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Abstract 

Female hormones, key to preparing a woman’s body for childbirth, work in a magnificent, 

cyclical manner. It can be expected that these hormones, with the role of preparing a woman’s 

body to conceive a child and deliver a life safely into the world, would have a large impact on 

the health of the female, especially when it comes to athletics.  

 Numerous studies conducted to understand the full extent of the effect of reproductive 

hormones on the female body have shown that these hormones influence not only menstruation, 

but also various physiological and psychological elements. Such effects can certainly impact 

athletic performance. 
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The Impact of the Menstrual Cycle on Female Performance in Athletics 

Introduction 

As an athlete, the key to continuing to improve performance, especially in endurance 

events, is to work alongside your body rather than against it. For women who compete in 

athletics, the fluctuation of hormones that occurs throughout each month is a factor that must not 

be overlooked. Many studies have been conducted to investigate the full scope of how the peaks 

and valleys of hormone levels in the body impact health. The reproductive hormones involved 

with the menstrual cycle not only impact the fertility of a woman, but also have a role to play in 

other physiological factors in a woman’s well-being.  

The analysis of many studies has shown that the variations in hormone levels, whether 

due to a natural cycle or an abnormal cycle, affect a female’s athletic performance. Along with 

promoting sex characteristics, reproductive hormones play a role in the physiological functioning 

of the female body to a great extent. To get an accurate picture of how female athletics are 

impacted, it is necessary to look at the health-related and skills-related fitness components in 

regard to the cycle. Factors that impact performance, including injury risk, recovery, and 

nutrition should also be addressed. In addition, the effects of abnormal cycles must be analyzed 

as well. Abnormal cycles, including amenorrhea (the absence of the period), are present in the 

female athlete triad. Rather than ignore the natural fluctuation of reproductive hormones, 

embracing physiological changes that occur throughout the month can be the difference between 

first and second in high level female athletics (Tornberg et al., 2017).  
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Understanding the Menstrual Cycle 

 Understanding what normal fluctuations of reproductive hormone levels look like in a 

healthy female is crucial before digging into the effects these fluctuations would have on an 

athlete. Normal menstrual cycles, defined as the time from the first day of menstrual bleeding 

(menses) until the first day of menses of the next cycle, last between 25 and 30 days (Reed & 

Carr, 2018). Menstrual bleeding is the sloughing off of the uterine lining in order to rid the body 

of the unfertilized egg that had been released from the ovaries in the previous cycle. Deviations 

in cycle timelines are more common around menarche, the first period of a female’s reproductive 

life, and menopause, the last period of a female’s reproductive life (Reed & Carr, 2018).  

The Follicular Phase  

 The menstrual cycle can be broken up into two phases which describe the changes 

occurring in a woman’s body. The follicular phase begins with menses and lasts until ovulation. 

The main event of this phase, as the name describes, is the development of the ovarian follicles 

in folliculogenesis. As gonadotropin releasing hormone (GnRH) from the hypothalamus 

increases, follicle stimulating hormone (FSH) from the pituitary gland elevates during the 

beginning of the cycle, accompanied by a decrease in estrogen and progesterone. During the first 

4 days of menses, certain follicles are recruited from non-proliferating follicles when FSH enters 

the ovaries. From day 5 through 7, one of the recruited follicles is selected to ovulate while the 

others undergo atresia, or degeneration. The selected follicle then promotes its own growth and 

dominates over the others by day 8 (Reed & Carr, 2018). As this follicle grows, the levels of 

estrogen increase. As the estrogen levels rise, the FSH will drop in response.  During the first ten 

days, luteinizing hormone remains at a steady low level due to inhibition from low estrogen 
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levels. However, as the maturing follicle produces a surge of estrogen, it stimulates the release of 

luteinizing hormone (Reed & Carr, 2018). About 34-36 hours after the onset of the surge in 

luteinizing hormone, ovulation occurs in the mature follicle (Reed & Carr, 2018). The oocyte, or 

egg, is released from the ovary and luteinizing hormone, GnRH, and estrogen all decrease. The 

FSH has a small spike around ovulation as well, thought to assist in freeing the oocyte from the  

begins after ovulation, normally around day 14 of the menstrual cycle. The follicle that is 

left over is termed a corpus luteum, hence the luteal phase. This follicle stimulates declining 

estrogen levels to rise and then drop slightly, progesterone levels (which had been low the whole 

time) to rise, and inhibin levels that were not present to increase.  Inhibin suppresses the release 

of FSH while progesterone suppresses the release of GnRH. Progesterone stimulates the growth 

of the uterine or endometrial lining to prepare the egg for implantation in the case of fertilization 

(Reed & Carr, 2018). If a pregnancy occurred, human chorionic gonadotropin would sustain the 

corpus luteum. However, without fertilization the corpus luteum continues to degenerate and the 

release of progesterone, estrogen, and inhibin decrease; this in turn allows GnRH to increase, 

stimulating FSH (Reed & Carr, 2018). The decrease in progesterone leads to shedding of the 

uterine lining, also called the endometrial lining, and marks the beginning of the next cycle 

(Reed & Carr, 2018).  

