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Abstract

Introduction and purpose: Interest in the influence of the menstrual cycle on athletic
performance has increased markedly alongside the rising participation of women in sports. This
structured narrative review synthesizes evidence regarding the effects of menstrual cycle phases
on physical performance, recovery, and perceptual responses in female athletes and physically

active women.

Key words: menstrual cycle; female athletes; sports performance; hormonal contraception;

endurance performance; strength

Brief description of the state of knowledge: A structured narrative review was conducted
using a PubMed/MEDLINE search of English-language human studies published between
January 2010 and May 2026. Studies examining menstrual cycle phases and/or hormonal
contraceptive use in relation to physical performance outcomes were included. Due to
methodological heterogeneity, findings were synthesized narratively. Overall, the evidence
does not indicate consistent phase-dependent differences in strength, sprint, or endurance
performance. When differences were reported, they were generally small, inconsistent across
studies, and more frequently associated with symptom-related perceptual responses than with

objective performance outcomes.

Summary: Current evidence does not support universal menstrual cycle phase-based
modifications to training or competition at the group level. Individual symptom profiles and
contextual elements are likely more relevant determinants of performance variability than cycle

phase alone.
Introduction and purpose

Female participation in competitive and recreational sport has increased substantially,
underscoring the need for research addressing sex-specific physiological determinants of
performance. Despite this progress, female athletes remain underrepresented in sports science
literature, which has conventionally relied predominantly on male participants. As a result,
some training and performance recommendations may not fully reflect female-specific

physiological responses.



Among sex-specific physiological variables, the menstrual cycle has received considerable
attention because of its potential influence on exercise performance, recovery, and training

adaptation.

The menstrual cycle is characterized by cyclical fluctuations in endogenous sex hormones,
primarily estrogen and progesterone. The follicular phase is characterized by low progesterone
and progressively increasing estrogen concentrations, culminating in a peri-ovulatory peak. The
luteal phase is characterized by elevated progesterone and moderately elevated estrogen levels.
These hormonal fluctuations influence several physiological systems relevant to exercise,
including neuromuscular function, substrate utilization, thermoregulation, and perceptual

responses.

Accordingly, it has been hypothesized that the menstrual cycle phase may influence strength,
endurance, sprint performance, fatigue, and recovery. However, empirical findings remain
inconsistent; some studies report performance changes, while others show no meaningful

phase-related differences.

These inconsistencies likely reflect substantial methodological heterogeneity, including
variation in cycle-phase verification methods, participant characteristics, hormonal

contraceptive use, and performance assessment protocols.

Although previous reviews have addressed menstrual cycle physiology and exercise
performance, the evidence base has expanded considerably in recent years. This includes
studies employing improved hormonal verification methods, athlete-specific cohorts, and
investigations of ergogenic interventions across cycle phases. Moreover, prior syntheses have

often focused on isolated performance domains.

Therefore, an updated synthesis integrating strength, endurance, sprint, and power
performance; perceptual responses; recovery; hormonal contraception; and ergogenic

interventions is warranted.

This structured narrative review aimed to evaluate the influence of menstrual cycle phases on
physical performance, recovery, perceptual responses, hormonal contraception, and ergogenic

interventions among female athletes and physically active women.



Materials and Methods
Review Design

This structured narrative review synthesized evidence on the influence of menstrual cycle
phases and hormonal contraceptive use on physical performance in female athletes and
physically active women. A narrative synthesis approach was applied due to heterogeneity in
study designs, participant characteristics, methods for verifying menstrual cycle phase, and
performance outcomes. The review followed a structured search strategy and predefined

eligibility criteria.
Literature Search

A structured search was conducted in PubMed/MEDLINE, selected for its coverage of sports
medicine, exercise physiology, and female athlete health literature. Search terms included
combinations of “menstrual cycle”, “follicular phase”, “luteal phase”, “female athletes”,
“strength”, “power”, “endurance”, “sprint”, and “performance”, combined using Boolean
operators (AND/OR). The search was limited to English-language, human studies published
from 2010 to May 2026. Reference lists of eligible articles were also screened for further

