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Abbreviations 

FSH Follicle-stimulating hormone 
LH Luteinizing hormone 
MVC Maximal voluntary contraction 
RER Respiratory exchange ratio 
V̇E Ventilatory rate 
V̇O2 Volume of oxygen consumption 
V̇CO2 Volume of carbon dioxide produced 
V̇O2peak Peak oxygen consumption 

Introduction 

Women’s participation in sport and exercise is increasing, with full gender equiva-
lence expected to be achieved for the first time in the history of the Olympic Games 
in Paris in 2024. Therefore, for women athletes and those working with them, it is 
important that any potential modulations, either positive or negative, in performance, 
training, and adaptation can be understood and optimized. Research-informed exer-
cise prescription aims to achieve optimal performance for an individual or group of 
athletes, based on available evidence. However, despite the surge in women’s sport 
and exercise participation and subsequently, financial investment, media coverage, 
and sponsorship deals, women remain underrepresented in the sport and exercise 
science literature (Cowley et al. 2021). Consequently, it is not uncommon for the
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understanding and prescription of exercise to be based on data from men, which is 
concerning given the known differences between men and women and their physio-
logical responses to exercise (Ansdell et al. 2020). Indeed, the most notable biolog-
ical sex difference is the menstrual cycle; during which, there are significant fluc-
tuations in endogenous sex hormones; namely estrogen and progesterone. As this 
chapter outlines, understanding the effects of variable concentrations of estrogen 
and progesterone is important, as they potentially exert an influence on the underpin-
ning components of exercise performance (i.e., cardiovascular function, respiratory 
function, substrate metabolism, and neuro-muscular function). Performance can be 
quantified in various ways; however, for the purpose of this chapter, exercise perfor-
mance was defined as force/torque production, power output, time to exhaustion, and 
time to completion. 

In light of the above, the specific aims of this chapter are as follows: 

(1) to describe the fluctuations in sex hormones that underpin the menstrual cycle; 
(2) to discuss physiological mechanisms that might affect exercise performance 

across the menstrual cycle; 
(3) to summarize the literature regarding the impact of the menstrual cycle on 

exercise performance; 
(4) to provide practical implications and future recommendations for women 

athletes, and those working with them. 

The Menstrual Cycle 

A menstrual cycle lasts between 21 and 35 days, with an average cycle length 
commonly being reported as 28 days. The primary purpose of the menstrual cycle is 
to prepare a woman’s body for reproduction, which is broadly achieved through natu-
rally occurring changes in circulating endogenous hormones and structural changes to 
the endometrial lining. The menstrual cycle is regulated by hormones released by the 
hypothalamus (gonadotropin-releasing hormone, GnRH), pituitary gland (luteinizing 
hormone [LH] and follicle-stimulating hormone [FSH]), and the ovaries (estrogen 
and progesterone). Often, the concentrations and/or ratio of these hormones are used 
to separate the menstrual cycle into specific phases. Due to complexities within 
applied practice and research, for simplicity the menstrual cycle is often divided into 
two phases: (1) the follicular phase (from day 1 of menses to ovulation) and (2) the 
luteal phase (post-ovulation to the start of the following menses). However, this two-
phase division is an oversimplification, as it does not capture all time points whereby 
circulating concentrations of estrogen and progesterone, and the ratios between the 
two, vary substantially. To achieve this, the menstrual cycle can more accurately be 
separated into four phases (Elliott-Sale et al. 2021): (1) the early-follicular phase, the 
onset of bleeding to day five, during which estrogen and progesterone are low; (2) 
the late-follicular phase, < 26 h pre-ovulation, whereby estrogen peaks but proges-
terone remains low (< 6.4 nmol·L−1); (3) ovulation, 24–36 h after a positive ovula-
tion test, when estrogen is high and progesterone is still low (< 6.4 nmol·L−1); and
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(4) the mid-luteal phase, occurring seven to nine days after a positive ovulation test, 
during which both estrogen and progesterone are high. Importantly, these time points 
allow for three key hormone ratios (low:low, high:low, and high:high) of estrogen 
and progesterone to be investigated. To achieve a consensus on the taxonomy used 
to describe these time points, and the criteria for each menstrual cycle phase, the 
interested reader is directed to the work of Elliott-Sale et al. (2021). 

