.  However, sex and gender in sports are very appropriate topics to discuss from a physiological perspective.

Although sex and gender have been used interchangeably in common conversation and in the scienti�c literature, the American Psychological Association
de�nes sex as “physical and biological traits that distinguish between males and females” (5) whereas gender “implies the psychological, behavioral, social, and
cultural aspects of being male or female (i.e., masculinity or femininity)” (6).  Using these de�nitions can be helpful to draw a clear distinction between gender
(and/or gender identity) as a social construct and sex as a biological variable, which can help focus the discussion on physiology.

As reviewed by Mazure and Jones (7) since 1993 the NIH puts a priority on funding research that includes women as well as men in clinical studies and includes
an analysis of the results by sex or gender.  Mazure and Jones (7) also summarized a comprehensive 2001 Institute of Medicine sponsored evaluation that
concluded that every cell has a sex.  A 2021 Endocrine Society scienti�c statement provides considerable information on the biological basis of human sexual
dimorphism, disorders of sexual development, and lack of a known biological underpinning for gender identity (8).  On August 12, 2021 a PubMed search using
the term “Sex Matters” (in quotation marks) returned 179 results, with many of the linked papers demonstrating the importance of sex for health, disease, and
overall biological function (without quotation marks there were 10,979 results).  Given that there have been various discussions in the news media and across
social media blurring the distinction between sex and gender, it is very important that students in physiology understand that sex in humans is an important
biologically dimorphic trait of male or female.

Relevant to a discussion of the Olympic Games, the di�erences in performance between male and female running has been analyzed for world’s best and
world’s 100th best (9), annual world’s best performance (10), world record performance (11-13), Olympic and elite performance (13-16), High School
performance in CA, FL, MN, NY, and WA (17), and 100 all-time best Norwegian youth performance (18).  Hilton and Lundberg (19) also provided an excellent
review of the large di�erences in athletic performance between men and women in numerous sports.  Overall, by mid-puberty males outperform comparably
aged and trained females by 10-60%, depending on the sport (see �gure 1 of Hilton and Lundberg, reproduced here with no changes under the Creative
Commons license https://creativecommons.org/licenses/by/4.0/).

 

Hilton and Lundberg (19) also reviewed the present state of research
regarding the e�ects of male-to-female hormone treatment on muscle
strength and body composition and concluded that men typically have 45%
more muscle mass than women, and male-to-female hormone treatment
reduces muscle mass by ~5%.  These authors also concluded that men
typically have 30-60% higher muscle strength than women, and male-to-
female hormone treatment reduces muscle strength by 0-9%.  Overall,
Hilton and Lundberg (19) conclude that transwomen retain considerable
advantages over cisgender women even after 1-3 years of male-to-female
hormone treatment.  Harper at al. (20) also reviewed the research regarding
the e�ects of male-to-female hormone treatment on muscle strength and
body composition and came to the same conclusions as Hilton and
Lundberg.  Harper et al. (20) further concluded that male-to-female
hormone treatment eliminates the di�erence in hemoglobin concentrations
between cisgender men and women.  In a single research project, Roberts et
al. (21) observed that before transition male-to-female members in the US
Air Force completed a 1.5 mile running �tness test 21% faster than
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comparably aged cisgender women.  After 2.5 years of male-to-female hormone treatment the transwomen completed the 1.5 mile running �tness test 12%
faster than comparably aged cisgender women. (Figure 1 Hilton and Lundberg)

All of the previously mentioned information is important to consider when asking if transwomen can be fairly and safely included in women’s sports.  It is also
important to note that the e�ects of male-to-female hormone treatment on important determinants of athletic performance remain largely unknown. 
Measurements of VO2max in transwomen using direct or indirect calorimetry are not available.  Measurements of muscle strength in standard lifts (e.g. bench
press, leg press, squat, deadlift, etc.) in transwomen are not available.  Nor have there been evaluations of the e�ects of male-to-female hormone therapy on
agility, �exibility, or reaction time.  There has been no controlled research evaluating how male-to-female hormone treatment in�uences the adaptations to
aerobic or resistance training.  And there are only anecdotal reports of the competitive athletic performance of transwomen before and after using male-to-
female hormone treatment.

The safe and fair inclusion of transgender athletes and athletes with DSD in women’s sports is a topic being debated in many states and countries, and by many
sporting organizations including the International Olympic Committee.  In the end, whether it is safe and fair to include transgender athletes and athletes with
DSD in women’s sports comes down a few facts that can be extrapolated, lots of opinions, and an interesting but complicated discussion.  This is a worthwhile
discussion in a physiology classroom because it allows a good review of the biologically dimorphic nature of human sex.  However, the safe and fair inclusion of
transgender athletes and athletes with DSD in women’s sports is also a discussion that should be approached with caution due to the many opinions this topic
entails that reside outside of physiology.
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The COVID-19 Pandemic: An Opportunity for Change in my Teaching

As the 2020-21 academic year ended, I sighed with relief. I had survived the switch to an online teaching
format, wearing a mask while teaching when I had to have a class in-person, and the loss of my father.
But as quickly as my sighs of relief subsided, I began to wonder, “What will happen next academic year?”
Will I be teaching all my classes in-person, will my classes be online, or will I have some classes or labs
online and others in-person? As these questions swirled in my head, I began to re�ect on this past year.
Teaching online was tough. There were activities that bombed. But there were activities that rocked. And
there were activities that could be improved. And believe it or not, there were some great things that
came from teaching online. Some had to do with content, some had to do with skills, and some had to
do with community. Now comes the challenge of choosing what I should take with me, and what I should
leave behind? And as I re�ected, I realized there are two experiences from this past year I want to use
this year, whether I am teaching in-person or online. One had to do with the idea of community and the
other had to do with skills. While others came up, I decided to be kind to myself and focus on two.

1. Forming an Inclusive Scienti�c Community
Prior to the COVID-19 pandemic, I had never taught a course online nor had I taken a class online. I had

attended webinars but had never presented an online seminar either. Now I was being asked to teach courses online to students I had never met, and these
students had never met each other in-person either. When I re�ected on my teaching in-person, I realized I had never worried about whether I knew the students
immediately or whether they knew each other. I assumed their presence in class with me and with the other students would allow relationships to form and a
learning community to be built. But now they were just images on a screen and often, just names since cameras were not always on.
Now that I was teaching online, I had to be more intentional about building a learning community. This was to help not only me but also my students. Research
has shown that students do not just want to be faces in a crowd (1, 2). They want to be recognized by the professor and by their peers. And as the pandemic
progressed, they needed this more personal interaction. Creating a community would foster interaction and make students comfortable to share in an online
environment (1, 2). To begin, I included icebreaker activities to allow me and the students to learn more about each other. And these icebreakers were not a one
and done activity. They continued throughout the �rst several weeks of class. As the semester continued, polls or questions replaced the icebreakers. These were
questions anyone could answer. They could be content questions, well-being checks, or simple questions about plans for the weekend or favorite ice cream. All
meant to foster community. When in the classroom, peer interactions can be observed by the instructor. In the online classroom, it was more di�cult to monitor
interactions and those who were uncomfortable with group work could disappear when the breakout rooms opened.
Including these activities online allowed me and the students to feel like we were in this class together. While I was not a student, I was no longer “The Sage on the
Stage.” We, the professor and the students, were in this online learning community together. When an online activity was successful, we celebrated together. If
something did not work, what discussed the activity and what we could change. This community was most evident when my father fell ill and then passed away.
These students I had been working with stepped up and helped me during this emotionally challenging time. While I still guided their learning, they took more on
themselves, and they helped each other and me. The entire year we had spoken about grace and that we all needed to give and receive it. They gave me grace
when I needed it most. Who would not want to take this community into the in-person classroom?

2. Promoting Scienti�c Soft Skills
With the initial move to online teaching, one of the challenges faced was laboratory experiments. Many
laboratory exercises require specialized equipment (3). In my case, this was the Biopac Student Lab System®.
One of the bene�ts of this system is that students get to record physiologic data on each other. The cost of and
logistical issues regarding supervision and liability for the Biopac® home system prevented me from using this
as an option. However, one of the bene�ts of the Biopac Student Lab System® is the free access to sample
data and the free analysis software for downloading o�ered by the company (Figure 1). Additionally, as I had
been using these systems for over 10 years, I had previously recorded student data at my �ngertips (Figure 2).
Students could download the software to their personal computers and open any shared data for analysis.
While the students were not actually recording the data themselves, this provided an alternative for learning
about physiological processes with data from subjects. This also allowed me to have the students focus more
on how they presented the results and how they discussed the science behind the results. We could focus on
the writing of the results and the understanding of the science because the students were no longer focusing
on the possibility of user error as to why they did not get the results expected.
As I was re�ecting, I realized that with lab exercises
moving online that the reduction in focus on learning
how to use equipment and collect data was a positive
(3). This allowed students to focus on writing and
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The Women’s Sports Policy Group acknowledges the complexity of this issue.   

We are committed to transparency and continual refinement of our work.   
The most recent update of this Briefing Book will be posted at 

https://womenssportspolicy.org/references/ as the first document at the top of the page. 
 

 

 

 
Prepared by The Women’s Sports Policy Working Group (Revised as of February 27, 2021) 

https://womenssportspolicy.org/ 
Contact: Donna Lopiano for additional information as needed (Donna.Lopiano@gmail.com or 

call 516-380-1213) 
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WOMEN'S SPORTS POLICY WORKING GROUP 
 

Donna de Varona, OLY. Two-time Olympic gold medalist in swimming. In 1965, UPI and AP voted her 

outstanding woman athlete in the world after she set 18 world records and fastest times. de Varona was a 

sports broadcasting pioneer as the youngest and one of the first women to work in the industry. As an Emmy 

recipient, she used her visibility to advise and advocate for the protection and promotion of Title IX as well 

as for the Ted Stevens Olympic and Amateur Sports Act. As the first President and Chair of the Board of 

the Women’s Sports Foundation, she helped build the organization into a sustainable, influential entity. She 

has served on presidential commissions for five U.S. Presidents. Currently, de Varona is a member of the 

International Olympic Committee Communications Commission, and was recently voted onto the U.S. 

Olympic and Paralympic Committee Board of Directors. 
 

Martina Navratilova, OLY. Former professional tennis player and coach. In 2005, Tennis magazine 

selected Navratilova the greatest female tennis player for the years 1975 - 2005. She is considered one of 

the best female tennis players of all time. Over her career, she won 18 Grand Slam singles titles, 31 Grand 

Slam women's doubles titles (an all-time record), and 10 Grand Slam mixed doubles titles, for a combined 

total of 59 major titles, marking the Open Era record for the most Grand Slam titles won by one player, 

male or female. Coached later in her career by the first trans-woman tennis player, Renée Richards, and 

long active in LGBTQ rights work and with the women's tennis tour, Navratilova is particularly well-

positioned to contribute to thoughtful policy on the inclusion of trans women/girls in women's sport. 
 

Donna A. Lopiano, Ph.D. President and founder of Sports Management Resources, LLC, Adjunct Professor 

of Sports Management, Southern Connecticut State University, former Chief Executive Officer of the 

Women’s Sports Foundation (1992-2007), Director of Women’s Athletics, University of Texas at Austin 

(1975-1992). President of The Drake Group—an organization focused on academic integrity in college sport. 

A Title IX sports pioneer, Lopiano specializes in gender equity in the educational and Olympic and elite 

sports spaces. As an athlete, she participated in 26 national championships in four sports and was a nine-

time All-American at four different positions in softball, a sport in which she played on six national 

championship teams. 
 

Nancy Hogshead-Makar, J.D., OLY, CEO Champion Women, civil rights lawyer, two-time Olympian, 

three-time gold medalist and one silver in swimming, U.S. National Team for eight years, 12 Halls of Fame, 

including the International Women’s Sports Hall of Fame and the International Swimming Hall, 20 years 

of teaching Sports Law and Administration, current Professor at Rutgers University’s Global Sports 

Business MS Program. Women’s Sports Foundation - President 1991-1993, Legal Advisor, 2003-2010, 

Senior Director of Advocacy, 2010-2014. 
 

