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Introduction: The bias towards excluding women from exercise science research

is often due to the assumption that cyclical fluctuations in reproductive hormones

influence resistance exercise performance and exercise-induced adaptations.

Methods: Hence, the purpose of this umbrella review was to examine and critically

evaluate the evidence from meta-analyses and systematic reviews on the

influence of menstrual cycle phase on acute performance and chronic

adaptations to resistance exercise training (RET).

Results: We observed highly variable findings among the published reviews on the

ostensible effects of female sex hormones on relevant RET-induced outcomes,

including strength, exercise performance, and hypertrophy.

Discussion: We highlight the importance of comprehensive menstrual cycle

verification methods, as we noted a pattern of poor and inconsistent

methodological practices in the literature. In our opinion, it is premature to

conclude that short-term fluctuations in reproductive hormones appreciably

influence acute exercise performance or longer-term strength or hypertrophic

adaptations to RET.

KEYWORDS

menstrual cycle, resistance training, hypertrophy, strength, exercise performance

1. Introduction

Muscular adaptations to exercise involve numerous interrelated cellular and

physiological mechanisms (1), some of which are influenced by biological sex. While both

men and women gain muscle size and strength in response to resistance exercise training

(RET), it has been hypothesized that sex may confer divergent hypertrophic potential due

to hormonal differences (2). While sex hormone levels are relatively stable in men from

day to day, they vary throughout the menstrual cycle in naturally cycling women (3).

Given the potential complexity associated with accounting for hormonal fluctuations in

women, there is a bias towards the inclusion of men and the exclusion of female

participants in exercise science research (4, 5). Thus, although the extent to which sex-

specific factors influence RET-induced muscular adaptations is still unclear, researchers

and practitioners often assume that the results of interventions in men are equally

applicable to women (6).

While the anabolic effects of androgenic hormones (primarily testosterone) are well-

documented (7), the influence of ovarian hormones (primarily estradiol and progesterone)
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on muscle mass regulation is less clear (8, 9). Although further

research is required to elucidate the underlying mechanisms,

estrogen signaling may influence some pathways and processes

that influence RET muscular adaptations, including protein

turnover, myosin function, and satellite cell activity (8, 10, 11).

The effects of estrogen deficiency have been studied primarily in

ovariectomized rodent models (11), and the mechanisms by

which progesterone could regulate muscle mass are largely

unknown (12).

Women who are pre- and post-menopausal are also thought to

be a model of the influence of estrogen on muscle adaptations;

however, the menopausal transition in women is not abrupt (as

in ovariectomized rodents) and shows large interpersonal

variability (13). Estradiol and progesterone levels decline during

menopause, and post-menopausal women are particularly

susceptible to losing skeletal muscle mass and strength (14).

Estrogen deficiency and the downregulation of estrogen receptor

signaling appear to reduce the number of satellite cells in skeletal

muscle (9, 11), potentially accelerating the loss of muscle mass

and strength in post-menopausal women. Ovariectomized rodent

models support this evidence, but these models do not reflect the

gradual and non-linear hormonal decline that occurs with

menopause (15). Thus, rodent data need to be interpreted

cautiously since the extent that these data translate to human

skeletal muscle is unknown. Further, given the interaction

between the ovarian hormones, it is unclear how the presence of

progesterone contributes to or attenuates the age-related loss of

skeletal muscle (14).

While hormonal levels decline steadily post-menopause over

many months-years, premenopausal women’s physiology is

unique in that hormone levels fluctuate throughout each

menstrual cycle. Estrogen levels peak during the late follicular

phase before ovulation, while progesterone levels are highest

post-ovulation during the mid-luteal phase (Figure 1). While we

acknowledge that a long-term decline in hormonal levels is likely

detrimental, hormonal fluctuations throughout the menstrual

cycle occur over several days. Is the short-term influence of these

hormones so profound that fluctuations influence acute

performance and long-term muscular adaptations to RET?

