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Abstract

The increased growth, popularity, and media interest in women’s sport has led to calls for greater prioritisation of female-
specific research and innovation. In response, science and medicine researchers have increased the volume of sport-related
studies investigating female-specific matters, such as the menstrual cycle. Whilst the accelerated rate of published studies
with female participants is welcome, the emerging trend of using assumed or estimated menstrual cycle phases to characterise
ovarian hormone profiles is a significant concern. Replacing direct measurements of key characteristics of the menstrual cycle
(e.g. the surge in luteinising hormone prior to ovulation via urine detection and sufficient luteal phase progesterone via blood
or saliva sampling) with assumptions or estimates (i.e. no measurements) is proposed to be a pragmatic and convenient way of
generating data, particularly in field-based research (i.e. elite athlete environments), where time, resources, and athlete avail-
ability are sometimes constrained. Using assumed or estimated phases, however, amounts to guessing the occurrence and timing
of ovarian hormone fluctuations and risks potentially significant implications for female athlete health, training, performance,
injury, etc., as well as resource deployment. The positive intentions of researchers and scientific journals in this space are not in
question. The aim of this Current Opinion is to explain why using assumed or estimated menstrual cycle phases is an approach
that has little scientific basis and lacks the rigour and appropriate methodological quality to produce valid and reliable data. In
doing so, we provide evidence-based responses to common speculation points and offer recommendations for future research.

1 Introduction

Numerous recent studies (e.g. [1-14]) have assumed or

estimated menstrual cycle phases while measuring various
aspects of training, performance, and/or injury surveillance.
We commend their efforts to provide insight into a complex
area of exercise physiology (i.e. reproductive and non-repro-
ductive functions of menstrual cycle phases), particularly
in elite athlete groups, wherein research is challenging. We
question, however, the science behind an assumed or esti-
mated cycle phase approach, namely the validity and reli-
ability of assuming or estimating menstrual cycle phases;
inferences drawn from data linked to assumed or estimated
menstrual cycle phases; and the repercussions of this low-
quality evidence on applied practice. We recently published
an editorial [15] briefly describing issues associated with
assumed and estimated menstrual cycle phases, calling for
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Assumptions and estimations are not direct measurements
and, as such, represent guesses, which should be avoided
in laboratory and field-based sport-related research.

Assuming or estimating menstrual cycle phases is nei-
ther a valid (i.e. how accurately a method measures what
it is intended to measure) nor reliable (i.e. a concept
describing how reproducible or replicable a method is)
methodological approach.

Extra caution should be exercised when drawing conclu-
sions from data linked to assumed or estimated men-
strual cycle phases.

Transparent and honest reporting of the limitations
associated with assumptions and estimations, as well as
the implications of these limitations, must be provided
and justified.
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reviewers and editors to insist upon direct measurements
rather than guesses (i.e. assumptions and estimations) and
honest, transparent reporting when assumed or estimated
phases are employed. Herein, we provide a fuller critique
of an assumed or estimated menstrual cycle phase approach
in research studies; the interpretive value such an approach
provides; and the inherent risks this approach presents to
evidence-informed practice. We also describe how research-
ers can avoid these issues in the future and undertake higher-
quality approaches to their sport-related laboratory and field-
based studies examining menstrual cycle phases. Although
we provide examples of studies employing an assumed or
estimated approach to menstrual cycle phases, the intention
of this Current Opinion is not to degrade studies, but rather
to encourage researchers to reflect upon current standards
and practices associated with menstrual cycle phase deter-
mination. Hence, the aim of this Current Opinion is to place
‘menstrual cycle tracking for research’ in perspective, given
that a consensus has not yet been reached despite current
international interest. This paper does not cover ‘menstrual
cycle tracking for health or performance monitoring’ in
applied settings (i.e. elite sport). This topic warrants a com-
prehensive review of current evidence and practices, along-
side a thorough needs assessment, and as such is outside the
scope of this current paper. As research is often intended to
bridge science to practice, we have engaged a diverse, inter-
disciplinary group of academic researchers plus research-
active practitioners and clinicians to provide insight from
both laboratory and field-based studies.