Tracy Sundlun, CEO, Everything Running, Inc., Founding Board Member, National Scholastic Athletics 

Foundation. Co-Founder and original Director of the National Scholastic (High School) Indoor & Outdoor 

Track & Field Championships (1984 – Present). Co-Founder, Rock ‘n’ Roll Marathon Series, at the time 

the largest running series in the world with over 500,000 participants annually in 29 events in 7 countries 

(1998 – 2016). Former club and collegiate track coach (including Georgetown, Colorado, USC), guiding 

over 100 men and women in every event from 15 countries competed in the Olympic Games and 

international competitions. Six-time Olympic Coach and Manager (1972 – 2016). Inducted into Running 

USA Hall of Champions. 
 

Doriane Coleman, J.D. Professor of Law and Co-Director of the Center for Sports Law & Policy at Duke 

Law School; Senior Fellow at the Kenan Institute for Ethics and Associate of the Trent Center for Bioethics, 

Humanities & History of Medicine at Duke University & School Medicine; former collegiate and Swiss 

national champion in the 800 meters on the track. She has worked for years in domestic and international 

arenas on anti-doping policy and rules defining eligibility for the women's category. Her writing on sex in 

sport is widely referenced by policymakers considering the hard questions posed by trans and intersex 

inclusion in girls' and women's sport. 
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SUPPORTERS 
 
  

Willie Banks, OLY, three-time Olympian and former world record holder in the triple jump 
 

Juniper Eastwood, Trail runner, former D1 Track and Cross-Country runner.  First D1 athlete to 

compete on a women's team while openly identifying as transgender 
 

Joanna Harper, former elite marathoner, transgender athlete and researcher 
 

Wendy Hilliard, nine-time member and two-time captain of Team USA in rhythmic gymnastics 
 

Micki King, OLY, Olympic gold medalist, ten-time national champion in springboard & platform diving 
 

Greg Louganis, OLY, four-time Olympic gold medalist in springboard and tower diving, second diver in 

history to sweep both events in consecutive Olympics, 47 national and 13 world championships 
 

Edwin Moses, OLY, two-time Olympic gold medalist, two-time World Champion, former world record 

holder, undefeated in the 400 meter hurdles for 10 years and 107 consecutive races 
 

Benita Fitzgerald Mosley, OLY, Olympic gold medalist, two-time Olympian, and eight-time national 

champion in the 100 meters hurdles 
 

Digit Murphy, President and Head Coach of the National Women's Hockey League's Toronto Six, 1st 

female coach to reach 200 wins in the NCAA, coach of numerous Olympians and All-Americans 
 

Diana Nyad, one of the greatest ever long-distance swimmers credited with a record setting swim around 

Manhattan island and being first person to swim from Cuba to Florida without a shark cage 
 

Renee Richards, tennis player, one of the first professional athletes to identify as transgender 
 

Sanya Richards-Ross, OLY, four-time Olympic gold medalist, six-time World Champion, ranked #1 in 

the world in the 400 meters from 2005 to 2009 and in 2012 
 

Sally Roberts, three-time national wrestling champion, 2003 World Cup Champion, 2003 & 2005 World 

bronze medalist and a 2008 Olympic alternate 
 

Lyn St. James, former Indycar and LeMans racecar driver, first woman to win Indianapolis 500 Rookie 

of the Year award, and one of Sports Illustrated’s “Top 100 Women Athletes of the Century” 
 

Pam Shriver, OLY, Olympic gold medalist, winner of over 100 professional singles and doubles 

championships over 19 years, International Tennis Hall of Fame 
 

Inge Thompson, OLY, ten-time national champion cyclist, three-time Olympian and two-time podium 

finisher at the Women’s Tour de France 
 

Champion Women, non-profit legal advocacy organization for girls and women in sports; harnessing the 

power of sport for social justice 
 

The Drake Group, non-profit advocacy organization committed to defending academic integrity and 

protecting the health and well-being of athletes participating in collegiate sport 
 

National Scholastic Athletics Foundation, non-profit organization created to fund competitive 

opportunities for high school track and field athletes and host the indoor and outdoor high school 

nationals 
 

Wrestle Like A Girl, non-profit organization empowering girls and women using the sport of wrestling 

to become leaders in life 
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SAFEGUARDING GIRLS’ AND WOMEN’S SPORTS 

AND INCLUDING TRANSGENDER ATHLETES 

  

 

REQUEST 

We ask Congress and the Administration to affirm Title IX’s long-standing commitment to 

providing biological females1 with equal experiences and opportunities in competitive sport, and 

to protecting their safety in contact sports, by permitting recipients of federal funds to continue to 

operate or sponsor separate athletic teams and events for males and females. In addition, we ask 

Congress and the Administration newly to provide for the participation of transgender girls and 

women within girls' and women’s sports programs with appropriate conditions if they have 

experienced all or part of male puberty (which is the scientific justification for separate sex sport). 

These conditions should apply throughout interscholastic and intercollegiate sport, and the U.S. 

Olympic and Paralympic Movement. This request is limited to competitive interscholastic, 

intercollegiate, and developmental elite athletic programs. It does not affect physical education, 

intramurals, or recreational sports sponsored by municipalities, schools, and colleges. 

 

THE ISSUE 
 

Girls’/Women’s Competitive Sport Needs Safeguards and Trans Girls/Women Need to be 

Included with Appropriate Conditions. 
 

Sports have been continuously sex-segregated for over 100 years, across disciplines where male 

sex-linked advantages affect competitive opportunities for females. Congress passed Title IX in 

1972 and approved its implementing regulations governing competitive sport in 1975, explicitly 

permitting girls' and women’s sport to exist separate from boys' and men’s sport. Law and sports 

policy makers understood that from the onset of male puberty, male bodies develop such that they 

are, as a group, faster, stronger, and more powerful than female bodies as a group. The performance 

gap between male and female athletes that emerges from that point typically ranges from 8-20% 

depending on the sport and event, and "up to 50% where explosive power and complex movement 

skills are pivotal." 

 

Science not Ideology Dictates the Need for Sex Segregation in Sports. 
 

If sports were not sex-segregated, female athletes would rarely be seen in finals or on victory 

podiums. Congress has long understood the benefits of sport and the benefits of having the 

opportunity to train, compete and win. Repeatedly, Congress has affirmed that it wanted both our 

sons and our daughters to realize those benefits, which are well-documented in the academic 

literature. Girls and women learn the benefits of teamwork in pursuit of conference, state and 

national championships; the self-esteem that flows from competent performance of physical skills; 

the life-changing power of competing against the best and standing on the podium; confidence 

borne of testing the limits of strength, speed, skill and reaction time; and the power of personal 

 
1  We use “female” throughout to denote a person’s biological sex regardless of their gender identity. We use 

“trans(gender) girl/woman” throughout to denote a person born male who identifies as a girl/woman. 
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achievement and public recognition when setting school, meet and other records. And as sports 

double as an academic and social tool, these lessons and benefits reverberate well beyond the 

playing field throughout the lives of all female athletes. 

 

The legislative history of Title IX is clear that Congress also understood that even when height, 

size, and weight are equal, males are incrementally stronger and generate more explosive force, so 

that if males and females are forced to compete against each other, the physical safety of females 

is differently at risk. 

 

At the time Title IX’s athletics regulations were passed, no one raised the issues of gender identity 

apart from biological sex, or whether trans girls/women with the post-pubescent advantages of 

biological males should be allowed to participate in the space created by Congress to secure the 

sport experiences of biological females. Today, however, trans girls/women are asking for the right 

to compete in girls' and women's sport, directly against female athletes, even when they retain 

some or all of their male sex-linked strength, power, and related performance advantages. For 

many people, the issue is not whether trans girls/women should be included in women’s sport. 

Rather, it is whether female athletes can continue to be safeguarded and trans girls/women 

included within women’s sports consistent with their gender identity. 

  

States are Passing Conflicting Laws. 
 

States have taken one of three general approaches to the issue of trans-inclusion in girls' and 

women's sport. Ten states expressly require males and females to participate in high school sports 

according to their birth sex, thereby prohibiting participation in girls’ sports by trans girls, whether 

or not they have begun male puberty or have had hormone therapy. In contrast, seventeen states 

and the District of Columbia expressly require the inclusion of trans girls in girls' sports without 

regard to the extent to which they may retain the male-linked physical traits that otherwise justify 

excluding males from female sport on competitive fairness and safety grounds. Another seventeen 

states have adopted a policy similar to the NCAA rule, which allows trans girls to compete after 

taking gender-affirming hormones for a year. Finally, six states have no policy one way or the 

other regarding gender identity and sport. 

  

Pending Legal Challenges. 
 

None of the policies mentioned has been immune from a legal challenge. In Connecticut, one of 

the states that allows trans girls to compete in girls’ sports without regard to whether they have 

experienced male puberty or are on gender affirming hormones, four female athletes and their 

mothers have sued their state high school athletic association. They contend that Connecticut’s 

rule, which ignores biological sex and focuses on gender identity, has deprived them of school and 

state records they would otherwise have held, and from advancing in competitions, including 

qualifying for state and regional championships and becoming state champions, spots they would 

otherwise have won. Instead, the rule has allowed two trans girls to dominate their events. The 

Department of Education has concluded that the state’s policy regarding transgender athletes 

violates Title IX’s mandate of equal opportunity for both sexes since biological males are able to 

win in both the male and the female divisions. At the other end of the country and the political 

spectrum, Idaho has seen a similar legal battle erupt after it adopted a law mandating that athletic 

eligibility be based only on birth sex. To date there has been no approach that would include trans 

girls/women while preserving competitive opportunities for females. 
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The Cultural Battle Outside of the Courts has Not Allowed for Respectful Dialogue on 

Science, Policy, and Best Practices. 
 

Transgender advocates accuse female athletes, their parents, and supporters of transphobia simply 

because they recognize the significance of sex in sport. Others seek unnecessarily to exclude all 

trans girls from all girls’ sports regardless of whether they have experienced male puberty or are 

undergoing gender-affirming therapies. The conflicting positions have sparked a rhetorical battle 

about who will suffer more harm: trans girls who are prevented from competing as girls, or females 

who are forced to compete against athletes who have the male sex-linked advantages girls' and 

women's sport was designed to exclude. Throughout, surveys consistently show Americans want 

sports opportunities for girls and women. Only a minority of Americans — just 29% according to 

one recent survey — favor allowing transgender students to participate on the sports team 

consistent with their gender identity. 

 

Conflicting Federal Legislative Proposals Take an “Either/Or” Approach. 
 

Various bills in the 116th Congress would either require identical treatment of — no distinctions 

allowed between — females and trans girls (H.R. 5 - The Equality Act), or they would preclude 

all trans girls/women from participating in girls'/women’s sports, which would be restricted to 

biological females (H.R. 5603, H.R. 8932 and S. 4649).  

 

The Supreme Court in Bostock did not Resolve the Question of Separate Sex Sport. 

 

Trans girls/women and their advocates argue that the Supreme Court's decision in Bostock v. 

Clayton County, 590 U.S.___, 140 S. Ct 1731 (2020), mandates the unconditional inclusion of 

trans girls/women in women’s sports. This is misleading at best, as Bostock was about workplace 

discrimination under Title VII, not about sex segregation in competitive sport; in its decision, the 

Court expressly stated that it was defining "sex" to mean "biological sex" not "gender identity"; 

and it expressly reserved for another day — did not decide — the issue whether distinctions on the 

basis of sex are permissible for bathrooms, locker rooms, and sport. 

