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Abstract 

Background: The menstrual cycle (MC) plays a fundamental role in female physiology, 

influencing endurance, strength, and overall athletic performance. Hormonal fluctuations 

across the menstrual phases impact metabolism, muscle recovery, thermoregulation, 

cardiovascular function, and psychological well-being. Recognizing these variations is crucial 

for optimizing training and competition strategies for female athletes. 

Objective: This review synthesizes recent scientific findings on the effects of MC phases on 

athletic performance, specifically examining endurance, strength, neuromuscular function, and 

perceived exertion. 

Methods: A review of peer-reviewed literature was conducted using databases such as 

PubMed, Scopus, Web of Science, and Google Scholar.  

Results: Hormonal fluctuations across the menstrual cycle influence endurance, strength, and 

perceived performance. The follicular phase supports muscle recovery, neuromuscular 

efficiency, and cardiovascular function, potentially enhancing performance, though increased 

ligament laxity may raise injury risk. During ovulation, energy availability improves, but joint 

laxity increases susceptibility to injury. The luteal phase introduces physiological challenges 

such as elevated core temperature, cardiovascular strain, and increased perception of effort, 

which may impair endurance. Despite these complexities, current evidence does not support a 

one-size-fits-all approach to training modifications based on the menstrual cycle. Instead, 
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individualized menstrual tracking and adaptive training strategies may offer more effective 

ways to optimize female athlete performance.  

Keywords: menstrual cycle, sport performance, female athletes, menstrual cycle tracking, 

exercise physiology 

 

 

 

 

 

 

Introduction 

The menstrual cycle plays a fundamental role in female physiology, influencing a wide range 

of physiological and psychological factors that can impact sports performance. Typically 

lasting around 28 days, the cycle comprises four key phases—menstrual, follicular, ovulatory, 

and luteal—each marked by distinct hormonal fluctuations in estrogen and progesterone. These 

hormonal shifts affect multiple physiological systems, including metabolism, muscle recovery, 

thermoregulation, cardiovascular function, and psychological well-being. (Oester et al., 2024) 

In recent years, increasing research has highlighted the importance of considering these 

variations when designing training programs and competition schedules for female 

athletes.(McNulty et al., 2020) This review synthesizes recent scientific findings to examine 

how different menstrual cycle phases influence endurance, strength, and overall athletic 

performance. 

 

Methodology 

Study Design 

This review follows a systematic approach to synthesizing current literature on the impact of 

the menstrual cycle (MC) on athletic performance. The study design incorporates a qualitative 

synthesis of peer-reviewed articles, meta-analyses, and empirical studies published in the last 

two decades. The review focuses on the physiological, neuromuscular, and psychological 

effects of MC phases on endurance, strength, and overall performance in female athletes. 

Data Sources and Search Strategy 

A comprehensive literature search was conducted using electronic databases, including 

PubMed, Scopus, Web of Science, and Google Scholar. The search strategy included 
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combinations of the following keywords and Medical Subject Headings (MeSH) terms: 

("menstrual cycle" OR "hormonal fluctuations" OR "female hormones")  AND ("athletic 

performance" OR "sports performance" OR "exercise performance")  AND ("endurance" OR 

"aerobic capacity" OR "VO2 max" OR "running economy")  AND ("strength" OR "muscle 

power" OR "neuromuscular function")  AND ("injury risk" OR "ligament laxity" OR "ACL 

injury")  AND ("psychological factors" OR "perceived exertion" OR "mood fluctuations")  

AND (("elite athletes" OR "trained female athletes") OR ("recreational athletes" AND NOT 

"sedentary women")). 

Filters were applied to include studies published between 2000 and 2025, with a focus on 

original research, systematic reviews, and meta-analyses. Reference lists of relevant studies 

were also examined to identify additional sources. 

Ethical Considerations 

As this study is a narrative review it did not involve direct participation of human subjects and 

thus did not require ethical approval. However ethical research practices were upheld by 

ensuring that all referenced studies adhered to ethical guidelines for human research as 

indicated by institutional review board approvals in the original studies. 