Several meta-analyses (16–18) and systematic reviews (19, 20)

have evaluated the influence of menstrual cycle phase on acute

exercise performance and chronic adaptations to RET. While

some authors report that resistance exercise performance is

enhanced when estrogen is higher (i.e., late follicular phase),

others conclude that there is no difference between the various

menstrual cycle phases. Variable findings among the published

studies are likely a result of poor and inconsistent

methodological practices. Furthermore, few papers seem to be

driving the opinion that follicular phase-based training (training

with a higher frequency and greater volume during the follicular

phase) may be superior to luteal-based and/or even more

conventional (i.e., training in both phases of the menstrual cycle)

forms of training (21, 22).

In this review, we aimed to fill some knowledge gaps related to

how menstrual cycle phase might affect exercise performance and

gains in muscle size and strength. We conducted an umbrella

review of pertinent meta-analyses and systematic reviews to

critically evaluate and summarize the current state of knowledge

on the impact of menstrual cycle phase on resistance exercise

performance and RET-induced anabolic adaptations. We

included a comprehensive methodological assessment of often

cited papers supporting the concept that menstrual cycle phase-

based training is an effective practice.

2. Methods

2.1. Search strategy

A systematic electronic literature search was conducted in Ovid

Medline, Embase, PubMed, and SportDiscus in January 2022. The

search was restricted to English-language systematic reviews and

meta-analyses of menstrual cycle phase-based resistance exercise

training outcomes in young, healthy eumenorrheic women with

FIGURE 1

A graphical representation of the average hormonal changes that occur during a menstrual cycle, showcasing the expected rise and fall of key hormones.

EFP, early follicular phase; MFP, mid-follicular phase; LFP, late follicular phase; OV, ovulation; ELP, early luteal phase; MLP, mid-luteal phase; LLP, late

luteal phase.
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no known menstrual cycle dysfunctions who were not using

hormonal contraceptives. The following combination of search

terms was used: (menstrual cycle OR menstrual phase OR

follicular phase OR luteal phase OR estrogen OR estradiol

OR hormones) AND (resistance training OR weight training OR

strength training OR resistive exercise OR concentric exercise OR

eccentric exercise OR force OR torque OR power OR muscular

performance OR athletic performance OR sports performance).

The quality of each systematic review was scored according to

the 11-item A Measurement Tool to Assess Systematic Reviews

(AMSTAR) tool (23). Standardized effectiveness statements (SES;

i.e., sufficient evidence, some evidence, insufficient evidence,

insufficient evidence to determine) were generated, and the

quality of evidence (QoE) from each review was rated based on

the Grading of Recommendations Assessment, Development and

Evaluation (GRADE) approach (24), which considers design and

AMSTAR score.

2.2. Results

The original search was performed in January 2022 and yielded

12 articles. Of these, 7 were excluded upon title abstract screening,

yielding 5 systematic reviews and meta-analyses relevant to our

research question (16–20). Two authors independently screened

all reviews (ACD and LCS), and a third author checked their

results (SMP). Each review was assessed by two authors (ACD

and LCS). Any disagreements over inclusion, scores, or criteria

were settled by consensus amongst the three authors (ACD, LCS

and SMP). Each review was given an AMSTAR score which

ranged from 1 to 11 (Table 1). The results were then used to

determine standardized effectiveness statements (Table 2).

The QoE of the included articles ranged from low (QoE = 2) to

moderate (QoE = 3), with most reviews being of moderate quality.

Three of the five reviews retrieved contained a meta-analysis (16–

18).

Blagrove and colleagues analyzed the effect of the menstrual

cycle phase on strength-related measures in naturally cycling

women (16) (QoE = 3). The meta-analysis included 21 papers

with a total of 232 participants. The authors used random-effects

meta-analyses to compare strength outcomes between the early-

follicular phase (EFP) (defined as days 1–5 of the menstrual

cycle; Figure 1) and ovulatory phase (defined as ±2 days post-

ovulation); the EFP and mid-luteal phase (MLP) (defined as 7 ± 2

days following ovulation); and the ovulatory phase and MLP.