 

THE RESOLUTION 
 

It is essential that we continue to safeguard girls' and women's sport. It is also good policy to be 

inclusive when doing so does not harm the female sports competition or the individuals separate 

sex sport is designed to protect. Congress and the Administration should make it clear that 

institutions governed by Title IX of the Education Amendments of 1972 (Title IX), the Ted Stevens 

Olympic and Amateur Sports Act (the Sports Act), and Title VII of the Civil Rights Act of 1964 

(Title VII) will: 
 

(1) continue to be obligated to provide males and females with equal sporting 

opportunities on the basis of biological sex, and 
 

(2) be newly obligated to provide ways to include trans girls/women in girls’/women’s 

sports that ensure competitive fairness and playing-safety without diminishing the 

protection of biological females. 
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This two-step approach safeguards the integrity of the existing competitive sport process in which 

millions of girls and women participate annually. It also incrementally and thoughtfully expands 

the development of additional sports opportunities for emerging trans girls/women. 

 
Separate sex competitive sport has always been an exception to our general non-discrimination 

laws. This exception is justified by real physical sex-linked differences that emerge from the onset 

of male puberty and that have significant implications for athletic performance and playing-safety. 

The lawfulness of this long-standing exception should be re-affirmed. 
 

At the same time, the government should make it legally possible for trans girls/women to 

participate in girls’/women’s sport in ways that do not affect competitive fairness and playing-

safety. Because the onset of male puberty — normally around ages 11 – 12 in boys — is the 

physical justification for separate sex sport,2 trans girls and women who have never experienced 

the onset of male puberty should be included without condition. Trans girls and women who have 

experienced the onset of male puberty should be included in ways that recognize their male sex-

linked advantages in strength, power, and endurance. Some — but not all — trans girls and women 

are on gender-affirming hormones. Depending on the duration of treatment and the sport and the 

event, hormones may mitigate those advantages. However, because the evidence is increasingly 

clear that hormones do not eliminate the legacy advantages associated with male physical 

development, accommodations can and should take these advantages into account. 
 

Finally, it is important that there be national standards to ensure uniformity across the states. 

Competitive sport, i.e., sport that primarily focuses on adversarial engagement for places, prizes, 

and the win, and that leads to records, titles, championships, and ultimately to Team USA, is an 

interconnected system comprised of high schools, colleges, and universities, and non-school club 

teams and programs. The former are governed by Title IX. The latter are generally under the 

jurisdiction of, or sponsored by, the U.S. Olympic and Paralympic Committee (USOPC) and/or 

regional and national sport governing bodies (NGBs). This integrated system is only local in the 

first instance, as teams and athletes move from intra-state to interstate and international arenas as 

competition progresses. Inconsistent local, state, national, and international eligibility standards 

can create practical impediments to success for individual athletes, teams, and ultimately for the 

system as a whole. 

 

The International Federations (IFs), whose singular responsibility is the management, promotion, 

and protection of their sport and its athletes throughout the world, are the most vested in and 

knowledgeable about the science, safety, and competitive fairness of any entity in their particular 

domain. They have already committed themselves both to safeguarding the female category and 

to scientific, evidence-based criteria for the conditional inclusion of trans girls/women in 

 
2  Endocrinologists explain that puberty in boys should start between ages 9-13 and in girls between ages 8-12; 

that puberty usually takes 4-5 years to complete so that 95% of boys will have started puberty by age 13. This 

timing is consistent with the formal position of the Women’s Sports Foundation providing that “[p]rior to 

puberty, females and males should compete with and against each other on coeducational teams.” Women’s 

Sports Foundation, Issues Related To Girls and Boys Competing With And Against Each Other In Sports And 

Physical Activity Settings at 1 (Aug. 14, 2019) (adding that “prior to puberty, there is no gender-based 

physiological reason to separate females and males in sports competition”), available at 

https://www.womenssportsfoundation.org/advocacy/girls-and-boys-competing-with-and-against-each-other-in-

sports-and-physical-activity-settings/. 

 

Case 2:21-cv-00316   Document 317-17   Filed 05/12/22   Page 9 of 38 PageID #: 21449

https://scholarship.law.duke.edu/cgi/viewcontent.cgi?article=1348&context=djglp
https://scholarship.law.duke.edu/cgi/viewcontent.cgi?article=1348&context=djglp


9 | P a g e  
 

girls’/women’s sport. The resulting standards are reviewed on an ongoing basis to ensure they are 

consistent with sport's policy goals and the best available scientific evidence on competitive 

fairness and safety. To date, no American sports organization or governing body has established a 

commitment to, or the capacity for, doing this work in a better way or at a higher level than the 

IFs. Adopting international standards for inclusion and accommodation would thus be a 

substantively sound and administratively efficient approach to national policy. Equally important 

is that pegging USA standards to international standards would ensure that our country's athletes 

and teams — including our juniors who are Team USA's future — can move seamlessly from 

domestic to international competition, and that none of our elite athletes are ineligible at the outset. 

 

This proposal is designed for competitive girls' and women's sport, i.e., sport whose focus is 

adversarial engagement for places in rounds, finals, on podiums, and for the championship, and 

for the experiential, financial, and ancillary rewards that flow from success in this space. It is not 

designed for participation or recreational sport, i.e., sport whose focus is friendly play for social 

engagement, health, and welfare. Given its different focus and goals, eligibility standards for 

participation sport can and should be different from those of competitive sport. 

 

 

 
 
 

TRANS 

INCLUSION CHART 

for 

Scholastic & Non-

Scholastic  

Competition 

 

 

SEX STATUS OF TRANS GIRL/WOMAN  
 

 

 

 

Athlete has not 

experienced  

(any stage of) male 

puberty 

 

 

Athlete has  

experienced some 

or all of male 

puberty 

& 

is not on hormones  

or has not 

mitigated their 

legacy advantage 
 

 

 

Athlete has 

experienced some 

or all of male 

puberty 

& 

is on hormones  

 and has mitigated 

their legacy 

advantage 
 

 

Non-Contact Sports 

Competition 

 

Included  

without condition  

(no different 

requirements) 
 

 

Included but no 

head-to-head 

competition  

 

Included 

consistent with 

international rules  

e.g., NCAA rule  

  

 

Contact Sports 

Competition 

 

 

Included  

without condition 

(no different 

requirements) 
 

 

 Included but no 

head-to-head 

competition  
 

 

Included 

consistent with 

international rules  

e.g., NCAA rule 
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The choice to peg eligibility to international rules is explained in the text immediately above the 

table. The current NCAA rule is superficially consistent with international rules; however, because 

the NCAA is not specific about the degree of mitigation required and does not monitor trans 

women for compliance, it is significantly flawed as administered. This problem is described below, 

in Q&A #26. The NCAA rule is noted here as an example of a domestic rule that, if properly 

administered, is a reasonable accommodation consistent with international rules. 

 

Trans women/girls who are not on gender affirming hormones, i.e., who have full male advantage, 

or who have not mitigated their advantage at least to the point of meeting the international standard 

for their sport, should be fully included without condition on girls' and women's teams for all 

aspects of team activities except for competition itself and any aspects of practice that might 

implicate playing-safety. In high school, for example, the athlete would participate fully in the 

camaraderie and socialization associated with team membership. The only firm restriction is head-

to-head competition against females. 

 

Respectful alternatives to head-to-head competition should be developed by the institution 

responsible for the competition and the athletes, who should be afforded flexibility to take into 

consideration the nature and requirements of the sport and event, the institution's mission, 

administrative feasibility, and local conditions. Regardless, the goal of the accommodation should 

be to provide a competitive opportunity under the umbrella of girls’ and women’s sport. Examples 

of accommodations that might be adopted depending on the school, sport, and event, might include 

handicapping, multiple leagues, events, and/or podiums. 

 

The effect of this approach will be that sometimes, a trans girl/woman not on hormones who 

chooses to compete in girls'/women's sport won't have a direct competitor. This is not a preferred, 

but also not an unusual situation. For example, sometimes a runner or relay team has to compete 

against the clock, and sometimes athletes in competitions sorted by weight classes lack an 

opponent and have to choose to win by forfeit or move up a weight class and compete with a 

disadvantage. Because this may not be comfortable for some trans athletes, the choice to compete 

in the boys'/men's category or the girls'/women's category should always be up to the individual 

based on their personal circumstances and preferences. Either way, they have a place in sport. 

 

Under this proposal, females who identify as boys and men or as gender fluid are always eligible 

to compete in the girls'/women's category so long as they are not on male gender affirming 

hormones. Sex-linked traits drive the conditions, not gender identity. 

 

Some events are hybrids, involving both competition and participation, for example, the various 

mass participation events like road races, triathlons, cross country skiing events, and other similar 

competitions all over the country and the world, in which participants of all ages and abilities from 

rank beginners to Olympic Champions toe the line together. These events range in size from a few 

hundred to many thousands, and while for the great majority of the participants the goal is to get a 

finisher medal and perhaps a personal best, for some the goal is an overall award or an age-group 

or other category award, which could be anything from a trophy to thousands of dollars. With 

virtually no exceptions, these events are conducted under the aegis of and sanctioned by the sport’s 

NGB, and as such are subject to their eligibility rules and thus those of the IF. As both a 

participatory and a competitive event, any transgender athlete would be welcome to participate 

without any mitigation at all, but if they want to compete for and accept any prizes, they must 

meet / comply with the NGB’s and IF’s mitigation requirements for that sport.   
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MODEL STATUTORY AND REGULATORY LANGUAGE 

TO SAFEGUARD WOMEN’S SPORTS & INCLUDE TRANS ATHLETES 

 

The best way to resolve the issue of safeguarding opportunities for females within girls' and 

women's sport while including trans athletes is to enact standalone federal legislation. This 

approach would ensure clarity and consistency in the law's treatment of the issue by the federal 

government, the states, and sport governing bodies. The model language immediately below is 

thus for a standalone federal statute. Following that is language to amend the Title IX regulations 

governing separate sex sport, 34 C.F.R. § 106.41, and the Equality Act, in the event lawmakers 

prefer one or both alternative approaches. All three options are based in and compatible with the 

Title IX regulations. Approaching law reform related to girls'/women's competitive sport in this 

way ensures that the extensive web of related statutory, administrative, and case law that exists in 

this area is not unnecessarily voided by our proposed trans-inclusive law reform measures.  

 

 

PROPOSED STANDALONE STATUTE 

Schools receiving federal funds and sport governing bodies engaged in interstate commerce 

[covered entities]3 may operate or sponsor separate competitive sports teams and events based on 

biological sex4 where group-based sex-linked traits affect playing-safety and competitive capacity.   

(A)  Covered entities shall provide equal athletic opportunities, treatment, services and 

benefits in kind, quality and availability to male and female athletes.5  

(B) Covered entities may restrict eligibility for the female sport category only to females if 

any male sex-based differences would have a negative impact on the right of females to 

achieve equality of athletic opportunity.6  

 
3    Schools receiving federal funds are subject to Title IX of the Education Amendments of 1972. Sports governing 

bodies include public and private non-profit high school and age-group athletic associations, intercollegiate 

athletic associations, the U.S. Olympic and Paralympic Committee, and their member National Governing 

Bodies. These organizations may be subject to Title IX and/or the Ted Stevens Olympic and Amateur Sports 

Act. 

 
4   See National Institutes of Health (NIH), Office of Research on Women's Health, Sex & Gender, 

https://orwh.od.nih.gov/sex-gender, last accessed on January 1, 2021 (explaining that "'[s]ex' refers to biological 

differences between females and males, including chromosomes, sex organs, and endogenous hormonal 

profiles. 'Gender' refers to socially constructed and enacted roles and behaviors which occur in a historical and 

cultural context and vary across societies and over time.") 

