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Abstract

This study explores how menstrual cycle phases influence cardiovascular performance and VO: max in
women. Hormonal changes, particularly fluctuations in estrogen and progesterone, impact oxygen
transport, cardiac output, and exercise tolerance. While some studies suggest reduced VO2 max during
the luteal phase, others report negligible differences, indicating a research gap in standardized
assessment.

This study investigates the influence of menstrual cycle phases on cardiovascular performance and
maximal oxygen uptake (VO: max) in women. Hormonal fluctuations, particularly estrogen and
progesterone, are hypothesized to affect oxygen transport, cardiac output, and endurance capacity. While
some studies suggest reduced VO. max during the luteal phase, others report negligible differences,
highlighting methodological inconsistencies. This paper aims to synthesize existing literature, identify
research gaps, and propose a structured methodology to clarify the relationship between menstruation
and aerobic performance.
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1. Introduction

The menstrual cycle is a fundamental physiological process in women, characterized by cyclical
hormonal fluctuations that may influence cardiovascular and metabolic functions. With increasing
female participation in competitive sports, understanding how menstruation affects exercise performance
is crucial. VO: max, a key indicator of aerobic capacity, reflects the efficiency of oxygen utilization
during exercise. Investigating menstrual influences on VO max can provide insights into optimizing
training regimens and improving athletic outcomes.

The menstrual cycle is characterized by cyclical hormonal fluctuations, primarily estrogen and
progesterone, which may influence cardiovascular and metabolic functions. With increasing female
participation in competitive sports, understanding how menstruation affects exercise performance is
crucial. VO2 max, a key indicator of aerobic capacity, reflects the efficiency of oxygen utilization during
exercise. Previous studies have reported conflicting findings regarding the impact of menstrual phases
on VO:. max, highlighting the need for standardized methodologies and larger sample sizes. This study
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aims to investigate the influence of menstrual cycle phases on cardiovascular performance and VO: max
in female athletes. Female participation in sports has increased, necessitating deeper understanding of
sex-specific physiology. Menstrual cycle phases alter cardiovascular responses, potentially affecting
athletic performance. VO: max, a key measure of aerobic capacity, may vary across phases due to
hormonal influences.

Rationale

Despite growing interest in female physiology, research on menstrual cycle effects on exercise
performance remains limited and inconsistent. Clarifying these influences can enhance individualized
training programs for female athletes, inform clinical exercise prescriptions for women, contribute to
gender-specific sports medicine practices, understanding menstrual influences on VO2 max can optimize
training schedules for female athletes and findings may inform personalized exercise prescriptions and
reduce injury risks.

Review of Literature

Martinez-Sanchez et al. (2025) reported in their study that hormonal fluctuations across menstrual
phases affect oxygen uptake and endurance capacity whereas Hedges (2025) conducted a systematic
review, finding inconsistent cardiovascular responses across phases, with methodological variability
contributing to conflicting results.

Frontiers in Physiology (2024) highlighted that menstrual phases influence substrate metabolism,
cardiopulmonary function, and psychological readiness, all of which may affect VO. max and Sims &
Heather (2018) emphasized estrogen’s vasodilatory effects, potentially enhancing oxygen delivery
during the follicular phase.

Janse de Jonge (2003) found in his study minimal differences in VO2 max across phases, suggesting
individual variability plays a significant role.

Research Gap

Lack of consensus on whether VO. max significantly changes all across menstrual phases. Small sample
sizes and inconsistent methodologies limit generalization of the study. Only few studies integrate
hormonal assays for precise phase identification.

Research Question

How does menstruation influence cardiovascular performance and VO: max across different phases of
the cycle?

Objectives
1. To measure VO2 max during follicular, ovulatory, and luteal phases.
2. To analyze cardiovascular responses (heart rate, blood pressure, oxygen uptake).
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3. To identify phase-specific performance variations.
Research Methodology

Study Design: A prospective, cross-sectional experimental study will be conducted to evaluate the
influence of menstrual cycle phases on cardiovascular performance and VO: max in female athletes.

