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Abstract: Concentrations of endogenous sex hormones fluctuate throughout the menstrual cycle, 10 

which may affect a woman's athletic performance. Current data are conflicting and there is no con- 11 

sensus as to whether athletic performance is affected by the Menstrual Cycle stage. To investigate 12 

the influence of menstrual cycle on women's exercise, and to provide evidence-based and practical 13 

suggestions for women's exercise performance. This review followed the preferred reporting items 14 

of the Systematic review and Meta-analysis (PRISMA) guidelines. Four databases were searched for 15 

published experimental studies of the effects of menstrual cycles on lung ventilation as well as 16 

power output, including at least one outcome measure taken over two or more defined menstrual 17 

cycle phases. All data were meta-analyzed using a multi-level model based on Bayesian principle. 18 

The meta-analysis pooled paired effect sizes to compare lung ventilation in early follicular and mid- 19 

luteal stages and performance of motor power output in late follicular and mid-luteal stages. Study 20 

quality was assessed using a modified Down's and Black Checklist, and additional questions about 21 

menstrual cycle phase confirmation were identified. Data from 10 studies were eligible for inclusion 22 

in the meta-analysis. The results showed that the menstrual cycle had no significant effect on wom- 23 

en's athletic performance based on the analysis of lung ventilation and power output at different 24 

stages of menstruation. Comparison of lung ventilation between early follicular phase and middle 25 

luteal phase (ES0.5=-0.49 [95%CRI: -1.17 to 0.19]) and power output between late follicular phase 26 

and middle luteal phase (ES0.5=-0.12 [95%CRI: −5.92, 5.68]). The quality of the literature reviewed 27 

was classified as "medium". The results of this systematic review and meta-analysis showed that 28 

the menstrual cycle s tage had no significant effect on women's athletic performance.. 29 

Keywords: Menstrual cycle; Sport performance; Meta‑Analysis; Eumenorrheic Women 30 

 31 

1. Introduction 32 

Because of the differences between men and women, it would be biased to apply all the 33 

research on men directly to women. There are differences between the sexes in anatomy, 34 

physiology and endocrinology. Therefore, targeted studies should be carried out on fe- 35 

male athletes[1-3].One of the major obstacles to the significant underrepresentation of 36 

women in sports medicine research is the complexity of women's menstrual cycles com- 37 

pared to men's[3-5].Regular fluctuations in ovarian hormone levels, particularly estro- 38 

gen and progesterone during the normal ovulation cycle, can dramatically alter homeo- 39 

stasis in women aged 13-50[6-7].For a long time, there has been a general debate among 40 

scholars about whether a woman's menstrual cycle affects her athletic performance. Sev- 41 

eral studies have shown that exercise matrix metabolism changes throughout the men- 42 

strual cycle[8-10].In the middle luteal phase, lipid metabolism increases. Other 43 

Citation: Yuan, X. The Efects of 

Menstrual Cycle Phase on Exercise 

Performance in Eumenorrheic 

Women: A Systematic Review and 

Me-ta‑Analysis. Med. Sci. Forum 

2022, 2, x. 

https://doi.org/10.3390/xxxxx 

Academic Editor: Firstname Last-

name 

Published: date 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: ©  2022 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Med. Sci. Forum 2022, 2, x 2 of 4 
 

 

investigations have found no difference in matrix metabolism between stages of the 1 

menstrual cycle[11-12].Articles on the athletic performance of women with menstrual 2 

cycles have been inconsistent, and artificial periods are a common way for elite athletes 3 

to cope with competition. For normal exercisers, small differences in exercise ability dur- 4 

ing the menstrual cycle have little effect on the purpose of exercise, but for elite athletes 5 

who aim to excel in competition, any small difference can affect their performance. In 6 

the international arena such as Olympic Games, for example, athletes in order to obtain 7 

excellent results and refresh the existing records as possible, and stood in the gap be- 8 

tween the Olympics athletes are negligible, the nuances of the menstrual cycle phase 9 

exist different also may decide the final competition results. For elite athletes, more care- 10 

ful attention should be paid to the stage of the menstrual cycle at which they compete. 11 

Therefore, whether the menstrual cycle will affect women's athletic ability is worthy of 12 

our in-depth exploration, and give reasonable suggestions. 13 

2. Method 14 

This article was based on the Cochrane guidelines and reported according to the 15 

PRISMA guidelines [13-14]. 16 

2.1. Information retrieval 17 

This paper searched for randomized controlled trials published in English before 18 