 
5  For purposes of this statute, “males” means biological males and “females” means biological females. Id. See 

also U.S. Department of Education, Office for Civil Rights, Title IX 1979 Policy Interpretation, available at 

https://www2.ed.gov/about/offices/list/ocr/docs/t9interp.html 

 
6  See McCormick v. School District of Mamaroneck, 370 F.3d 275 (2nd Cir. 2004) (holding that recipients must 

provide girls with equal opportunities to compete in championship games.); U.S. Department of Education, 

Office for Civil Rights, Title IX 1979 Policy Interpretation, available at 

https://www2.ed.gov/about/offices/list/ocr/docs/t9interp.html  
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(1) With respect to competitive opportunities, if a covered entity provides male 

athletes and teams the opportunity to advance to invitational, conference, state, 

regional, national, and international competition in the boys’ and men’s division, 

it must provide a parallel opportunity to female athletes similarly to advance in 

the girls’ and women’s division.7 

(C) Covered entities that operate or sponsor separate-sex teams and offer a team in a particular 

sport for members of one sex but operate or sponsor no such team for members of the other 

sex, and athletic opportunities for members of that sex have previously been limited, 

members of the excluded sex must be allowed to try-out for the team offered except if the 

sport involved is a contact sport and the position at issue implicates playing-safety because 

of sex-linked differences in size, weight, strength, or explosive force. Covered entities may, 

but are not required, to prohibit members of the excluded sex from trying out for such 

positions. For the purposes of this part, contact sports include but are not limited to boxing, 

wrestling, rugby, ice hockey, football, basketball and other sports the purpose or major 

activity of which involves bodily contact.8 

(D)  Treatment of Transgender Athletes 

Where a covered entity operates or sponsors separate sex teams and events, transgender 

athletes shall be accommodated as follows: 

 (1) Treatment of Transgender Boys and Men 

 

(a) Trans boys/men who have not taken gender-affirming hormones may be 

included in girls’ and women’s sport or they may compete in boys’ and 

men’s sport consistent with (C), the contact sport exception. 

 

(b) Trans boys/men who have begun taking gender-affirming hormones 

 

(i) may compete in boys' and men's sport consistent with (C)(the 

contact sport exception), but 

 

(ii)  may not compete head-to-head against female athletes in girls’ and 

women’s sport. 

 

 (2) Treatment of Transgender Girls and Women  

 

(a) Trans girls/women who have not begun male puberty do not have 

significant male sex-linked advantages; they shall be included in girls’ and 

women’s sport without conditions or limitations.  

 

(b)  Trans girls/women who have experienced all or part of male puberty and 

who have sufficiently mitigated their male sex-linked advantages through 

surgery and/or gender affirming hormones consistent with the rules of 

 
7  Id. 
8      This provision would re-codify the contact sports exception in the Title IX Regulation, 34 C.F.R. § 106.41(b). 
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their sport's international federations, may participate in girls'/women's 

sport without further conditions or limitations. 

 

(c) Trans girls/women who have experienced all or part of male puberty and 

who have not at all, or only partially, mitigated their male sex-linked 

advantages according to the international federation standards in their 

sport may be included in girls’/women’s sport but not in head-to-head 

competition against female athletes.9  

 

(E) The private medical information (PMI) necessary to determine an athlete’s eligibility 

must be available to the relevant sports authority. The information, which shall be kept 

confidential, is strictly limited to confirmation of the athlete's biological sex and of their 

hormone status over the relevant period of time.10 All challenges to an athlete's eligibility 

shall be resolved by the relevant sports authority based on this confirmation.11 

 

(F) Policy, training and competition must encourage a safe, respectful, and affirming 

environment for all athletes.12 

 

(G) This statute only applies to competitive sport, when the principal objective is to win 

individual or team championships, titles, medals, or prize money. It does not apply to 

recreational sport such as physical education classes or intramural events, the principal 

objective of which is to participate for health and enjoyment. 

 

 

  

 
9  Head-to-head competition is when two or more athletes compete directly against one another other, for example 

in the same heat in the pool or on the track, or on the same court in basketball and volleyball. Trans girls/women 

who have not at all, or only partially, mitigated their male sex-linked advantages who want to be included under 

the girls’/women’s sport umbrella must be accommodated by means that do not involve head-to-head competition. 

Acceptable accommodations should be developed by sports administrators who are experts in the affected sports 

and events, but they need not reinvent the wheel. Existing models for co-ed sport and weight and age divisions 

can be borrowed for this purpose. Examples of acceptable accommodations might include separate events, heats, 

divisions, or handicapping that permits separate scoring, separate teams, or separate recognition. 

 
10  This information should be included on the standard pre-season physical eligibility form that is completed and 

signed by the athlete's physician. The form should include the following questions for the physician to answer: 

whether the athlete is or is not transgender; if they are, whether they are or are not on puberty blockers and/or 

gender affirming hormones; and if they are, the dates of treatment and testosterone levels they have maintained 

during the relevant period. 

 
11   Assuming the relevant sports authority has confirmed the athlete's eligibility according to the relevant rule, no 

challenge to their inclusion should be entertained in the absence of admissible evidence of fraud. 

 
12  In addition to educational programs to ensure a respectful environment, sport governance organizations should 

adopt and implement policies specifying that any challenge to the eligibility of an athlete shall be to a specified 

official of the relevant sports authority by confidential email, such query or complaint and reply thereto also 

subject to (D) above.  
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PROPOSED AMENDMENT TO THE EQUALITY ACT (H.R. 5 - 2019) 

Amend SEC. 9. MISCELLANEOUS. as follows: 

Within Section 1101. DEFINITIONS AND RULES., by inserting  

“(4) SEX.—The term ‘sex’ includes— 

“(A) biological sex, including the sex characteristics that account for the physical and 

physiological differences between males and females;13 

"(B) sex stereotype; 

“(C) pregnancy, childbirth, or a related medical condition; 

“(D) sexual orientation; and 

"(E) gender identity.; and 

“(D) sex characteristics, including intersex traits.14 

“Section 1106. RULES OF CONSTRUCTION. 

“(A) Sex – Nothing in section 1101 or the provisions of a covered title incorporating a term 

defined or a rule specified in the section shall be construed – 

“(1) To limit the protection against an unlawful practice on the basis of pregnancy, 

childbirth, or a related medical condition provided by section 701(k), or 

“(2) To limit the obligation of programs and institutions covered by Title IX of the 

Education Amendments of 1972, the Ted Stevens Olympic and Amateur Sport Act, 

and Title VII of the Civil Rights Act of 1964 to provide separate opportunities on the 

basis of biological sex when this is necessary to protect the right of biological females 

to equality in competitive athletics, or 

“(2)(3) To limit the protection against an unlawful practice on the basis of sex available 

under any provision of Federal law other than that covered title, prohibiting a practice on 

the basis of sex.” 

 

 

  

 
13  See National Institutes of Health (NIH), Office of Research on Women's Health, Sex & Gender, 

https://orwh.od.nih.gov/sex-gender, last accessed on January 1, 2021 (explaining that "'[s]ex' refers to biological 

differences between females and males, including chromosomes, sex organs, and endogenous hormonal profiles. 

'Gender' refers to socially constructed and enacted roles and behaviors which occur in a historical and cultural 

context and vary across societies and over time.") 

 
14  "Sex characteristics" as a term and category includes intersex traits which appears in (4) (A) above. 
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PROPOSED AMENDMENT TO THE TITLE IX REGULATIONS (34 C.F.R. § 106.41) 

(a) General. No person shall, on the basis of sex, be excluded from participation in, be denied 

the benefits of, be treated differently from another person or otherwise be discriminated 

against in any interscholastic, intercollegiate, club or intramural athletics offered by a 

recipient, and no recipient shall provide any such athletics separately on such basis. 

(b) Separate teams. Notwithstanding the requirements of paragraph (a) of this section, a 

recipient may operate or sponsor separate teams based on biological sex where selection 

for such teams is based upon competitive skill or the activity involved is a contact sport. 

However, where a recipient operates or sponsors separate-sex teams and offers a team in 

a particular sport for members of one sex but operates or sponsors no such team for 

members of the other sex, and athletic opportunities for members of that sex have 

previously been limited, members of the excluded sex must be allowed to try-out for the 

team offered, except if the sport involved is a contact sport and the position at issue 

implicates physical playing-safety because of sex-linked differences in size, weight, 

strength, and explosive force.15 A recipient may, but is not required to, prohibit 

members of the excluded sex from trying out for such positions. For the purposes of 

this part, contact sports include but are not limited to boxing, wrestling, rugby, ice 

hockey, football, basketball and other sports the purpose or major activity of which 

involves bodily contact. 

(c) Treatment of Transgender Athletes. 

 

(1) Because trans girls/women who have not begun male puberty do not have 

significant male sex-linked advantages, they shall be included in girls’ and 

women’s sport without conditions or limitations. 

 

(2) Trans boys/men who have not taken gender-affirming hormones may be 

included in girls’ and women’s sport without conditions or limitations. 

 

(3) Trans girls/women who have experienced all or part of male puberty and who 

have sufficiently mitigated their male sex-linked advantages — through 

surgery and/or gender affirming hormones consistent with the rules of their 

international federations — may participate in girls'/women's sport without 

additional conditions or limitations. 

 
(4) Trans girls/women who have experienced all or part of male puberty and who  

have not, or only insufficiently, mitigated their male sex-linked advantages 

according to the international federation standards in their sport may be 

accommodated within girls'/women’s sports but not in head-to-head 

competition with female athletes.  

 
15  Because the contact sport exception is permissive not mandatory, schools may allow girls/women to try out for 

positions on boys’/men’s contact sports teams. This is least controversial when the position at issue — as opposed 

to the sport in general — does not involve a high risk of significant physical impact. See, e.g., Vanderbilt kicker 

Sarah Fuller first woman to score in Power 5 football game, ESPN News Service, December 12, 2020. 
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(5)  The private medical information (PMI) necessary to determine an athlete’s 

eligibility must be available to the relevant sports authority. The information, 

which shall be kept confidential, is strictly limited to confirmation of the 

athlete's biological sex and of their hormone status over the relevant period of 

time.16 All challenges to an athlete's eligibility shall be resolved by the relevant 

sports authority based on this confirmation.17 

 

(6)  Policy and training should encourage a safe, respectful, and affirming 

environment for all women and girls. 

 

  

 
16  This information should be included on the standard pre-season physical eligibility form that is completed and 

signed by the athlete's physician. The form should include the following questions for the physician: whether 

the athlete is or is not transgender; if they are, whether they are or are not on puberty blockers and/or gender 

affirming hormones; and if they are, the dates of treatment and testosterone levels they have maintained during 

the relevant period. 

 
17   Assuming the relevant sports authority has confirmed the athlete's eligibility according to the relevant rule, no 

challenge to their inclusion should be entertained in the absence of admissible evidence of fraud. 
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DEFINITIONS 
 

 

ACCOMMODATION — The process of adapting or adjusting to someone or something without 

changing the underlying goal or design, e.g., in a workplace or educational program. In the context 

of sport, accommodation means adjusting an aspect of girls’/women’s event to include trans girls 

with male sex-linked advantages in a way that does not diminish participation and competitive 

opportunities for females. Examples of accommodations already in use in sport include 

handicapping, separate heats, separate scoring and/or separate and equal teams. This list is not 

exhaustive. 

 

ANTI-DOPING — The effort against doping in sport. Doping is the use of prohibited substances 

and methods. Prohibited Substances Lists in the United States are maintained by the United States 

Anti-Doping Agency (USADA) and the National Collegiate Athletic Association (NCAA). 

Testosterone is a steroid on both Prohibited Substances Lists. Its exogenous use by athletes is 

banned. The testosterone levels of international-caliber athletes are monitored by regular urine and 

blood tests to ensure they do not fluctuate beyond both their own naturally-occurring levels, and 

the normal group ranges for their sex. 

 

CISGENDER (CIS) — An adjective that describes a person who is neither transgender nor gender 

fluid. It is also used to describe a person whose gender identity is consistent with their natal sex. 

 

CIS MALE — A person whose biological sex is male who is neither transgender nor gender fluid.  

 

CIS FEMALE — A person whose biological sex is female who is neither transgender nor gender 

fluid. 

 

COMPETITIVE FAIRNESS — The state of play when the rules reflect — and events are 

conducted — consistent with the design of the sport. For example: 

• Weight categories are fair when groups of comparably sized athletes are matched against 

one another. For example, a wrestling match is considered fair when the competitors 

compete in their narrowly defined weight classes and referees ensure that competitors’ 

actions are authorized from within a range of permissible maneuvers. 