The authors showed that the menstrual cycle phase had a trivial

effect on maximal voluntary contraction force, isokinetic peak

torque, and explosive strength (Hedges g < 0.2). The authors

concluded that menstrual cycle phase does not affect strength-

related outcomes.

McNulty and colleagues performed a network meta-analysis

investigating the effect of menstrual cycle phase on strength and

endurance exercise performance (17) (QoE = 3). The review

included 73 studies with a total of 954 participants. There were

220 outcome measures included across six phases of the

menstrual cycle: the EFP (days 1–5), late follicular phase (LFP) T
A
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(days 6–12), ovulation (days 13–15), early luteal phase (ELP) (days

16–19), MLP (days 20–23), and late luteal phase (LLP) (days 24–

28). All comparisons yielded trivial effect sizes (ES = 0.01–0.14),

with the largest difference between the EFP and LFP (ES = 0.14).

The authors concluded that exercise performance might be

reduced, but to a trivial degree, during the EFP. Due to the

almost negligible effect size, the large between-study variability,

and the high quantity of poor-quality studies, the authors

emphasized that general recommendations could and should not

be made.

Meignié et al. performed a systematic review investigating the

effect of menstrual cycle phase on exercise performance in elite

athletes (19) (QoE = 2). Seven studies with a total of 314

participants were included, six of which reported performance

differences between the follicular phase and the luteal phase, but

the direction of the differences was inconsistent, and most were

not statistically significant. Further, Meignié and colleagues did

not define menstrual cycle phase to ensure appropriate

comparisons between papers. The authors concluded that, given

the inconsistent results, lack of significant findings, and

variability in performance outcomes, there is not a clear optimal

phase of the menstrual cycle for performance.

Romero-Parra and colleagues reviewed the effect of the

menstrual cycle on exercise-induced muscle damage (EIMD) (18)

(QoE = 3). Their analysis included 19 studies with a total of 226

participants. Standardized mean differences were used to express

differences in muscle soreness and strength from baseline and

post-exercise during each of the following phases: EFP (days

2–7), LFP (days 9–13), and MLP (days 18–24). The authors

compared the “maximum” mean differences between phases,

identifying the largest change in delayed-onset muscle soreness

(DOMS) and strength loss during the EFP and the smallest

change during the MLF. These authors concluded that DOMS

and strength loss are highest in the EFP and lowest in the MLP.

Unlike the previous reviews, Romero-Parra and colleagues

recommend that “lower training loads or longer recovery periods

could be considered in the EFP” and “strength conditioning

loads could be enhanced in the MLP”.

Finally, Thompson and colleagues published a systematic review

including 17 studies with 418 participants (20) (QoE = 2). Of the 17

studies, only four looked at acute hormonal responses to resistance

training in naturally cycling women (51 participants). The remaining

articles compared oral contraceptive (OC) users to non-OC users or

looked at the effects of phase-based training on chronic adaptations

to RET. Despite acknowledging conflicting findings in the reviewed

papers, Thompson and colleagues combined the results of several

heterogeneous studies (differing study designs, interventions, and

subject inclusion criteria) and concluded that women’s hormones

might affect resistance training responses.

3. Discussion

The current umbrella review found scant low-quality and

largely inconsistent evidence of marked differences between

menstrual cycle phases in strength, exercise performance, and

hypertrophy. There may be some evidence suggesting trivial-to-

small effects of menstrual cycle phase on indirect markers of

DOMS, but the validity of the results is questionable.

3.1. Importance of comprehensive
menstrual cycle phase detection methods

The implementation of menstrual cycle phase-based training is

predicated on determining each participant’s menstrual cycle

phase. Ovulation, characterized by a surge in luteinizing

hormone, divides the menstrual cycle into a pre- and post-

ovulatory phase, commonly referred to as the follicular and luteal

phases, respectively (Figure 1). The follicular phase can range

from ∼10 to 22 days, and the luteal phase can range from ∼7 to

17 days (3) (Figure 2). In 1926, leading gynecologist Ludwig

TABLE 2 Summary of reviews investigating the relationship between menstrual cycle phase and acute performance.