May 2020，use“Menstrual”、“ Menstrual Cycles ”、“follicular phase ”、“ early Follicu- 19 

lar Phase ”、“ late follicular ”、“ ovulation ”、“ early luteal ”、“ mid-luteal ”、“ late 20 

luteal”、“exercise ability ”、“ exercise performance ”、“ exercise efficiency”、“aerobic 21 

ability ”、“ aerobic performance ”、“ aerobic capability ”、“aerobic capacity ”、“aerobic 22 

sports ability ”、“ oxygen endurance ”、“ vo2max”、“sports performance ”、“ athletic 23 

performance ”and“ Strength ”、“ Muscle Strength ”、“ muscular strength ”、“ Muscle 24 

Power ”、“ Muscle contractility ”、“ maximal voluntary contraction ”、“ MVC ”、 25 

“ nerve-muscle contraction force ”、“ muscular forces ”、“ anaerobic capacity ”、“ en- 26 

durance power ”、“ endurance capacity”as the key word，Systematic electronic litera- 27 

ture search was conducted on PubMed, Web of Science, Medline and other databases to 28 

determine all relevant articles. In addition, in order to make the retrieval more compre- 29 

hensive, the references of the retrieved articles are also reviewed to ensure the compre- 30 

hensiveness of the included literature. When there are differences in the retrieval of the 31 

research, another researcher will participate in resolving them. 32 

2.2. Inclusion and exclusion criteria for the study 33 

The surveyed population, intervention, comparison, outcome and study design (PI- 34 

COS) were investigated to determine the parameters for conducting the survey. First of 35 

all, in order to meet the research conditions, the included articles must be RCT studies, 36 

and the inclusion criteria include: 37 

2.2.1. Population 38 

Healthy women between the ages of 18 and 40; She is not pregnant or has any dys- 39 

function related to menstruation; Did not take any hormone drugs known to affect the 40 

hypothalamic-pituitary-ovarian axis; Normal menstruation; No injury, no influence on 41 

activity level and study status. 42 

2.2.2. Intervention 43 

No specific interventions were investigated, but participants were assured that they 44 

were women with regular menstrual cycles, defined as having at least nine cycles per year 45 

with a menstrual cycle length between 21 and 35 days. 46 
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2.2.3. Comparator 1 

The early follicular stage of the menstrual cycle was used as the "control period", 2 

compared with late follicular stage and mid luteal stage. Menstrual cycles were classified 3 

as follows: early follicular (days 1 to 5), late follicular (days 6 to 12), ovulation (days 13 to 4 

15), early luteal (days 16 to 19), mid luteal (days 20 to 23), and late luteal (days 24 to 28). 5 

2.2.4. Outcomes 6 

The results are the subjects' performance on motor tests. 7 

2.2.5. Study design 8 

If experimental studies meet the inclusion criteria below, then analysis is considered. 9 

Published in peer-reviewed journals; Have a primary or secondary objective to evaluate 10 

the overall MC performance; Including intra-group comparisons; Outcome measures are 11 

taken in two or more defined monitoring phases. Therefore, case studies, review articles, 12 

research protocol documents and conference abstracts were excluded. In addition, articles 13 

are searched and reviewed for full text published in Chinese and English or with existing 14 

translations. There is no limit to the date of publication. 15 

3. Study selection, data extraction and study quality assessment 16 

3.1. Study selection 17 

Selection of eligible studies is carried out independently by two researchers. When 18 

differences arise, a third researcher resolves them. 19 

3.2. Data extraction and management 20 

The data were extracted by one researcher using a specific data extraction table and 21 

checked by another researcher, and the differences that arose were resolved through dis- 22 

cussion. The following information was extracted from eligible articles: (I) study design, 23 

quality, sample size; (ii) Characteristics of participants (age, sex, state of health); (iii) The 24 

judgment method of the menstrual cycle stage of the subject; (iv) Outcome measurements 25 

(exercise failure time and vo2 Max at different menstrual cycle stages); And (v) research 26 

quality index. 27 

When the above information, data are found to be insufficient or unclear in the article, 28 

the corresponding author or author will be contacted by email. If the other party did not 29 

reply, they sent the email again a week later for practice. If they still did not reply, they 30 

were not included in the study 31 

3.3. Quality assessment of included studies 32 

Cochrane's Risk assessment of bias tool was used to evaluate the quality of the in- 33 

cluded studies.Cochrane's Risk assessment of bias tool was used to evaluate the quality 34 

of the included studies[15],The tools include random allocation method, allocation 35 

scheme hiding, blind method, result data integrity, selective reporting of research results 36 

and other bias, 6 fields, 7 items. Each item was evaluated by "high risk of bias", "low risk 37 

of bias" and "uncertain risk of bias". At the same time, the research quality of the literature 38 

was divided into three grades, namely, GRADE A (no risk for 4 or more items), grade B 39 

