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ABSTRACT

Objective For transgender women (TW) on oestrogen
therapy, the effects of prior exposure to testosterone during
puberty on their performance, mainly cardiopulmonary
capacity (CPC), while exerting physical effort are unknown.
Our objective was to evaluate CPC and muscle strength

in TW undergoing long-term gender-affirming hormone
therapy.

Methods A cross-sectional study was carried out with

15 non-athlete TW (34.2+5.2years old), 14 cisgender men
(CM) and 13 cisgender women (CW). The TW received
hormone therapy for 14.4+3.5 years. Bioimpedance, the
hand grip test and cardiopulmonary exercise testing on a
treadmill with an incremental effort were performed.
Results The mean VO2peak (ml/min) was 2606+416.9
inTW, 2167+408.8 in CW and 3358+436.3 in CM (TW vs
CW, p<0.05; TW vs CM, p<0.0001; CW vs CM, p<0.0001).
The VO2peak/fat-free mass (ml/kg/min) was 47.3+5.1in TW,
53.3+8.3 in CW, and 52.4+5.8 in CM (TW vs CW p>0.05;
TW vs CM p>0.05; CW vs CM p>0.05). The 02 pulse in TW
was between that in CW and CM (TW vs CW, p<0.05, TW
vs CM, p<0.0001). There was a high correlation between
VO2peak and fat-free mas,s./height2 among TW (r=0.7388;
p<0.01), which was not observed in the other groups.

The mean strength (kg) was 35.3+5.4 in TW, 29.7+3.6 in
CW and 48.4+6.7 in CM (TW vs CW, p<0.05; TW vs CM,
p<0.0001); however, adjusted for fat-free mass there was
no difference between TW (0.6+0.1) and CW (0.7+0.9;
p<0.05).

Conclusion Absolute CPC in non-athlete TW showed an
intermediate pattern between that in CW and CM; however,
relative CPC adjusted for fat-free mass showed no difference
between TW and CW or CM. Similarly, the mean strength in
non-athlete TW was higher than those in non-athlete CW
but not when adjusted for fat-free mass.

INTRODUCTION

Sex differences determined by sex steroids during
puberty and maintained throughout reproductive
life promote different physical performance between
males and females.! Testosterone in males induces
changes in muscle mass, strength, anthropometric
variables and haemoglobin levels.'

The maximal oxygen consumption (VO2 peak)
score is 25%-30% or even 50% lower in cisgender
women (CW) than in cisgender men (CM) matched
for age.! These differences are a consequence of
the lower arteriovenous oxygen difference (a-vO-
2diff) and lower cardiac output (CO) in females.”

WHAT IS ALREADY KNOWN ON THIS TOPIC

= The performance of transgender women
during physical effort is not well known. There
are no data on cardiopulmonary capacity in
transgender women.

WHAT THIS STUDY ADDS

= These are the first scientific data on the
cardiopulmonary capacity of transgender
women undergoing long-term gender-affirming
hormone therapy. The absolute mean VO,
peak of non-athlete transgender women while
performing physical exertion was higher than
that of non-athlete cisgender women and lower
than that of cisgender men, but there were no
differences in relative VO2 peak when adjusted
for fat-free mass.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= This study was in non-athletes and findings
may not apply to policy decisions about the
participation of transgender women in sporting
activities.

= Future studies involving transgender athletes
that account for and quantify variable exposure
times to pubertal development and assess
muscle cell metabolism are needed to elucidate
the effects of long-term gender-affirming
hormone therapy on transgender women sports
performance.

Transgender women (T'W) are treated with oestrogen
therapy with or without antiandrogenic agents to
reduce endogenous levels of testosterone. Hormone
treatment in younger TW aims to mimic oestradiol
levels in premenopausal CW to promote the develop-
ment of female characteristics and reduce androgen-
related features.*

We hypothesised that TW who have had prior
androgen exposure and are undergoing long-term
gender-affirming hormone therapy (GAHT) have
different cardiopulmonary capacity (CPC) and muscle
strength from CW and CM.

This study intends to elucidate aspects of the sporting
abilities of TW after long-term GAHT through the use
of gold standard methodologies for the analysis of
cardiopulmonary and strength capacities.
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Inclusion criteria:

« Criteria for gender dysphoria diagnosis were
in according to the DSM IV-V / ICD-10
guidelines

+ Onset of androgen blockade after 12
years of age

« Regular use of oestrogen in the last year

« Age: 25-45 years old

« Body mass index: 18.0 to 34.9 kg/m?