2 Physiology

The menstrual cycle is characterised by three inter-related
cycles; ovarian, hormonal, and endometrial. In brief, the
ovarian cycle refers to the lifecycle of an oocyte; the hor-
monal cycle represents the fluctuations in ovarian hormones;
and the endometrial cycle describes the changes in the lin-
ing of the uterus. The guidance provided herein relates to
measurements associated with the hormonal (e.g. concen-
trations of ovarian and pituitary hormones via blood, urine,
or saliva samples) and endometrial (e.g. bleeding patterns)
cycles only as these are most commonly used in sport-
related research, with a clear emphasis on the importance
of measurements rather than assumptions or estimations.
Measurements related to the ovarian cycle are not typically
used outside of clinical settings; for example, the only way
to definitively know if ovulation has occurred is with direct
ultrasound; however, transvaginal ultrasonic visualisation is
infinitely challenging even in controlled clinical settings. We
acknowledge that a parameter of interest can be measured
in a variety of ways and that all measurements are open to
debate, but nevertheless these are still measurements and

nothing is guessed. Particular attention should be paid to
the accuracy, sensitivity, and variability of the hormonal
analyses used in cited studies as these data provide critical
context for evaluating the reliability of the research findings.

Herein, for the purpose of research studies, we have
adopted the definition of a eumenorrheic cycle (i.e. a healthy
menstrual cycle; Fig. 1) as previously described by Elliott-
Sale et al. [16]; namely a eumenorrheic menstrual cycle
is characterised by cycle lengths >21 days and <35 days,
resulting in nine or more consecutive periods per year,
evidence of a luteinising hormone surge, and the correct
hormonal profile. Whilst guidance on the correct hormonal
profile is provided in Elliott-Sale et al. [16], it should be
noted that there are inconsistencies in the literature in phase
determination based solely on hormone levels and, as such,
all studies should decide a priori upon their hormonal phase-
based boundaries and clearly define these within their meth-
odology. As we are interested in the hormonal effects of the
menstrual cycle on a parameter of interest, we describe the
cycle as four hormonally discrete phases, based on changes
in endogenous oestradiol and progesterone levels, while not-
ing that the cycle could be divided based on other factors
(e.g. a phase to represent pre-menstrual syndrome based
on symptomology). Based on these criteria, the presence
of menses and an average cycle length of 21-35 days does
not guarantee a eumenorrheic hormonal profile. Simply, this
means the calendar-based method of counting days between
one period and the next cannot be relied upon to determine
a eumenorrheic menstrual cycle and should not be used to
classify subsequent (i.e. phases 2, 3, and 4) cycle phases in
research studies. Allaway et al. [17] eloquently illustrated
(Fig. 1) how, when cycles are assessed solely based on regu-
lar menstruation and/or cycle length, subtle menstrual distur-
bance, such as anovulatory or luteal phase deficient cycles,
can go undetected, despite presenting with meaningfully
different hormonal profiles. Note that subtle menstrual dis-
turbances are often asymptomatic but are potential precur-
sors to more severe disturbances, such as amenorrhea. Given
the high prevalence (up to 66%) of both subtle and severe
menstrual disturbances reported in samples of exercising
females [18], these disturbances should be evaluated. For
reference, women who regularly menstruate, with menstrual
cycle lengths > 21 days and <35 days, but without confirmed
ovulation or sufficient progesterone should be referred to as
‘naturally menstruating’ in research studies [16].

It was recently stated that ‘Because menstruation (onset
of menstrual bleeding) is a clear-cut point, this phase is
easily determined, as is the premenstrual phase, which is
just before the onset of menstruation’ [9]. Whilst the pre-
menstrual phase is indeed ‘just prior to the onset of men-
struation’, it cannot be assumed the hormonal profile during
the pre-menstrual phase is universal. The occurrence and
timing of ovulation and sufficient progesterone determine
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Fig. 1 The ovarian hormone profile of a eumenorrheic cycle (A), luteal phase deficient cycle (B), anovulatory cycle (C), and ovulatory and ano-
vulatory oligomenorrheic cycles (D and E). Panels B-E are adapted from Allaway et al. [17] with permission

the ovarian hormone profile in phase 4. As such, the pre-  should be applied when a cycle length between 21 and
menstrual phase still represents an assumed rather than a 35 days is established through calendar-based counting, but
‘clear-cut’ hormonal phase (Fig. 2). no advanced testing is used to establish the hormonal profile.