It is important to note that the menstrual cycle can be subject to internal (i.e., 
anovulatory, oligomenorrhea, amenorrhea) and external (i.e., hormonal contracep-
tive use) modulations, adding further complexity to the support provided to, and 
research conducted on, women athletes. Internal permutations could be indicative 
of menstrual dysfunction and should be discussed with appropriate medical profes-
sionals (Davison et al. (2022). External manipulation, however, is common, with 
almost half of the women athletic population studied using hormonal contraceptives 
(Martin et al. 2018). Hormonal contraceptives downregulate fluctuations in endoge-
nous sex hormones resulting in a significantly different hormonal profile compared to 
that of the naturally occurring menstrual cycle. Therefore, given the varying hormonal 
statuses of women athletes, it is pertinent to understand how both internal and external 
modulations of the menstrual cycle affect exercise performance. While Elliott-Sale 
and Hicks (2018) discuss external modulations of the menstrual cycle and exercise 
performance, the current chapter focuses on the internal modulations of endogenous 
hormones and exercise performance. 

The Menstrual Cycle and Physiological Function 

Sex hormone receptors mediate the biological and physiological processes of 
estrogen and progesterone. In addition to the reproductive system, estrogen (ERα 
and ERβ) and progesterone (hPR-A and hPR-B) receptors are expressed within a 
multitude of tissues and organs, including musculoskeletal tissues such as bone, liga-
ments, and tendons, as well as the cardiovascular, respiratory, and central nervous 
systems. The expression of sex hormone receptors is of importance as the functions 
of the aforementioned physiological systems are fundamental to exercise perfor-
mance. Constantini et al. (2005) compiled a network of components of exercise 
performance, where the effect of the menstrual cycle might exert its influence; this 
interaction commonly provides the rationale for subsequent implications on strength, 
aerobic and anaerobic performance. However, in addition to physiology, exercise 
performance is a multifaceted process (e.g., motivation, competition, etc.) with many 
external and internal nuances; thus, it is not surprising that the research investigating 
the effects of the menstrual cycle on exercise performance remains equivocal. This 
section discusses the proposed influence of the menstrual cycle on key physiological 
systems involved in exercise performance.
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Mechanisms Potentially Altering Strength Performance 
Across the Menstrual Cycle 

Force generation, commonly referred to as strength, is not only a determinant of 
sporting performance, but is altered by exercise in the form of fatigue, muscle damage, 
and recovery. The ability to produce force is a sequence of chemical and protein inter-
actions from the propagation of nervous system impulses along the motor pathway 
to the contractile proteins within the skeletal muscle (Dulhunty 2006). As detailed 
below, estrogen and progesterone exert their influences at several segments of the 
motor pathway, making it difficult to isolate the individual mechanisms underpinning 
potential influences on strength. 

Beginning within the motor cortex, estrogen and progesterone are both neuro-
steroids with contrasting impacts; estrogen increases cortical excitability (Smith et al. 
1999), whereaBembens progesterone enhances cortical inhibition (Smith et al. 1999). 
More recently, Ansdell et al. (2019) demonstrated the link between hormone-induced 
changes in excitability and voluntary activation of the knee extensors. Specifically, 
around ovulation (day 14 of the menstrual cycle) the neuro-excitatory effects of high-
estrogen concentrations were observed alongside an increased voluntary activation 
of the knee extensors. Furthermore, during the mid-luteal phase, cortical inhibition 
was increased, alongside a concomitant decrease in voluntary activation, highlighting 
the neuro-inhibitory effect of progesterone. Thus, the hormonal influence on central 
nervous system function might influence muscle function. At the other end of the 
motor pathway, previous work has proposed that changes in motor unit firing rates 
across the menstrual cycle might be a potential mechanism which underpins changes 
in maximal strength (Tenan et al. 2016). Tenan et al. (2013) reported greater motor 
unit discharge rates at recruitment (~10%) in the latter half of the menstrual cycle, 
which taken together with the findings of Ansdell et al. (2019) could suggest that the 
changes in pre-synaptic properties (i.e., cortical excitability) modulate post-synaptic 
output (i.e., motor unit discharge rate) within the motor pathway. 