15

Transgender women

P
Exclusion criteria:
« Current or previous ilinesses that could
interfere with strength or aerobic tests
« Chronic diseases or chronic use of
medications

"

Non-gonadectomized

Oestrogen + Cyproterone acetate

4
Gonadectomized

Oestrogen

Inclusion criteria:
« Age 25-45 years old
« Body mass index: 18.0 to 34.9 kg/m?

27

Controls

Exclusion criteria:

« History of sexual differentiation disorder
or hormonal disorders

+ Current or previous illnesses that could
interfere with strength or aerobic tests

» Chronic diseases or chronic use of
medications

13
Female controls

14
Male controls

Laboratory tests: Hb and Ht, FSH, LH,
estradiol and total testosterone

Physical activity assessment: International
Physical Activity Questionnaire (IPAQ)

Methods
|
[

Bioimpedanciometry

— Strength test: Hand grip

Cardiopulmonary assessment:
Ergospirometry test

Figure 1

Selection of transgender women (A) and the control group subjects (B). Methods (C). DSM V, Diagnostic and Statistical Manual of

Mental Disorders; Hb, haemoglobin; Ht, haematocrit; ICD-10, International Classification of Diseases 10th edition. HCFMUSP, Hospital de Clinicas dA

Faculdade de medicina dA Universidade de Sao Paulo.

Objectives
To evaluate CPC and muscle strength in TW undergoing long-term
GAHT and correlate these findings with body composition (BC).

METHODS
The evaluators were not blinded, with the exception of those who
evaluated the results of the cardiopulmonary exercise tests.

Definitions

Transgender group

A cross-sectional study was carried out with 15 TW (average age
of 34.2 years old, SD+5.2) followed at the Gender Dysphoria
Unit of the Division of Endocrinology of Hospital das Clinicas da
Faculdade de Medicina da Universidade de Sao Paulo (figure 1).
The criteria for gender dysphoria diagnosis were in accordance
with the Diagnostic and Statistical Manual of Mental Disorder/
International Classification of Diseases guidelines.

Retrospective data about the TW, such as age at the beginning
of hormone therapy, were collected from their respective medical
records (online supplemental table 1). Among them, 11 were
non-gonadectomised subjects and were on oestrogen plus cypro-
terone acetate therapy, and 4 were gonadectomised and were
receiving isolated oestrogen therapy. Comparative study of TW
gonadectomised versus not gonadectomised was done, and no
significant differences were observed (online supplemental table
2). The median age at GAHT initiation was 17 (range 12-35)
years, and the average duration of GAHT was 14.4+3.5 years.
None of them used a GnRh (gonadotropin-releasing hormone)
analogue at any time. The volunteers were not athletes.

Control groups

The cisgender control group consisted of 27 healthy and asymp-
tomatic subjects, with 13 CW (35.6+4.1 years of age) and
14CM (36.7+3.8 years of age) (online supplemental table 1),
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Table 1 Comparative analysis of age, BMI and laboratory tests among the transgender woman, cisgender woman and cisgender man groups
Transgender women (n=15)  Cisgender women (n=13) Cisgender men (n=14) Comparative analyses P value
Age (years) 34.2 (SD+5.2) 35.6 (SD+4.1) 36.7 (SD+3.8) TW x CW NS
TW x CM NS
CW x CM NS
BMI (kg/m?) 25.5 (SD+2.8) 23.1 (range 19.4-34.9) 26.3 (SD+3.0) TW x TW x CW NS
TW x CM NS
CW x CM *
Haemoglobin (g/dL) 14.0 (SD+0.6) 13.8 (SD+0.6) 15.3 (SD«1.1) TW x CW NS
TW x CM FrEx
CW x CM e
Total testosterone (ng/dL)t 18.0 (range 12.0-637.0) 19.0 (range 12.0-40.1) 524.3 (SD+169.0) TW x CW NS
TW x CM e
CW x CM Frxx

*p<0.05, **p<0.01, ****p<0.0001.

tTotal testosterone levels collected on the day that the cardiopulmonary test was performed.
BMI, body mass index; CM, cisgender men; CW, cisgender women; ns, non-significant; TW, transgender women.

who were matched by age and physical activity level to the TW
group according to the International Physical Activity Question-
naire (IPAQ) (online supplemental tables 3 and 4).