Reference SES AMSTAR QoE Conclusion Recommendations

Blagrove Some evidence in

favor of no

difference

4 3 Findings suggest that strength-related performance is

not affected by menstrual cycle phase.

Future research in this field should ensure accurate

identification of cycle phases and control for confounding

factors that may cause variations in strength performance.

McNulty Some evidence in

favor of no

difference

7 3 Results indicate that exercise performance may be

trivially reduced during the early follicular phase of

the menstrual cycle compared to all other phases.

Due to the trivial effect size, large between-study variability

and high quantity of poor-quality studies included in this

review, general recommendations could not be made.

Meignie Some evidence in

favor of no

difference

6 2 The effect of the menstrual cycle phase on sports

performance-related is inconclusive.

More high-quality studies that monitor on-field

performance parameters are required to enable

recommendations for elite women athletes.

Romero-

Parra

Sufficient evidence

in favor of an

effect

5 3 Authors reported that DOMS and strength loss are

highest in the EFP and lowest in the MLF, though no

significant differences were identified between phases.

Eumenorrheic women should consider lower training loads

or longer recovery periods in the EFP and high training

loads in the MLP.*

Thompson Insufficient

evidence to

determine

7 2 The reviewed articles reported conflicting findings,

often limited by small participant numbers and

methodological issues, but the authors concluded that

women’s hormones might affect resistance training

responses.

More high-quality experimental studies are needed to

understand the effects of the menstrual cycle and oral

contraceptives on acute and chronic responses to resistance

training.

SES, standardized effectiveness statement; AMSTAR, A Measurement Tool to Assess Systematic Reviews; QoE, quality of evidence.

*We find these recommendations to be unfounded due to high levels of heterogeneity present within the analysis.
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Fränkel stated that “… the only regularity of the menstrual cycle is

its irregularity.” (25). Hence, it is unfortunate that, nearly 100 years

later, we continue to rely on the assumption that women have

repeated 28-day menstrual cycles and ovulate mid-cycle on day

13. This paradigm is a completely inaccurate generalization

(Figure 3) that, if assumed, as it was in several key studies in

this area (16, 17), results in questionable findings. A resistance

exercise prescription based on this assumption is an arbitrary

implementation of biweekly undulating periodization, not

menstrual cycle “phase-based training”.

FIGURE 2

A schematic figure highlighting the variability in LH (luteinizing hormone) surge in women highlighting the impracticality of planning greater training

volume in one versus another phase of a woman’s menstrual cycle. Data are theoretical but based on data showing the extraordinary variability of the

LH surge in women—for example: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9473716/ (Supplementary Figure S3). Data redrawn with permission.

FIGURE 3

A schematic figure highlighting the impracticality of planning greater training volume in one versus another phase of a woman’s menstrual cycle based on

data showing the extraordinary variability of the timing of ovulation in women—for example: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9473716/

(Supplementary Figure S3).

Colenso-Semple et al. 10.3389/fspor.2023.1054542

Frontiers in Sports and Active Living 05 frontiersin.org

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9473716/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9473716/
https://doi.org/10.3389/fspor.2023.1054542
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


Given the variability between individuals and, in some cases,

between menstrual cycles (Figures 2, 3) within the same

individual, comprehensive menstrual cycle phase detection

methods are critical. The most common menstrual cycle phase-

detection methods in exercise training research include urinary

luteinizing hormone (LH) tests and basal body temperature (BBT)

monitoring (25). A luteinizing hormone (LH) surge, which

stimulates ovulation, can occur within one day or over 2–6 days

(Figure 2), depending on the individual (26). The LH surge

concentration in urine ranges from 20 to 100 mIU/ml, and highly

sensitive urinary LH kits can detect concentrations as low as

22 mIU/ml (26). This urinary detection method is advantageous as

it is non-invasive, inexpensive, and highly accurate.