relevant articles. The final search was conducted in May 2026.
Eligibility Criteria
Studies were included if they:

e involved physically active women or female athletes

e examined menstrual cycle phases and/or hormonal contraceptive use

e assessed physical performance or recovery outcomes (strength, power, endurance,
sprint performance, neuromuscular function)

e were original peer-reviewed research articles

e were published in English between January 2010 and May 2026
Studies were excluded if they:

e did not assess menstrual cycle phase or hormonal contraceptive use
e did not include performance or recovery outcomes
e focused exclusively on clinical populations without performance relevance

e were reviews, protocols, commentaries, or conference abstracts



Data Extraction and Synthesis

Extracted data included author, participant characteristics, study design, menstrual cycle

classification method, hormonal contraceptive status, performance outcomes, and key findings.

Due to heterogeneity across studies, quantitative meta-analysis was not performed. Findings

were synthesized narratively and organized into thematic domains.
Methodological Considerations

Considerable variability was identified across studies in menstrual cycle phase verification
methods, participant training status, hormonal contraceptive use, environmental conditions,
exercise protocols, and control of confounding variables such as sleep, nutrition, and training
load. Those methodological differences were considered when interpreting the findings and

supported the use of a narrative synthesis approach.
Description Of The State Of Knowledge

A total of 37 sources were used in the narrative synthesis, including original performance
studies and contextual methodological or athlete-health references. Due to methodological

heterogeneity, findings were synthesized narratively and organized into thematic domains.
Study Characteristics

Of the included studies, most investigated strength and neuromuscular performance outcomes,
whereas fewer studies examined endurance performance, perceptual responses, hormonal

contraceptive use, and phase-specific ergogenic interventions.

Participants consisted primarily of female athletes and physically active women representing a
range of sporting disciplines, including soccer, cycling, running, resistance training, swimming,
and mixed athletic populations. Included study designs comprised randomized controlled trials,

crossover studies, observational investigations, and longitudinal training interventions.

Considerable methodological heterogeneity was identified across studies, particularly regarding
menstrual cycle phase classification and verification procedures. Although several
investigations employed hormonal assays or ovulation-based approaches, most relied on self-
reported menstrual tracking or calendar-based estimations. Performance-related outcomes
assessed across studies included maximal strength, muscular power, sprint performance,
endurance capacity, aerobic fitness, fatigue perception, thermoregulatory responses, and

recovery-related markers.



Strength Performance Across Menstrual Cycle Phases

Across studies, strength-related outcomes, including maximal strength, force production, and
neuromuscular performance, were largely consistent across menstrual cycle phases (1-4).
Comparable results were also observed between naturally menstruating women and users of
hormonal contraception (HC) (2,3,5). Where differences were reported, they were generally
small, inconsistent, and not systematically replicated. Some studies observed modest
performance reductions during the luteal or symptom-heavy phases (7,8), although these
findings were frequently accompanied by elevated symptom burden or perceived fatigue (8,9).
Short-term morphological changes, including muscle cross-sectional area, showed minimal
phase-dependent variation and were not consistently associated with performance outcomes
(10). Overall, strength performance appears generally stable across menstrual cycle phases in

the available literature.
Endurance Performance Variations

Findings on endurance outcomes, including VO:2max, time to exhaustion, cycling time trials,
and aerobic capacity, were heterogeneous. Several studies reported no clear phase-dependent
performance differences (11-14), whereas others observed modest reductions in endurance-
related performance during the luteal phase or in specific sport-related endurance tests (4,7).
Research assessing exercise responses in heat-stress conditions reported limited phase-related
differences, suggesting that environmental stress and exogenous hormonal status may be more
influential than endogenous cycle-phase variation alone (15,16). Physiological markers
associated with endurance exercise showed mixed findings: circulating cardiac troponin T
appeared minimally affected by menstrual cycle phase in specific exercise contexts (17),
whereas autonomic recovery responses may differ between early follicular and mid-luteal
phases (18). Additionally, carbohydrate supplementation and sodium hyperhydration improved
endurance performance independently of cycle phase (14,16). Collectively, consistent phase-

specific impairments in endurance performance were not demonstrated.
Speed and Power Performance