Terminology and context are critical when using the terms ~ We acknowledge that the calendar-based approach can be
‘eumenorrhea’ or ‘naturally menstruating’ to describe par-  useful when no other resources are available to establish a
ticipant cycles in research. The term ‘naturally menstruating’ ‘naturally menstruating’ profile, wherein women experience
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menstruation, with cycle lengths between 21 and 35 days. In
this situation, the cycle can only be split into menstruation
and non-menstruation days. Phase names or numbers can-
not be reliably attributed to non-menstruation days without
advanced testing. The calendar-based counting approach
excludes severe menstrual disturbances (e.g. amenorrhea)
but cannot detect subtle disturbances, thereby providing
limited information on hormonal status. Thus, it can only
be used to compare an outcome during menstruation (i.e.
typically 3—7 days) against the remaining days of the cycle
(typically 14-28 days). This is problematic because it only
provides dichotomised continuous data. The term ‘eumen-
orrhea’ and/or specific phase names should be reserved for
situations in which menstrual function has been confirmed
through advanced testing.

3 Terminology and Context

In research, assumptions are ‘beliefs’ (i.e. axioms and pos-
tulates) taken for granted and that constitute the premises
under which testable implications can be examined [19].
Even if some assumptions are not formally tested, they
should be reasonable, plausible, and logically consistent;
otherwise the resulting conclusions will be invalid [19, 20].
In research, an estimate is an ‘informed best guess’ (i.e.
reasonable attribution) of the true (population) value; the
magnitude of the discrepancy between the true value and
the estimate should be as small as possible (i.e. accurate)
to make the findings meaningful and useful [21, 22]. This
estimation can be based on direct measures of the variable
of interest (i.e. direct estimation) or indirect information
(i.e. indirect estimation). An indirect estimation is inevitably
based on more assumptions than direct estimations and the
validity of these assumptions defines the conditions under
which this estimation is valid. If these additional assump-
tions are not reasonable and are violated, the estimation is
not valid [23]. Herein, we are specifically concerned about
the indirect estimations used in some menstrual cycle phase
research (e.g. [1-14]) and why the assumptions they are
based on are not reasonable. We acknowledge the ongoing
consideration given to the most appropriate direct meas-
ures/estimations for menstrual cycle phase determination.
As such, ‘estimations’ is used throughout to refer to indirect
estimations and ‘direct measures’ is used throughout to refer
to direct estimations.

Researchers should understand that when cycle phases
are assumed and estimated solely based on regular men-
struation, several guesses are implicitly made; i.e. ovula-
tion and sufficient phase 4 progesterone are believed to be
present and occurring at a set time. As such, assumed and
estimated phases involve two distinct factors that compound

each other, namely occurrence (i.e. that they happened) and
timing (i.e. when they occurred). Moreover, the approach of
separating the cycle into even more assumed phases based
on assumed hormonal profiles to improve sensitivity in iden-
tifying meaningful changes is inadvisable. These additional
assumptions and estimations are likely to further increase
the chance of misrepresented and misinterpreted datasets
because these assumptions are often not reasonable and
plausible.

An indirect estimation represents a guesstimate (i.e.
‘an attempt to calculate something that is based more on
guessing than on information’ [24]) approach to research,
wherein the validity of the estimation depends on the
validity of the assumptions on which it is based. We know,
however, that these assumptions are—more often than
not—incorrect, potentially leading to flawed conclusions
and decisions. Therefore, we recommend that researchers
follow the guidance outlined by Janse de Jonge et al. [25]
and Elliott-Sale et al. [16] for verifying (‘making sure or
demonstrating that [something] is true, accurate, or justi-
fied’ [26]) cycle phases in research studies.

Tracking is ‘the act or process of following something
or someone.” An assumed phase approach tracks one phase
of the menstrual cycle only (i.e. menses, also known as
phase 1 or menstruation). In research studies, cycle track-
ing intending to define cycle phases should incorporate
all of the characteristics defined by eumenorrhea, thereby
providing the key phases associated with major fluctua-
tions in endogenous oestrogen and progesterone, such as
phases 2 and 4, otherwise known as pre-ovulatory and
mid-luteal phases [16].

4 Transparency of Reporting

Whilst some limitations associated with assumed or esti-
mated cycle phases are described in such studies, their true
impact on interpretation, degree of certainty, and application
of their findings is never reported. Transparency of report-
ing in this area must be improved so readers can genuinely
understand the pitfalls associated with a lack of menstrual
cycle phase verification; several examples are provided
in Table 1. Moreover, studies should justify assumptions
and estimations, especially if repeatedly used, and clearly
acknowledge the limitations associated with their methods.