• Age categories are fair when they recognize and mitigate competitive differences 

conferred on the body due to the age of the competitor. 

• Similarly, sex segregated sport classifies athletes by their biological sex because of the 

significant performance gap between male athletes and female athletes, and to ensure that 

female athletes have the same competitive opportunities as their male counterparts. In this 

context, competitive fairness requires rules that safeguard the female category and the 

female athletes who reasonably rely on its integrity. 

 

CONFIDENTIAL MEDICAL INFORMATION — Information, including protected health 

information (PHI), that is normally treated confidentially but is relevant for the determination of 

eligibility for sports participation and therefore shared in a limited way for this limited purpose. 
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FEMALE — An individual whose biological sex is female. Biological sex is sometimes referred 

to as natal sex. In contrast with males, females have ovaries, not testes; they make eggs, not sperm; 

and their endocrine system is estrogenic, not androgenic. 

GENDER — Sometimes used as a synonym for sex; or to connote the complex relationship 

between physical sex-linked traits and one’s internal sense of self as male, female, both, or neither; 

or one’s sex-related expression. 

GENDER AFFIRMING HORMONES — Medication taken by some trans people to counter 

their biological sex and affirm their gender identity. For example, trans girls/women may take 

estrogen to counter their male secondary sex traits and to feminize their bodies. Similarly, trans 

boys/men may take testosterone to counter their female secondary sex traits and to masculinize 

their bodies. 

 

GENDER AFFIRMING SURGERY — Procedures undertaken by some trans people to 

construct or remove secondary sex traits to better reflect their gender identity, e.g., surgery to 

remove or construct breasts, and/or surgery to remove testes or ovaries and/or construct gender-

conforming genitals. 

 

GENDER IDENTITY — A person's deeply held inner sense of themselves as male, female, fluid, 

or neither. A person’s gender identity may be different from their biological sex. 

 

LEGACY ADVANTAGE — The permanent or long-lived physical effects of experiencing 

puberty in the male body. The term refers to the considerable size and strength advantages that 

remain even after hormone treatments or surgical procedures.  

 

MALE — An individual whose biological sex is male. Biological sex is sometimes referred to as 

natal sex. In contrast with females, males have testes, not ovaries; they make sperm, not eggs; and 

their endocrine system is androgenic not estrogenic. 

 

PERFORMANCE GAP — The percentage difference between male athletic performances and 

female athletic performances that result from biological sex-linked differences. Some individual 

females surpass some individual males, but depending on the sport and event, the gap between 

elite male performances and elite female performances overall generally ranges from 8-20%, and 

up to 50% in sports and events featuring explosive power. The very best elite female performances 

are regularly surpassed by non-elite male performances. Together with the commitment to sex 

equality, the substantial performance gap justifies separate sex teams and events. 

 

PLAYING-SAFETY — The physical safety of athletes on the field of play. 

 

PUBERTY — The period of sexual maturation and the development of fertility. Sexual 

maturation includes the development of secondary sex characteristics—the physical features 

associated with a male phenotype on the one hand, and a female phenotype on the other. In girls, 

the onset of puberty is generally between ages 8 and 13. In boys, it is generally between ages 9 

and 14. 

SEX ASSIGNED / RECORDED AT BIRTH — The designation of a newborn child’s sex on 

their official birth record based on inspection of their external genitalia. This designation may be 

Case 2:21-cv-00316   Document 317-17   Filed 05/12/22   Page 19 of 38 PageID #: 21459



19 | P a g e  
 

incorrect in the case of an infant with a difference of sex development (DSD) that affected the 

development of their genitals. Sex recorded on birth certificates, passports, or drivers’ licenses 

may or may not reflect biological sex and should not be determinative of eligibility for competition. 

SEX / BIOLOGICAL SEX — Male or female, one of two classifications by which most 

organisms are grouped on the basis of their reproductive organs and functions. A person’s sex also 

refers to the cluster of sex-linked characteristics or traits—i.e., chromosomal, gonadal, 

endocrinological (hormonal), and phenotypic characteristics, commonly used to distinguish males 

from females. 

 

SEX-LINKED DIFFERENCES — Physical and physiological differences that are tied to being 

biologically male or biologically female. For purposes of sport, the main sex-linked differences 

are tied to the endogenous (natural) production in biological males of much higher levels of 

testosterone beginning from the onset of male puberty and continuously throughout the 

competitive athletic career. 

 

SEX SEGREGATION — Refers to separating people by sex or by particular sex-linked traits 

such as testosterone. Formal sex segregation in competitive sports is constitutional because it is 

empowering not subordinating, and because it is the only way to ensure that females as a group 

have the same sports opportunities, experiences and successes as males as a group. 

 

TESTOSTERONE / TESTOSTERONE RANGES — A hormone classified as an anabolic, 

androgenic steroid that builds tissue. In childhood, males and females produce about the same, 

small amount of testosterone. At the onset of puberty, the male testes begin to produce much more 

than the female ovaries. From that point forward, the normal female range18 remains low and 

narrow, from 0.06 to 1.68 nmol/L, and the normal male range is relatively high and wide, from 7.7 

to 29.4 nmol/L. 

 

TRANSGENDER (TRANS) — An adjective describing a person whose gender identity is not 

the same as their biological sex. The person may or may not choose to transition medically through 

the use of gender-affirming hormones or surgery. 

TRANS BOY/MAN — A person whose biological sex is female, while their gender identity is 

male; one who transitions from female to male. 

TRANS GIRL/WOMAN — A person whose biological sex is male, while their gender identity 

is female; one who transitions from male to female. 

UNCONDITIONAL INCLUSION — Inclusion in a category, classification, or group without 

preconditions, such as including a trans girl/woman in girls’/women’s sport without first requiring 

her to reduce her male sex-linked advantages. 

  

 
18  We use the word "normal" throughout this document consistent with its standard scientific meaning, i.e., the 

normal range is the range within which almost all readings or levels occur. In medicine, the normal range is 

sometimes also referred to as the reference range. 
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FREQUENTLY ASKED QUESTIONS  
 

I. ABOUT SCIENCE AND SEX 
 

 

Q1.  What is "biological sex"? 

A1. Biological sex is the designation of an individual as male or female based on reproductive 

organs and associated primary and secondary sex characteristics. Biologically, they are either 

female with ovaries/eggs and an estrogenic endocrine system, or they are male with testes/sperm 

and an androgenic endocrine system. 

 

 

Q2. What are sex differences? 

A2. Sex differences are anatomical and physiological differences that are determined by or 

related to biological sex. Males on the one hand and females on the other have distinct genetic and 

chromosomal, gonadal, endocrinological, and phenotypic (external secondary) characteristics. The 

field of sex differences in biomedical research specifically studies these distinctions, which have 

implications not only for reproduction and sport, but also for immunology and cardiovascular 

health, among other things. As the Institute of Medicine has explained, “basic biochemical 

differences” exist between males and females even “at the cellular and molecular levels.” 

 

 

Q3. Why do we have separate sex sport? 

A3. We have separate sex sport and eligibility criteria based on biological sex because this is 

the only way we can assure that female athletes have the same opportunities as male athletes not 

only to participate but also to win in competitive sport. We also separate males and females in 

contact sports for reasons related to on-the-field playing-safety. From the onset of male puberty, 

male bodies develop such that they are as a group faster, stronger, and more powerful than female 

bodies as a group. The performance gap between male and female athletes that emerges from that 

point typically ranges from 8-20%, but up to 50% depending on the sport and event. If we did not 

separate athletes on the basis of biological sex - if we used any other physical criteria - we would 

never see females in finals and on podiums. 

 
 

Q4. Couldn't we have eligibility criteria for the two divisions (male and female) based on 

some different (other than sex) physical criteria? 

A4. No. There are no other physical criteria that could be used to determine eligibility that 

would similarly assure sex equality in competitive sport. Based on those different criteria, e.g., 

matching leg length, wing span, height, weight, etc., males as a group would always outperform 

females as a group because their biological sex differences, primarily testosterone levels in the 

male range from the onset of puberty and throughout the athletic career. Team USA stars Missy 

Franklin and Ryan Lochte illustrate this point well. They are both multiple Olympic and world 

champions in swimming. Both had first class training, coaching, and support. Both are 6’2” with 

reported 6’4” wingspans. Both held the world record in the 200 meters backstroke. But had they 

raced each other on their best days, Lochte would have finished about a half lap ahead of Franklin. 

In 2012, the year Franklin set her world record, her time of 2:04.06 would have placed her in a tie 

for 50th in the U.S. men's Olympic Trials. 
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Q5. If a boy and a girl are the same height, weight, and body build, aren't they likely to 

be essentially the same athletically? 

A5. No. Testosterone-driven sex differentiation at puberty results in males developing larger 

hearts and higher capacity for oxygen transport and carbohydrate processing, as well as different 

skeletal and muscular composition. All of these characteristics provide males with superior 

strength, speed, power, and endurance. 

 
 

Q6. What do scientific experts estimate is the sports performance advantage of post 

pubescent males?  
A6. Experts estimate the male advantage is normally between 8 and 20% depending on the 

sport and event, and up to 50% in sports and events featuring explosive power. For example: Team 

USA's best female high jumper is Vashti Cunningham, NFL star Randall Cunningham's daughter. 

She is regularly ranked among the top ten best female high jumpers in the world. Her best jump as 

a professional (6’ 6 ½”) is regularly surpassed by dozens of U.S. high school boys.  

 

As the chart immediately below — comparing California high school performances — shows, this 

isn't a phenomenon exclusive to professionals. Because the performance gap emerges at the onset 

of male puberty, as a group, high school girls have no chance against high school boys as a group. 

 

 
2019 CALIFORNIA REGIONAL HIGH JUMP RESULTS19 

 

 
  

 
19   This chart is based on data from Athletics.net, California High Jump Results, accessed on September 25, 2019. 

 

REGION
BEST HIGH      

SCHOOL BOY

BEST HIGH       

SCHOOL GIRL
% DIFFERENCE

Central 6'10" 5'10" 14.63%

Central Coast 6'6" 5'6" 15.38%

Los Angeles 6'2" 5'2" 16.22%

North Coast 6'10" 5'5" 20.73%

Northern 6'5" 5'6" 14.29%

Oakland 5'11" 4'10" 18.31%

Sac-Joaquin 6'8" 5'8 1/4" 14.69%

San Diego 6'8" 5'10 1/2" 11.88%

San Francisco 6'0" 4'10" 19.44%

Southern 7'0" 5'8 1/2" 18.45%
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Q7. Are advocacy groups correct when they say that it's a myth and an outdated 

stereotype that females can't compete with males? 

A7. No. It is a fact - not myth or outdated stereotype - that starting from the onset of male 

puberty, i.e., starting in middle school, there is an average 8-20% performance gap between males 

and females, which reaches to 50% in some sports and events. The proposition that better resources 

and support for female athletes can change biological imperatives and competitive results is false. 

Some individual females can and will outperform some individual males. But even the very best 

female athletes are routinely surpassed not only by the very best male athletes but also by second 

tier male athletes. For example, the world records in the indoor men’s and outdoor women’s shot 

put are quite similar — 74’ 10 1/2” for the men and 74‘3“ for the women. But the women’s shot 

put is 8.8 lbs. while the men’s is almost twice as heavy at 16 lbs. The same pattern holds for the 

women’s world records in all of the races on the track from 100 meters to 10,000 meters. Indeed, 

not only are those records surpassed by many men each year, they are also surpassed by many high 

school boys. The pattern also holds for high school athletes who aren't yet superstars. With rare 

exceptions, from the onset of male puberty, even the best high school girls have no chance to 

succeed against high school boys.  

 

 

Q8. What does testosterone have to do with separate sex sport—why are we always 

hearing about testosterone in this context? 