(low risk for 2 or 3 items) and grade C (low risk for 1 or no items, possibly offset). Two 40 

researchers separately evaluated the quality of the included articles, then checked the 41 

evaluation results, and discussed with the third researcher to resolve the differences. 42 

3.4. Data synthesis 43 

Excel is used for data extraction and sorting, Review Manager5.3 software for analy- 44 

sis. Standardized Mean Difference (SMD) and 95% confidence interval (95%CL) were used 45 

as effect scales to combine effect sizes for sports performance indicators as continuous 46 
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variables. According to Cohen, 0.2, 0.5 and 0.8 are used as evaluation criteria for effect 1 

size[16].I2 is used for heterogeneity test in the analysis. When I2=0, it indicates that there 2 

is no heterogeneity between studies and Fixed Effects Model can be directly selected. 3 

When I2 < 20%, it indicates that there is small heterogeneity among studies and can be 4 

ignored. When 20%≤I2 < 50%, the heterogeneity was moderate. When I2≥50%, high heter‑ 5 

ogeneity is indicated. When heterogeneity appeared in the analysis, Randomized Effects 6 

Model was used to summarize the effect size, and subgroup or sensitivity analysis was 7 

used to find the source of heterogeneity. 8 

4. Results 9 

4.1. Screening of studies 10 

A total of 6386 articles were retrieved, among which 288 were related to the topic. 11 

After reviewing the title and abstract of the article, 92 articles were obtained. Further 12 

screening was carried out according to the inclusion criteria, and finally 13 articles were 13 

included (Figure 1). 14 

 15 

Figure 1. Identification of studies via databases and registers. 16 
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4.2. Basic information of the study was included 1 

 2 
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4.3. Results of meta-analysis 1 

4.3.1. Meta-analysis of aerobic capacity at different stages of the menstrual cycle 2 

Meta-analysis included a set of paired effect sizes to compare motor performance 3 

during early follicular phase with other menstrual cycles (late follicular phase, mid luteal 4 

phase). Seven studies of women's menstrual cycle included pulmonary ventilation in 5 

early follicular and mid luteal phases. The seven studies, which included 90 subjects, iden- 6 

tified one outlier (one study had an effect size of less than −2 (favorable for mid-luteal 7 

period) and was subsequently removed from the analysis. Median set effect size based on 8 

three-level hierarchical model (ES0.5=-0.49 [95% CrI: Figure 2) showed that the pulmonary 9 

ventilation decreased at the early follicular stage in MC, but it was negligible. Since p>0.05 10 

was not significant in the results, it was considered that there was no significant difference 11 

between the pulmonary ventilation at the early follicular stage and the middle luteal stage. 12 

 13 

Figure 2. Comparison of early follicular volume with mid-luteal volume. 14 

A multi-level meta-analysis of Bayesian forest plots comparing motor performance 15 

measurements at various menstrual cycle stages. Study specific intervals to represent in- 16 

dividual effect size estimates and sampling errors. The square represents the set estimate 17 

95% confidence interval (95%CrI) generated in conjunction with Bayesian inference. Com- 18 

pared with the control period, the negative value is favorable for the experimental men- 19 

strual cycle. EF: Early Phase ML: Mid-Luteal phase. 20 

Meta-analysis included a set of paired effect sizes to compare motor performance 21 

during early follicular phase with other menstrual cycles (late follicular phase, mid luteal 22 

phase). Seven studies of women's menstrual cycle included comparisons of power output 23 

between early follicular and mid luteal phases. Forty-three subjects were included in the 24 

seven studies. There were three outliers in the results, with the absolute value of effect 25 

size greater or less than 2, which were removed to obtain the final result (ES0.5=-0.12 [95% 26 

CrI: Figure 3). After the removal of outliers, it was found that the total effect size reached 27 

the invalid line, P =0.97>0.05, that is, the results were not significant, and there was no 28 

significant difference in the output power between the early follicular stage and the mid- 29 

dle luteal stage. 30 
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 1 

Figure 3. Late follicular power output compared with mid luteal output. 2 

A multi-level meta-analysis of Bayesian forest plots comparing motor performance 3 

measurements at various menstrual cycle stages. Study specific intervals to represent in- 4 

dividual effect size estimates and sampling errors. The square represents the set estimate 5 