Hormone Fluctuations throughout the Cycle 

Noting the individual fluctuation of each hormone throughout the cycle will aid in the 

understanding of the affects each phase of the cycle has on the female body. Starting with GnRH, 

a gradual rise all the way until ovulation, around halfway through the cycle, is seen with a 

gradual decline following. Luteinizing hormone remains low until a sharp peak right before 
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ovulation and then a sharp decline afterwards. Follicle stimulating hormone (FSH) is high at the 

beginning of the cycle during menses but then has a slow decline throughout the rest of the 

follicular phase with a small increase and then decrease around ovulation before declining a bit 

more through the luteal phase. Near the end of the luteal phase, FSH begins its steady incline 

leading into the next cycle (Draper et al., 2018). Progesterone levels are very low in the follicular 

phase. An increase is seen with the corpus luteum and then a decline as the corpus luteum fully 

degenerates. Lastly, estrogen is very low during menses but then begins to rise until ovulation 

where it then declines a bit. The corpus luteum spikes another rise in the levels of estrogen in the 

luteal phase. Estrogen levels decline largely once the corpus luteum degenerates and menses 

begins (Draper et al., 2018). All of these fluctuations occur in about 28 days, 12 times a year (see 

Figure 1). 
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Figure 1 

The Menstrual Cycle

 

Note. The graph is based off the average expected hormone levels of a healthy, eumenorrheic 

female, providing a visual of the hormone levels in reference to each other throughout the cycle. 

The symbols do not indicate exact data points but are for differentiation purposes only. Adapted 

from “The normal menstrual cycle and the control of ovulation,” by B. G. Reed, & B. R. Carr, 

2018, Endotext. CC-BY-NC-ND. 

How the Menstrual Cycle Impacts the Female Body 

 With knowledge of what is occurring with hormone levels at each point in the month, 

diving into the specifics of how the female body must adapt to continue to perform at a high 

level in athletics is more feasible. These areas include the most direct factor of premenstrual 

syndrome (PMS), sports performance as analyzed through health-related fitness and skills-

related fitness, and other areas that affect exercises, such as recovery in between sessions.  
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Premenstrual Syndrome (PMS)  

 Premenstrual Syndrome is a term often used as a joke to describe irrational behavior in 

women. However, the slew of symptoms that are associated with PMS should not be taken 

lightly. Data has shown that 80-95% of females experience recurrent symptoms of PMS, with 

5% experiencing symptoms so severe that their daily lives are disrupted (Bharati, 2016). Another 

study showed a prevalence of 23-31% of reproductive-aged women experiencing symptoms that 

caused daily life disruption (Direkvand-Moghadam et al., 2014). The Journal of Clinical and 

Diagnostic Research considers PMS to involve a group of emotional symptoms that may or may 

not be accompanied with physical symptoms, related to a woman’s reproductive cycle and 

occurring during the luteal phase up to the time of menstruation (Direkvand-Moghadam et al., 

2014). Although 17 different symptoms may be categorized under PMS, Freeman (2011) found 

that using only 6 core symptoms discriminated, just as effectively, whether a woman was 

experiencing PMS. These symptoms include anxiety/tension, mood swings, aches, appetite/food 

cravings, cramps, and a decreased interest in activities. Abnormal functioning of the 

hypothalamic-pituitary-adrenal axis (HPA) leading to flawed adrenal hormone secretion, 

nutritional defects, and environmental factors have been identified as the main causes of PMS 

(Direkvand-Moghadam et al., 2014). An additional factor, noted by Bharati (2016), indicates that 

the rise in ovarian steroid hormones during the menstrual cycle unmasks a calcium deficiency 

that is otherwise hidden in the rest of the cycle.  

 PMS is one of the clearest impacts of the menstrual cycle on female athletics. This slew 

of symptoms is something many females will experience for up to 7 days, every single month. 

Czajkowska et al. (2015) found that 42.4% of the 75 female athlete subjects aged 16 to 22 years 
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old had symptoms that were diagnosed as PMS. Having anxiety, mood swings, aches, food 

cravings, cramps, and a decreased interest in activities understandably effects how the female 

athlete is feeling during training and competition. These symptoms mimic feeling sick and not 

much like your normal self. While there are many painkillers and hormonal supplements on the 

market to manage these symptoms, a study in the Journal of Caring Sciences showed that yoga 

proves to be an effective form of alleviation from PMS symptoms due to its stress reduction in 

increasing parasympathetic activity and moderate degree of exercise and toning to the body 

(Bharati, 2016). It also found calcium supplementation to be of benefit, but not quite as impactful 

as yoga. Although PMS is definitely not desirable when it comes to athletics, females can take 

action to mitigate their symptoms.  

Measurements of Fitness  

 While PMS encompasses very obvious symptoms of fluctuations in the menstrual cycle 

that would affect athletic performance, many wonder whether areas of fitness are truly subjected 

to the hormonal variances seen throughout each month.  

Health-Related Fitness 

 Health-related fitness involves the components of muscular strength, muscular 

endurance, cardiovascular endurance, flexibility, and body composition. These components are 

commonly used to track the progress of athletes or clients following a program. They are also 

used to identify the health status of an individual, with different tests in each area used to stratify 

people according to their results.  

