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“Sex” or “Gender” in Physiology

• The terms “sex” and “gender” should not be used 
interchangeably

• Sex is determined by biology

• Gender is determined by culture and personal identity

• Generally, when speaking about physiology, “sex” is the 
correct term



Bias within the Scientific Literature

When studies include male and female, only 
1/3 have included sex into their analyses2

1Elliot-Sale et al. (2021) Sports Medicine
2Beery, A. K., & Zucker, I. (2011) Neuroscience and Biobehavioral Reviews

We are entering an era of 
personalized nutritional and 
exercise training strategies 

However, the majority of 
research conducted in 

men only1

The number of male-only studies in biological 
research vastly outnumbers female-only studies, 

particularly in physiology (~4:1)



Problems with this bias? Why is this?

• The effects of oestrogen and progesterone on women’s responses to 
exercise and adaptations to training are still not fully understood.

• If male-based research continues to be applied to females, there is a 
risk that the true potential of women will not be achieved. 

• Studies frequently exclude women because of the potential 
influences of fluctuating hormones throughout the menstrual cycle. 

1Elliot-Sale et al. (2021) Sports Medicine
2Beery, A. K., & Zucker, I. (2011) Neuroscience and Biobehavioral Reviews
3Wohlgemuth et al. (2021) J Int Soc Sports Nutr
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Sex Hormones During Development

These hormonal differences tend to remain until 
females reach the post-menapausal period and males 

reach the andropause

In females, hormones fluctuate over the course of 
the menstrual cycle

1Elliot-Sale et al. (2021) Sports Medicine
2Beery, A. K., & Zucker, I. (2011) Neuroscience and Biobehavioral Reviews

Until the onset of puberty there is little 
difference between male and females 

in their resting hormonal profiles

At the onset of puberty, there is 
an increase in androgenic 
steroid hormones production in 
males

Females start the 
menstrual cycle release of 

sex hormones



Sex Hormones

In females, concentrations of oestrogen
and progesterone undergo circamesal
changes2

This cycle in women can also change 
based on different factors e.g. hormonal 
contraceptive use

1Kelsey et al. 2014. PloS One; 
2Reilly (2000) Biological Rhythm Research

During adulthood testosterone 
is the predominant male sex 
hormone in men1



Sex Hormones During the Menstrual Cycle

1Elliot-Sale et al. (2021) Sports Medicine

• A regular menstrual cycle lasts an average 28 days (ranging from 21 to 45 days)
• Consists of two main phases: follicular phase and luteal phase



Sex Hormones During the Menstrual Cycle

1Elliot-Sale et al. (2021) Sports Medicine
2Wohlgemuth et al. (2021) J Int Soc Sports Nutr

• It is important to consider how the 
menstrual cycle affects metabolism 
and exercise performance

• Nutritional needs throughout the 
menstrual cycle may change based 
on physiological implications from 
estrogen and progesterone. 



Effects of Oral Contraceptives

• Oral contraceptives downregulate endogenous 
concentrations of oestrogen and progestin. And provide a 
daily supplementation of exogenous oestrogen and 
progestin

• This differs significantly from eumenorrheic women and 
may impact exercise performance due to changes in 
ovarian hormone-mediated physiological processes

• Despite the high prevalence of oral contraceptive use in 
athletes and non-athletes, the effects of exercise 
performance are poorly understood

*Kelsey et al. 2014. PloS One; **Reilly (2000) Biological Rhythm Research
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Sex differences in key physiological systems

Respiratory System:
- Males have larger lungs and airways, 

even when height matched
- Males have a lower mechanical work of 

breathing
- Males have greater aerobic capacity

Skeletal Muscle:
- Females typically have a greater proportion 

of type I muscle fibres. This means greater 
capillarisation, mitochondrial respiratory 
capacity and fatigue resistance

- Males have a greater quantity of skeletal 
muscle than females, which contributes to 
the greater maximal strength 

Useful references:
1Ivey et al. (2000). Effects of strength training and detraining on muscle quality: age and gender comparisons. Biological Sciences and Medical Sciences
2Lindle et al. (1997). Age and gender comparisons of muscle strength in 654 women and men aged 20–93 yr. Journal of Applied Physiology
3Miller et al. (1993). Gender differences in strength and muscle fiber characteristics. European Journal of Applied Physiology and Occupational Physiology
4Roepstorff et al. (2006). Higher skeletal muscle α2AMPK activation and lower energy charge and fat oxidation in men than in women during submaximal 
exercise. The Journal of Physiology

Circulatory System:
- Males have higher concentrations of 

haemoglobin than females
- Males typically have larger hearts

Adipose Tissue:
- Females have twice the adipose tissue 

mass of males 

Thermoregulation:
- May vary between the sexes
- The luteal phase of the menstrual cycle is 

associated with a higher core body temperature 
and heightened threshold for the onset of 
sweating



Sex-based differences in metabolism during 
exercise

• Women have a lower respiratory exchange ratio (RER) during 
endurance exercise

• This indicates lesser reliance on whole-body carbohydrate oxidation

• There is also evidence to suggest that the phase of the menstrual 
cycle in which the exercise was performed has an effect on muscle 
glycogen use during exercise

• Sex also influences lipid metabolism during endurance exercise

* Tarnopolsky, M. A. (2008). Sex differences in exercise metabolism and the role 
of 17-beta estradiol. Medicine and Science in Sports and Exercise, 40, 648–654.