A8. Testosterone is an anabolic-androgenic steroid. Anabolic steroids build body tissue, 

including but not limited to bone and muscle tissue and red blood cells. Androgenic steroids are 

responsible for male sex differentiation, i.e., for the development of male primary sex 

characteristics (in utero), and male secondary sex characteristics (in puberty). Because of its body 

building and sex differentiation effects, testosterone produced endogenously (naturally within the 

human body) is the primary driver of the sex differences in athletic performance, i.e., of the 

performance gap between male and female athletes. Beginning at puberty, at approximately age 

11, the male testes begin producing significantly more testosterone than they did earlier in 

childhood, and also significantly more than is ever produced by female ovaries. This increased 

production triggers the onset of male puberty, and thereafter builds and sustains the male body in 

the respects that matter for sports performance: speed, strength, power, and endurance. The 

exogenous use of testosterone (doping) is banned by all national and international sports 

organizations because of these anabolic effects. 

 

 

Q9. What do people mean when they say that there is a "male range" and a "female 

range" for testosterone? 

A9. Both males and females produce testosterone naturally in their bodies, males primarily in 

the testes and females primarily in the ovaries. Starting from the onset of male puberty, generally 

about age 11, testes begin to produce much more testosterone than ovaries. From that point 

forward, the normal female range is between 0.06 and 1.68 nanomoles per liter (nmol/L), and the 

normal male range is between 7.7 and 29.4 nmol/L. The gap between top of the female range and 

the bottom of the male range is 6.02 nmol/L. Converted to ng/dL — the metric typically used in 

medicine in the U.S. — the normal female range is from 1.73 to 48.45 ng/dL, the normal male 

range is from 222 to 848 ng/dL, and the gap between the top of the female range and the bottom 

of the male range is 173 ng/dL.  
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The figure below was published this year in the Journal of the American Medical Association 

(JAMA). It represents data from the U.S. National Health and Nutrition Examination Survey 

(NHANES). It shows the increase in testosterone concentration in male youth starting from age 11 

onward, as well as the gap that emerges as a result between male and female testosterone levels.  

 

 
 

 
(from J. Senefeld et al., JAMA Research Letter (2020)) 

 

 

Q10. Don't some healthy females produce testosterone in the "male" range? 

A10. No. Although females do produce testosterone, mainly in their ovaries, healthy post-

pubertal females never produce testosterone levels as high as post-pubertal males. Throughout 

childhood, up until the onset of male puberty, male and female testosterone levels are about the 

same; but from the onset of male puberty, male testes produce significantly more testosterone than 

female ovaries. From that point forward, normal female testosterone levels fall in a narrow range 

between 0.06 and 1.68 nanomoles per liter (nmol/L), and male levels fall in a broader range 

between 7.7 and 29.4 nmol/L. The gap between the normal male range and the normal female 

range is wide. As the following figure indicates, there is no overlap. Some biological females have 

higher than normal female testosterone levels, for example if they have polycystic ovaries, but 

again, no healthy female has a testosterone level even close to the normal male range. 

 

Case 2:21-cv-00316   Document 317-17   Filed 05/12/22   Page 24 of 38 PageID #: 21464



24 | P a g e  
 

  
 

 

This figure shows the normal female testosterone range on the left and the normal male range on 

the right. It also shows the abnormal testosterone ranges that can be produced by people with 

certain differences of sex development (DSDs). Some people with DSD prefer to describe 

themselves as intersex. The conditions marked in red are among those that affect genetic 

(biological) females. Those marked in green are two that affect (genetic) biological males. Those 

conditions are described further in the answer to Question 27 below. 

 

Some advocates for trans and intersex athletes claim that there is an overlap in the normal ranges. 

This claim is not supported by the data or the current peer-reviewed literature. Their argument 

depends on the existence of a small number of outlier (abnormal) readings, i.e., on a small number 

of higher-than-normal female T readings and a small number of lower-than-normal male T 

readings. These abnormal readings are used by advocates to construct a "spectrum" that appears to 

negate the normal bimodal distribution by "filling in" the gap between the two ranges.20 The figure 

above shows one way this optical effect can be achieved. It requires ignoring that more than 99% 

of the population has readings in the normal ranges, and then "filling in" the gap between those 

ranges with readings from the less than 1% of the population that has an intersex condition. 

 

As the leading experts in the field have established, however, the overlap argument is not supported 

by the data points themselves, which do not distinguish between (1) doped and non-doped females; 

(2) females and males with differences of sex development; and (3) male readings taken at rest 

and following strenuous exercise—the latter has been established to lower normal levels 

temporarily. Additionally, they measure testosterone by immunoassay — which is inaccurate at 

lower testosterone concentrations in women — rather than by state-of-the-art methodology, i.e., 

by mass spectrometry.21 Once those errors are corrected, the overlap disappears.  

 
20  Advocates may refer to this older paper to support their claim: Healy ML, et al., Endocrine profiles in 693 elite 

athletes in the postcompetition setting. Clin Endocr. 2014; 81(2): 294-305. PMID: 24593684. 
21  Handelsman DJ, Hirschberg AL, Bermon S. Circulating Testosterone as the Hormonal Basis of Sex Differences 

in Athletic Performance. Endocr Rev. 2018;39(5):803-29. Epub 2018/07/17. Clark RV, Wald JA, Swerdloff RS, 

Wang C, Wu FCW, Bowers LD, Matsumoto AM 2019 Large divergence in testosterone concentrations between 
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Q11. Don’t elite female athletes have high testosterone levels—isn't this what makes them 

good athletes? 

A11. No. Elite female athletes generally have testosterone levels within the normal female range, 

i.e., below 1.68 nmol/L. If they have the condition known as polycystic ovary syndrome (PCOS), 

they may have testosterone levels up to 3 nmol/L, or, in rare instances, up to 4.8 nmol/L. This is 

why some sports organizations, wishing to be inclusive of all possible healthy biological females, 

set their maximum testosterone level at 5 nmol/L. 

 

 

Q12. Why have many sports organizations adopted a testosterone test for their eligibility 

standard for inclusion in women's sport? 

A12. Testosterone is an excellent proxy for biological sex and a valid basis for an eligibility rule 

for the women’s category for the following reasons:  

• Testosterone is the primary driver of the sex differences in athletic performance; 

• Sport already tests for and monitors testosterone levels as part of the normal anti-doping 

process; and 

• Different sex testing protocols are more intrusive and, in some cases, less accurate.  

No other single criterion so comprehensively addresses sport’s and society’s concerns about the 

testing protocol. 

 

 

Q13. Why have some sports organizations adopted the testosterone level of 5 nmol/L as the 

upper limit for inclusion in the female category? 

A13. Some sports organizations have adopted the level of 5 nmol/L as the upper limit for 

inclusion in the female category because it represents the outermost bounds that a healthy 

biological female — regardless of her legal or gender identity — can reach naturally. Almost all 

females, including elite athletes, have testosterone levels well below 5 nmol/L. The normal female 

range is between 0.06 and 1.68 nmol/L. Even females with the condition known as polycystic 

ovary syndrome (PCOS) — which can dramatically raise testosterone levels — only very 

occasionally reach 3 nmol/L, with rare readings up to 4.8 nmol/L. Setting the level at 5 nmol/L 

assures that no otherwise healthy biological female could be excluded by the standard. Given that 

5 nmol/L is already high, however, some international federations are considering the lower limit 

of 3 nmol/L. 

 

 

Q14. Why is only the female category policed for testosterone levels—why doesn't sport 

also set an upper limit for the male category? 

A14. The female category was carved out from open (mixed or co-ed) sport as a protected space 

where females could compete only against each other and not also against males. It was designed 

specifically to exclude males, i.e., people with male sex-linked performance advantages. 

Testosterone is the primary driver of these sex-linked advantages. The male category is not policed 

because it does not need protection from itself; it was not designed to exclude or regulate males 

with natural male testosterone levels. Elite sport does, however, monitor testosterone levels in all 

athletes, male and female, for exogenous use of (i.e., doping with) androgens, including 

testosterone. 

 
men and women: Frame of reference for elite athletes in sex-specific competition in sports, a narrative review. 

Clin Endocrinol (Oxf) 90:15-22. 
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Q15. Are advocacy groups correct when they say that there is no evidence that trans 

girls/women have an advantage over females in sport? 

A15. No. They are wrong. Trans girls/women are biologically male. Consequently, unless they 

go on puberty blockers and then on gender affirming hormones before the onset of male puberty, 

they benefit from normal male sex development and differentiation. There is overwhelming 

evidence that individuals who are biologically male — however they identify — have an athletic 

advantage over individuals who are biologically female—however they identify. Gender identity 

is unrelated to athletic ability. Additionally, there is convincing evidence22 that, depending on the 

task, skill, sport, or event, trans women maintain male sex-linked (legacy) advantages even after a 

year on standard gender-affirming hormone treatment. 

 
  

Q16. Are advocacy groups correct when they say that any remaining advantages males 

have over females in sport are the result of cultural stereotypes and lesser 

opportunities for development, training, and competition? 

A16. No. They are wrong. Although stereotypes and opportunities can affect the degree of the 

performance gap between the best females and the best males, the data and science are clear that 

for almost all sports and events the gap itself is biologically-based and immutable. 

 
 

Q17. What does it mean physically or biologically to say that someone is "transgender"? 

A17. A transgender person is currently defined as someone who identifies as other than their 

biological sex. For example, a trans girl/woman is someone who identifies as a girl/woman even 

though they are biologically male. A person does not need to take gender affirming hormones or 

have surgery to be considered transgender. Some transgender people are not on hormones and have 

not had surgery. Some transgender people take hormones but do not have surgery. And some 

transgender people do both. Whether a transgender person takes hormones, the level at which they 

choose to set their hormones, and whether they have surgery, are all matters of personal choice, 

medical advice, and/or opportunity. 

 
 

Q18. Do all trans girls/women have a testosterone advantage? 

A18. No. Those trans girls/women who never experience the onset of male puberty do not 

develop the secondary sex characteristics that are responsible for the performance gap between 

male and female athletes. Preventing male puberty involves taking puberty blockers before its 

onset, and thereafter transitioning to gender affirming hormones that keep testosterone levels 

consistently within the female range. In contrast, trans girls/women who go on blockers and/or 

gender affirming hormones and/or have a gonadectomy only after they experience some or all of 

male puberty retain a "legacy advantage" as a result of this experience. The degree of their legacy 

 
22   (1) Roberts TA, Smalley J, Ahrendt D. Effect of gender affirming hormones on athletic performance in 

transwomen and transmen: implications for sporting organisations and legislators. Br J Sports Med. 2020. Epub 

2020/12/09. (2) Hilton EN, Lundberg TR. Transgender Women in The Female Category of Sport: Perspectives 

on testosterone suppression and performance advantage. Sports Medicine. 2021;51:(in press) (PMID 

33289906 and doi: 10.1007/s40279-020-01389-3). (3) Handelsman DJ, Hirschberg AL, Bermon S. Circulating 

Testosterone as the Hormonal Basis of Sex Differences in Athletic Performance. Endocr Rev. 2018;39(5):803-

29. Epub 2018/07/17. See also (4) Gooren LJ, Bunck MC. Transsexuals and competitive sports. Eur J Endocrinol. 

2004;151(4):425-9. (5) Wiik A, Lundberg TR, Rullman E, et al. Muscle Strength, Size, and Composition 

Following 12 Months of Gender-affirming Treatment in Transgender Individuals. J Clin Endocrinol Metab. 

2020;105(3). Epub 2019/12/04. 
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advantage depends on a combination of factors including: the extent to which they have 

experienced puberty; whether they had a gonadectomy (surgical removal of their testes); the levels 

at which they maintain their circulating testosterone; and the particular sport and event in which 

they compete. 
 

 

Q19. What is meant by "legacy advantages" in the discussion of trans girls/women in 

girls/women's sport? 

A19. Legacy advantages are the male sex-linked advantages that remain even after a trans 

girl/woman has gone on gender affirming hormones and/or gender affirming surgery. They are the 

benefits for sport of having gone through all or part of puberty as a male.  
 