 Muscular Strength. This area of health-related fitness denotes the quantity of force a 

muscle is able to produce. This can be tested in many different ways, commonly through a 1 
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repetition maximum (1RM) in the bench press or the back squat. It is interesting to note that 

estrogen has been found to promote the proliferation and differentiation of skeletal myoblasts, 

the cells that build muscle, while also influencing the release of growth hormone, insulin-like 

growth factor-1, and insulin, all of which correlate to muscle mass (Sakamaki-Sunaga et al., 

2016). Sakamaki-Sunaga et al. found that training at different frequencies under the same 

conditions dependent on the current phase of a subject’s menstrual cycle did not have an effect 

on the outcome of a 12- week resistance training program. Another study showed that muscle 

strength as tested through a Smith machine half-squat remained consistent throughout the 

different phases of the menstrual cycle for 13 resistance-trained women (Romero-Moraleda et 

al., 2019). 

 However, some studies have shown a difference in muscular strength throughout the 

cycle. For example, Pallavi et al. (2017) tested the muscular strength of 100 healthy females ages 

18-24 years old with normal menstrual cycles between 26-32 days long consistent over at least 6 

months. Subjects were tested through use of a handgrip dynamometer and Mosso’s ergograph 

during their menstrual phase (classified as phase 1), follicular phase (phase 2), and luteal phase 

(phase 3). The results showed significantly higher, forceful, and less fatigable muscle 

contractions during phase 2, the follicular phase, compared to the other two phases tested. In 

another study, found in the European Journal of Applied Physiology, 9 eumenorrheic females 

performed a maximal isometric force (MVC) with knee extension throughout their cycle (Tenan 

et al., 2016). The results showed that strength was significantly lower during the mid-luteal 

phase compared to the rest of the cycle, where the output seemed to stabilize. While these two 

studies show a difference throughout the cycle, a systematic review in the Journal of Science and 
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Medicine in Sport found there to be no variations in MVC or explosive strength throughout the 

cycle, commenting on the poor quality of most studies that have investigated this topic (Blagrove 

et al., 2020). Thus, while a female’s muscular strength could potentially see variations 

throughout her cycle, the chances of not seeing any variations are just as great. Results of these 

studies seem to be very inconclusive, showing the need for further research. What we do know is 

that while female hormones can often be viewed as the enemy to athletics, estrogen has a clear 

role in aiding muscle growth (Sakamaki-Sunaga et al., 2016).  

Muscular Endurance. Although this area of health-related fitness can get confused with 

muscular strength, this component focuses on the muscle’s ability to exert force continuously 

without fatiguing. A common test used to measure this is the YMCA-bench press or the push up 

test. With both, a set amount of weight is used, and repetitions are performed until failure. One 

study showed that muscle contractions, through use of a handgrip dynamometer, showed lower 

fatigue rate percentage during the follicular phase compared to the luteal and menstrual phases 

(Pallavi et al., 2017). This would indicate that the mid-follicular phase would be best for 

performance in muscular endurance. The study in the European Journal of Applied Physiology 

mentioned earlier tested tremors during muscular endurance in addition to the MVC previously 

discussed (Tenan et al., 2016). It was noted that the highest initial tremors were recorded during 

the mid-luteal phase, but the highest tremors overall were found during the early follicular phase, 

corresponding with menstruation. However, the researchers expressed that these changes would 

be negligible in most tasks except for those involving fine motor skills, such as archery, sewing, 

knitting, or baiting a fishhook. In addition, a study by Fridén et al. (2003) tested muscular 

endurance with knee extension throughout the different phases of the cycle and noted no 
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significant difference between phases. While Pallavi et al.’s (2017) study used 100 subjects, 

which is significantly more than the nine Tenan et al. (2016) or ten Fridén et al. (2003) used, 

there was no method to which the researcher’s verified that subjects were in the phase of the 

menstrual cycle for which the data was recorded. Fridén et al.’s (2003) study hormonally verified 

menstrual phase status through blood sampling while Tenan et al. (2016) used basal body 

temperature to verify menstrual cycle phase. In addition, Pallavi et al.’s (2017) study only tested 

hand grip strength while the other two studies focused on knee extension, a much more 

athletically involved movement. Therefore, sifting through all the research shows that muscular 

endurance is most likely not affected by the menstrual cycle.   

 Cardiovascular Endurance. This component of health-related fitness encompasses the 

ability of the heart and lungs to function together in order to provide the necessary oxygen and 

nutrients for the body during a sustained effort. For endurance athletes, knowing if this piece of 

health-related fitness is affected by the menstrual cycle is a high priority.  A study in the 

International Journal of Environmental Research and Public Health tested 21 endurance-trained 

eumenorrheic women with an interval running protocol during three different phases of the cycle 

defined as the early-follicular phase, late-follicular phase, and mid-luteal phase (Rael et al., 

2021). The study analyzed factors such as oxygen consumption, carbon dioxide production, 

respiratory exchange ratio, breathing frequency, energy expenditure, relative perceived exertion 

and perceived readiness. Surprisingly, no statistically significant differences were noted in these 

areas between the three phases. However, there were variations seen in heart rate and breathing 

frequency, which may indicate that heart rate-based training could be optimal for females. De 

Jonge (2003) noted that most research declares no changes over the female cycle for maximal 
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oxygen consumption (VO2max), and females competing in strength-specific and intense 

anaerobic/aerobic sports do not need to adjust for their menstrual cycle. However, the article also 

noted that prolonged endurance activity may see a difference depending on the phase of the 

menstrual cycle. When exercise took place in hot, humid conditions, there was a decrease in time 

to exhaustion during the mid-luteal phase, a time when resting core temperature is elevated. 