We commend all researchers who publish individual
datasets related to verified menstrual cycle phases, as direct
measures have been made and not approximated and are
therefore fit-for-purpose. This practice is in line with the
Open Science Framework as these data highlight the within-
and between-variability (Table 2) associated with menstrual
cycle characteristics, which are inevitably overlooked by
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Fig.2 Conceptual illustration highlighting the misalignment between assumed versus actual ovarian hormone profiles. The upwards arrow
denotes anticipated ovulation. MC menstrual cycle

an assumed or estimated approach. Individual datasets cannot. Dam et al. [27], Colenso-Semple et al. [28], and
clearly show that the population criteria (e.g. eumenor-  Taylor et al. [29] have shown compelling data illustrating
rhea) have been met, while assumed or estimated datasets  discrepancies between ‘assumed’ versus ‘verified’ phases



K. J. Elliott-Sale et al.

(i.e. the menstrual cycle reality of the participants). As such,
we encourage all study investigators to adopt this research
practice (i.e. verifying phases and including individual data-
sets), as the assumed and estimated approach is a threat to
the study’s validity that should be avoided. At the very least,
these must be transparently addressed and acknowledged
within publications (including the abstracts) as a limitation,
ensuring that the conclusions are not overstated and do not
contain unsupported claims.

5 Methodological Quality

The study often used to underpin the rationale for an
assumed approach is noteworthy. In 1980, McIntosh
et al. [36] examined 88 healthy and mature women aged
23-42 years undergoing fertility treatment, with men-
strual cycle lengths of 21-40 days, to develop a predictive
dataset on the timing of the luteinising hormone surge.
The design and statistical errors employed render their
study results questionable at best. Despite methodological
guidance to move beyond an assumed predictive approach,
some current research continues to employ similar meth-
ods to those of Mclntosh et al. [36].

Methodological guidelines [16, 25] aimed at increasing
the scientific quality of research with female participants
have been overlooked, misused, or dismissed in recent
publications. These guidelines highlight the importance
of verifying cycle phases using biochemical methods,
such as urinary ovulation detection kits (which detect the
rise in luteinising hormone that occurs prior to ovulation)
alongside the direct measurements of ovarian hormones,
and importantly the problems of not doing so. Moreover,
the British Association of Sport and Exercise Science
reiterated these recommendations in an expert statement
on conducting and implementing female athlete-based
research [37]. Their clear and undisputed reasoning is that,
with the exception of menstruation, no other menstrual
cycle phases can be reliably identified using an assumed
approach. In other words, we would argue that the inter-
and intra-individual variability associated with the timing
of specific menstrual events (e.g. ovulation), in addition
to the prevalence of undetectable subtle menstrual distur-
bances, render it impossible to know if or when an event
took place during a given cycle without biological confir-
mation. If we are to attempt to relate cycle phases to given
outcomes in research, the occurrence and timing of these
events/phases must be verified during each cycle of inter-
est. It is time to stop assuming and estimating menstrual
cycle phases in research.

6 Research Design and Statistical Analysis

The use of assumed or estimated phases involves creating
arbitrary boundaries that do not reflect actual biologically
meaningful distinctions, which transforms a continuous
(i.e. hormone concentration) into a categorical variable.
The result is data loss, reduced data granularity, and intro-
duction of assumed independence (i.e. one cannot discern
inter- or intra-individual phase-to-phase variability in hor-
mone concentration, resulting in misclassifications when
phase boundaries overlap). Overall, this approach results
in an introduction of bias where phase definitions may
not actually reflect underlying hormonal changes. It is not
our intent, nor is it possible, to outline a perfect statistical
or research design approach. All researchers should be
explicit in their publications about how they have managed
such methodological concerns and be transparent about
the limitations of the approaches they have undertaken.

7 Causality

In research, we are implicitly or explicitly interested in
causality. While randomised trials are considered the gold
standard to establish causation, experimental manipulation
of menstrual cycles is often infeasible and unethical. As a
result, studies in this area are typically observational and
exploratory. In the absence of additional information and
evidence, these exploratory findings can be valuable for
developing some individual recommendations, while also
acknowledging their tentative nature. However, due to their
inherent limitations, such data should primarily be used for
hypothesis generation and identifying areas for further inves-
tigation, rather than as universal blueprints for all female
athletes. Using assumed or estimated menstrual cycle phases
undermines the validity of this research, as observations are
based on an unconfirmed status, making it challenging to
draw reliable causal inferences.