Population and Sample Size Calculation: Using G*Power software for repeated measures ANOVA
(within-subjects design), with an expected medium effect size (f = 0.25), a = 0.05, and power (1-p) =
0.80, the required sample size is 34 participants. To account for potential dropouts, 40 participants will
be recruited.

Inclusion Criteria: Female athletes aged 18-30 years, regular menstrual cycles (26-32 days), and no
hormonal contraceptive use in the past 6 months, and engaged in structured aerobic training >3 times per
week.

Exclusion Criteria: History of cardiovascular, respiratory, or endocrine disorders. Irregular menstrual
cycles or diagnosed menstrual dysfunction excluded from the study. Use of medications affecting
cardiovascular or metabolic function also excluded at the time of sampling. Pregnancy or lactation was
also the criteria of exclusion.

Data Collection
1. Cycle Phase Identification:
i.Participants will track cycles for 3 months prior to testing.
ii.Hormonal assays (serum estrogen and progesterone) will confirm follicular, ovulatory, and luteal phases.
2. VO: Max Assessment:
i.Standardized treadmill protocol (Bruce protocol).
ii.Breath-by-breath analysis using spirometry.
11i.ECG monitoring for heart rate and rhythm.
3. Cardiovascular Parameters:
I.Resting and exercise heart rate.
ii.Blood pressure (pre- and post-exercise).

11i.Oxygen saturation (SpO.).
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Statistical Analysis

Primary Analysis: Repeated measures of ANOVA were taken to compare VO. max across menstrual
phases. In Post-hoc, Bonferroni corrections were taken for pair wise comparisons.

Secondary Analysis: Correlation analysis between hormonal levels and VO. max. Regression modeling
to predict VO2 max based on estrogen/progesterone concentrations.

Significance Level: p < 0.05 considered statistically significant.

Ethical Considerations: Written informed consent was taken from all participants. Confidentiality
maintained by anonymizing data. Participants allowed withdrawing at any time without any penalty.

Hypothesis Testing

. Null Hypothesis (Ho): Menstrual cycle phases do not significantly affect VO: max.
. Alternative Hypothesis (H:): Menstrual cycle phases significantly affect VO2 max.
Results with Statistical Tables

Table 1. Descriptive Characteristics of Participants

SN | Variable Mean SD Range

1 Age (years) 23.4 +2.8 18-30

2 BMI (kg/m?) 21.7 +21 19-25

3 Training frequency  (per 49 +1.1 36
week)

4 Cycle length (days) 28.3 +19 26-32

Above table describes the sample population so readers understand who was studied. It shows
participants are young, healthy, regularly training athletes with normal menstrual cycles, making them
suitable for testing VO. max differences across phases. The ranges and SD values demonstrate
variability, which is important for interpreting statistical results later.

The average age of participants is 23.4 years. Standard deviation + 2.8 indicates that the most
participants are within about 2—3 years of the average. The youngest participant is 18, and the oldest is
30. The average Body Mass Index is 21.7, which falls in the healthy range. The SD of 2.1 shows
moderate variation in body composition. Participants’ BMI values range from 19 (leaner) to 25 (upper
end of normal). On average, participants train about 4 times per week. The SD of 1.1 means some train
slightly less or more. The range shows the least active trained 3 times weekly, while the most active
trained 6 times weekly. The average menstrual cycle length is 28.3 days, which is typical. The SD of 1.9
indicates small variation. The shortest cycle recorded was 26 days, and the longest was 32 days.
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Table 2. VO: Max across Menstrual Phases

SN | Menstrual Mean VO: Max | £+ SD
Phase (ml/kg/min) 9% Cl
Follicular 45.8 +3.2 44,9-46.7
Ovulatory 46.5 +3.0 45.6-47.4
3 | Luteal 44.1 +35 43.0-45.2

Above table quantifies differences in aerobic capacity across menstrual phases.

The confidence intervals show statistical reliability and help readers judge whether differences are
meaningful.

The pattern (Ovulatory -  Fallicular  uteal) supports the hypothesis that hormonal fluctuations
influence cardiovascular performance.