95% confidence interval (95%CrI) generated in conjunction with Bayesian inference. Com- 6 

pared with the control period, the negative value is favorable for the experimental men- 7 

strual cycle. LF: Late Follicular ML: Mid-Luteal phase. 8 

5. Discuss 9 

The purpose of the review was to investigate whether a woman's menstrual cycle 10 

affects her aerobic exercise performance. To summarize the current experience and evi- 11 

dence for comparison between early follicular, late follicular and mid luteal vo2 Max in 12 

women. The results showed that there was no significant difference in aerobic capacity in 13 

early follicular stage compared with late follicular stage and mid luteal stage, that is, the 14 

menstrual cycle had no significant effect on aerobic capacity. 15 

Female hormones change throughout the menstrual cycle. Estrogen begins to in- 16 

crease late in the follicle and peaks just before ovulation, while both estrogen and proges- 17 

tin rise in mid-luteum. The three phases of the menstrual cycle explored in this review -- 18 

early follicular, late follicular and mid luteal -- are characterized by distinct features. Es- 19 

trogen and progesterone in early follicular stage were both at low levels. Estrogen in late 20 

follicular stage is at its peak while progesterone is still at a low level. Estrogen reaches the 21 

second peak and progesterone reaches the maximum peak in mid luteal phase. 22 

Studies of large fluctuations in female steroid hormones (e.g., during pregnancy, 23 

menopause, and hormone administration) have shown that both estrogen and progestin 24 

cause a number of physiological effects, including changes in heat regulation, respiration, 25 

and the renal system. These secondary effects of estrogen and progesterone and their in- 26 

teractions may in turn affect athletic performance [17]. 27 

Estrogen is also thought to have excited effect, reduce the inhibition and increase 28 

voluntary muscle activation, based on the above evidence, we can reasonable to speculate 29 

that when estrogen began climbing in the late follicular oviposit period kept a higher level 30 

and in the middle of the corpus luteum once again usher in a new peak, hormone levels 31 

will to a certain extent, affect the efficiency of muscle, Thus affecting the maximum or sub- 32 

maximum intensity of women's exercise performance in the above stages[8-22]。Some 33 

studies suggest that [22-23] estrogen can enhance skeletal muscle to a certain extent. Sev- 34 

eral determinants of VO2max may be affected by fluctuations in estrogen and progester- 35 

one during the menstrual cycle, and the three main physiological factors involved in 36 

VO2max are fuel supply, circulation, and respiration. Fuel supply depends on food intake, 37 

fuel storage, and fuel mobilization, which in turn may affect lactate blood levels during 38 

exercise. Animal studies have shown that progesterone can increase ventilation (VE) 39 

through a central role in the hypothalamus, and this respiratory response to progesterone 40 
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is modulated by estrogen [24]. VE has been shown to be affected by body temperature. 1 

Therefore, during the luteal phase of the menstrual cycle, when both progesterone and 2 

core temperature are elevated, an increase in VE is expected [25-27]. 3 

The concern is that it is unfair to judge performance at a given stage based on the 4 

effects of a single hormone on women's athletic performance. The interaction between 5 

estrogen and progestin has been a major difficulty in interpreting female menstrual cycle 6 

studies. Two women may have the same concentration of estrogen at one point in their 7 

menstrual cycle, but progesterone levels may be very different。Therefore, the effects of 8 

the same estrogen concentration in an individual may vary due to the interaction with 9 

progesterone. To emphasize the importance of interactive effects, some studies have re- 10 

ported not only estrogen and progestin concentrations, but also estrogen/progestin ratios 11 

[27]. This ratio may provide information about the opposite effects of estrogen and pro- 12 

gestin. In addition, products of estrogen and progestin may reveal synergistic effects of 13 

estrogen and progestin. This interaction between estrogen and progestin needs to be con- 14 

sidered in menstrual cycle studies, especially in the mid-luteal phase, when both hor- 15 

mones are present in large concentrations. 16 

6. Conclusion  17 

This review reviews past experience and evidence and uses a meta-analysis to relia- 18 

bly assess the impact of women's menstrual cycle on aerobic exercise performance. The 19 

data provide new evidence that the menstrual cycle has no significant effect on a woman's 20 

aerobic capacity. Therefore, women's participation in physical exercise does not need to 21 

be concerned about the menstrual stage to affect exercise behavior. 22 
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