Evidence evaluating sprint capacity, anaerobic power, jumping performance, and explosive
exercise ability indicated that these outcomes demonstrated minimal phase-related variation (1—
4). A small number of studies observed modest performance reductions during the luteal or
symptom-heavy phases (7,19), though such findings were not consistently replicated. Research
involving resistance-trained and team-sport athletes similarly noted stable short-duration, high-



intensity performance across phases (2—4). Evidence on ergogenic aids indicates that caffeine
may enhance power output and movement velocity in female participants (20,21). However,
direct evidence for phase-independent effects is mainly derived from studies assessing caffeine
responses across multiple menstrual cycle phases (20,26,27). Collectively, sprint and explosive

performance outcomes appeared broadly stable across menstrual cycle phases.
Perceived Exertion and Fatigue

Perceptual responses exhibited greater variability across menstrual cycle phases than objective
performance outcomes. Increased fatigue, reduced motivation, impaired recovery, and
heightened symptom severity were most commonly reported during the luteal and premenstrual
phases (7-9,19,22).

Notably, these subjective changes often occurred independently of measurable differences in
performance outcomes. While some studies identified associations between symptom severity
and performance impairment (8), others reported altered motivation without corresponding

declines in objective output (9).

Post-exercise recovery perceptions also varied through phases following high-intensity exercise
and team-sport activity (19,22), although findings were not uniform across studies. Additional
evidence suggests that menstrual dysfunction and dysmenorrhea may influence physiological,

neuromuscular, or exercise-related responses (23,24).

Overall, perceptual and recovery-related responses appear more variable across the menstrual
cycle than objective performance measures, highlighting a stronger influence of individual

symptomatology than phase status alone.
Effect of Hormonal Contraception

Comparisons between HC users and naturally menstruating women reported minimal
differences in strength, explosive power, sprint performance, and neuromuscular outcomes
(2,3,5). Studies conducted in heat-stress environments documented similar thermoregulatory,
respiratory, and cardiovascular responses between groups (15,25). Collectively, performance
outcomes were broadly comparable between HC users and naturally menstruating women

across the different cycle phases.
Phase-Specific Responses to Ergogenic Interventions

Evidence on the effectiveness of ergogenic interventions across the menstrual cycle remains

limited, but it generally indicates that effectiveness is preserved throughout phases.



Caffeine supplementation has been shown to improve strength, power, movement velocity, and
endurance performance in female participants (20,21,26,27). Studies directly comparing
caffeine responses across multiple menstrual cycle phases suggest no clear phase-dependent
attenuation of these ergogenic effects (20,26,27). Similarly, carbohydrate intake and hydration
strategies improve endurance and thermoregulatory responses irrespective of menstrual cycle
phase (14,16).

Findings for nitrate supplementation are less supportive of a consistent ergogenic effect in
women. In one study, inorganic nitrate supplementation did not improve maximal voluntary
isometric contraction or muscular endurance and was associated with reduced estimated
maximal power and velocity independently of menstrual cycle phase (28). Emerging
interventions targeting menstrual symptoms, such as nutritional and recovery-based strategies,
show potential benefits; however, evidence remains preliminary and methodologically limited
(29-31).

Overall, current evidence suggests that established ergogenic strategies retain their
effectiveness across menstrual cycle phases and should be applied according to performance

demands rather than cycle timing.
Discussion

This review synthesized evidence examining the influence of menstrual cycle phase on strength
and neuromuscular performance, endurance exercise, sprint and power outcomes, perceptual
responses, hormonal contraceptive use, and ergogenic interventions in female athletes and
physically active women. Overall, the available evidence suggests that objective performance
outcomes are generally stable across the menstrual cycle, with limited support for consistent
phase-dependent effects at the group level.

Although fluctuations in estrogen and progesterone may influence thermoregulation, substrate
utilization, fatigue perception, and recovery-related responses, these physiological changes do
not consistently translate into meaningful differences in physical performance. Instead,
variability in performance and perceived readiness appears to be influenced more strongly by
individual symptom burden, environmental conditions, recovery status, energy availability,

psychological stress, and methodological differences between studies.