In addition to influences within the central nervous system, estrogen has been 
reported to improve strength due to its effects on the binding of calcium and troponin 
C and contractile proteins, such as myosin. Myosin consists of two heavy chains 
and two pairs of light chains. These pairs are known as the essential light chain 
and the regulatory light chain and are both pertinent to muscle contractions; the 
former is considered to act as a structural stabilizer, whereas the latter acts as a 
lever arm which results in the movement of myosin and force production (Rayment 
et al. 1993). Estrogen has also been reported to modulate phosphorylation of the 
regulatory light chain (Lai et al. 2016); this has functional consequences, as phos-
phorylation of the regulatory light chain erects the essential light chain from the 
thick filament, positioning the myosin heads for optimal actin-myosin interaction 
(Levine et al. 1996). The influence of estrogen on contractile proteins during active 
muscle contractions is suggested to promote a stronger binding of the myosin head 
to actin, thus enhancing force production (Lowe et al. 2010). These suggestions 
are supported by a reduction in the fraction of strong-binding myosin during active



11 The Effect of the Menstrual Cycle on Exercise and Sports Performance 249

contractions occurring to the same extent as maximal isometric tetanic force loss in 
ovariectomized mice (Moran et al. 2006). Whereas estrogen replacement reversed 
decrements in maximal isometric tetanic force and increased the fraction of strong-
binding myosin during active contractions (Moran et al. 2007). Additionally, in 
six pairs of postmenopausal monozygotic female human twins, active stiffness, a 
marker of the number of strongly attached cross-bridges, in type IIa muscle fibers 
was higher in the female twin receiving hormone replacement therapy compared to 
the female twin not using hormone replacement therapy (Qaisar et al. 2013). There-
fore, it is suggested that estrogen might enhance strength performance by improving 
the intrinsic quality of contractile function (Lowe et al. 2010) but any potential effects 
might be fiber-type dependent (Qaisar et al. 2013). Although the body of evidence 
is predominantly within animal studies or in vitro settings, estrogen’s influence on 
the function of myosin could be speculated to underpin the potential influence of 
estrogen on muscle strength (Collins et al. 2019). Although the role of progesterone 
has been recognized, possibly by acting synergistically with estrogen (Greeves 2000), 
the mechanistic effect of progesterone on muscle function remains relatively under-
studied and further research is required (Kim et al. 2016). Nonetheless, it is evident 
that estrogen, however, might influence components of muscle strength but whether 
this translates to changes in measures of strength performance is unclear. 

Measures of Strength Performance Across the Menstrual 
Cycle 

Within the body of literature, there is a substantial divide between research that 
supports (e.g., (Rodrigues et al. 2019; Sarwar et al. 1996; Tenan et al. 2016) and 
refutes (e.g., (Ansdell et al. 2019; Elliott et al. 2003; Janse De Jonge et al. 2001)) 
an effect of the menstrual cycle on measures of strength performance in humans. 
Sarwar et al. (1996) reported both quadricep and handgrip strength (maximal volun-
tary contraction; MVC) to be higher “mid-cycle” (unconfirmed ovulatory phase), 
compared to the early- and mid-follicular and mid- and late luteal phases of the 
menstrual cycle. In agreement, Bambaeichi et al. (2004) reported greater knee 
extensor MVC at confirmed ovulation compared to the early- and late-follicular and 
mid- and late luteal phases of the menstrual cycle. Although both Sarwar et al. (1996) 
and Bambaeichi et al. (2004) speculated that elevated estrogen levels at ovulation 
were conducive to strength performance, neither study subsequently verified sex 
hormone concentrations. A study that did address this was Janse De Jonge et al. 
(2001), who utilized calendar-based counting, and changes in basal body tempera-
ture, as well as serum hormone analysis and progesterone thresholds (>16 nmol.l−1) 
to identify and verify the early-follicular, late-follicular, and mid-luteal phases of 
the cycle. Confident that testing occurred at distinctly different ratios of estrogen 
to progesterone, Janse De Jonge et al. (2001) concluded that both voluntary and 
electrically evoked quadriceps strength and handgrip strength did not alter across
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the menstrual cycle. Likewise, using the advocated “three-step” methodological 
recommendation to confirm phases (Janse De Jonge et al. 2019) for menstrual cycle 
research, Fridén et al. (2003) and Ekenros et al. (2013) reported no differences in 
handgrip strength between the early-follicular, ovulatory, and mid-luteal phases of the 
menstrual cycle. Interestingly, however, Ekenros et al. (2013) reported knee extensor 
MVC to be greater in the mid-luteal phase of the menstrual cycle, a finding that 
contradicts earlier research such as Sarwar et al. (1996). The inconclusive effects 
of the menstrual cycle on strength performance could reflect high heterogeneity in 
study design and quality (McNulty et al. 2020). Furthermore, studies use a variety 
of strength measures (e.g., dynamic and isometric contractions in the upper and 
lower limbs), participants of differing training status (e.g., recreational to elite), 
and menstrual phases, making it difficult to draw direct comparisons between this 
literature. 