The following conditions were evaluated by clinical and labo-
ratory assessment and considered to be exclusion criteria for the
cisgender control group: smoking, chronic renal failure (creati-
nine >1.4 mg/dL), hepatic failure, systemic arterial hypertension
(blood pressure (BP) >140/90 mm Hg or patient on antihyper-
tensive medication), inflammatory diseases, neoplasia, diabetes
mellitus and hypogonadism of any aetiology, haematologic
diseases, peripheral vascular diseases, dyslipidaemia (or patient
on lipid-lowering medication), cardiomyopathies, valvular heart
diseases and congenital diseases. Information was collected
through an interview carried out by the researchers.

Laboratory analysis

Laboratory blood tests were collected on the same day, imme-
diately before bioimpedance, ergospirometry and strength tests.
Haemoglobin and haematocrit levels (electronic, automatic
counter, morphological evaluation in stained smears), follicle-
stimulating hormone (electrochemiluminometric), luteinising
hormone (electrochemiluminometric), oestradiol (electrochem-
oimmunoassay) and total testosterone (TT) (electrochemoimmu-
noassay) were analysed in blood samples.

Although the analyses in this manuscript were made based
on TT levels at the time of the study, we also analysed the
mean TT levels of the TW during the last year before the
start of the study and compared them with the TT levels
measured on the day of the study. These data represent one
more measure to demonstrate the extent of suppression of
TT values in this group of individuals over time (online
supplemental figure 1).

Level of physical activity assessment

The IPAQ was used to measure the level of physical activity. The
IPAQ was developed by the WHO in association with the North
American Centers for Disease Control and Prevention (CDC).’ °
The short-IPAQ version was chosen because it has been validated
in the Brazilian population.’ In 2002, a consensus between the
Center for Studies of Physical Fitness Laboratory of Sdo Caetano
do Sul and the Atlanta CDC was used to analyse data collected
with the IPAQ, taking into account the criteria of frequency and
duration of activities.’

The subjects (TW, CW and CM) were classified into five cate-
gories (sedentary, insufficiently active A and B, active and very
active) according to TPAQ recommendations’ (online supple-
mental table 3).

Anthropometric measurements

The anthropometric data were evaluated by using the following
parameters: height, body weight and body mass index (BMI,
weight/(height)?; (kg/m?).

BC assessment
BC was assessed by an InBody 720 device (Biospace, Korea) with
an 8-point reading through a tactile electrode.

The parameters evaluated were weight, BMI, total body fat
mass (FM), percentage of body fat mass (FM), skeletal muscle
mass (SMM) and fat-free mass (FFM). The Baumgartner Index
(appendicular skeletal muscle mass (ASM) adjusted by height
squared), fat mass/height® (FM/Hgt?) and fat-free mass/height’
(FFM/Hgt?) were calculated to eliminate height as a determinant
factor in fat body mass and muscle mass.

Muscle strength testing

The hand grip strength (HGS) test was carried out using the
Smedley/Stoelting Hand Dynamometer with adjustable hand
size, USA, as recommended by the American Society of Hand
Therapists (ASHT).”

The tests were performed with the dominant hand of
each individual three consecutive times. Participants were
instructed to perform a maximum contraction for 3s in
each test. There was a 30's rest period between each test. To
analyse the parameters associated with the measurement of
HGS in each individual, the mean values of the three tests
were used according to the ASHT. The maximum strength of
each individual was also analysed.

Cardiopulmonary assessment

Ergospirometry test: All individuals underwent cardiopulmo-
nary exercise testing (Sensor Medics—Vmax Analyser Assembly,
Encore 29S) on a treadmill (Ergoline—Via Sprint 150 P) with
incremental effort until exhaustion (ramp protocol). During
cardiopulmonary exercise testing, cardiovascular performance
was continuously evaluated through electrocardiography
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Table 2 Comparative analysis of metabolic aspects, cardiopulmonary capacity and strength among the transgender woman, cisgender woman and