A key finding across the literature is substantial inter-individual variability. Some athletes
report increased fatigue, reduced motivation, or perceived performance impairment during

specific phases of the cycle, whereas others demonstrate minimal changes. This variability

10



illustrates the limitations of depending only on menstrual phase classification to guide training

or competition decisions.

Collectively, these findings support a shift away from rigid phase-based models towards
individualized athlete monitoring. Tracking symptoms, perceived recovery, sleep quality,
training readiness, and contextual stressors may provide more practically useful information

than menstrual cycle phase alone.
Strength and Neuromuscular Performance

The overall stability of strength and neuromuscular outcomes observed across studies suggests
that acute hormonal fluctuations exert limited influence on maximal force production and
neuromuscular performance in trained populations. Most investigations demonstrated minimal
phase-related variation in maximal strength, force production, and neuromuscular outcomes
across menstrual cycle phases (1-4). Comparable findings were also reported between naturally

menstruating athletes and women using hormonal contraception (2,3,5).

Where modest reductions in strength performance were observed, these findings appeared more
closely associated with symptom burden, fatigue, and motivational changes than with hormonal
status itself (7-9). Similarly, evidence from studies examining short-term morphological
fluctuations indicates that phase-related changes in muscle cross-sectional area do not

consistently result in meaningful alterations in strength performance (10).

Taken together, the available evidence suggests that strength and neuromuscular performance
demonstrate limited phase-related variation, with day-to-day performance probably influenced
more substantially by recovery status, sleep quality, psychological stress, and individual

symptom profiles.
Endurance Performance and Physiological Stress Responses

Endurance-related outcomes demonstrated greater variability across studies than strength- and
sprint-performance outcomes. Although several investigations identified no meaningful phase-
dependent differences in aerobic capacity, time to exhaustion, or cycling performance (11-14),
other studies documented modest reductions in endurance-related performance during the luteal

phase or in sport-specific endurance tests (4,7).

These inconsistencies likely reflect context-dependent interactions rather than a uniform
hormonal effect. Elevated progesterone concentrations during the luteal phase may contribute

to increased thermoregulatory strain and higher resting core temperature during prolonged

11



exercise in hot environments; however, these physiological responses are not consistently

associated with impaired endurance performance outcomes.

Environmental conditions, hydration practices, nutritional interventions, and individual heat
tolerance may therefore exert a greater influence on endurance performance than menstrual
cycle phase alone (15,16). Although consistent impairments in endurance performance are not
evident, selected recovery-related markers may vary across phases, with evidence suggesting
faster post-exercise cardiovagal reactivation in the early follicular phase than in the mid-luteal
phase (18).

Overall, the available literature indicates that endurance performance is influenced more
strongly by environmental stressors and individual physiological tolerance than by cyclical

hormonal variation alone.
Sprint, Speed, and Explosive Power Performance

Studies assessing sprint capacity, anaerobic power, jumping performance, and short-duration
high-intensity exercise outcomes consistently presented minimal phase-related variation across
the menstrual cycle (1-4).

The relative stability of these performance domains may reflect the physiological characteristics
of short-duration, high-intensity exercise, although the underlying mechanisms remain unclear.
Although some investigations documented modest reductions in performance during symptom-
heavy or luteal phases (7,19), these findings were inconsistent and frequently accompanied by

elevated fatigue or symptom severity.

Evidence examining ergogenic interventions further supports the relative stability of
neuromuscular performance across phases. Caffeine supplementation generally enhanced
power output, movement velocity, and high-intensity performance in the phases examined, with

no clear evidence of phase-dependent attenuation of effects (20,26,27).

Collectively, these results indicate that menstrual cycle phase is unlikely to be a primary

determinant of performance variability in sprint and explosive tasks.
Perceptual Responses, Fatigue, and Symptom Variation

Compared with objective performance outcomes, perceptual responses demonstrated greater
variability across menstrual cycle phases. Increased fatigue, reduced motivation, impaired

recovery, and heightened symptom severity were most commonly reported during the luteal

12



and premenstrual phases (7-9,19,22,32). Importantly, these subjective responses frequently

occurred in the absence of measurable decrements in physical performance.