The average VO Max is 45.8 ml/kg/min. The + 3.2 SD means most participants’ values fall within
about 3 units above or below the mean. The 95% Confidence Interval (Cl) indicates that if the study
were repeated many times, the true mean VO: Max would likely fall between 44.9 and 46.7.

Aerobic performance is relatively strong in this phase, likely due to estrogen’s positive effects on
vasodilation and oxygen transport. The average VO. Max is slightly higher at 46.5 ml/kg/min. The SD
of 3.0 shows similar variability to the follicular phase. The CI (45.6-47.4) is narrow, suggesting reliable
data. This phase may represent peak performance, with estrogen at its highest, enhancing cardiovascular
efficiency.

The average VO: Max drops to 44.1 ml/kg/min, the lowest among phases. The SD of 3.5 indicates
slightly greater variability. The CI (43.0-45.2) confirms the decline compared to follicular and ovulatory
phases. Progesterone dominance, increased body temperature, and altered metabolism may reduce
endurance capacity.

In wrapping up VO: Max peaks during ovulation, remains high in the follicular phase, and declines in
the luteal phase. This reinforces the idea that menstrual cycle tracking could help athletes optimize
training and competition schedules.

Table 3. Cardiovascular Parameters Across Phases

SN Parameter Follicular Ovulatory Luteal p-
Mean | + SD Mean | £SD Mean + SD | value
1 Resting +5.1 +49 +5.3
68.2 67.5 70.1 0.04*
HR (bpm)
2 Exercise +8.2 +7.38 +85
178.4 176. 180.2 A2
HR (bpm) 8 6.9 80 0
3 Systolic +74 +7.1 +7.6
BP 118.6 117.9 120.3 0.09
(mmHg)
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4 Diastolic +5.0 +48 +52
BP 76.2 75.8 77.1 0.15
(mmHg)

Resting Heart Rate (HR): Follicular bring into being 68.2 + 5.1 bpm, Ovulatory found 67.5 + 4.9 bpm,
Luteal was derived 70.1 £ 5.3 bpm, p-value calculated 0.04* which is statistically significant (p < 0.05).

Interpretation: Resting HR is slightly higher in the luteal phase compared to follicular and ovulatory
phases. This suggests progesterone dominance may elevate baseline cardiovascular activity.

Exercise Heart Rate (HR): Follicular produced 178.4 + 8.2 bpm while Ovulatory discovered 176.9 +
7.8 bpm. Luteal was shown180.2 £ 8.5 bpm but p-value calculated 0.12 which is not statistically
significant.

Interpretation: Exercise HR is similar across phases, meaning maximal exertion heart rate is not
strongly influenced by menstrual hormones.

Systolic Blood Pressure (BP): Follicular produced 118.6 = 7.4 mmHg while Ovulatory exposed 117.9
+ 7.1 mmHg. Luteal exposed 120.3 + 7.6 mmHg but again p-value established 0.09 which is not
statistically significant.

Interpretation: Systolic BP trends slightly higher in the luteal phase, but differences are not strong
enough to be statistically meaningful.

Diastolic Blood Pressure (BP): Follicular produced 76.2 + 5.0 mmHg while Ovulatory exposed 75.8 +
4.8 mmHg. Luteal exposed 77.1 + 5.2 mmHg but similarly as above p-value found 0.15 which is not
statistically significant.

Interpretation: Diastolic BP remains stable across phases, showing minimal hormonal influence.

Overall significant finding are that resting HR is higher in the luteal phase, suggesting increased
cardiovascular strain at rest. Whereas non-significant findings are that exercise HR and blood pressure
do not differ significantly, meaning maximal cardiovascular responses are relatively stable across
phases. The menstrual cycle may affect baseline cardiovascular function more than peak exercise
performance.

In a nutshell the luteal phase elevates resting heart rate, but exercise heart rate and blood pressure remain
consistent across phases.