Therefore, while athletes cannot normally control the environment of their performance, they can 

utilize this knowledge in training. If it is hot and humid during a workout, coaches should not be 

surprised by a greater decrease in performance with their females compared to their males, given 

that some of the females may be in their mid-luteal phase. Female athletes themselves can better 

understand the fluctuations they see and give grace to themselves.  

 Flexibility. This area of fitness involves the ability to move each joint through the 

appropriate range of motion. This component of health-related fitness may not be as significant 

for most team sport or endurance athletes. However, for gymnasts, acrobats, and dancers, 

variations in this area would be critical. One study used 20 subjects between the ages of 18 and 

35, who practice gymnastics in fitness centers (Melegario et al., 2006). Flexibility was tested 

through eight different movements using goniometers in the three phases of the menstrual cycle. 

For these subjects, no significant differences were noted between the phases in regard to degrees 

of motion. Melegario et al. discussed that while other studies show the increase of the hormone 

relaxin on the 12th day and 20th day of the cycle to be associated with a decrease in soft tissue 

tension, the present study results did not agree, as seen in the lack of variation in flexibility of the 

subjects. Another study examined 20 elite female soccer players over two consecutive menstrual 

cycles (Campa et al., 2021). The sit and reach test was used to assess flexibility. This study did 
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show a difference in flexibility throughout the cycle, with a decrease in range of motion 

occurring during the early follicular phase. Based on these studies, athletes whose sports do not 

focus on flexibility may experience some variation throughout their cycle but athletes whose 

sports are centered around flexibility may not experience much difference.  

 Body Composition. This last component of health-related fitness compares the amount 

of fat mass an individual has to their non-fat mass, including muscle, bone, and organs. Many 

athletic teams track body composition in order to follow any changes the athlete may be 

experiencing. If an athlete is tested at a certain point in their cycle one semester, and then 

retested the next semester at a different point in their cycle, it is important for the examiner to 

know whether this will cause inaccurate data. While most research agrees that women experience 

fluctuations in body mass during their cycle due to fluid retention, or bloating, throughout the 

cycle, this does not indicate the body composition would also be affected (Hicks et al., 2017). 

The study by Campa et al. (2021) on elite soccer players mentioned with flexibility found that 

during the early follicular phase (the time of menstruation), fluid accumulation was increased, as 

tested through bioelectrical impedance. The author noted that this change did not affect 

performance of the countermovement jump or 20-meter sprint that was also tested. A study in the 

International Journal of Exercise Science examined the use of different technology to compare 

body composition between the follicular and luteal phases of the cycle (Hicks et al., 2017). A 

Dual energy x-ray absorptiometry, BOD POD, and bioelectrical impedance analysis were all 

used. All subjects reported feeling more bloated during menses which corresponded with 

variations in extracellular water throughout the cycle. However, body composition remained 

consistent through both phases for all three pieces of equipment. Therefore, although athletes 
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will notice bloating during their period, results from body composition tests can be considered 

accurate at any point throughout the cycle.  

Table 1 

Summary of Health-Related Fitness Throughout the Cycle 

 

Skills-Related Fitness  

 Skills-related fitness involves six components that are necessary for an individual to have 

for many different team sports and involve an integration of motor skills and movement patterns. 

The six components include agility, balance, coordination, power, reaction time, and speed. 

Individuals who are considered highly athletic would normally excel in a majority of these 

categories.  

 Agility. This component of skills-related fitness is defined as the ability to change 

direction and body position in response to a stimulus. The importance of this factor can be seen 

in a soccer game when an athlete must quickly change directions to get around their opponent 

with the ball. There are many different fitness drills that are used to test agility, such as the 

hexagon agility test, the quick feet test, and the t-test. A 2018 study of females aged 20-24 years 

 Menstruation Mid-Follicular Ovulation Mid-Luteal 

Muscular 

Strength 
Unaffected Unaffected Unaffected Unaffected 

Muscular 

Endurance 
Unaffected Unaffected Unaffected Unaffected 

Cardiovascular 

Endurance 
Unaffected Unaffected Unaffected 

May be inhibited 

during prolonged 

activity in hot/humid 

environment 

Flexibility 
Unaffected May be Enhanced 

May be 

Enhanced 
May be Enhanced 

Body 

Composition 

Bloating may 

be noted 
Unaffected Unaffected Unaffected 
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old examined side-step ability throughout the cycle (Sawai et al.). The study found that agility 

was decreased during the menstrual phase compared to the follicular and ovulatory phases, 

negatively correlating to fluid retention in the calves. This study also mentioned another study 

that tested agility performance throughout the cycle, noting the best performance during the first 

couple post menstruation days and the worst performance occurring on the days leading up to the 

period and the first couple days of the period (Lebrun, 1993). Therefore, female athletes may 

find that their performance on agility drills may decline slightly on the days leading up to their 

menstruation and even for a couple days of their menstruation.  