cisgender man groups

Transgender women (n=15)  Cisgender women (n=13)  Cisgender men (n=14) Comparison P value
Metabolic aspects
V02 at rest (mL/min) 328.7 (SD+75.1) 240.1 (SD+31.4) 395.8 (range 229-956) TW x CW **
TW x CM NS
CW x CM o
V02 AT (mL/min) 1686 (range 1144—1786) 1309 (SD+256.6) 1864 (SD+4417) TW x CW NS
TW x CM NS
CW x CM *x
V02 RCP (mL/min) 2313 (SD+431.0) 1914 (SD+351.2) 2916 (SD+562.9) TW x CW *
TW x CM o
CW x CM Rk
V02 Peak (mL/min) 2606 (SD+416.9) 2167 (SD+408.8) 3358 (SD+436.3) TW x CW *
TWx CM e
CWx CM FEEE
V02 Peak/Wgt. (mL/kg/min) 33.5 (SD+4.7) 35.7 (SD+4.7) 42.0 (range 32.3-49.2) TW x CW NS
TW x CM *x
CWxCM **
V02 Peak/FFM (mL/kg/min) 47.3 (SD+5.1) 53.3 (SD+8.3) 52.4 (SD+5.8) TW x CW NS
TW x CM NS
CW x CM NS
Cardiopulmonary aspects
Peak 02 pulse (mL/beat) 14.2 (SD+2.1) 11.8 (SD+2.0) 18.5 (range 12.2-22.4) TW x CW *
TW x CM FEEE
CW x CM *
Maximum HR (bpm) 185.7 (SD+11.6) 177.2 (SD+6.1) 181.1 (range 164-189) TW x CW *
TW x CM NS
CW x CM NS
% Maximum HR predicted per 103.1 (SD+7.3) 96.5 (SD+3.2) 99.2 (SD+3.4) TW x CW *x
age TW x CM NS
CW x CM NS
VE (BTPS) (L/min) 102.3 (SD+16.2) 87.4 (SD+10.2) 128.8 (SD+18.7) TW x CW NS
TW x CM *x
CW x CM e
Strength
TW x CW *
Mean strength (kg) 35.3 (SD+5.4) 29.7 (SD+3.6) 48.4 (SD+6.7) TW x CM *
CW x CM o
TW x CW NS
Mean strength/FFM 0.6 (SD+0.1) 0.7 (SD+0.9) 0.7 (SD+0.1) TW x CM *
CW x CM NS

*p<0.05, **p<0.01, ****p<0.0001.

AT, anaerobic threshold; bpm, beats per minute; BTPS, body temperature pressure, saturated; CM, cisgender men; CW, cisgender women; FFM, fat-free mass; HR, heart rate; ns,
non-significant; RCP, respiratory compensation point; TW, transgender women; VE, volume of expired air; VO2, oxygen consumption; Wgt, weight.

(Micromed—Cardio PC 13) with twelve leads simultaneously.
Heart rate was recorded at rest with the individual positioned on
the treadmill, at the end of each minute of the cardiopulmonary
exercise test and in the first, second, fourth and sixth minutes
of the recovery period. BP was always measured by the same
examiner at rest, in the final 30s every two stages of exercise
and in the first, second, fourth and sixth minutes of the recovery
period. Any observed electrocardiographic alteration that might
compromise the experimental protocol excluded the individual
from the study. The maximum functional capacity was deter-
mined by peak oxygen consumption (VO2peak) evaluated at the
maximum exercise intensity. The criteria used to consider the
ergospirometry test as maximum were a respiratory exchange
ratio (RER) >1.10 and/or maximum heart rate (HRmax) >95%

of the age-predicted HRmax. The anaerobic threshold (AT)
was determined at the time the individual presented the lowest
ventilatory equivalent value for O2 (VEO2) and partial oxygen
pressure at the end of expiration (PO2) (PetO2), before these
parameters started to progressively increase, and a non-linear
increase in the RER value. The respiratory compensation point
(RCP) was determined at the time the individual presented
the lowest value of ventilatory equivalent for CO2 (VECO2),
before this parameter started to progressively increase, and the
maximum value of partial pressure for CO2 at the end of expi-
ration (PCO2) (PetCO2), before initiating a progressive decrease
in this response.

Ergospirometry tests were carried out by the Cardiovascular
Rehabilitation and Exercise Physiology Unit of Instituto do
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Figure 2 Comparative analysis of aerobic capacity of transgender women, cisgender women and cisgender men during incremental effort from
rest to exhaustion. Top: from left to right, VO2 at rest (A), aerobic threshold (AT) (B), respiratory compensation point (RCP) (C) and peak (D) of
transgender women, cisgender women and cisgender men. Middle: E: representation of the VO2 performance of the three groups from rest to
exertion. Bottom: correlations of VO2 peak and fat-free mass (FFM)/height2 (Hgtz) among transgender women (F), cisgender women (G) and cisgender
men (H). VO?, oxygen consumption. AT, anaerobic threshold; FFM, fat-free mass; NS, non-significant; RCP, respiratory compensation point. *p<0.05,

**p<0.01, ****p<0.0001.

Coragio, Hospital das Clinicas da Faculdade de Medicina da
Universidade de Sdo Paulo.