The findings suggest that symptom burden may be a more consistent predictor of perceived
performance impairment than circulating hormone concentrations alone (8). Similarly,
fluctuations in motivation and perceived recovery occur despite relatively stable objective

performance outcomes across studies (7-9,19,22,32).

Additional female athlete health factors, including low energy availability, menstrual
dysfunction, and broader health status, may further influence training tolerance and general
well-being (33-35). The substantial inter-individual variability observed throughout the
literature indicates that menstrual cycle-related responses are highly athlete-specific and should
not be interpreted deterministically.

Accordingly, menstrual physiology should be considered within a wider biopsychosocial
framework including psychological stress, recovery status, sleep quality, nutrition, and training

load.
Hormonal Contraception and Performance

Given the widespread use of hormonal contraception among female athletes, understanding its
potential influence on performance remains of practical importance. The current evidence
generally indicates minimal differences in strength, power, sprint, and neuromuscular

performance outcomes between HC users and naturally menstruating athletes (2,3,5).

Similarly, physiological responses to exercise, including thermoregulation, respiratory
responses, cardiovascular strain, and self-regulated exercise performance, appeared broadly
comparable between groups (15,25). However, interpretation remains limited by substantial
heterogeneity in contraceptive formulations, dosages, durations of use, and study

methodologies.

The prevalence of hormonal contraceptive use among competitive female athletes remains
substantial, highlighting the practical relevance of understanding its potential performance
implications (36).

Overall, the available evidence provides limited support for meaningful alterations in athletic

performance outcomes associated with hormonal contraceptive use in trained populations.
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Ergogenic Interventions Across the Menstrual Cycle

Most established ergogenic interventions appeared to retain their effectiveness across the
menstrual cycle. Evidence indicates that caffeine supplementation may enhance strength,
power, movement velocity, and endurance performance in female participants (20,21,26,27).
However, direct evidence for phase-independent effects of caffeine is strongest in studies
assessing caffeine responses across multiple menstrual cycle phases (20,26,27). Similarly,
carbohydrate supplementation and sodium hyperhydration improved endurance and

thermoregulatory performance irrespective of menstrual cycle phase (14,16).

Evidence examining phase-specific responses to other ergogenic interventions remains limited
and inconsistent. Findings for nitrate supplementation are less supportive of a consistent
ergogenic effect in women. Inorganic nitrate supplementation did not improve maximal
voluntary isometric contraction or muscular endurance and was associated with reduced
estimated maximal power and velocity, independent of menstrual cycle phase, although the
findings remain preliminary (28). Emerging evidence also suggests that symptom-targeted
interventions, including nutritional and recovery strategies, may provide benefits during
symptom-heavy phases; however, the current evidence base remains limited and heterogeneous
(29-31).

Collectively, current findings support the use of established ergogenic strategies according to
sport-specific demands rather than menstrual cycle phase.

Methodological Considerations and Sources of Inconsistency

Interpretation of the current literature is limited by considerable methodological heterogeneity.
Key sources of inconsistency include differences in menstrual cycle phase classification,
reliance on self-reported cycle tracking or calendar-based estimations, variation in hormonal
contraceptive formulations, small sample sizes, and inconsistent control of confounding
variables such as sleep, nutrition, psychological stress, and training load. Differences in
hormonal contraceptive status and the use of oral contraceptive users as experimental or control

groups may further contribute to methodological inconsistency across studies (6).

Variability in participant characteristics, exercise protocols, environmental conditions, and
outcome measures further limits comparability across studies. In addition, most available
investigations have examined acute performance responses, whereas less is known about

potential long-term training adaptations across menstrual cycle phases. Emerging evidence

14



suggests phase-specific molecular adaptations to training, highlighting the need for longitudinal

research designs (37).