The thermogenic effect of increased progesterone during the

luteal phase can cause a small increase (0.5–1.0°F or 0.3–0.6°C)

in basal body temperature (BBT) in some women. It has been

assumed that this shift can indicate, retrospectively, that

ovulation has occurred. Sung and colleagues utilized this method,

stating that “… the occurrence of ovulation was defined when an

increase in basal body temperature of at least 0.3°C was

measured.” (21) While this method is non-invasive and

convenient, its validity and reliability are questionable; thus, it is

not recommended for establishing ovulation (26). Importantly,

some women experience ovulation without a clear rise in BBT.

For example, Bauman and colleagues evaluated BBT in 98

women and reported that elevated BBT coincided with the LH

surge in only 22% of menstrual cycles (27). Additionally, reliable

BBT measurements are difficult to obtain, as BBT can be affected

by stress, sleep disturbances, illness, alcohol consumption, and

environmental factors (28).

Menstrual cycle history and the “calendar counting method”

are useful for a general prediction of the onset of menstruation

and confirmation of cycle regularity, thus defining women as

naturally menstruating rather than eumenorrheic has other

associated criteria, such as ovulation and the mid-luteal peak in

progesterone. Ideally, research subjects should provide

researchers with cycle start dates for at least three, but ideally six,

months prior to study enrollment (29). Average cycle lengths are

often used to predict the timing of ovulation, but extrapolating

any information about phase length incorrectly assumes a

correlation between cycle length and the timing of ovulation

(30). Moreover, regular menstruation cannot be used to assume

that ovulation has occurred (i.e., women can have anovulatory

cycles but maintain regular menses) or that luteal phase

deficiency is not present (i.e., women can menstruate in the

absence of the mid-luteal peak in progesterone). Thus, cycle

history should only be used to confirm cycle regularity, and

ovulation should be confirmed with a urine or blood test (31).

3.2. Does menstrual cycle phase influence
acute strength performance? A critical
analysis

Three of the five reviews concluded that menstrual cycle phase

does not affect strength performance (16, 19, 25), and, in all cases,

the authors emphasized the prevalence of low-quality studies, poor

methodological practices, and small sample sizes. McNulty and

colleagues reported trivial effects of menstrual cycle phase on

endurance and strength performance, but only 35 of the 73

studies in the analysis investigated the relationship between

menstrual cycle phase and strength outcomes specifically (25).

Initially, 22 (63%) of these articles found no significant difference

in strength outcomes between menstrual cycle phases; however,

some trends were observed when study quality was considered.

Most of the papers that found significant differences in strength

between phases were ranked low or very low in quality (12/13).

When only moderate-to-high-quality studies were included in the

analysis, 90% (9/10) of studies found no difference in strength

performance between menstrual cycle phases. McNulty’s quality

assessment was unique because they considered menstrual cycle

phase detection methods critical to interpreting study results.

Studies that used more robust methods for determining

menstrual cycle phases, such as serum hormone levels and

urinary ovulation tests, were rated higher in quality than those

that did not. Blagrove and colleagues investigated purely

strength-related outcome measures and reported a trivial effect of

menstrual cycle phase (16). The authors chose to include only

studies that used a physiological measure of hormone levels or

body temperature to identify or verify menstrual cycle phases,

strengthening confidence in their findings. Similarly, Meignié

et al. reported that most studies did not yield statistically or

practically significant differences in strength performance

between menstrual cycle phases in elite athletes (19).

Alternatively, two reviews (18, 20) concluded that menstrual

cycle phase might affect resistance training responses. Romero-

Parra and colleagues reported that symptoms of DOMS and

strength loss were greater in the EFP and lowest in the MLF and

recommended considering lower training loads or longer recovery

periods in the EFP and high training loads in the MLP based on

indirect markers of damage. However, the analysis (18, 20)

included very few studies with limited sample sizes (total n = 226

and so below the number of subjects considered necessary for a

meaningful meta-analysis) and considerable heterogeneity (I2 >

80%), making it difficult to interpret the results. Until more high-

quality studies investigating the effects of menstrual cycle phase on

exercise-induced muscle damage, with direct markers of damage,

are available, assessments of the literature should be reserved for

qualitative analyses. Similarly, Thompson and colleagues reviewed

a small number of highly heterogeneous studies; the authors

inappropriately combined OC and non-OC users’ results to

conclude the effect of women’s hormones on resistance training

adaptations (18, 20). Given that endogenous and exogenous

hormones differentially affect women’s physiology, it would seem

spurious to combine these studies. Thus, the recommendations

made by Romero-Parra and Thompson are, in our opinion,

premature and potentially misleading.