Statistical analysis

Statistical analysis was performed using GraphPad Prisma
V.8.4.2. The D’Agostino and Pearson test was used to evaluate
whether the variables were parametric or non-parametric. For

parametric variables, comparison among the three groups was
done through analysis of variance, and for comparative subanal-
yses of every two groups, the Tukey’s test was used. The Kruskal-
Wallis test was used for non-parametric variables, and Dunn’s
multiple comparison test was used for comparative subanalyses
of two groups. A p<0.05 was considered indicative of statistical
relevance in all tests.

Table 3 Comparative analysis of body composition among the transgender woman, cisgender woman and cisgender man groups

Transgender women (n=15) Cisgender women (n=13) Cisgender men (n=14) Comparative analysis P value
Skeletal muscle mass (kg) 30.7 (SD+3.3) 21.9 (SD+2.4) 36.0 (SD+3.2) TW x CW FHEx
TW x CM FrEE
CW x CM FrEH
Baumgartner index (kg/mz) 12.6 (SD+0.9) 10.8 (SD+1.7) 14.6 (SD+0.8) TW x CW **
TW x CM **
CW xCM R
Fat-free mass/Hgt2 (kg/mz) 18.3 (range 15.9-23.4) 15.8 (range 12.9-22.4) 20.5 (SD+1.2) TW x CW ns
TW x CM *
CW x CM FrEE
%FM 29.5 (SD+5.7) 32.9 (SD£5.7) 20.2 (SD£5.7) TW x CW ns
TW x CM o
CW x CM FrEH

*p<0.05, **p<0.01, ****p<0.0001.

CM, cisgender men; CW, cisgender women; FM, fat mass; Hgt, height; ns, non-significant; TW, transgender women.
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RESULTS

Laboratory analysis

The haemoglobin levels (g/dL) of the TW, CW and CM were
14.0%0.6, 13.8+0.6and 15.3+1.1, respectively (table 1).

Hormonal data

On the day of sporting ability analysis, the mean TT (ng/dL)
levels of the TW, CW and CM were 92.5 (range 12-637), 20.1
(12-41) and 524.3+169.0, respectively.

One of the participants had a high level of testosterone at the
time of the study. Although she was not blocked on the test day
(TT=637ng/dL), her value was 79ng/dL 6 months before the
study (online supplemental figure 1). In addition, this point did
not interfere with her VO2 results (online supplemental figure
2).

Level of physical activity

There was no significant difference in the level of physical
activity between the groups (TW vs CW, p>0.05; TW vs CM,
p>0.05; CW vs CM, p>0.05), with most participants being
active or very active in all groups (online supplemental table 4).

Metabolic and cardiopulmonary analysis

At rest, the TW VO2 was not significantly different from the
CM VO, (p>0.05), and both were significantly higher than the
CW VO, (TW vs CW, p<0.05; CM vs CW, p<0.05). A similar
pattern was observed at the AT despite the lack of significance in
the TW vs CW analysis (p>0.05). From the RCP onwards, the
TW VO2 rates began to drop and were lower than the VO2 rates
of CM (TW vs CM, p<0.01 at RCP and p<0.0001 at peak)
(table 2).

In the comparison between TW and CW at effort, the
maximum HR was higher in TW (p<0.05), as was the %
maximum HR predicted per age (p<0.01) (table 2).

Figure 2 shows the metabolic pattern of all groups from rest
to maximal effort and the correlation between fat-free mass and
VO2peak.

Analysis of muscle strength

The measurement of mean muscle strength evaluated using the
HGS test in the three groups, and the results were as follows:
TW, 35.2+5.4kg; CW, 29.6+3.6kg and CM, 48.4+6.7kg.
The comparative subanalyses of every two groups by means of
Tukey’s multiple comparisons test showed a significant differ-
ence in mean strength between TW and CW (p<0.05) (table 2).

BC analysis
The %FM of TW was lower than that of CW (29.5+5.7 vs
32.9+5.7; p>0.05) and higher than that of CM (20.2+5.7;
p<0.001). The SMM of the TW was intermediate between
the CW and the CM, as well as in the analyses that adjusted
for height as a confounding factor, the Baumgartner Index and
FFM/Hgt” ratio (table 3).