 Balance. This involves the ability to control or stabilize the body against movement. Any 

sport that requires landing on one foot is going to require great balance. This can be seen in 

obvious ways such as the balance beam and in more inconspicuous ways, such as landing safely 

on one foot after jumping over a hurdle. The study that tested side-step ability on 13 females 

aged 20-24 years old also tested static balance throughout the cycle (Sawai et al., 2018). The 

results showed that total locus length, a factor used to denote how far from a point of perfect 

balance a subject is, increased significantly during menstruation compared to the other phases of 

the cycle. Researchers attributed this decrease in performance to the menstrual bleeding itself. 

All the other factors analyzed in regard to balance were not affected throughout the phases of the 

cycle. The researchers noted a different study that also analyzed balance throughout the cycle 

and found a decrease in ability during the menstrual, early luteal, and late-luteal phases in 

comparison to the follicular phase (Hayashi et al., 2004). This study hypothesized that the 

increase in estrogen and progesterone during this time is the cause due to the effects these 

hormones can have on the central nervous system in regard to posture control. Therefore, 
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although some components of balance have been found to decrease during the time of 

menstruation, the skill does not seem to be affected completely. Athletes performing during their 

period may need to allow some grace for their body.  

 Coordination. This factor is defined as the ability to integrate use of the senses and body 

parts during movement. In athletics, actions such as soccer ball juggling and basketball dribbling 

all require great coordination. While there does not seem to be a great amount of valid research 

in this area of question, there is a study found in Brain and Cognition that investigates the effects 

of sex hormonal changes throughout the menstrual cycle on functional cerebral asymmetries, 

which refers to differences in activity seen in the hemispheres of the brain, particularly in fine 

motor coordination (Bayer & Hausmann, 2012). The results showed that there was a reduction in 

the degree of dominant hand manual asymmetries during the luteal phase while during the 

menstrual phase, the asymmetries were reversed in direction, giving the non-dominant hand a 

slight advantage. While these findings are highly specific to neurological research in brain use 

and fine motor skills, it is important for female athletes to understand that they may feel different 

throughout their cycle. The way they approach certain skills may require variance.  

 Power. Not to be confused with muscular strength, this component of fitness is the ability 

to exert force quickly, combining both speed and muscular strength. The study by Romero-

Moraleda et al. (2019) that researched muscular strength variations throughout the cycle through 

use of a 1RM half squat on a Smith Machine also investigated power output throughout the 

cycle. The researchers used software associated with an encoder to calculate the mean and peak 

power output from the product of the force and bar velocity. While small variations in these 

measurements were noted, no statistical differences were noted during the different phases of the 
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cycle. Therefore, power output is most likely not affected due to the fluctuations of hormones 

throughout the menstrual cycle. 

 Reaction Time. This skill-related component of fitness is described as the ability to 

respond quickly to a certain stimulus. This is extremely important in following position changes 

by opponents during play, reacting to the sound of the gun during a race, and making quick 

decisions throughout a game. Kumar et al. (2013) examined auditory and visual reaction times of 

30 eumenorrheic women aged 18-25 years old throughout the menstrual cycle. Results showed 

that both auditory and visual reaction times were increased during the luteal phase compared to 

the follicular phase. Another study found that reaction times were longer when hormone levels 

were low (menstrual and early follicular phase) and shorter when hormone levels were higher 

(preovulatory and mid luteal phase) (Simić & Ravlić, 2013). These observations also correlated 

with the rise in body temperature that is found when hormone levels are higher. The researchers 

noted that other studies demonstrated a higher level of estrogen associated with “shorter 

movement time in performing reaction time tasks” (Simić & Ravlić, 2013, p.104). While the 

study was analyzing this in regard to how variations in speed of the central nervous system 

should be taken into account when conducting neuropsychological studies on women, the same 

rings true for athletics. Rather than try to ignore these fluctuations, understanding how these 

fluctuations may influence performance may ease frustrations that athletes may experience. 



THE IMPACT OF THE MENSTRUAL CYCLE 
 

20 

Speed. This last component of skills-related fitness is defined as the ability to move your 

body quickly; this is something that is required in almost all anaerobic athletics. A study by 

Wiecek et al. (2016) found that the results of a 20 second maximal cycling test did not fluctuate 

depending on whether the 16 female subjects were in their mid-follicular phase or mid-luteal 

phase. It is interesting to note that this study only tested subjects at two different points in the 

cycle. This misses the potential for finding other fluctuations at other stages, such as surrounding 

the time of menstruation. Another study tested 8 females with two repetitions of a 30 second 

sprint on a non-motorized treadmill with 2 minutes rest in between repetitions. These methods 

were followed during the early follicular phase, the days just prior to ovulation, and the mid 

luteal phase (Tsampoukos et al., 2010). Similar to the first study, no significant difference was 

noticed throughout the different phases of the cycle. Therefore, female athletes should not worry 

about any shifts in their speed performance from hormonal fluctuations from the menstrual cycle.  