 

Q20. Does transgender inclusion have anything to do with doping or performance 

enhancing drugs (PEDs), and if so, what's the connection? 

A20. Doping is the exogenous use — the taking — of prohibited performance enhancing drugs 

(PEDs), including testosterone and other body building androgens. These are among the 

substances that propelled the East German women to victory in the Olympic Games and World 

Championships in the 1970s and 1980s, costing clean American women and Team USA to lose 

out on medals they would otherwise have won. Some American athletes have also doped with 

androgens, but not in the systematic and state-sponsored way as the East Germans, and more 

recently the Russians. Trans girls/women who want to be included in girls'/women's events are not 

doping; that is, they aren't taking PEDs to compete. But their natural testosterone levels build 

strength, speed, and power in the same way that doping does; and because their natural levels are 

much higher than even those of doped female athletes, the effect on competition is the same or 

more overwhelming for the clean females in the field.  

 
 

Q21. Do we have any data on the impact of trans girls with no medical intervention in girls' 

high school sports?  

A21. Yes. The data that exist about trans girls with no medical intervention are consistent with 

the fact that they are biologically male. For example, based on its interpretation of the State of 

Connecticut's Equality Act, the Connecticut Interscholastic Athletics Conference (CIAC) permits 

trans girls to compete in girls' events even if they have not yet gone on puberty blockers or gender 

affirming hormones. (The CIAC places no physical or physiological conditions on their inclusion 

in girls' events). Two trans girls who used to compete on their schools' boys' teams moved to the 

girls' teams when they came out as trans. They immediately dominated their events at their 

conference, state, and regional competitions, even though their performances would have been 

insufficient to qualify them for post-season play had they competed in the boys' divisions. And 

although they started competing in girls' events before they began taking gender-affirming 

hormones, they continued to be among the best girls in their events even after they publicly stated 

they had started on puberty blockers and hormones. All told, just these two trans girls took “15 

women’s state championship titles (titles held in 2016 by nine different Connecticut female 

athletes) and . . . more than 85 opportunities to participate in higher level competitions from female 

track athletes in the 2017, 2018, and 2019 seasons.”23 

 
23  Verified Complaint for Declaratory and Injunctive Relief and Damages, Seoule et al. v. CIAC, Case No. 3:20-

cv-00201, paragraph #77, filed in the United States District Court for the District of Connecticut (Feb. 12, 

2020). These results are limited to conference, state and regional championships. They do not include all of the 
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regular season or invitational events at which opportunities to move on through competitions to finals and/or 

wins and podium spots were affected. 
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 T MILLER - SPRINTS 
55 meters indoors and 100 meters outdoors 

 

 
 

 
Miller competed on the boys' track team her freshman year and through the winter of her 

sophomore year. She came out publicly as transgender in the middle of 10th grade, and then 

switched to the girls' team for her remaining two-and-a-half years of eligibility.  

 

Her hormone status for each season is derived from publicly-available information.24 Because that 

information indicates she went on hormones for the first time only at the end of the 2019 outdoor 

season, i.e., sometime in May, and because her best time that year was run before then, she is listed 

here as "not on hormones" for the year. 

 

The table shows rankings for the 55 meters indoors first, followed by the 100 meters outdoors. The 

rankings in blue font show the division she actually competed in, and the point at which she 

switched from the boys' to the girls' division. Simply by walking off of the track in the boys' events 

and walking onto the track in the girls' events, she went from barely being in the top 400 in the 

state to being #1 in the state. 

 

The girls' rankings for her 9th grade year are those she would have achieved based on her times as 

run in boys' events. The boys' rankings for her sophomore, junior, and senior years are those she 

 
24  See, e.g., Beyond the Labels: Meet Terry Miller, Runner's Space.com, May 26, 2019, available at 

https://www.runnerspace.com/gprofile.php?mgroup_id=44531&do=news&news_id=576791 (implying that 

Miller attended NSAF Nationals as a spectator not a competitor in her junior year, 2019, because she was not 

eligible to compete there, and Miller herself suggesting that she began taking hormones only in the latter part of 

that same year). 

GRADE
Hormone 

Status*
Event

Connecticut 

Boys' State 

Rankings

Connecticut 

Girls' State 

Rankings

Indoor-55m 662nd 32nd

Outdoor-100m 326
th 

2
nd 

Indoor-55m 377th 5th

Outdoor-100m 181
st

1
st 

Indoor-55m 118th 1st

Outdoor-100m 165
th

1
st

Indoor-55m 335th 3rd 

Outdoor-100m - / - - / -

on gender 

affirming 

hormones
12th

not on gender 

affirming 

hormones
9

th

not on gender 

affirming 

hormones
10

th

not on gender 

affirming 

hormones
11th
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would have achieved based on her times as run in girls' events. There were no rankings for the 100 

meters outdoors her 12th grade year (2020) because the season was cancelled due to COVID. 
 

 

A YEARWOOD - SPRINTS 
55 meters indoors and 100 meters outdoors 

 

 
 

Yearwood competed on the girls' team all four years in high school. She came out publicly as 

transgender in the 9th grade. Her hormone status for each season is derived from publicly available 

information.25 The table shows rankings for the 55 meters indoors first, followed by the 100 meters 

outdoors. The boys' rankings listed on the table are those she would have achieved based on her 

times run in girls' events. There were no rankings for the 100 meters outdoors her 12th grade year 

(2020), because the season was cancelled due to COVID. 
 

We don't have statistics on the number of trans girls who have competed in girls' events in high 

school sports. However, it appears that, at least in the past, most were already on gender-affirming 

hormones by the time they sought to participate on girls' teams; trans advocacy groups seems 

generally to assume that this is the case when they speak to the issue. However, we are at a juncture 

 
25  See, e.g., Jeff Jacobs, As We Rightfully Applaud Yearwood, We Must Acknowledge Many Questions Remain, 

Hartford Current, June 17, 2017, available at https://www.courant.com/sports/hc-jacobs-column-yearwood-

transgender-0531-20170530-column.html (reporting that Yearwood's father "said his daughter will begin 

consultations in June [2017] about hormonal treatment”). That was at the end of 9th grade. The fact that she 

competed at NSAF Nationals in 11th grade (March 2019) means that she was on hormones in 10th grade. 

GRADE
Hormone 

Status*
Event

Connecticut 

Boys' State 

Rankings

Connecticut 

Girls' State 

Rankings

Indoor-55m - / - - / -

Outdoor-100m 422
nd

4
th

Indoor-55m 392nd 5th

Outdoor-100m 470
th

3
rd

Indoor-55m 194
th

2
nd

Outdoor-100m 449th 5th 

Indoor-55m 170
th

1
st

Outdoor-100m - / - - / -

not on gender 

affirming 

hormones

9th

on gender 

affirming 

hormones

10th

on gender 

affirming 

hormones

12th

11th
on gender 

affirming    

hormones 
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in history where trans girls who are not on hormones are just beginning to ask to be included in 

girls' competitions. In part this is because the standard of care in trans-medicine now recommends 

that trans-kids "come out" socially before they transition medically; and many physicians now 

require that kids wait until they are 16 to go on gender-affirming hormones. For a trans girl, going 

out for a girls' school sports team is one way to come out socially. We are thus increasingly likely 

to face situations like that in Connecticut where trans athletes seek to compete in girls’/women’s 

sport while not on hormones.  

 

 

Q22. Do we have any data on the impact of trans boys with or without medical intervention 

in high school sports? 

A22. Yes. The medical community now recommends that trans kids "come out" socially before 

they transition medically. While some trans girls have opted to go out for a girls' school sports 

team as one way to come out socially, this option is not so easily available to trans boys who, 

because they are biologically female, are unlikely to make a boys' team. As a result, some trans 

boys have chosen to come out socially while remaining on the girls' team. This has allowed them 

to continue to participate and to remain competitive in high school sport. Some trans girls have 

chosen this same path, coming out socially while remaining on the boys' team. 

 

 
Q23. When post-pubescent trans girls take gender-affirming hormones, do their athletic 

performances decline? If so, does any performance or "legacy" advantage remain? 

A23. Going on gender affirming hormones causes a decline in circulating levels of testosterone 

which, if consistently maintained over time, has some effect on athletic performance. This effect 

seems to be primarily on endurance, not on strength and power. The effect on speed seems to be 

dependent on the extent to which the event is endurance- as opposed to strength- and power-based. 

Thus, the nature and extent of the decline in male performance advantage, also known as the 

"legacy advantage", appears to depend on the sport and the event. It also depends on the extent to 

which the individual experienced male puberty before they began their physical transition, and on 

how high they choose to maintain their testosterone levels once they do go on gender affirming 

hormones. Regardless, as we explain in our answer to Question 15, the current state of the peer 

reviewed literature is that legacy advantages remain significant.  

 

 

Q24. Why do some sports organizations and governing bodies — including the NCAA — 

require that trans girls/women reduce their testosterone levels for a year before they 

can compete in girls'/women's events? 

A24. The NCAA, the IOC, and many international federations (IFs) and national governing 

bodies (NGBs), require trans girls/women to reduce their testosterone levels for at least a year 

before they can compete in girls'/women's events. This accommodation is a policy compromise, 

based in the hypothesis that if a trans girl/woman reduces her testosterone levels into the female 

range and keeps her levels consistently within that range for at least a year, her male-linked 

advantages will decline to the point that it is fair to include her in girls'/women's competition. The 

hypothesis itself is based in the fact that trans girls/women are biologically male and that 

testosterone is the primary driver of the performance gap between male and female athletes. Just 

how much gender affirming hormones reduces her male sex-linked advantages and what "legacy 

advantages" remain is the subject of ongoing investigation. 
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Q25. Is there strong scientific evidence that trans girls/women have an unfair advantage 

over biological females even after a year of androgen-suppressing treatment? 

A25. Yes. As our answer to Question 15 details, several peer-reviewed studies, including one 

based on data from the U.S. military, have confirmed that trans women retain their male sex-linked 

advantages even after a year on gender affirming hormones. This is especially the case for sports 

and events that are not endurance-based. Because of these retained advantages, USA Powerlifting 

and World Rugby have recently concluded that it isn't possible fairly and safely to include trans 

women in women's competition. Other international sports federations have rejected the 

International Olympic Committee's 2015 guidance suggesting that trans women be included in 

women's competition so long as they reduce their testosterone levels to the bottom of the male 

range (under 10 nmol/L). The latter federations, e.g., those that govern the sports of track and field, 

tennis, cycling, and rowing, have reduced the required testosterone level to within the female 

range. 

 
 

Q26. Is the NCAA's testosterone rule for trans women athletes sufficient to ensure fairness 

to and the safety of the biological females in the field? 

A26. No, not as currently administered. The NCAA rule is superficially similar to that of the 

IOC and other sports governing bodies in that it focuses on testosterone levels; however, as 

administered it currently lacks their rigor and detail. It provides only that trans women athletes 

need to be on gender affirming hormones for at least a year. It does not specify that they need to 

bring their testosterone levels into the female range; it does not require them to keep their levels 

consistently within that range; and it does not monitor their compliance. The hypothesis that 

reducing testosterone levels winds down the male performance advantage sufficient to ensure 

fairness to and safety for the female athletes in the field depends not only on getting those levels 

into the female range, but also maintaining them consistently within that range throughout the 

operative period. The NCAA rule has been properly criticized, including by trans women athletes 

and their coaches, for its lack of monitoring and guidance in these respects. 

 

 

Q27. What if any is the relationship between intersex and trans athletes? 

A27. Intersex conditions result from differences in biological sex development. They are also 

known as differences of sex development or DSDs. There are many different intersex conditions, 

but those that are relevant for sport all involve biological males — individuals with an XY 

karyotype, testes, and testosterone levels in the male range — whose sex development was atypical 

in some respect. For example, their external genitalia might not be fully formed or their androgen 

receptors may be less than typically sensitive. Athletes with such intersex conditions may be raised 

as male or female. People who are transgender do not generally consider themselves to be intersex. 