In figure 3, we present the main aspects that impact physical
performance and the percentage difference between the analysed
groups.

DISCUSSION
Physical performance is determined directly by anthropometric
characteristics, strength and CPC.® The gross amount of muscle
mass, strength and VO2 enables some CM to have greater
performance, whether at an amateur or elite level.® Such knowl-
edge has implications for sport regulation.®

This study describes the first data in the literature on VO2peak
in non-athlete TW undergoing oestrogen hormone therapy, as well
as other parameters of physical performance evaluated through an
ergospirometry test. Since only data on BC and muscle strength,
mainly in the first 2years of GAHT, have been presented in the
recent literature,' ® our study also differs by showing these aspects in
a population after long-term exposure to hormone therapy. Impor-
tantly, our findings represent non-athlete TW who mostly started
GAHT after prior androgens exposure.

Cardiometabolic aspects
The results showed similarity between parameters of CM and
TW undergoing GAHT at rest and differences between those of
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CW and TW. These data suggest that the CP physiology of TW
was partially maintained in the male pattern at rest. However,
during activity, there was a progressive distancing of the TW
parameters from CM performance and an approximation of CW
characteristics.

Studies in sports physiology demonstrate an average differ-
ence of 25%-35% VO2peak between CM and CW,* data that
were corroborated by our results. For the first time in literature,
we present the absolute VO2peak value of TW, which was inter-
mediate between the values of the CW and CM groups. Notably,
relative VO2 peak differences between TW and CW were not
present when adjusted for FFM or body weight.

To justify some of the results of the ergospirometry tests in
the TW group, it is necessary to return to the basis of sport
physiology and reinforce some elements. The %FM in CW is a
factor that contributes to the reduction in VO2peak indices,” as
well as diminishing haemoglobin levels.® Alterations in both of
these parameters start in the first year after initiation of GAHT.®
However, it is important to emphasise that, according to the
literature, CO is the main determining factor of VO2peak during
strenuous exercise.” '’

Regarding VO2peak/FFM, in this study, we observed that the
three groups were statistically equal in this regard, but the index
of TW was slightly lower than that of the others (table 2).

For the first time, we described a direct correlation of the
oxygen pulse with FFM/Hgt* (figure 2) in TW, which should
be investigated in depth by other studies to assess whether if it
could be linked to haemodynamic changes and/or muscle mass
alterations.

The expiratory volume (VE) values of the control groups in
our series were compatible with those described in the litera-
ture." ' In this study, we described that TW without a history of
pulmonary and/or cardiac diseases on prolonged use of hormone
therapy have a VE (table 2) with an intermediate value between
the values of CM and CW. One explanation for this different VE
pattern identified in TW would be a possible reducing effect on
the calibre of the airways by oestrogen, described as a potential
bronchoconstrictor in the literature.”

Studies have shown that HRmax on exertion is the same
for age-matched CW and CM,' and the results are similar to
those observed in our control groups. In the analysis of HR and
%HRmax predicted for age, TW had higher values than individ-
uals in the other groups (table 2).

The higher number of very active CW, despite the lack of
significance, is a reasonable datapoint that could explain the
lower maximum HR and %maximum HR predicted per age
compared with those of TW (table 2).

Body composition
The SMM, FFM, Baumgartner Index and FFM/Hgt* analyses
showed that TW after GAHT presented an intermediate muscle
mass value between those of CW and CM. Thus, long-term
oestrogen exposure and testosterone suppression were not
enough to completely shift BC of TW to the female pattern,
despite their direct and indirect effects on fat and lean mass.'' '
Increased body weight among TW after starting GAHT
is often reported as an adverse effect.® The increases in gross
weight, FM and %FM as well as the decrease in SMM among
TW on oestrogen therapy alone or in association with antian-
drogens have been described in several studies in the literature.
However, the majority of these data were collected after only
12-24 months of hormone therapy."* '* Greater weight gain was
observed with the use of a higher dose of oestrogen.'*

Our results demonstrated that the mean HGS was greater
in TW than in CW, which was also observed in other data that
studied the first year of hormone therapy."

Generally, the scores of the strength ratio based on body
mass (weight) or FFM considerably reduce (or even eliminate)
important absolute differences in strength between the sexes,'®
which was seen in our control groups. Nonetheless, TW showed
a lower index than the other subjects, which was statistically
significant in the comparison with CM. This finding suggests
that TW can produce less force per muscle area.