Future studies should therefore prioritize adequately powered longitudinal designs,
standardized hormonal verification procedures, consistent phase definitions, detailed reporting
of hormonal contraceptive use, and comprehensive monitoring of relevant contextual factors.
These improvements would strengthen interpretation and improve the practical relevance of

findings for athletes and practitioners.
Practical Implications

Current evidence does not support routine reductions in training load or systematic
modifications to competition preparation based solely on menstrual cycle phase. While some
athletes may experience symptom-related changes in perceived recovery, motivation, or
readiness, these responses are highly individual and are not consistently predicted by phase

classification alone.

In applied settings, practitioners should prioritize individualized monitoring strategies that
include menstrual symptoms, perceived recovery, sleep quality, training readiness, nutrition,
psychological stress, and overall health status. Such an approach may help identify athletes who
require targeted support while avoiding unnecessary training modifications based solely on

assumptions about menstrual phase.

Environmental stress, low energy availability, inadequate recovery, and menstrual dysfunction
may have greater implications for athlete health and performance than normal cyclical
hormonal fluctuations. Established ergogenic strategies, including caffeine supplementation,
carbohydrate intake, and hydration interventions, should therefore be applied according to
sport-specific demands and individual tolerance rather than menstrual cycle timing alone.

Future Directions

Prospective research should prioritize adequately powered longitudinal investigations that
capture intra-individual variability across multiple menstrual cycles. Standardized hormonal
verification procedures and consistent phase classification methods are required to improve
comparability between studies. Greater attention should also be given to controlling relevant
confounding variables, including sleep, nutrition, psychological stress, travel demands, and
training load. Additional research examining long-term training adaptations across menstrual
cycle phases is warranted, as acute performance responses may not fully reflect chronic

physiological outcomes. Future research should also prioritize ecologically valid performance

15



models that better reflect real-world sporting environments. While laboratory-based
assessments provide important mechanistic insights, outcomes such as competition
performance, match-play metrics, training quality, and season-long adaptations may provide

more practically relevant information for athletes and coaches.

Future studies should further improve reporting of hormonal contraceptive use, including
formulation type, dosage, and duration of use. Integrating physiological, perceptual, and
behavioral measures within ecologically valid sporting environments will be essential for

advancing understanding of female athletes' performance variability.
Limitations

This review should be interpreted within several limitations. First, only the PubMed/MEDLINE
database was searched, which may have limited the identification of eligible studies indexed in
other databases. Second, the review was conducted as a structured narrative synthesis rather
than a formally registered systematic review; therefore, PRISMA-guided reporting procedures,
formal risk-of-bias assessment, and quantitative meta-analysis were not implemented.
Consequently, the findings should not be interpreted as equivalent to those of a systematic

review or meta-analysis.

Third, considerable methodological heterogeneity across included studies limited direct
comparability between investigations. Important sources of heterogeneity included menstrual
cycle phase verification procedures, participant characteristics, hormonal contraceptive use,
exercise protocols, environmental conditions, and control of confounding variables. Many
studies relied on self-reported menstrual tracking or calendar-based estimations rather than

hormonal confirmation, increasing the risk of phase misclassification.

Finally, although this review focused on female athletes and physically active women, several
included studies involved recreationally active participants rather than elite or highly trained
athletes. Caution is therefore warranted when generalizing findings to elite sporting
populations, as physiological demands, training loads, and performance determinants may
differ substantially between recreational and competitive athletes.

Summary

Current evidence suggests that the menstrual cycle phase exerts limited and inconsistent effects
on objective measures of strength, endurance, sprint, and power performance in female athletes
and physically active women. Greater variability appears to occur in perceptual responses,
fatigue, symptom severity, and recovery-related outcomes. The available evidence suggests that

16



individual symptom profiles and contextual factors may be more important determinants of
performance variability than menstrual cycle phase itself. Considerable inter-individual
variability and methodological heterogeneity across studies limit the ability to draw definitive
conclusions. Present evidence therefore supports individualized athlete monitoring approaches
rather than universal phase-based modifications to training or competition strategies. Future
longitudinal studies using standardized hormonal verification procedures and ecologically valid
performance models are required to clarify the relationship between menstrual physiology and

athletic performance.
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