Limitations of Methodology 

Potential limitations of this review include variability in menstrual cycle tracking methods 

across studies which may affect phase classification. Individual differences in hormonal 

responses that may not be captured in group-level analyses and limited availability of studies 

on elite athletes as much research focuses on recreationally trained individuals. To mitigate 

these limitations findings were interpreted with consideration of methodological rigor sample 

characteristics and the presence of conflicting evidence. Future research recommendations 

emphasize the need for standardized protocols in menstrual cycle-related sports performance 

research. 

 

Physiological Changes Across the Menstrual Cycle and Their Possible Impact on 

Athletic Performance 

Each phase of the menstrual cycle creates distinct physiological conditions that can either 

enhance or hinder athletic performance.  

The follicular phase 

The follicular phase, which begins on the first day of menstruation and lasts until ovulation, is 

characterized by rising estrogen levels and relatively low progesterone.(Barbieri, 2014) This 
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hormonal environment supports various physiological advantages for athletic performance. 

Estrogen’s anti-inflammatory properties help reduce exercise-induced muscle damage and 

oxidative stress, leading to faster recovery and improved muscular endurance (Enns & Tiidus, 

2010; Kendall & Eston, 2002; Lowe & Kararigas, 2020; Pellegrino et al., 2022; Stupka et al., 

2000) e. Additionally, estrogen enhances neuromuscular efficiency by improving motor unit 

recruitment and muscle contractility, which supports strength and power generation, though it 

may also contribute to increased ligament laxity and injury susceptibility. (Coldron et al., 2021) 

From a cardiovascular perspective, estrogen promotes vasodilation, increasing oxygen delivery 

to working muscles and improving aerobic capacity by enhancing mitochondrial efficiency and 

shifting metabolism toward greater fat oxidation.(Guajardo-Correa et al., 2022; Morselli et al., 

2017) Furthermore, estrogen influences thermoregulation by lowering core body temperature 

and enhancing sweat response, helping athletes tolerate heat stress more effectively, a key 

advantage in endurance sports.(Charkoudian & Joyner, 2004; Charkoudian & Stachenfeld, 

2016; Giersch et al., 2020; Lei et al., 2018; Stephenson & Kolka, 1985) These combined 

physiological benefits make the follicular phase a period of potential performance optimization 

for female athletes. 

The ovulatory phase 

At the midpoint of the menstrual cycle, the ovulatory phase brings a peak in estrogen and a 

surge in luteinizing hormone (LH).(Barbieri, 2014)  Beyond the previously discussed effects of 

estrogen, LH plays a key role in triggering ovulation and influencing neuromuscular function 

and metabolic regulation. At this stage, progesterone remains low, which may enhance insulin 

sensitivity and carbohydrate utilization, potentially supporting energy availability for athletic 

performance.(Campbell et al., 2001; Devries et al., 2006; Isacco et al., 2012; C. M. Lebrun et 

al., 2013; Zderic et al., 2001) However, hormonal fluctuations also impact collagen turnover 

and ligament stiffness, leading to increased joint laxity and flexibility, which may heighten 

injury risk in high-impact sports like football and rugby.(Shultz et al., 2004, 2005; Smith et al., 

2024). 

The luteal phase 

During the luteal phase of the menstrual cycle, elevated progesterone levels induce significant 

physiological changes that may influence athletic performance. One of the most notable effects 

is an increase in core body temperature, which could diminish heat tolerance and impair 

endurance, particularly in warm conditions. (Marsh & Jenkins, n.d.; Tenaglia et al., 1999) 

Additionally, cardiovascular strain may heighten as resting heart rate and cardiac output rise, 
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potentially leading to an increased perception of effort.(C. Lebrun, n.d.; Zengin et al., 2007)  

Fluid retention and slowed digestion may cause bloating and discomfort, potentially reducing 

movement efficiency. (Massil & O’brien, 1986; White et al., 2011) Neurologically, 

disturbances in sleep quality and mood fluctuations can impair motivation, cognitive clarity, 

and decision-making—critical components of athletic success.(Power et al., 2023; Ronca et al., 

2025; Taylor et al., 2024) 

 

Endurance and Strength Performance Across the Menstrual Cycle 

The relationship between menstrual cycle (MC) phases and athletic performance in endurance 

and strength activities remains a critical area of sports science research. A growing body of 

literature suggests that hormonal fluctuations influence various physiological and psychological 

factors that may impact performance. However, the degree of impact varies across individuals 

and exercise modalities. 

