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Abstract

For transgender women (TW) undergoing estrogen therapy (ET), physiological responses while exerting physical effort is unknown at many points.

Objective: To evaluate the behavior of respiratory gases along with ergospirometry in TW undergoing long-term GAHT

Methods: A cross-sectional study was carried out with 15 TW (34.2±5.2 yo), 14 cisgender men (CM) and 13 cisgender women (CW). The TW received ET 
for 14.4 ±3.5 years. Ergospirometric test was performed.

Results: Expiratory volume (VE) was similar among groups in the rest and AT points, and an approximation was observed between the pattern of TW and 
CW at the peak (P>0.05), both lower than CM (TW vs CM p<0.01; CW vs CM p<0.0001). The ventilatory equivalent for oxygen (VE/O2) and for carbon 
dioxide (VE/CO2) presented similar patterns among groups in all points (p>0.05). The end-tidal CO2 partial pressure (PetCO2) of TW was similar to that of 
CW during the test (p>0.05), and both were lower than that of CM at all points (p<0.05 at rest, AT and RCP; p >0.05 at peak.

Discussion: The physiological curves of respiratory parameters of TW were mostly similar to the CW group. The VE pattern may be a consequence of ET. 
The VE/VO2 and VE/CO2 show that TW are adapted to this new condition.

Conclusion: The behavior of TW gases during exertion showed a similar physiological pattern to CW.
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INTRODUCTION

There are physiological differences in respiratory function 
between males and females. Sex hormones are involved in the 
regulation of lung maturation [1], and are observed in both the 
upper and lower air pathways.

Anatomical differences have been described in the upper 
airways [2-4], with almost all structures being larger in cisgender 
men (CM) than in cisgender women (CW). The tracheal cross-
sectional area is 29% larger in CM, and in general, the luminal 
areas of the airways are 14-31% larger in CM [5].

CW have smaller airways relative to lung size than men [6], 
smaller rib cages [7,8] and smaller dimensions of the chest wall 
[9].

Since birth, females have smaller lungs than males, with 
fewer respiratory bronchioles [10], and such differences persist 
throughout life. As a consequence of the higher area, CM has a 
larger total number of alveoli and a larger alveolar surface area 
[11].

These structural differences are associated with functional 
differences during spontaneous breathing and exercise.

Since such aspects and differences in the structure and 
function of the respiratory system become critically important 
during exercise, sex differences in respiratory gas patterns 
during effort have also been described in recent decades.

In recent years, there has been an increase in the number of 
transgender women (TW) in sports. Thus, we aim to provide a 
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detailed and comprehensive description of the physiological 
determinants of respiratory patterns in TW. Because of the 
complex dynamics of the respiratory system during effort and 
the known differences between sexes, in-depth analyzes of 
respiratory gases are necessary.

We hypothesized that TW, who underwent male puberty 
and are undergoing long-term GAHT, have different respiratory 
adaptations than CW and CM.

METHODS

The study design and methods have been published previously 
[15]. The study protocol, available with the full text of this article 
at https://bjsm.bmj.com, was approved by the Ethical Committee 
of Clinics Hospital of the Medical School of the University of São 
Paulo (CH-MSUSP). Written informed consent was obtained from 
all patients (CAAE 17138719.0.0000.0068).

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

Definitions

Transgender Group: In brief, this cross-sectional study, 
evaluated 15 TW (average age of 34.2 years old, SD ±5.2; average 
time of GAHT 14.4 years, SD ±3.5) recruited at the Gender 
Dysphoria Unit of the Division of Endocrinology of Hospital das 
Clínicas from the Faculty of Medicine of the University of São 
Paulo. They compared to cisgender control group composed of 
27 healthy subjects, of which 13 were CW (35.6±4.1 years of age) 
and 14 were CM (36.7±3.8 years of age) [Supplementary Table 
1,2] matched by age, body mass index (BMI, weight/ [height] 2; 
(kg/m2) and physical activity level to the TW group according to 
the International Physical Activity Questionnaire (IPAQ) [12-14] 
[Supplementary Tables 4 and 5].