Table 2 

Summary of Skill-Related Fitness throughout the Cycle 

 
Menstruation Mid-Follicular Ovulation Luteal 

Agility 
May be inhibited May be enhanced Unaffected May be inhibited 

Balance 
May be inhibited Unaffected Unaffected May be inhibited 

Coordination May notice 

variation 
Unaffected Unaffected May notice variation 

Power 
Unaffected Unaffected Unaffected Unaffected 

Reaction Time 
May be inhibited Unaffected 

May be 

inhibited 

Normal in middle; 

May be inhibited in 

second half 

Speed 
Unaffected Unaffected Unaffected Unaffected 
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Other Factors Impacting Performance  

While the different components of health- and skill-related fitness breakdown the 

different areas of an athletic performance, every athlete knows that there are factors outside of 

the game or competition that also play a role in performance. Injury risk, recovery time required 

between practices, and the utilization of different nutrients all play a role in athletic performance. 

To grasp the full impact of the menstrual cycle on female athletes, these areas must also be 

discussed.  

Injury Risk  

 Injury prevention is just as crucial of a component to athletics as skill development is. 

Understanding the role hormonal fluctuations play in level of injury risk on a given day can and 

should lead to modified training to combat the risk. Chidi-Ogbolu (2019) notes how estrogen 

improves muscle mass and strength as well as increases the collagen content of connective 

tissues. The author specifies that while bone and muscle function are improved with an increase 

in estrogen, tendons and ligaments decrease in stiffness, and thus lead to increased laxity. Sadly, 

it has been found that women are 2-8 times more likely than men to rupture their ACL (Chidi-

Ogbolu, 2019). The article also mentions a study, among multiple others, that found increased 

knee laxity during the time of ovulation compared to the other phases of the cycle, observing an 

increased from 4.7 + 0.8 mm in the follicular phase to 5.3 + 0.7 mm in the ovulatory phase. 

Beynnon et al. (2006) found agreeing results, noting that the risk of an ACL injury was found to 

increase during the preovulatory phase for alpine skiers. While many studies seem to agree the 

knee ligament laxity is increased during the preovulatory phase, there are other studies that 

disagree and claim that knee laxity is not affected by fluctuations of female hormones (Shafiei et 
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al., 2016). Despite the conflicting research, female athletes should be implementing knee 

strengthening exercises into their routines to err on the side of caution. 

One may wonder why there is an increase in tendon and ligament laxity, but there was 

not a clear increase in overall flexibility throughout the cycle. Looking at the role of the hormone 

relaxin, researchers have seen a clear connection between increased levels and a decrease in 

stiffness of soft tissue (Dehghan et al., 2014). Why was there not a variation in flexibility among 

gymnasts? Research shows that the ACL has estrogen and relaxin receptors, leading to a more 

pliable state of the ligament when the receptors are full. Tendons are affected similarly. 

However, when examining skeletal muscle, the effect is different. Relaxin has been found to aid 

in decreasing inflammation; it hasn’t been found that muscle length is affected by the hormone. 

Thus, gymnasts who are constantly working on flexibility might not notice a difference 

throughout the cycle while athletes who don’t work on flexibility may experience a larger 

disparity in ROM due to the decrease in tendon and ligament stiffness when hormones are high.  

 In addition, a study in the Orthopaedic Journal of Sports Medicine analyzed the width of 

the tibiofibular syndesmosis, muscle activity, and movement abnormalities during drop landing 

in 28 young women throughout their menstrual cycles (Okazaki et al., 2017). During the luteal 

phase, the width of the tibiofibular syndesmosis, hip internal rotation, and knee valgus was 

greatest. Ankle adduction and eversion was also greatest during this time compared to the 

follicular and menstrual phases. The study also showed lower gluteus maximus activation prior 

to landing compared to the other phases. Thus, the results of the study support that female 

athletes may experience fluctuations in their strength, stability, and ankle laxity throughout their 

cycle, with injury risk increasing during the luteal phase. Ultimately, it seems that when estrogen 
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and progesterone are higher than normal, such as during ovulation and the middle of the luteal 

phase, female athletes may experience an increase in laxity at both the knees and ankles.  In 

application, performing stability strengthening exercises routinely to build up the muscles in the 

hips and around these joints can increase prevention of injury due to increased disposition at 

certain times in the cycle.  

Although it may seem that women have the short end of the stick with ligament laxity, 

Chidi-Ogbolu (2019) discusses how the decrease in tendon stiffness proves to be of benefit in 

reducing risk of muscle injury, noting that women suffer 54% fewer muscle strains than men and 

are at a lower risk for rupturing their Achilles. In fact, the authors state that women who use oral 

contraceptives experience a decrease in collagen synthesis since they are experiencing steady 

levels of estrogen rather than a rise and fall. Women using oral contraceptives have also been 

found to have greater muscle damage and an increase of delayed onset muscle soreness (DOMS) 

following exercise. In postmenopausal women, those who use estrogen replacement therapy, 

which provides a daily rise in estrogen, may have increased tendon collagen synthesis. 

Therefore, eumenorrheic women experiencing a cyclical rise and fall of estrogen experience a 

beneficial increase in tendon collagen synthesis and muscle recovery.   

Recovery 

 Being able to hit workouts hard multiple times a week is all dependent on how well an 

athlete can recover. Optimal recovery equals optimal training. One study in Biomedical Human 

Kinetics studied the recovery of 8 female runners after a 90-minute running bout at 70% VO2max 

on a treadmill during their mid-follicular phase and their mid-luteal phase (Hackney et al., 2019). 