Endurance Performance Across the Menstrual Cycle 

Several studies have explored how different MC phases affect endurance performance, 

including aerobic capacity, running economy, and recovery. A systematic review and meta-

analysis by McNulty et al. (2020) found that endurance-based performance might be slightly 

lower during the early follicular phase, where estrogen and progesterone levels are at their 

lowest.(McNulty et al., 2020) Similarly, a study on endurance-trained women indicated that the 

early follicular phase was associated with poorer sleep quality and slower recovery following 

high-intensity training, suggesting that hormonal fluctuations may affect endurance recovery 

dynamics.(Taylor et al., 2024) 

Research on elite multisport female athletes suggests that the impact of the menstrual cycle on 

endurance performance varies significantly between individuals. While some athletes 

experience noticeable declines, others report little to no change, emphasizing the importance of 

personalized assessment. (van den Berg & Doyle-Baker, 2025) However, despite these 

subjective reports, physiological measures like VO₂ max and time to exhaustion show 

inconsistent patterns across studies.(McNulty et al., 2020)  

Strength Performance and Neuromuscular Function 

The impact of the MC on strength-related performance, including maximal strength, power, 

and neuromuscular control, has been widely debated. Isenmann et al. (2024) examined back 

squat and jumping performance in trained female athletes and found no significant fluctuations 

in maximal force production across MC phases. However, they noted that at higher performance 
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levels, small variations in squat performance correlated with cycle phase, suggesting that elite 

athletes may exhibit greater sensitivity to hormonal fluctuations compared to recreational 

athletes. (Isenmann et al., 2024) 

Research on female rugby league players also reported minimal effects of the MC or hormonal 

contraceptive use on jump height, peak force, and sprint performance. (Smith et al., 2024) 

Similarly, a study on professional volleyball players found no significant variations in strength-

related performance across MC phases, leading the authors to question the necessity of 

adjusting training based on the cycle. (Roffler et al., 2024) An investigation into isokinetic knee 

flexor and extensor strength in female soccer players provided some contrasting evidence. 

Researchers found that while peak torque remained stable across MC phases, functional 

hamstring strength was significantly lower during the follicular phase. Authors suggest that 

while maximal strength may not be affected, stability and injury risk factors could fluctuate, 

particularly in high-speed, eccentric muscle actions. Given the increased risk of anterior 

cruciate ligament (ACL) injuries in female athletes, this finding underscores the importance of 

monitoring neuromuscular control throughout the cycle. (Quigley & Greig, 2025) 

 

Perceived Performance and Psychological Factors 

In addition to physiological changes, subjective perceptions of performance and well-being 

fluctuate throughout the MC. A study by Ihalainen et al. found that 56% of athletes reported a 

decline in perceived performance during menstruation due to symptoms such as bloating, 

cramps, and mood swings. While strength and endurance performance metrics often showed 

trivial or no changes, athletes' perceptions of performance were significantly influenced by 

menstrual cycle symptoms, particularly in naturally menstruating athletes compared to those 

using hormonal contraceptives.(Ihalainen et al., 2024) 

Similarly, research highlighted mental performance deficits in the early follicular phase, with 

increased reaction time and decreased cognitive processing speed. (Ihalainen et al., 2024) This 

could be particularly relevant in team sports or activities requiring rapid decision-making, even 

if physical performance remains unchanged. 