In sum, the available reviews and meta-analyses suggest that

menstrual cycle phase has a limited effect on strength

performance and emphasizes the influence of low-quality studies

with poor methodological quality on which to base firm

conclusions.
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3.3. Menstrual cycle phase-based training: A
critical evaluation

The support for menstrual cycle phase-based resistance

training recommendations stems from preliminary evidence from

two papers (21, 22). These papers (21, 22) concluded that

women could gain muscle strength and size more efficiently by

training during the follicular phase, or the first half of the

menstrual cycle, compared to luteal phase-based training. Results

from one paper even suggested that follicular phase-based

training is superior to training regularly throughout the

menstrual cycle (22), which is a surprising result given the

influence of resistance training volume on hypertrophy. However,

several methodological shortcomings of these papers bring into

question the validity of their results.

Sung and colleagues concluded that follicular phase-based

training was superior to luteal phase-based training for gains in

isometric knee extension strength and muscle diameter of the

rectus femoris, vastus intermedius, and vastus lateralis (21). The

authors reported that their research participants’ menstrual cycle

length ranged from 25 to 31 days. Subjects trained four times

weekly with three supervised sessions of unilateral leg press and

one session of unsupervised unilateral bodyweight squats.

Follicular phase training started on the first day of the subjects’

menstrual cycle, and the transition to luteal phase training was

dictated by a basal body temperature increase of at least 0.3°C

for 3 days. The training scheme allowed eight training sessions in

the follicular phase and only two in the luteal phase, or vice

versa. If the subjects completed eight sessions in two weeks, the

description implies that every participant ovulated mid-cycle and

had symmetrical follicular and luteal phase lengths. Such an

occurrence with only 20 subjects seems unlikely given the

variability in cycle lengths and use of basal body temperature to

detect ovulation. We speculate that using only body temperature

as an indirect reflection of ovulatory status is insufficient

evidence that these women all trained in the same menstrual

cycle phase and that their symmetrical cycles allowed for the

same number of sessions in each phase. It is also worth noting

that estrogen is cyclical and high in both the follicular and luteal

phases, so attributing any effects to this hormone on outcomes

in any particular phase would be unclear.

Wikström-Frisén and colleagues also concluded that follicular

phase-based training was superior to luteal phase-based training

and, surprisingly, was superior to training throughout the full

cycle for gains in leg lean mass (22). The training program

consisted of leg press and leg curls: 10 sessions in the first two

weeks of the cycle and 2 sessions in the last two weeks, or vice

versa. All training sessions were unsupervised, allowing for the

use of different machines between participants, a lack of

standardization in determining load increases, and a lack of

consistency in identifying proximity to momentary muscular

failure for any particular exercise. Additionally, the training

program was designed only for a 28-day cycle and thus assumed

that every participant experienced a 14-day follicular phase and a

14-day luteal phase (22). The researchers did not verify actual

ovulation timing or menstrual cycle length. Although the sample

size of this study was large (n = 59), this was a between-group

design, which, given the variability in cycle length and phase

length between individuals, is problematic. Furthermore, the

three groups included naturally cycling participants and

participants taking monophasic and triphasic oral contraceptives.

Thus, the study cannot be considered a valid comparison of

menstrual cycle phase-based training. Finally, the major finding

in this paper (22) was that leg lean mass, measured via DXA,

increased in the follicular phase-based training group but not in

the luteal or both phase training groups. The reported change

was from 15.1 ± 2.6 kg (mean ± SD) to 15.3 ± 2.7 kg (mean ± SD),

a difference that is well within the limit of change in muscle size

that DXA can accurately detect in response to exercise (32);

however, the authors did not report the test-re-test reliability of

their DXA unit so the change cannot be adequately assessed.