All the subjects underwent hormonal tests at the Laboratório 
de Hormônios e Genética Molecular LIM42 of Hospital das Clínicas 
da Faculdade de Medicina da Universidade de São Paulo, body 
composition assessment by an In Body 720 device (Biospace, 
Korea) with an 8-point reading through a tactile electrode and 
ergospirometric test that will be described below.

Cardiopulmonary Assessment: In this article, we focus on 
these specific parameters: VE (pulmonary ventilation), VCO2 (CO2 

production), VE/VO2 (ventilatory equivalents for oxygen), VE/
VCO2 (ventilatory equivalents for carbon dioxide), VO2/FFM, VO2/ 
weight, PetO2 (End-Tidal Partial Pressure of Oxygen) and PetCO2 
(End-Tidal CO2 partial pressure).

Ergospirometry test: All individuals performed 
cardiopulmonary 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 
(Micromed – Cardio PC 13) with twelve leads simultaneously. 
Any observed electrocardiographic alteration that might 

compromise the experimental protocol excluded the individual 
from the study. The maximum functional capacity was 
determined 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 nonlinear 
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 expiration ( 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 
Coração, Hospital das Clinicas of the Faculty of Medicine of the 
University of São Paulo.

Statistical Analysis

Due to the lack of previous data to guide the sample size 
estimation, a convenience sample was used. Statistical analysis 
was performed using GraphPad Prisma 8.4.2. The D’Agostino 
and Pearson test was used to evaluate whether the variables 
were parametric or nonparametric. For parametric variables, 
comparison among the three groups was done through ANOVA, 
and for comparative sub analyses of each two groups, the 
Tukey test was used. The Kruskal–Wallis test was used for 
nonparametric variables and Dunn’s multiple comparison 
tests was used for comparative sub analyses of two groups. A p 
value<0.05 was considered indicative of statistical relevance in 
all tests.

There was not missing data.

RESULTS

Laboratory Analysis

The Supplementary Table 2, adapted from Alvares [15], 
shows the haemoglobin levels (g/dL) of the TW, CW and CM were 
14.0 ± 0.6, 13.8 ± 0.6 and 15.3 ± 1.1, respectively.

Hormonal Date

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 (total testosterone =637 ng/dL), her value was 79 ng/
dL six months before the study [Supplementary Figure 1,2]. 
In addition, this point did not interfere with her VO2 results 
[Supplementary Figure 3].
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Level of Physical Activity

The level of physical activity was similar among all 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 
[Supplementary Table 5].

Gases Analysis

All volunteers reached RER > 1.10.

Table 1 shows the main statistical analysis of this study 
(Figures 1-4).

Body Composition Analysis

The FFM of the TW (55.1±5.5 kg) was intermediate between 
the CW (40.6±4.1kg) and CM (63.7±5.4 kg) (TWvsCW p<0.0001; 
TWvsCM p<0.001; and the CMvsCW p p<0.0001).

DISCUSSION

This is the first study to demonstrate the respiratory 
physiology from de rest to the peak of respiratory parameters 
in TW undergoing ergoespirometric test and complement the 
previous published data on VO2peak of this group [15]. 

Table 1: Behavior of the respiratory gases along ergospirometry in transgender women compared to cisgender woman and cisgender man groups.

 Transgender women (n=15) Cisgender women (n=13) Cisgender men (n=14) Comparison P
VO2/FFM (ml/kg/min)

Rest 5.5 (range 4.5-8.0) 6.0 (range 4.3-7.8) 2.9 (range 2.3-5.1)
TW x CW NS
TW x CM NS
CW x CM NS

AT 29.5 (range 23.7-59.9) 31.2 (range 25.0-40.2) 29.4 (SD±6.5)
TW x CW NS
TW x CM NS
CW x CM NS

RCP 43.5 (SD±5.3) 44.1 (SD±15.0) 45.8 (SD±6.8)
TW x CW NS
TW x CM NS
CW x CM NS

Peak 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

VO2/Wgt (ml/kg/min)

 Rest 2.9 (range 2.3-5.1) 2.4 (SD±0.3) 3.3 (range 2.2-9.5)
TW x CW **
TW x CM NS
CW x CM ****

AT 21.5 (SD±3.9) 22.1 (SD±3.0) 21.6 (range 17.1-41.6)
TW x CW NS
TW x CM NS
CW x CM NS