 

Impact of Hormonal Contraceptives on Athletic Performance 

Hormonal contraceptives (HCs), including oral contraceptive pills (OCPs), intrauterine devices 

(IUDs), and injectables, alter natural hormonal fluctuations by suppressing ovulation and 

stabilizing estrogen and progesterone levels. This hormonal modulation can influence 
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metabolism, muscle recovery, and thermoregulation, potentially affecting athletic performance 

(Elliott-Sale et al., 2020). Some research suggests that OCP users may experience reduced 

muscle protein synthesis, which could impair strength adaptations and recovery compared to 

naturally menstruating athletes. Additionally, studies indicate that OCPs may lead to altered 

neuromuscular efficiency, affecting power output and muscle activation, particularly in high-

intensity or strength-based sports (Burrows & Peters, 2007). However, findings on endurance 

performance remain inconclusive, with some studies reporting improved exercise efficiency 

due to stabilized hormone levels, while others suggest potential declines in VO₂ max and 

increased fatigue (McNulty et al., 2020). Furthermore, the influence of HCs on injury risk is a 

growing area of interest, as some evidence suggests that oral contraceptive users may have a 

lower risk of anterior cruciate ligament (ACL) injuries due to reduced ligament laxity and 

collagen turnover (Herzberg et al., 2017). Despite these findings, the impact of hormonal 

contraceptives remains highly individualized, warranting further research to develop 

personalized training and recovery strategies for female athletes. 

 

Discussion 

The findings of this review suggest that the menstrual cycle (MC) plays a complex role in 

female athletic performance, influencing endurance, strength, and neuromuscular function 

through hormonal fluctuations. While physiological studies highlight potential performance 

advantages in the follicular phase—such as improved muscle recovery, neuromuscular 

efficiency, and thermoregulation—athletes also face heightened risks of ligament laxity and 

injury. Conversely, the luteal phase presents physiological challenges, including elevated core 

temperature, increased cardiovascular strain, and potential declines in endurance due to 

increased perception of effort. However, the extent of these effects varies widely among 

individuals, underscoring the need for personalized approaches to training and competition 

planning. 

The influence of the MC on endurance performance remains a topic of debate. While some 

research suggests a slight decrease in aerobic performance during the early follicular phase due 

to low estrogen and progesterone levels, other studies report negligible changes in key metrics 

such as VO₂ max and time to exhaustion. Similarly, strength performance appears to be 

relatively stable across MC phases, with only minor variations observed in elite athletes. 

However, neuromuscular control and functional hamstring strength may fluctuate, increasing 

the risk of injury in sports involving high-speed movements and eccentric contractions. 
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Psychological and perceptual factors further complicate the relationship between MC phases 

and athletic performance. Many athletes report experiencing fatigue, mood disturbances, and 

perceived performance declines during menstruation, despite minimal objective changes in 

physical capabilities. Cognitive function and reaction time may also be affected, particularly in 

the early follicular phase, which could impact decision-making and tactical execution in 

competitive settings. These findings emphasize the importance of considering both 

physiological and psychological factors when designing training programs for female athletes. 

Future research should aim to address the inconsistencies in the current literature by utilizing 

larger sample sizes, standardized methodologies, and individual-specific analyses. 

Additionally, while hormonal contraceptives are commonly used by female athletes, their 

impact on performance and injury risk remains an area requiring further investigation. Studies 

exploring the interaction between MC phases, nutritional strategies, recovery protocols, and 

training adaptations could provide more comprehensive guidelines for optimizing female 

athletic performance. 

 

Conclusion 

This review highlights the intricate relationship between the menstrual cycle and athletic 

performance, demonstrating that hormonal fluctuations influence various physiological and 

psychological factors. While the follicular phase may offer advantages in endurance and 

neuromuscular efficiency, the luteal phase presents potential challenges related to 

thermoregulation, cardiovascular function, and perceived exertion. However, the degree of 

impact is highly individualized, with some athletes experiencing significant variations while 

others report minimal changes. 

Hormonal contraceptives (HCs) alter natural hormonal fluctuations, potentially influencing 

metabolism, muscle recovery, neuromuscular efficiency, and thermoregulation in female 

athletes. While some research suggests OCPs may impair strength adaptations and endurance 

performance, they may also reduce ACL injury risk, highlighting the need for individualized 

training and further research. 

Given these findings, sports scientists, coaches, and athletes should adopt a more personalized 

approach to training and competition planning, incorporating MC tracking and individualized 

adjustments where necessary. While objective performance measures often remain stable across 

the cycle, subjective symptoms and injury risk factors should not be overlooked. Future 

research should continue to explore the nuanced effects of the MC on female athletic 
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performance, ultimately working toward evidence-based strategies that support optimal 

performance and well-being. 
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