The median age reported by TW for the initiation of hormone
therapy was 17 (range 12-35) years (online supplemental table
1). These data have some limitations, since the medications and
doses used, as well as the regularity and periods of cessation of
hormonal use, are recall data and are often inaccurate. None
of the subjects had received GnRH analogues or supervised
therapy at that stage of life. However, on physical examination,
these individuals presented a set of clinical signs that indicated
the effects of pubertal androgens (adult penile length and male
patterns of body and facial hair) prior to the introduction and
regular use of supervised female hormone therapy.

Despite the known limitations of cross-sectional studies, these
data are useful for establishing preliminary evidence and plan-
ning a future advanced study. Larger study is needed, ideally with
multiple time points, for more definitive results. This study also
did not examine athletes, and thus our findings may not be appli-
cable to populations that engage in regular intensive exercise.

CONCLUSION

In this small cohort of non-athlete TW, who were previously
exposed to male pubertal development and underwent long-
term oestrogen therapy, we identified higher absolute grip
strength and VO2 peak levels than in non-athlete CW, but these
same parameters were lower compared with non-athlete CM.
However, when adjusting for FFM, there were no differences in
relative VO2 peak or strength between TW and CW.

These findings add new insights to the sparse information
available on a highly controversial topic about the participation
of TW in physical activities. Future studies involving transgender
athletes that account for and quantify variable exposure times
to pubertal development and assess muscle cell metabolism
are needed to elucidate the effects of long-term GAHT on TW
sports performance.

Correction notice This article was corrected online only to provide additional
clarity and balance to the presentation of results.
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Correction: Cardiopulmonary capacity and muscle strength in
transgender women on long-term gender-affirming hormone
therapy: a cross-sectional study

Alvares LAM, Santos MR, Souza FR, et al. Cardiopulmonary capacity and muscle strength in
transgender women on long-term gender-affirming hormone therapy: a cross-sectional study.
Br ] Sports Med 2022;56:1292-8. doi:10.1136/bjsports-2019-101557

Errors within the content of the article are highlighted below:

Abstract Methods:

First sentence: “A cross-sectional study was carried out with 15 TW (34.2+5.2 years old), 15
cisgender men (CM) and 14 cisgender women (CW).”

Correct: “A cross-sectional study was carried out with 15 non-athlete TW (34.2+5.2 years
old), 14 cisgender men (CM) and 13 cisgender women (CW).”

Abstract Results:
First sentence: “VO2peak (L/min) was 2606+416.9”
Correct: VO2peak (ml/min) was 2606+416.9

Abstract Results:

Second sentence is missing: “The VO2peak/fat-free mass (ml/kg/min) was 47.3+5.1 in TW,
53.3+8.3 in CW, and 52.4+5.8 in CM (TW vs CW p>0.05; TW vs CM p>0.05; CW vs CM
p>0.05).”

Abstract Results:

Final sentence: “The mean strength (kg) was 35.3+5.4 in TW, 29.7+3.6 in CW and 48.4+6.7
in CM (TW vs CW, p<0.05; TW vs CM, p<0.0001).”

Correct: “The mean strength (kg) was 35.3+5.4in TW, 29.7+3.6 in CW and 48.4%6.7 in CM
(TW vs CW, p<0.05; TW vs CM, p<0.0001); however, adjusted for fat-free mass there was
no difference between TW (0.6=0.1) and CW (0.7+0.9; p>0.05).”

Abstract Conclusion:

First sentence: “CPC in non- athlete TW showed an intermediate pattern between that in CW
and CM.”

Correct: “Absolute CPC in non-athlete TW showed an intermediate pattern between that in
CW and CM; however, relative CPC adjusted for fat-free mass showed no difference between
TW and CW or CM.”

Abstract Conclusion:

Last sentence: “The mean strength and VO2 peak in non-athlete TW while performing phys-
ical exertion were higher than those in non-athlete CW and lower than those in CM.”
Correct: “Similarly, the mean strength in non-athlete TW was higher than those in non-athlete
CW but not when adjusted for fat-free mass.”

What This Study Adds

Current: “These are the first scientific data on the cardiopulmonary capacity of transgender
women. The mean VO2 peak of non-athlete transgender women while performing physical
exertion was higher than that of non-athlete cisgender women (p<0.05) and lower than that
of cisgender men (p<0.0001).”