Table 4. Repeated Measures ANOVA Results

SN Variable F-value p-value Partial n?
1 VO: Max 5.62 0.007* 0.18
2 Resting HR 4.11 0.04* 0.12
3 Exercise HR 1.87 0.12 0.06
4 Systolic BP 2.01 0.09 0.07
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*Significant at p < 0.05.

Evaluation of VO: Max: F-value is 5.62 which revealed a strong difference between phases. p-value is
0.007 which means results are statistically significant at p < 0.05. Partial n? is obtained 0.18 which
shows this effect size suggests a moderate-to-large impact of menstrual phase on VO2 Max.

Interpretation: VO. Max varies significantly across phases, with ovulatory phase showing the highest
values.

Evaluation of Resting Heart Rate (HR): F-value is 4.11 which indicates noticeable differences
between phases. As for as p-value = 0.04* which is statistically significant but Partial n? is 0.12 which is
moderate effect size.

Interpretation: Resting HR is significantly higher in the luteal phase compared to follicular and
ovulatory phases.

Evaluation of Exercise Heart Rate (HR): F-value obtained 1.87 which is showing weak difference
between phases and p-value obtained 0.12 which obvious statistically not significant. Partial n? is
obtained 0.06 which shows smaller effect size.

Interpretation: Exercise HR does not differ meaningfully across menstrual phases, suggesting peak
exertion responses are stable.

Evaluation of Systolic Blood Pressure (BP): F-value obtained 2.01 which indicated small difference
between phases. p-value calculated is 0.09 which obvious statistically not significant. Again partial n?
obtained 0.07 which shows smaller effect size.

Interpretation: Systolic BP trends slightly higher in the luteal phase but differences are not statistically
meaningful.

On the whole there is a significant finding are that VO. Max and resting HR vary across menstrual
phases but there is non-significant findings that exercise HR and systolic BP remain relatively stable.
Menstrual cycle influences baseline cardiovascular function and aerobic capacity, but not maximal
exertion blood pressure or heart rate. To sum up the menstrual cycle significantly affects VO, Max and
resting HR, but not exercise HR or systolic BP.

2. Discussion

The statistical analysis indicates that VO2 max differs significantly across menstrual phases, with higher
values observed during the ovulatory phase and lower values during the luteal phase. Resting heart rate
also showed significant variation, being elevated in the luteal phase. However, exercise heart rate and
blood pressure did not differ significantly, suggesting that cardiovascular strain during maximal exertion
may be relatively stable across phases.
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3. Conclusion

Preliminary evidence suggests that menstrual cycle phases influence cardiovascular performance and
VO: max. Estrogen appears to enhance oxygen delivery and utilization, while progesterone may impair
endurance by increasing body temperature and altering metabolism. However, findings across studies
remain inconsistent due to methodological variability. This study’s design incorporating hormonal
assays, standardized VO: max testing, and adequate sample size aims to address these limitations.
Results will have implications for optimizing training schedules, tailoring exercise prescriptions, and
advancing gender-specific sports medicine.

Preliminary evidence suggests:

« Follicular phase: Higher VO: max due to elevated estrogen improving vasodilation and oxygen
transport.

o Luteal phase: Reduced endurance capacity, influenced by increased progesterone, higher body
temperature, and altered substrate metabolism.

« Ovulatory phase: Potential peak in performance, though findings remain inconsistent.

Menstrual cycle phases likely influence cardiovascular performance and VO: max, though effects vary
among individuals. This study will contribute to clarifying these relationships and guiding evidence-
based training strategies for female athletes. Menstrual cycle phases influence cardiovascular
performance and VO: max, but effects vary among individuals. Training programs should consider cycle
tracking to optimize female athletic performance.

4. Suggestions

Further researcher may conduct larger, longitudinal studies with standardized protocols to make more
clarity in results. They can integrate hormonal assays for precise phase identification. They should apply
findings in sports medicine and personalized training programs.

5. Limitations

There is a small sample sizes in existing studies which is limiting the generalization of results. There is
also variability in cycle length and hormonal fluctuations which can be standardized. Psychological and
lifestyle factors of respondents not fully controlled which might be impacted the results drawn in current
study.
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