RCP 30.9 (SD±5.0)  33.7 (range 25.7-60.3) 36.2 (SD±6.7)
TW x CW NS
TW x CM NS
CW x CM NS

Peak 33.5 (SD±4.7) 35.7 (SD±4.7) 42.0 (range 32.3-49.2)
TW x CW NS
TW x CM **
CW x CM **

VCO2(L/min)

 Rest 0.25 (SD±0.05) 2.05 (SD±0.02) 0.28 (range 0.20– 0.82)
TW x CW *
TW x CM NS
CW x CM ***

AT 1.51 (range 0.97-2.7) 1.10 (SD±0.22) 1.6 (SD±0.39)
TW x CW *
TW x CM NS
CW x CM ***

RCP 2.61 (SD±0.44)  2.06 (SD±0.35) 3.2 (SD±0.66)
TW x CW **
TW x CM **
CW x CM ****

Peak 2.92 (SD±0.51) 2.57 (SD±0.57) 3.95 (SD±0.62)
TW x CW NS
TW x CM ****
CW x CM ****

VE (BTPS) (L/min)

 Rest 12.3 (SD±2.4) 10.0 (SD±1.5) 11.8 (SD±3.0)
TW x CW NS
TW x CM NS
CW x CM NS

AT 47.7 (SD±12.1) 36.6 (SD±7.6) 43.5 (SD±13.4)
TW x CW NS
TW x CM NS
CW x CM NS
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RCP 83.5 (SD±12.8)  66.1 (SD±11.1) 92.1 (SD±19.7)
TW x CW *

TW x CM NS
CW x CM ***

Peak 102.3 (SD±16.2) 87.4 (SD±10.2) 128.8 (SD±18.7)
TW x CW NS
TW x CM **
CW x CM ****

VE/VO2 

 Rest 40.5 (SD±5.0) 43.6 (SD±8.6) 35.1 (SD±6.6)
TW x CW NS
TW x CM NS
CW x CM **

AT 28.0 (range 24.0-39.0) 28.4 (SD±3.0) 24.2 (SD±2.6)
TW x CW NS
TW x CM **
CW x CM **

RCP 35.0 (range 30.0-48.0)  35.4 (SD±3.6) 30.0 (range 27.0-42.0)
TW x CW NS
TW x CM NS
CW x CM *

Peak 39.2 (SD±4.4) 42.1 (SD±4.3) 38.9 (SD±4.3)
TW x CW NS
TW x CM NS
CW x CM NS

VE/VCO2 

 Rest 49.2 (range 42.0-57.0) 50.6 (SD±9.4) 40.5 (SD±6.3)
TW x CW NS
TW x CM NS
CW x CM NS

AT 32.0 (SD±3.7) 32.1 (SD±3.1) 28.0 (SD±3.1)
TW x CW NS
TW x CM NS
CW x CM NS

RCP 32.6 (SD±4.1) 32.9 (SD±2.6) 28.7 (SD±4.6)
TW x CW NS
TW x CM NS
CW x CM NS

Peak 32.8 (SD±4.4) 33.9 (SD±3.2) 30.0 (SD±3.3)
TW x CW NS
TW x CM NS
CW x CM NS

PetO2 (mmHg)

 Rest 100.6 (SD±3.7) 100.5 (SD±3.3) 969.8  (SD±4.1)
TW x CW NS
TW x CM *
CW x CM NS

AT 95.69 (SD± 4.3) 95.4 (SD±2.8) 90.9 (SD±4.0)
TW x CW NS
TW x CM **
CW x CM *

RCP 102.8 (SD±4.1) 103.7 (SD±2.7) 100.3 (SD±3.1) TW x CW NS

Peak 106.4 (SD±4.5) 108.2 (SD±2.5) 105.6 (SD±3.9)

TW x CM NS
CW x CM NS
TW x CW NS
TW x CM NS
CW x CM NS

PetCO2 (mmHg)

 Rest 29.7 (SD±2.7) 30.5 (SD±2.5) 33.7  (SD±3.7)
TW x CW NS
TW x CM **
CW x CM *

AT 35.3 (SD± 3.7) 34.9 (SD±1.7) 40.1 (SD±3.2)
TW x CW NS
TW x CM ***
CW x CM ***

RCP 34.2 (SD±4.2) 33.7 (SD±2.6) 37.9 (SD±3.5)