Carter et al. (2001). Substrate utilization during endurance exercise in men 
and women after endurance training. Am J Physiol Endocrinol Metab

•.
•.

•.



Carter et al. (2001) Background

• Endurance training leads to adaptations that decrease carbohydrate utilisation and increase lipid 
oxidation

• Allows glycogen sparing during exercise

• However, most previous studies only used male participants

Aim: 
To investigate the effects of endurance training on whole body substrate, glucose and glycerol 
utilisation during 90 min moderate intensity exercise in both males and females



Methods:

• 16 healthy participants (8 males/8 females)

• Before and after the training they did 90 
min exercise bout at 60% �̇�𝑉O2peak

• Assessed glycerol and glucose flux using 
tracers

• Used respiratory exchange ratio (RER) to 
assess substrate use

7 weeks of endurance training 
(5 x per week 60 min cycle at 60% �̇�𝑉O2peak)

Pre-testing Post-testing



Results:

• RER was lower in females at rest and 
during exercise

• What does this indicate about the fuels 
being used?

• Females oxidised a greater proportions of 
energy from fat during exercise than males

• Males oxidised higher proportion of 
carbohydrate



Results:

• After training glucose Ra and Rd was lower at 
all exercise points compared with pre training

• There was no gender difference in Ra between 
genders

• No sex differences in glucose Ra during the 90 
minutes exercise

• So how might we explain the sex differences in fuel 
metabolism?



Conclusions

• Fat utilisation increases and CHO use decreases after exercise training.

• Endurance training decreased the glucose flux during exercise

• Females oxidise proportionately more lipid and less CHO during exercise than 
males both pre- and post-training

• These sex differences hold true regardless of training state
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Transgender Women in the Female Category of Sport: Perspectives 
on Testosterone Suppression and Performance Advantage

• Physiological factors differ significantly between biological 
males and females 

• The smallest performance gaps seen in rowing, swimming 
and running (11–13%). 

• The performance gap increases to an average of 16% in 
track cycling

• The average performance gap is 18% in jumping events 
(long jump, high jump and triple jump). 

• Performance differences >20% are generally present when 
considering sports that involve extensive upper body 
contributions.

Hilton & Lundberg (2021) Transgender Women in the Female Category of Sport: Perspectives on Testosterone Suppression 
and Performance Advantage. Sports Medicine



Is the male performance advantage lost when testosterone is 
suppressed in transgender women?

• Current International Olympic Committee (IOC) criteria for inclusion of 
transgender women in female sports = testosterone suppression <10 nmol/l 
for 12 months prior to and during competition.

• Is this requirement sufficient to remove the male performance advantage?

• Reviewed by: Hilton & Lundberg (2021) Transgender Women in the Female 
Category of Sport: Perspectives on Testosterone Suppression and Performance 
Advantage. Sports Medicine

Anthropometrics, muscle mass and strength, maximal aerobic capacity?



Anthropometrics

• Testosterone suppression does not affect 
skeletal measurements such as bone length

• Height and skeletal parameters remain 
unchanged

• Sporting advantage due to increased skeletal 
size and bone density remain

• Particular relevance in sports where height, 
limb length and handspan are key e.g. 
basketball and volleyball



Muscle and Strength

• Gooren et al. looked at effects of 1-3 years testosterone suppression 
and oestrogen supplementation in 19 transgender women

• After 1 year of therapy, testosterone was on average 1 nmol/l and 
remained low

• MRI scan showed that thigh muscle area decreased 9% from baseline 
after 1 year, 12% decrease after 3 years

• However, still does not reverse the muscle size to female levels 

Gooren LJG, Bunck MCM. Transsexuals and competitive sports. Eur J Endocrinol. 2004;151(4):425–9.



Endurance and Cardiovascular Parameters

• Currently no longitudinal studies

• Haemoglobin levels appear to 
decrease ~11-14% 1, 2

• However, this change unlikely to 
completely close the baseline gap in 
aerobic capacity between males and 
females

1Gooren LJG, Bunck MCM. Transsexuals and competitive sports. Eur J Endocrinol. 2004;151(4):425–9.
2Wiik 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):247.



Take-Home: Transgender Women in the Female Category of Sport

• Biological males have a substantial performance advantage over females in most 
sports

• Males have superior anthropometric, muscle mass, and strength parameters 

• This leads to considerable performance advantage in many sports

• Appears that the current IOC regulations of testosterone suppression are not 
sufficient 1

1Hilton & Lundberg (2021) Transgender Women in the Female Category of Sport: Perspectives 
on Testosterone Suppression and Performance Advantage. Sports Medicine



Final Conclusions

Clear differences in substrate 
metabolism during exercise and 

following training between 
males and females

We need to improve the quality 
of future research in sport and 

exercise science with women as 
participants.

More researchers need to 
accept the challenges of 

working in this area

Biological males have a 
substantial performance 

advantage over females in 
most sports
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