8 Field-Based Research

The methodological considerations for identifying men-
strual cycle phases in research are covered elsewhere [16,
25]. Research within elite sport (i.e. field-based research)
is challenging. Athlete priorities and availability, coach/
practitioner engagement, and scarcity of resources often
mean that research is not a priority. The argument for using
assumed or estimated phases, rather than direct verification
in field-based research, is often based on pragmatism and
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Table 1 (continued)

Implication(s) associated with assumption/ Do instead
estimation

Example

Refrain from

Stating that findings are preliminary without ~ The term preliminary means preceding or Clearly state how and why the work is prelimi-

Using the term preliminary to justify meth-

done in preparation for something fuller or nary and how it will be expanded, or do not

describing how and why they are prelimi-
nary, and what future plans are to expand

the work

odological shortcomings

use this term if it does not accurately reflect

the situation

more important, which is misleading if it is

a stand-alone study (i.e. it validates a lesser

approach)

Take responsibility for the integrity of reporting

Using text snippets as soundbites, which could Overstated findings have many implications

Overstating findings

including unsupported changes to practice, of findings both within the publication and

be misleading, rather than being fully accu-

rate and transparent with all reporting

in other media—whilst we acknowledge that

others might misquote an interview or publi-

misleading athletes and their entourage, as
well as unnecessary changes to policies or

funding, causing unwarranted anxiety to

athletes and their entourage, etc

cation, we should use the channels available

to us to correct such instances

practicalities, stating that assumed or estimated phases are
non-invasive, time efficient, and easier for athlete-partici-
pants to engage with. Although these points are not disputed,
they pose an important question. Should we accept a method
that is simpler to execute if it is unable to reliably answer
the proposed research question? Our answer is a resound-
ing no since the trade-off is too high. This approach is at
the expense of research quality/scientific rigour and gener-
ates outputs that are less meaningful and less likely to move
female athlete science and medicine forward. We maintain
that verified phases are feasible and required in field-based
research.

The reality is that field-based research requires a balance
between feasibility and acceptability. We need to be able to
accept certain limitations in research design to make it pos-
sible in the practical setting. However, an unacceptable sce-
nario occurs when there is strong scientific evidence that the
proposed methods are not valid or reliable. We observe that
some studies, due to the challenges of field-based research,
adopt a convenient optimism in interpreting their data, which
downplays the mis-categorisation of observed effects, and is
a misguided practice. Moreover, we contend that field-based
research related to menstrual cycle phases, using athletes as
participants, should be undertaken or supervised by suitably
qualified individuals with the relevant knowledge and expe-
rience of ovarian hormone profiles and high-quality research
standards. It should be noted that the guidance contained
herein is not intended to be considered as a panacea for all
research studies using female athletes as participants; rather
it is intended to aid, in part, those looking to expand their
knowledge and understanding of establishing menstrual
cycle phases in research settings.

Athlete, staff, and financial burdens, alongside challenges
of biological sample collection and storage and coaching
staff buy-in, have been used as justification for an assumed
or estimated phase approach in field-based studies. In
response we:

e Challenge ‘athlete and staff burden’ on the basis that
these direct measurements are no more or less inten-
sive than other routine measurements taken in applied
research. The importance of these direct measurements
to athletes and staff must be considered, using an opt-in,
rather than a mandated, approach for those who are keen
to take part in such protocols. We must interrogate the
accuracy and usability trade-off of all cycle phase direct
measurements, noting that assumed or estimated phases
are not direct measurements and would not feature in this
matrix.

e Question the actual—rather than perceived—financial
burden of taking, storing, and analysing biochemical
samples. We acknowledge the cost associated with tech-
niques such as urinary ovulation detection kits and blood
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Table 2 Inter- and intra-individual variation in menstrual cycle phase characteristics; the difference between speculation and reality

Speculation

Reality

Eumenorrheic women have consistent menstrual cycle characteristics

Most menstrual cycles are 28 days, with ovulation occurring on day 14

Ovulation occurs in all regular cycles (i.e. cycle lengths between 21
and 35 days)

Apps can accurately predict menstrual cycle phases without measuring
biochemical markers

Wearables and artificial intelligence can accurately represent female
physiology

Cycle length can be precisely predicted based on the length of past

cycles

It is possible to predict menstrual cycle phases by calculating the tim-
ing of ovulation based on a predicted cycle length