The researchers’ outcome measures were the concentrations of blood creatine kinase (CK) and 
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interleukin-6 (IL-6) at different time intervals following the exercise bout. Biomarker CK is used 

as a depiction of the level of muscle damage while IL-6 is correspondent to inflammation. The 

results showed that the biomarker levels remained elevated for longer during the mid-follicular 

phase, prior to the rise in estrogen before ovulation. When hormone levels are low, female 

athletes may need to focus on recovery even more or allow for more time in between hard 

efforts. Koikawa et al. (2020) looked into how sleep may be altered throughout the cycle. Based 

on the 45 female athletes tested, results showed that sleep was most negatively affected during 

the time of menstruation, with increased time to fall asleep and less time in deep sleep. 

Therefore, female athletes may need to be even more diligent in healthy sleep habits, such as 

putting electronics away a couple hours before the desired sleep time and making sure the 

environment is cold. These adjustments are especially important during their time of 

menstruation until just prior to ovulation. Furthermore, adjusting training to the needs of the 

athletes’ complete recovery will allow for better quality in the long run.  

Nutrient Utilization 

Nutrients provide the energy needed to perform at a high level and determining the 

amounts of each of the macronutrients needed by an athlete could even be considered an art. 

Each body is different in the combination of proteins, carbohydrates and fats they need to 

achieve their desired results. It should be expected that the hormone fluctuations throughout the 

cycle require specific attention in order to optimize energy and performance. While many studies 

have shown that carbohydrate supplementation during moderately intense exercise improves 

exercise time to fatigue by 24-32% in men, there are not many studies on how it impacts women 

(Bailey, 2000). Looking to decrease this gap in research, a study in the Journal of Applied 
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Physiology analyzed how carbohydrate supplementation affected fatigue rates through the 

menstrual cycle on 9 moderately trained women (Bailey, 2000). The women cycled at 70% peak 

oxygen consumption until they reached exhaustion, consuming 0.6 grams of carbohydrates per 

kilogram of body weight per hour every 30 minutes. The control group consumed a placebo 

drink. The results showed that despite the phase of the menstrual cycle, carbohydrate 

supplementation still improved exercise time to fatigue. A different study demonstrated that in a 

fasted state, endurance performance is better during the follicular phase than the luteal phase 

(Campbell et al., 2001). When glucose supplementation was used, however, the differences 

between phases disappeared. Adding to the results of the previous studies, McLay et al. (2007) 

demonstrated that while the follicular phase may be characterized by lower muscle glycogen 

levels in comparison to the luteal phase, carbohydrate loading decreased any differences between 

phases, as demonstrated in the 9 female subjects who cycled for 75 minutes and then performed 

a 16-km time trail. Therefore, all the research supports that adequate carbohydrate 

supplementation during endurance exercise can eliminate any performance disparity caused by 

the menstrual cycle.  

Moving on to the metabolism of proteins throughout the cycle, research has shown that 

amino acid levels may be decreased, and nitrogen utilization increased during the luteal phase 

(Draper et al., 2018). These differences have been attributed to the increase in progesterone 

levels and accompanying protein synthesis in order to prepare the uterus for possible pregnancy 

with endometrial thickening. Understanding this change in protein metabolism throughout the 

cycle demonstrates that female athletes cannot fuel the same each day of the month and see the 

same results in performance. Fueling for females requires working with the fluctuations of the 
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body rather than maintaining a consistent diet, which would work for males. Ultimately, female 

athletes may benefit from higher protein percentages in their diet during the luteal phase.  

Lastly, similar to protein usage, lipid metabolites have been found to be reduced during 

the luteal phase compared to the follicular phase (Draper et al., 2018). Researchers have 

explained this through the increase in lipid synthesis during this time. Therefore, while 

carbohydrate supplementation seems to remain a consistent need throughout the cycle, female 

athletes may want to pay special attention to a purposeful intake of fats and proteins during the 

luteal phase.  

How the Menstrual Cycle Impacts Athletes Psychologically 

 Understanding the psychological impact the menstrual cycle has on female athletes is just 

as important as analyzing the different ways athletes are affected physically.  One study of 140 

endurance athletes showed that the majority felt that their fitness and performance was the worst 

during their menstruation and the best during their late follicular phase (Solli et al., 2020). 

Whether or not performance is truly affected, these athletes feel that it is, showing the need to 

address the mental side of the female reproductive hormone fluctuations. Armour et al. (2020) 

reports that out of 124 Australian athletes ages 16-45 years old, 82% claimed to experience 

period pain and 83% noted pre-menstrual symptoms that contributed to fatigue and perceived 

decreases in performance in training and competition during their menstruation. Although the 

female athletes perceive a difference in how they feel throughout their cycle, sadly these 

differences are not normally taken into account when training is planned. The study on 

Australian athletes showed that over 75% of the athletes studied reported having no 

modifications in their assigned training to work with their menstrual cycle as well as having zero 
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discussion about their cycle with their coaches (Armour et al., 2020). With such a great majority 

of female athletes noticing the changes in their body due to their menstrual cycle, it is 

devastating to see the lack of attention given to these changes in athletics.  