TW x CW NS
TW x CM *

CW x CM **

Peak TW x CW NS
32.2 (SD±4.4) 32.1 (SD±3.1) 35.5 (SD±4.3 TW x CM NS

CW x CM NS

VO2: oxygen consumption; L/min: litre per minute; ml/kg/min: millilitre per kilogram per minute; AT: anaerobic threshold; RCP: respiratory compeNSation point; FFM: 
fat-free mass; Wgt: weight; VE: volume of expired air; BTPS: body temperature pressure, saturated; VE/VO2 (ventilatory equivalents for oxygen), VE/VCO2 (ventilatory 
equivalents for carbon dioxide); VCO2: carbon dioxide production VCO2: carbon dioxide production; PetO2 (End-Tidal Partial Pressure of Oxygen) and PetCO2 (End-tidal CO2 
partial pressure); mmHg: millimetres of mercury TW: transgender women; CW: cisgender women; CM: cisgender men; NS: non-significant; *p<0.05; **p<0.01; ***p<0.001 
****p<0.0001.
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Figure 1 Comparative analysis of VO2/FFM and VO2/weight VO2/FFM from rest to peak during effort in the 3 groups of transgender women, 
cisgender women and cisgender men during incremental effort from rest to exhaustion. VO2/ FFM (A), VO2/ weight (B).
VO2: oxygen consumption; FFM: fat-free mass; Wgt: weight; ml/kg/min: millilitre per kilogram per minute; AT: anaerobic threshold; RCP: 
respiratory compensation point; ns: non-significant; **p<0.01; ****p<0.0001.
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Figure 2 Comparative analysis of pulmonary ventilation and carbon dioxide production from rest to peak during effort in the 3 groups of 
transgender women, cisgender women and cisgender men during incremental effort from rest to exhaustion. VE (BTPS) (A), VCO2 (B).
VE: pulmonary ventilation; BTPS: body temperature, pressure, water vapor saturated; VCO2: carbon dioxide production; L/min: litre per minute; 
AT: anaerobic threshold; RCP: respiratory compensation point; ns: non-significant; *p<0.05; **p<0.01; ***p<0.001; ****p<0.0001.



Alvares LAM, et al. (2024)

JSM Sexual Med 8(1): 1131 (2024) 6/8

Central

p
ns
ns
**
ns
**
**
ns
ns
*
ns
ns
ns

VE/VO2 PEAK
TW x CW
TW x CM
CW x CM

VE/VO2 REST
TW x CW
TW x CM
CW x CM

VE/VO2 AT
TW x CW
TW x CM
CW x CM

VE/VO2 RCP
TW x CW
TW x CM
CW x CM

Comparison

p
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

CW x CM

VE/VCO2 Peak
TW x CW
TW x CM
CW x CM

Comparison

VE/VCO2 rest
TW x CW
TW x CM
CW x CM

VE/VCO2 AT
TW x CW
TW x CM
CW x CM

VE/VCO2 RCP
TW x CW
TW x CM

A

B

Figure 3 Comparative analysis VE/VO2 and VE/VCO2 from rest to peak during effort in the 3 groups of transgender women, cisgender women and 
cisgender men during incremental effort from rest to exhaustion. VE/VO2 (A), VE/VCO2 (B).
VE/VO2 (ventilatory equivalents for oxygen), VE/VCO2 (ventilatory equivalents for carbon dioxide); L/min: litre per minute; AT: anaerobic 
threshold; RCP: respiratory compensation point; ns: non-significant;
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Figure 4 Comparative analysis PetO2 (End-Tidal Partial Pressure of Oxygen) and PetCO2 (End-tidal CO2 partial pressure) from rest to peak during 
effort in the 3 groups of transgender women, cisgender women and cisgender men during incremental effort from rest to exhaustion. PetO2 (A), 
PetCO2 (B).
PetO2 (End-Tidal Partial Pressure of Oxygen) and PetCO2 (End-tidal CO2 partial pressure); mmHg: millimetres of mercury. AT: anaerobic threshold; 
RCP: respiratory compensation point; ns: non-significant; *p<0.05; **p<0.01; ***p<0.001.
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VE is the volume of air moved in and out of the lungs 
(respiratory rate x tidal) [17]. At rest, the TW group was similar 
to the other groups, and during effort, the CW and TW patterns 
were similar. This means that the possibility of expanding flow 
resembled the female pattern.