Correct: “These are the first scientific data on the cardiopulmonary capacity of transgender
women undergoing long-term gender-affirming hormone therapy. The absolute mean VO2
peak of non-athlete transgender women while performing physical exertion was higher than
that of non-athlete cisgender women and lower than that of cisgender men, but there were no
differences in relative VO2 peak when adjusted for fat-free mass.”

How This Study Might Affect Research, Practice, or Policy

First bullet: “These findings could inform policy and help in decisions about the participation
of transgender women in sporting activities.”

Correct: “This study was in non-athletes and findings may not apply to policy decisions about
the participation of transgender women in sporting activities.”
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Table 2. Comparative analysis of metabolic aspects, cardiopulmonary capacity and strength
among the transgender woman, cisgender woman and cisgender man groups

Cisgender women

Transgender women (n=15) (n=13) Cisgender men (n=14) Comparison P
Metabolic aspects
VO2 at rest (ml/min) ~ 328.7 (SD+75.1) 240.1 (SD+31.4) 395.8 (range 229-956) TW x CW o
TWxCM NS
CWx CM o
V02 AT (ml/min) 1686 (range 1144-1786) 1309 (SD+256.6) 1864 (SD+4417) TW x CW NS
TWxCM NS
CWx CM o
V02 RCP (ml/min) 2313 (SD+431.0) 1914 (SD+351.2) 2916 (SD+562.9) TW x CW *
TWxCM o
CWx CM e
V02 Peak (ml/min) 2606 (SD+416.9) 2167 (SD+408.8) 3358 (SD+436.3) TW x CW *
TWx ™M R
CWx CM FHEE
V02 Peak/Wgt. (ml/ 33.5 (SD+4.7) 35.7 (SD+4.7) 42.0 (range 32.3-49.2) TW x CW NS
kg/min) TW x CM *x
CWx CM o
V02 Peak/FFM (ml/ 47.3 (SD+5.1) 53.3 (SD+8.3) 52.4 (SD+5.8) TW x CW NS
kgfmin) TWx CM NS
CWx CM NS
Cardiopulmonary
aspects
Peak 02 pulse (ml/ 14.2 (SD+2.1) 11.8 (SD+2.0) 18.5 (range 12.2-22.4) TW x CW *
Beat) TW x CM e
CWx CM FHk
Maximum HR (bpm)  185.7 (SD+11.6) 177.2 (SD+6.1) 181.1 (range 164-189) TW x CW *
TWx CM NS
CWx M NS
% Maximum HR 103.1 (SD+7.3) 96.5 (SD+3.2) 99.2 (SD+3.4) TWx CW *x
predicted per age TWxCM NS
CWx M NS
VE (BTPS) (L/min) 102.3 (SD+16.2) 87.4 (SD+10.2) 128.8 (SD+18.7) TW x CW NS
TWx CM o
CWxCM i
Strength
TW x CW i
Mean strength (kg) 35.3 (SD+5.4) 29.7 (SD+3.6) 48.4 (SD+6.7) TW x CM el
CWxCM FHkx
TW x CW NS
Mean strength/FFM 0.6 (SD+0.1) 0.7 (SD+0.9) 0.7 (SD+0.1) TW x CM *
CWx M NS
Discussion:

Cardiometabolic aspects
Second sentence: the word “unprecedented” was removed.

Second paragraph: “Studies in sports physiology demonstrate an average difference of
25%-35% VO2peak between CM and CW,* data that were corroborated by our results. For
the first time in literature, we present the VO2peak value of TW, which was intermediate
between the values of the CW and CM groups.”

Correct: “Studies in sports physiology demonstrate an average difference of 25%-35%
VO2peak between CM and CW,* data that were corroborated by our results. For the first time
in literature, we present the absolute VO2peak value of TW, which was intermediate between
the values of the CW and CM groups. Notably, relative VO2 peak differences between TW
and CW were not present when adjusted for FFM or body weight.”

Conclusion:
First paragraph: “In this small cohort of non-athlete TW, who were previously exposed to male
pubertal development and underwent long-term oestrogen therapy, we identified higher grip
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strength and VO2 peak levels than in non-athlete CW, but these same parameters were lower
compared with non-athlete CM.”
Correct: “In this small cohort of non-athlete TW, who were previously exposed to male pubertal
development and underwent long-term oestrogen therapy, we identified higher absolute grip
strength and VO2 peak levels than in non-athlete CW, but these same parameters were lower
compared with non-athlete CM. However, when adjusting for FEM, there were no differences in
relative VO2 peak or strength between TW and CW.”

Figures (2 and 3): Settings: VO2 measurement units.
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