Female Athlete Triad and RED-S 

 Although the menstrual cycle can seem like a battle for women each month, there are so 

many benefits to the rise and fall of estrogen and progesterone, including the previous discussion 

in regard to injury risk. Learning to work with your body’s fluctuations can lead to a boost in 

performance. Sadly, some female athletes can go months without getting their period. Skipping a 

monthly menstruation can seem blissful, but it is actually extremely detrimental to both the 

woman’s health and performance.  

Defining the Terms 

 The female athlete triad can be defined as “the interrelationship among energy 

availability, menstrual function, and bone mineral density existing on spectra of health to 

disease” (Tenforde et al., 2020, p.76). Energy availability is affected by both low caloric intake 

and high energy expenditure due to excessive physical activity (De Oliveira et al., 2018). While 

the term “female athlete triad” has been around for quite a while, the International Olympic 

Committee recently coined a new term, Relative Energy Deficiency in Sport (RED-S), in 2014 

that recognizes the numerous negative health and performance consequences that occur due to 

low energy availability in athletes, male and female (Tenforde et al., 2020). The female athlete 

triad is considered to be a more specific version of RED-S.  

 

 



THE IMPACT OF THE MENSTRUAL CYCLE 
 

28 

The Negative Impact of the Triad and RED-S  

 The prevalence of the triad in athletics is revealed in a study that assessed 40 elite female 

endurance athletes (Melin et al., 2015). From this group, 60% had menstrual dysfunctions, 45% 

had impaired bone health, and 23% had all three components of the female athlete triad. While 

menstrual irregularities have often been brushed off as a side-effect of intense training and high 

fitness levels, the negative effects are clear. A decrease in fat mass can lead to a change in leptin 

production, a cytokine produced in white adipose tissue (De Oliveira et al., 2018). Leptin 

increases the secretion of GnRH, which directly affects the menstrual cycle. With a decrease in 

leptin and the stress of training, the secretion of GnRH may be interrupted, altering the menstrual 

cycle and causing an estrogen deficiency (De Oliveira et al., 2018). Estrogen is necessary for 

maintaining bone mineral density through its prevention of bone resorption and stimulation of 

osteoblast activity to create more bone. Low levels of estrogen lead to reduced bone mineral 

density, and thus, increased risk of stress fractures and osteoporosis. Females with menstrual 

irregularities have been found to have an increase in cardiovascular risk factors as well (Melin et 

al., 2015). In addition, amenorrhoeic females have been found to have lower neuromuscular 

performance, lower glucose levels, and higher cortisol levels compared to eumenorrheic females 

(Tornberg et al., 2017). Therefore, rather than viewing the menstrual cycle as something to get 

rid of or ignore, female athletes should embrace the hormonal fluctuations of their body, working 

alongside it rather than against it. 

Conclusion 

 The research displays the undeniable influence of the menstrual cycle in female athletics. 

Although initial thought may be that these effects are negative, the fluctuation of reproductive 
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hormones proves to be of great advantage. Bone health, cortisol levels, neuromuscular health and 

cardiovascular risk can all be impacted negatively through the absence of a normal menstrual 

cycle. In addition, while females may experience more ACL ruptures than their male 

counterparts, they do experience fewer muscular injuries.  

 Premenstrual syndrome is one of the clearest detriments female athletes may face due to 

their hormone fluctuations. However, this condition can be improved through proper lifestyle 

modifications, such as stress alleviation and diet adjustments. Research on different fitness 

components shows to be highly conflicting, demonstrating a great need for further studies for 

female athletes. Nevertheless, some general conclusions can be made. Many female athletes may 

see no difference in their muscular strength or muscular endurance; few may notice they are their 

strongest during their follicular phase and their muscular endurance may be negatively impacted 

during menstruation. While general cardiovascular endurance may not be affected, female 

performance in prolonged endurance activities taking place in hot and humid conditions may be 

affected. There seem to be no significant impacts on flexibility or body composition throughout 

the cycle. On the skills-related side of fitness, power, coordination and speed show little need for 

adjustment in application for athletics. Agility, balance, and reaction time may be negatively 

impacted during the couple days leading up to and the days of menstruation. Research also 

shows the female athletes may experience ligament laxity fluctuations throughout their cycle. In 

order to avoid injury, female athletes should implement stability work into their training, 

regardless of where they are in their cycle. During the follicular phase, greater attention to 

recovery may also allow female athletes to perform better. Coaches may want to implement heart 

rate-based training in order to correctly load athletes during each training session, avoiding 
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overtraining a stressed athlete. Lastly, female athletes can work with their body through 

adjusting their nutrition each month, incorporating more fats and proteins in during their luteal 

phase and consistently refueling with carbohydrates during long sessions.  

 Although the menstrual cycle is often ignored in female athletics, the psychological 

impact it has on females expresses the need for greater communication in this area. Rather than 

feel they need to ignore their bodily changes to perform in athletics like their male counterparts, 

female athletes can actually enhance their training through understanding their cycle, 

understanding the changes that occur throughout their cycle that are specific to them as an 

individual, and implementing the necessary adjustments to work alongside their body rather than 

against.  Learning how God made a woman’s body to work allows the female athlete to work 

more efficiently towards reaching their full potential.     
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