The volume variations in male lungs are larger than those in 
female lungs [18,19]. Men have significantly larger mean values 
for all pulmonary variables, both volumes and flows [1]. The 
differences between women and men impact the development 
of flow, the regulation of lung volume, pressure swings and the 
consequent work of breathing.

Estrogen can be associated with the reduction of these 
respiratory values. A translational study demonstrated that 
tidal volume was significantly increased in male wild-type mice 
compared with female wild-type mice; however, this pattern was 
reversed in alpha-ERKO mice (estrogen receptor knockout) [8]. 
These data suggest that functional disruption of ER-alpha leads 
to changes in a variety of respiratory parameters and that this 
nuclear receptor may be a critical regulator of breathing and 
respiratory rhythmogenesis in mice [2].

Females’ smaller airway diameter and lung volume result in 
lower peak expiratory flow and vital capacity. Therefore, women 
have a smaller maximal flow-volume loop. Their capacity to 
generate increased ventilation during exercise is smaller than 
men’s.

The regulation of lung volume during exercise is an important 
factor, as it reflects the strategy by which tidal volume is achieved 
and contributes to the work of breathing.

The smaller female vital capacity implies a lower maximal 
tidal volume to be achieved during exercise, compensated for 
by a higher respiratory rate to adequately ventilate the lungs. 
The volume of CO2 produced by TW from rest to exhaustion 
demonstrated a peculiar pattern, being different from the value 
in the other groups in most analyses.

VE/VO2, the ratio between pulmonary ventilation and O2 
consumption [17], presented the same pattern in CW and CM 
described in the literature, and TW presented the same pattern 
as the CW group. Since VE/VO2 reflects the ventilatory need for 
a certain O2 consumption level [17], we can observe that, despite 
the possible anatomical changes, the ventilatory efficiency is 
preserved in TW.

In the same way, VE/VCO2, which represents the ventilatory 
need to eliminate a certain amount of CO2 produced by active 
tissues [17], at rest, AT and RCP were similar between the 
3 groups. At the peak, they presented the patterns already 
described, and no difference was seen between groups. 

VO2peak/FFM is the best way to show VO2 functional status 
because it evaluates the physiological ability of the tissue to 
uptake oxygen. This ratio of TW group was statistically equal of 
the other groups at all points, which. 

The PETO2 of TW was similar to the CW pattern at rest, 
and during exercise, both patterns approached the CM pattern. 
The same was observed in PETCO2. The perfusion within the 
pulmonary system of TW was in the female pattern.

In this study, we describe that TW without a history of 
pulmonary and/or cardiac diseases on prolonged use of 
hormone therapy have a VE [Supplementary Table 3], with 
an intermediate value between the values of CM and CW. One 
explanation for this different VE pattern in TW would be a 
reduction of the caliber of the airways by estrogen, which is a 
potential bronchoconstrictor [2].

LIMITATIONS 

Our study sample is not a true random sample and was made 
of volunteers because the casuistry is hard to find, which can be a 
weak point of our study. However, we believe that the approach 
of the current study in developing models could be done in other 
places of the world. Since this study analysed active transgender, 
the presented findings cannot be extrapolated to athletes.

CONCLUSION

In this small cohort of nonathletic TW, who previously 
underwent male pubertal development followed by long-term 
estrogen therapy, the behavior of gases and heart rate during 
exertion, analyzed through ergospirometry, showed a similar 
physiological pattern to that of CW in most analyses. Changes 
in anatomy and functional phenotypes caused by estrogen have 
been elucidated by in-depth physiological studies
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Questions and Answers

- What are the new findings?

This article shows an in-depth analysis of the gaseous 
behavior of transgender women during effort.

- How might it impact clinical practice in the near future?

These findings could help in analyses of respiratory 
parameters of transgender women during rest and effort.

-What is already known about this topic?

There are no data about the physiological behavior of gases of 
transgender women.

-What this study adds?

This study adds to our knowledge about respiratory 
physiology in transgender women
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