The two are related in sport to the extent that they may both involve biological males with full or 

partial male advantage who seek eligibility to compete in girls'/women's sport.  

 

The following table is illustrative. It is from an exhibit in the case brought by South African runner 

Caster Semenya against her international federation (the IAAF now World Athletics) at the Court 

of Arbitration for Sport (CAS) in Switzerland. Semenya is sometimes described as intersex. In 

2019, CAS upheld the federation's eligibility rules for the women's category. Those rules require 

affected athletes to verifiably reduce their testosterone levels to within the normal female range 

for a 12-month period before they can compete in that category. Switzerland's Supreme Court 

affirmed the CAS decision in 2020. 
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COMPARING BIOLOGICAL SEX TRAITS 
FOR PURPOSES OF GIRLS’ AND WOMEN’S SPORT 
(from IAAF Exhibit in Semenya and ASA v. IAAF) 

 

 
 

  

Typical Male

Person with                         

5-ARD (not on 

hormones)

Person who is 

Transgender MTF (not 

on hormones

Typical Female

Chromosomes 46 XY 46 XY 46 XY 46 XX

Gonads and Gametes Testes & Sperm Testes & Sperm Testes & Sperm Ovaries & Eggs

Endocrine system Androgenic Androgenic Androgenic Estrogenic

Sex hormones
Testosterone levels    

in male range

Testosterone levels    

in male range

Testosterone levels    

in male range

Testosterone levels        

in female range

Primary sex 

characteristics (develop 

in utero)

Testes, epididymis            

& vas deferens, 

prostate

Testes, epididymis              

& vas deferens,       

vestigial prostate

Testes, epididymis             

& vas deferens, 

prostate

Ovaries, fallopian       

tubes, uterus,            

vagina

Virilisation on puberty Yes Yes Yes No

Secondary sex 

characteristics (develop 

at puberty)

Male Male Male Female

External genitalia Penis, scrotum Varies Penis, scrotum Clitoris, labia

Legal sex Male Varies Varies Female

Gender Identity Male Varies Female Female
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II. ABOUT CURRENT LAW ON SEX AND SPORT 
 

Q28: What law or laws currently provide for separate sex sport? 

A28: Separate sex sport is regulated by a combination of statutes, regulations, and caselaw. This 

includes the Ted Stevens Olympic and Amateur Sports Act, Title IX and its regulations, the Equity 

in Athletics Disclosure Act, and court decisions interpreting their terms. 

 

 

Q29: Are advocacy groups correct when they say that the law affords females the right to 

participate, not the right to win and set records, in sport? 

A29:  No. They are wrong. The point of the laws that create and regulate separate sex sport is to 

ensure that females have the same opportunities as males not only to participate but also to succeed.  

In addition to competing, this includes the fair ability to win and set records in regional, national, 

and international competitions. No male or female has an individual legal right to win or set records 

in their respective divisions, but as a class, females have the legal right to win and set records in 

girls' and women's sport, just as males that have that right in boys' and men's sport. 

 

 

Q30: How would the redefinition of "sex" in federal law to include gender identity affect 

the legal status quo? For example, would it allow schools and sports organizations 

including the NCAA and USOPC to continue to maintain separate sex sport? 

A30: The re-definition of “sex” to include “gender identity” in a law that prohibits discrimination 

“on the basis of sex” would mean that programs receiving federal funds and operating in interstate 

commerce could not lawfully distinguish a biological female from a trans girl/woman. This would 

make it prima facie unlawful to do what is currently permitted, i.e., to have teams and events that 

are separated on the basis of biological sex. It would also make it prima facie unlawful to use 

testosterone — a sex-linked trait — as an eligibility criterion for inclusion in girls' and women's 

elite sport, e.g., as is currently required by the NCAA, the USOPC, the IOC, and the international 

sports federations. Both separate sex sport itself and eligibility criteria based on biological sex and 

sex-linked traits like testosterone are currently lawful exceptions to general prohibitions on sex 

discrimination. For this to remain the case, the Equality Act would need to be amended to provide 

for an express exception for sport.  

 
 

Q31: Why do proponents of the Equality Act (EA) assert that the redefinition of sex won't 

affect girls' and women's sport? 

A31. Many of the EA's advocates argue that the proposed EA Act won’t affect Title IX, without 

explaining why. Alternatively, others argue that, even if it does, Congress could restore separate 

sex sport after the EA’s enactment, through specific legislation or regulations addressing sport. 

Restoring separate sex sport after the EA's enactment is highly unlikely as a matter of standard 

legal analysis, legislative history, and politics.  

 

The EA is designed to amend the Civil Rights Act of 1964. The definitions in that statute have 

been and will continue to be the basis for interpreting or defining the same words as used in all 

other civil rights legislation. That is, Congress cannot re-define “sex” in the principal statute and 

not have that definition apply directly or indirectly to the use of that term in other legislation. In 
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fact, many of the EA proponents intend precisely this—make the change to the definition in the 

principal legislation, and this will automatically change the definition in related legislation.  

Moreover, as a matter of standard legal analysis, absent a legislative carve out for sport — i.e., an 

explicit acknowledgement of an exception — any newly enacted, categorical prohibition on 

discrimination between biological females and trans girls/women would be presumed to supersede 

any earlier legislation to the contrary, including Title IX. 

 

The legislative history of the EA makes clear that its proponents intend for it to apply to sport with 

no conditions or exceptions and thus, to prohibit any distinctions between biological females and 

trans girls/women. At the House Judiciary Committee Hearings, both the witnesses and Democrats 

on the Committee insisted that trans girls/women be included in girls' and women's sport without 

any conditions because "trans girls are girls, trans women are women, period." And on the floor 

of the House, a bill was rejected by a vote of 181 to 228 that would have retained the longstanding 

exception in Title IX for separate sex sport based on biology. (Specifically, Congressman Steube 

proposed legislation providing that, “Nothing in this Act or any amendment made by this Act may 

be construed to diminish any protection under Title IX of the Education Amendments of 1972.") 

The Equality Act then passed the House by a vote of 236 to 173. This legislative history would be 

instructive in the future were the question to arise whether Congress intended to permit or preclude 

distinctions on the basis of biological sex. 

 

The natural experiment with state versions of the EA also make clear that an explicit exception is 

necessary to maintain sex segregated sports and spaces. In those contexts, trans advocates argue 

that under the state EAs, it is impermissible to separate or in any way differently to treat trans girls 

within girls' sport. They make these arguments even though state legislatures did not consider 

sports as they were enacting their EA legislation. 

 

 
Q32. How does the recent Supreme Court decision in Bostock v. Clayton County (2020) 

affect separate sex sport—does it prohibit all distinctions on the basis of sex, 

including in sport? 

A32. In Bostock, the Supreme Court ruled that "sex" in Title VII means "biological sex." 

Contrary to what many proponents of the EA argue, Bostock did not define (or re-define) “sex” to 

include "gender identity." Rather, it held that Title VII's general prohibition of discrimination "on 

the basis of sex" precludes discrimination that takes into account a transgender employee's sex and 

gender identity. Firing a person because they are transgender — i.e., because their gender identity 

is nonconforming — requires taking their sex into account, and this is prohibited by Title VII. 

Because the case involved Title VII's general non-discrimination provision, not an existing 

exception that allows taking sex into account, the Court wrote that it was leaving the lawfulness 

of exceptions — including in bathrooms, locker rooms, and sport — for another day. Bostock 

explicitly did not rule on the lawfulness of the current scheme under Title IX and the other sport 

statutes. 

 

Proponents of the EA nevertheless assert that Bostock applies to sport, completely ignoring the 

Court’s express pronouncement to the contrary. Specifically, in cases pending in the lower courts, 

they argue that Bostock supports the redefinition of "sex" to include "gender identity", and that the 

decision requires the inclusion of trans girls/women in girls' and women's Title IX sport. Notably, 

however, they are inconsistent in their application of Bostock to the question whether 

administrators can lawfully distinguish biological females from transgender women and girls. For 
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example, in pending federal cases in Connecticut and Idaho, advocates for transgender athletes 

argue that their inclusion in girls' high school sports must be full and unconditional, without regard 

to whether they are on gender affirming hormones. However, in the Idaho matter, in which college 

sports are also at issue, they don't challenge the NCAA rule which distinguishes female athletes 

from transgender athletes by requiring trans women to undergo a year of gender affirming hormone 

treatments before they can compete in women's sport. They support the position that in college, 

conditions on transgender inclusion are permissible. This distinction between high school and 

college may make good policy sense; but it is an acknowledgement of the continued lawfulness 

not only of the NCAA rule, but also more generally of what that rule represents, i.e., the lawfulness 

of distinctions on the basis of sex in sport. It is also a tacit acknowledgment of the fact that — as 

the Supreme Court itself announced — Bostock is not dispositive in this area. 

 

 

Q33. Does the law currently allow schools to distinguish females from trans girls/women? 

Can accommodations be developed that lawfully provide for their conditional 

inclusion in girls'/women's sport? 

A33: The sex exception to general nondiscrimination law requires the exclusion of biological 

males from most girls' and women's sport. There is no case yet that finally resolves the question 

whether an exception to this general rule should be made for biological males who identify as 

women and girls. It is standard practice, however, for the courts to permit (and sometimes even 

to require) accommodations when there are good reasons for doing so, and when this is possible 

without imposing an undue burden. Thus, accommodations that would allow trans girls/women 

to compete in girls'/women's sport should be permissible so long as they meet these standard 

criteria. 

  

Case 2:21-cv-00316   Document 317-17   Filed 05/12/22   Page 37 of 38 PageID #: 21477



37 | P a g e  
 

III. ABOUT POLICY   
 

Q34: What are the principles that the Women's Sport Policy Working Group used to 

develop its approach to trans-inclusion in girls'/women's sport? 

A34. The principles that guided the Working Group in the development of its approach to trans 

inclusion in girls'/women's sport are the following: 
 

1.  Women's sport is designed to provide a space where biological females – whatever their gender 

identity – can compete only against each other and not also against biological males—whatever 

their gender identity. The design is based in compelling data and scientific evidence on the 

immutable performance gap between male athletes and female athletes. This separate sex space 

should be preserved and safeguarded. Girls' and women's participation in competitive sport 

nurtures individual health and development, contributes to the welfare of the community, and 

powers society’s perception of the strength and value of women and girls. 
 

2.  Trans girls and women are biologically male and so per the design would normally be 

excluded. However, because their inclusion could also produce real value both for the 

individuals concerned and for society, we should work to avoid unnecessary distinctions and 

exclusions. 
 

3. Physical sex-linked differences between males and females are largely determined from the 

onset of male puberty; it is these differences that justify separate sex sport, and thus, they must 

be taken into account in developing responsible policy for girls' and women's sport. 
 

4.  Protocols for co-ed sports are instructive, as is the related tradition in law and policy of looking 

for ways to include rather than to exclude when this is possible without doing harm to an 

otherwise valuable institutional design. Being transgender does not change the fact of one's 

biological sex. Where it is recognized in existing co-ed sports policy that sex is relevant to 

fairness and safety, it cannot be ignored simply because an individual identifies as transgender. 

Similarly, where existing co-ed sports policy recognizes that sex is not relevant to fairness and 

safety, the goal should be unconditional inclusion. 
 

5.  Specifically rejected as guiding principles are the unscientific, politically driven mantras that 

claim that: 

 

▪ "sex-linked differences including testosterone levels are indistinguishable from other 

differences like height, weight, wingspan, and foot shape"; 
 

▪ "the performance gap between male and female athletes is based in myth, stereotype, and 

cultural inequities"; 
 

▪ "the physical legacy advantages associated with developing as a biological male don't exist 

or matter to sports performance"; 
 

▪ "there is no evidence that transwomen and girls have a competitive advantage over 

females"; and  
 

▪ "females only have the right to participate not to win". 
 

These patently false claims have no place in a serious discussion of the policy question whether 

and how to include transgender athletes in girls' and women's sport. 
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