A paper by Haines and colleagues (33) is often cited (34) to

support the argument that, due to the influence of estradiol and

estrogen receptors, post-exercise recovery is faster during the

follicular phase of the menstrual cycle. Oddly, the paper does not

support this argument. The authors showed significantly greater

estrogen receptor alpha (ER-α) mRNA and protein expression in

the follicular phase compared to the luteal phase. However, while

ER-DNA binding (indicative of ER-mediated gene activation)

and Myo-D mRNA expression increased with eccentric exercise,

they were not different between menstrual cycle phases. Cyclin

D1 mRNA expression was significantly greater during the

follicular phase. A cyclin D1-induced ER activation mechanism

can result in subsequent increases in Myo-D mRNA expression,

but the authors did not observe a difference in Myo-D mRNA

expression between cycle phases. Haines concluded that “…

estradiol seems to play (a role) in the myogenic activation of

satellite cells as they assist with muscle repair and regeneration

during recovery”. However, there is no evidence to suggest a

phase-based difference in this regard, and the conclusion is

speculation that is not supported by data.

4. Directions for future research

Menstrual cycle length, phase length, and LH surge timing vary

greatly between individuals. Given this variability, within-subject

designs are more robust for investigating phase-based differences

than between-subjects study designs. Cycle length, phase length,

and LH surge timing also vary within individuals. An analysis of

menstrual cycles in 130 women demonstrated variability between

cycle length within a person of >7 days (35). Additionally,

ovulation and the mid-luteal peak in progesterone does not occur

in every cycle for every woman (Figures 2, 3). Thus, phase-

specific data should be collected from each participant during

each study cycle. These caveats emphasize the importance of

using a robust methodological approach to determine menstrual

cycle phase. If a protocol did not utilize an accurate and reliable

menstrual cycle phase detection method, how can one

confidently attribute the study findings to the hormonal profile

of the menstrual cycle phase?
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A high-quality study of long-term adaptations to menstrual

cycle phase-based resistance training should be conducted in

eumenorrheic women with a history of minimal menstrual cycle

variability (<3 days) between cycle lengths, none of whom are

using hormonal contraceptives. Currently, no such study exists.

Eumenorrheic status should be determined with urinary

ovulation tests and serum estradiol and progesterone tests in

both phases. The phase-based training should be tailored to each

participant’s individual cycle, with RET volume-load

(load·repetitions/set·sets/exercise·exercises/session·sessions/week)

equated between cycles.

5. Conclusions

Premenopausal women are frequently excluded from exercise

physiology research to avoid the potential influence of varying

ovarian hormones across the menstrual cycle. This assumption

perpetuates a widespread sex-based bias in the exercise

physiology literature (4, 36), despite profound interindividual

variability in the magnitude of hypertrophic response to RET in

both women and men (37, 38). Further, we note that detailed

comparisons of men and women in their propensity for RET-

induced hypertrophy indicate equivalent relative gains in muscle

size and, for the most part, strength (39). In the absence of high-

quality evidence to indicate that cyclical hormonal fluctuations

substantially influence acute strength performance or RET-

induced muscular adaptations, it is, in our view, premature to

assume that it is essential to control for the menstrual cycle

phase in which women are tested.

6. Practical recommendations

In the absence of high-quality evidence to support designing

resistance training programs based on menstrual cycle phase,

coaches and athletes should tailor an exercise plan to the

individual. The influence of the menstrual cycle could be a factor

to consider in program design, along with a host of other factors:

nutrition, fatigue, sleep quality, stress, injury, motivation, and

program enjoyment. We acknowledge that menstrual symptoms

can influence exercise performance in some women (40), and

thus it would be helpful to document this for reviewing long-

term progress and adjusting a program. When reviewing the

evidence as a whole—and the methodological shortcomings

therein—we propose it is highly premature to conclude that

short-term fluctuations in ovarian hormones appreciably

influence acute exercise performance or longer-term adaptations

to resistance training. Thus, the development of RET

prescriptions based on cyclical hormonal changes is not an

evidence-based approach.
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