Mechanisms Potentially Altering Endurance Performance 
Across the Menstrual Cycle 

Endurance exercise requires the integration of several physiological systems and 
processes such as substrate metabolism, musculoskeletal function, and the cardiovas-
cular and respiratory systems. Endogenous hormones, such as estrogen and proges-
terone, have been suggested to exert their influence on nearly all of these physio-
logical mechanisms. To that end, estrogen is a vasodilator, which increases blood 
flow to the heart and muscles through vasodilation of the coronary, brachial arteries, 
and the peripheral microvascular beds (Adkisson et al. 2010; Traupe et al. 2007). 
Adkisson et al. (2010) partly attributed improved central hemodynamic and reactivity 
of peripheral vascularity during the late-follicular phase of the menstrual cycle due to 
an estrogen-mediated increase in nitric oxide (NO) bioavailability. Although vasodi-
lation of the feeder arteries to the working muscle could promote greater oxygen 
delivery to that working muscle, the ability to capitalize on this response is still 
partly dependent on oxygen extraction (Wagner 2000). 

Earlier in the oxygen transport pathway, hormone-mediated effects are evident. 
For example, Smith et al. (2015) reported an increase in lung diffusion capacity during 
the mid-follicular compared to the early-follicular phase of the menstrual cycle. The 
increase in diffusion capacity is attributed to the concurrent increase in capillary blood 
volume, which was speculated to be a result of estrogen increasing water retention 
during the luteal phase of the menstrual cycle (Smith et al. 2015). However, this 
study included tri-phasic oral contraceptive users within their cohort and reported 
no significant differences in the hormone concentrations between phases; therefore, 
it is difficult to attribute Smith et al. (2015) findings to fluctuations in endogenous 
hormone changes alone. At rest, ventilatory rate ( V̇E) has been demonstrated to be 
greater in the luteal phase (MacNutt et al. 2012; Schoene et al. 1981), while during 
exercise, several studies have shown a greater ventilatory equivalent ( V̇E/ V̇O2 and



11 The Effect of the Menstrual Cycle on Exercise and Sports Performance 251

V̇E/ V̇CO2, (Dombovy et al. 1987; Schoene et al. 1981)) in the luteal phase. As 
discussed by Janse De Jonge (2003), these changes are likely driven by the effects 
of progesterone on central respiratory drive, or indirectly through the increase in 
body temperature. However, it is important to note that conflicting literature exists 
demonstrating no effect of the menstrual cycle on minute ventilation, particularly at 
high intensities of exercise (Beidleman et al. 1999; Bemben et al. 1995; De Souza 
et al. 1990). Similarly, conflicting literature exists regarding the respiratory exchange 
ratio (RER, i.e., V̇CO2/ V̇O2), which is influenced by substrate utilization (Dombovy 
et al. 1987; Hackney et al. 1994; Kanaley et al. 1992). 