In individuals with consistent menstrual cycle length and ovulatory
profiles, the concentration of oestrogen and progesterone in each
phase is consistent

Eumenorrheic women have consistent menstrual cycle characteristics

Among eumenorrheic women, notable variation in menstrual cycle
length and hormone concentrations exist between and within individu-
als

It is estimated that this ‘textbook cycle’ represents as few as 10% of
all ‘real world’ cycles [30]; cycle length has a healthy range of up
to 14 days, such that women can have both short (21 days) and long
cycles (35 days). The variability in cycle length is often attributed to
changes in the length of the follicular phase, indicated by differences
in the timing of ovulation [31]. Ovulation has been detected between
days 9 and 21 in confirmed eumenorrheic athletes [29], and even in
cycles of the same length (i.e. 28 days), the day of ovulation can have
a 10-day range [30]. The timing of ovulation can only be determined
through biological testing

The prevalence of chronic or spontaneous anovulation is up to 20% of
all natural cycles [18, 32], which is undetectable without biological
testing

Even apps with advanced algorithms and access to millions of cycles of
data have extremely low predictive accuracy in predicting the day of
ovulation (approximately 20% [33])

Despite some recent innovative breakthroughs, data from wearables and
artificial intelligence should be viewed with extreme caution and are
not recommended as substitutes for biochemical markers

Large app-based datasets have shown that (1) self-reported cycle length
is highly unreliable, (2) more than half of users have an average cycle
length variability of more than 5 days, and (3) less than 1% of users
have the same cycle length across four consecutive cycles [30]

The act of predicting a highly variable event (i.e. ovulation) using an
unpredictable event (i.e. cycle length) as the basis from which to
denote menstrual cycle phase introduces an unreasonable level of
uncertainty for it to be considered an acceptable method in a scientific
setting

Even in individuals with consistent menstrual cycle length and ovula-
tory profiles, the changes in oestrogen and progesterone can vary
between individuals and between cycles [34]. That is to say, the
hormonal profile of an individual cycle can vary from the ‘textbook’
curve, the mean of the group, or even the profile of the cycle before it.
This variation has been elegantly illustrated with individual and group
plots by Dam et al. [27] and D’Souza et al. [35] and further challenges
the complexity of attributing the observations from an assumed phase
to a particular hormonal environment if it has not explicitly been
measured

Among eumenorrheic women, notable variation in menstrual cycle
length, day of ovulation, and hormone concentrations exist between
and within individuals

samples for determination of progesterone; however, we
assert that these procedures are not needed on an ongoing
continual basis. Instead, they can be used at key strategic
times during a study. In addition, we recognise that not
all research studies can afford even periodic biochemical
assessments, which is why suitable alternatives need to
be developed without losing the scientific integrity of
data production, interpretation, and reporting.

In addition, we must remember that athletes are not auto-
matic research participants. We need to consider the ethical

implications of exposing athletes to methods (i.e. data col-
lection) or interventions (i.e. application of findings) that
may be scientifically unsound or proposed because of spuri-
ous conclusions. Athletes must be made aware of the limita-
tions, rationales, and potential for unintended findings (e.g.
the discovery of menstrual dysfunction, pregnancy, etc.) of
all approaches used within the research consent process.
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9 Interpretation and Implementation
of Data

The purpose of many studies in sport-related research is
translation. On this basis, we are resolute that it is unac-
ceptable to guess/estimate ovarian hormone concentrations
and then offer suggestions based on those guesses. Undoubt-
edly, women’s sport is a current and welcomed ‘hot topic’ in
sport-related research; however, are we willing to sacrifice
quality and credibility for convenience (i.e. research volume)
and incorrect conclusions? We have a duty of care to ath-
letes and a responsibility to science and medicine to ensure
that athlete care initiatives are developed from research of
the highest possible quality; assumed menstrual phases are
not a zero-risk approach. Using assumed phases to declare
a participant eumenorrheic based solely on the presence of
menses risks unintentionally failing to identify anovulation
or luteal phase deficiency, thus misrepresenting and skew-
ing the characteristics of the sample. For instance, injury
surveillance studies that have use assumed phases to associ-
ate injury incidence to certain cycle phases risk distracting
athletes, coaches, and practitioners from better-evidenced
insights and subsequent prevention strategies, as well as the
misdirection of scarce time, resources, and effort. When
examining menstrual cycle phases from a research perspec-
tive, accurate assessment, interpretation, and reporting of
these phases is non-negotiable.