Substrate metabolism is a large contributor to endurance performance, and the 
ability to optimize fat metabolism is deemed preferable during moderate- and heavy-
intensity exercise (i.e., especially of a prolonged duration). During endurance exer-
cise, research has demonstrated that estrogen initiates a shift from carbohydrate 
utilization to fat oxidation (D’Eon et al. 2002; Hackney et al. 1991, 2022); however, 
these findings are not always consistent (Frandsen et al. 2020; Horton et al. 2002). 
The genomic and non-genomic mechanisms of estrogen on substrate utilization 
are complex; therefore, the interested reader is encouraged to read Oosthuyse and 
Bosch (2012) for more information. Although fat oxidation has been reported to be 
highest during ovulation (Hackney et al. 1991), the anti-estrogenic effect of proges-
terone must be taken into account when considering substrate utilization during 
the menstrual cycle (D’Eon et al. 2002; Hackney et al. 2022). For example, during 
submaximal exercise, D’Eon et al. (2002) demonstrated that the estrogenic reduction 
in carbohydrate oxidation and increase in fat oxidation was reversed when high levels 
of exogenous estrogen and progesterone were administered. Furthermore, Hackney 
et al. (2022) reported an “in vivo” shift toward fat metabolism from the follicular to 
luteal phase of the menstrual cycle during exercise. The magnitude of this shift was 
greater in those women with a smaller increase in progesterone relative to estrogen 
in the luteal phase (Hackney et al. 2022). As such, it is plausible that the inconsis-
tencies in research to date investigating the effect of the menstrual cycle on substrate 
metabolism could be attributed to focusing on the absolute hormone concentrations 
rather than the ratio across the menstrual cycle (Hackney et al. 2022). Therefore, 
although the estrogenic effect on substrate metabolism might favor endurance perfor-
mance, research must consider the estrogen-to-progesterone ratio to fully elucidate 
the potential mechanisms and impact on endurance performance. Although estrogen 
and progesterone might influence several of the physiological systems involved in 
endurance performance, the literature regarding such exercise performance is less 
clear. 

Endurance Performance Across the Menstrual Cycle 

Typically, endurance performance can be inferred using time to exhaustion tests or 
time to completion (i.e., time or distance trials). Time to exhaustion tests requires 
the athlete to maintain a constant power output or speed to the limit of tolerance,
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with no controlled endpoint. Whereas time trial performance tests require athletes to 
complete a set distance or workload within the shortest time possible. 

Research investigating the effect of the menstrual cycle on endurance perfor-
mance is inconclusive, with studies supporting (e.g., (Bandyopadhyay and Dalui 
2012; Campbell et al. 2001); Nicklas et al. 1989) or refuting (e.g., (Campbell et al. 
2001; Janse De Jonge et al. 2012; Mattu et al. 2020; Redman et al. 2003)) an effect. 
Nicklas et al. (1989) had women cycle to exhaustion (70% VO2max) at their mid-
follicular and mid-luteal phases of the MC (hormonal confirmed). The mean luteal 
performance was nearly 13 min greater in duration (p ≤ 0.06). Bandyopadhyay and 
Dalui (2012) investigated running time to exhaustion at 70% of heart rate maximum 
during the early-follicular, late-follicular, and mid-luteal phases of the menstrual 
cycle. Time to exhaustion was reduced during the early-follicular phase; however, 
no menstrual cycle phase verification method was used in this study. On the contrary, 
Mattu et al. (2020) reported no difference in cycling time to exhaustion, at 85% peak 
power output, between the mid-follicular and mid-luteal phases. These discrepancies 
could be attributed to the differences in exercise duration, ~ 31 min (Bandyopadhyay 
and Dalui 2012) and ~ 2.5 min (Mattu et al. 2020). With these trial durations implying 
that exercise was occurring in different intensity domains, the limiting factors to 
performance most likely differed. For instance, the short exercise duration reported 
by Mattu et al. (2020) was likely limited by substrate-level phosphorylation and the 
accumulation of fatiguing metabolites, rather than shifts in oxidative fuel sources. 
In another study, Campbell et al. (2001) reported that following 2 h of cycling at 
70% of peak oxygen consumption ( V̇O2peak), within a fasted state, maximal 4 kJ/kg 
body weight time trial performance (~ 24 to 28 min) was better within the follicular 
compared to the luteal phase of the menstrual cycle. Interestingly, when participants 
repeated the time trial exercise with carbohydrate supplementation, any phase differ-
ence noted was removed. Campbell et al. (2001) proposed that the potential effects of 
the menstrual cycle on endurance performance can be reduced with adequate inges-
tion of carbohydrates, which has partially been supported by Hulton et al. (2021) 
who concluded that carbohydrate consumption during endurance exercise (90 min at 
60% V̇O2peak) curtails any metabolic variations incurred by the menstrual cycle. As it 
stands, the conflict between studies investigating the effects of the menstrual cycle on 
endurance performance could be partly explained by the different exercise durations, 
fueling practices, and specific phases of the menstrual cycle investigated. To fully 
elucidate the effect of fluctuating sex hormones on endurance performance, more 
studies are required to perform longer exhaustive exercise durations (e.g., triathlons, 
ultra-endurance events, marathons (Carmichael et al. 2021)), be more transparent 
with fueling protocols, and include the late-follicular/ovulation phase within their 
investigations.
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Overall Effect of the Menstrual Cycle on Exercise 
Performance 

Despite the recent surge in research attempting to establish the effect of the menstrual 
cycle on performance, a consensus by the scientific community has not been reached. 
Recently, several high-quality narrative (Carmichael et al. 2021) and systematic 
reviews (Blagrove et al. 2020, McNulty et al. 2020) have been conducted to iden-
tify, evaluate, and summarize the available empirical evidence. Indeed, McNulty 
et al. (2020) performed a systematic review and meta-analysis on 78 studies inves-
tigating the effects of the menstrual cycle on strength and endurance performance. 
The conclusions were that on average, exercise performance might be reduced by a 
trivial amount during the early-follicular phase compared with all other phases of the 
menstrual cycle. Exclusively investigating strength-related measures, Blagrove et al. 
(2020) agreed that the fluctuations in endogenous sex hormones across the menstrual 
cycle might have a small to trivial effect on strength performance. Furthermore, these 
reviews have unanimously agreed that the current quality of evidence in this area is 
low; e.g., McNulty et al. (2020) findings were based on 68% of their studies having a 
quality rating of “low” to “very low”. Additionally, there was a large between-study 
variance (McNulty et al. 2020), which might reflect the notoriously low participant 
numbers and varied protocols often used within this research area (Blagrove et al. 
2020). Together, these limitations should be heavily considered when interpreting a 
small or trivial effects noted. Therefore, future studies should address these method-
ological shortcomings to improve the quality and consistency of the evidence used 
by and given to women athletes and those working with them. 

While it is evident that estrogen and progesterone can exert their influences on 
physiological systems which might underpin both strength and endurance perfor-
mance, it is important to note that exercise performance is not exclusively determined 
by the integration of physiological function. In addition to factors such as motiva-
tion and environment, performance could be altered by the likes of cycle-related 
symptoms, athlete perceptions (e.g., the perceived effects of the menstrual cycle 
on performance and training), as well as lived experiences (e.g., menses/menstrual 
stigma) and changes in behavior (e.g., training habits, gym attire) associated with the 
menstrual cycle phases (Carmichael et al. 2021;Kolić et al.  2022, 2021). For instance, 
in a recent narrative review, Carmichael et al. (2021) reported that ~ 71 and ~ 65% 
of athletes felt their performance in training and competition, respectively, varied 
across the menstrual cycle. Although causation cannot be concluded, perceived vari-
ations in performance were attributed to menstrual cycle symptomologies, such as 
feelings of fatigue, lethargy, and menstrual pain (Carmichael et al. 2021). Therefore, 
to fully understand the impact of the menstrual cycle on exercise and performance, 
the impact of all facets of the menstrual cycle must be considered using a holistic 
approach (e.g., physiological, psychology, behavior, etc.), rather than the potential 
effects of endogenous hormones in isolation.



254 K. M. Hicks et al.

Practical Recommendations 

Practically, the current evidence and the large intra- and inter-individual variations 
and experiences of the menstrual cycle do not warrant general guidance on exer-
cise performance across the menstrual cycle. As such, scientific support for women 
athletes, regarding the mensural cycle, should be individualized to each female and 
their unique menstrual cycle characteristics and history. For example, this can be 
achieved through regular menstrual cycle screening, and as a minimum, consistent 
menstrual cycle tracking (e.g., menses and cycle length) for at least three months. 
Furthermore, consistent monitoring of the type, prevalence, frequency, and severity 
of symptoms (e.g., blood flow, discharge, breast soreness, fatigue, etc.) experienced 
during the menstrual cycle can help understand, manage, or exploit the impact of 
negative and positive symptoms, respectively. Additional insight can be provided by 
including perceptual and/or objective noteworthy changes in exercise performance 
experienced by athletes across their menstrual cycle. For more in-depth recommen-
dations on how to monitor and interpret menstrual health within an exercise setting, 
please see other chapters in this volume (those developed by Bruinvels and Pedlar, 
and Mikkonen et al.) or see reference Davison et al. (2022). Overall, it is imperative 
that high-quality research on women is used to inform practice, generate critical 
discussion, and close the sports science gender gap, but the application should be 
shaped, examined, and adjusted (if required) to the individual athlete and their own 
individual experiences of the menstrual cycle to optimize long-term performance 
outcomes and goals. 
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