Alongside our appeal to researchers to reject assumed or
estimated menstrual phases, we urge athletes, practitioners,
funding bodies, sport organisations, the media, and other
stakeholders to employ due diligence when identifying
research examining the effects of menstrual cycle phases
on any given outcome. We also ask journals and other
publications to maintain rigorous standards when review-
ing and accepting papers on women athletes, avoiding a
laxer approach to meet quotas for female-based research
outputs. We accept that determining the quality of research
can be difficult, a rationale for this piece, which we hope
will dispel some of the current myths associated with the
determination of menstrual cycle phases in laboratory and
field-based research. Studies must not be used to misdirect
athletes, practitioners, and other end-users on the reality of
cycle phase-based data collected in either laboratory or field-
based settings.

Undoubtedly, studies employing assumed or estimated
menstrual cycle phases result in more publications involv-
ing women, who have historically been under-represented in
sport-related research [38, 39]. Nonetheless, as researchers,
we must consider not only the benefits of growing research
but also the risk of generating weak or spurious evidence,
which can be more harmful than having limited research. We
should consider the repercussions of low-quality evidence

replacing little evidence, resulting in misdirected practices
that are independent of the strength of evidence. In elite
sport, data analysis is critical for high performance. We
should make sure that sound data, without assumptions, are
used for the determination of menstrual cycle phases.

10 Conclusion

Assumed or estimated menstrual cycle phases are an unrea-
sonable approach in research studies. When only menstrua-
tion is tracked, the menstrual cycle can only be divided into
menstruation and non-menstruation days. At a minimum,
ovulation needs to be confirmed and biochemical luteal
phase deficiency excluded to establish menstrual cycle
phases, which are based on significant changes in ovarian
hormone concentrations. Given the issues associated with
assumed or estimated phases described herein, we suggest
that researchers, amongst others (e.g. reviewers, editors,
the media), consider the individual and cumulative value of
these studies on women'’s sport, and either reject these meth-
ods, or at the very least use transparent and honest report-
ing about inadequacies of approaches taken. We encourage
researchers to reflect upon the issues described herein and
to consider the best direction for future research (Table 1).

Data availability Since this is a Current Opinion article and not original
research, there are no data associated with it.

Declarations

Conflict of Interests The contents of this Current Opinion are pre-
sented clearly, honestly, and without fabrication, falsification, or inap-
propriate data manipulation. KJES, MA, PKDB, EF, TF, RH, FMI,
XJDJ, KOK, GL, CL, AMC, SN, SMP, PS, MYT and EV have no
professional relationships with companies or manufacturers who will
benefit from the contents of this Current Opinion. RJB also has no cur-
rent professional relationships with companies or manufacturers who
will benefit from the contents of this Current Opinion. In the interest
of transparency, RIB was formerly a paid consultant to Mint Diagnos-
tics, a diagnostics technology company that is no longer trading. All
authors have confirmed that they have fully considered and complied
with the journal’s policies on competing/conflicts of interests. KJES is
an Editorial Board member of Sports Medicine but was not involved in
the selection of peer reviewers for this manuscript or any of the subse-
quent editorial decisions.

Funding No funding was received to assist with the preparation of
this article.

Author Contributions All authors contributed to the writing of this
paper. In addition, all authors have reviewed and approved the final
manuscript. KJES and RJB had the idea for the manuscript and drafted
the initial framework for the paper. MYT drafted the figures. MA, TF,
PKDB, XJDJ, SMP, MYT, and EV provided physiological content. CL
and RH provided clinical content. KOK, GL, AMC, and RJB provided
applied content. FMI, SN, and PS provided methodological content.



Considerations for Menstrual Cycle Phase Determination in Research

Equity, Diversity and Inclusion Statement Our author team consists
of ten female and eight male authors, representing early-career, mid-
career, and senior-researchers, clinicians, and practitioners from elite
international, professional, and Olympic sports, from seven countries
and three continents. The senior corresponding author is a woman.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Campa F, Levi Micheli M, Pompignoli M, Cannataro R, Gulis-
ano M, Toselli S, Greco G, Coratella G. The influence of men-
strual cycle on bioimpedance vector patterns, performance, and
flexibility in elite soccer players. Int J Sports Physiol Perform.
2022;17(1):58-66. https://doi.org/10.1123/ijspp.2021-0135.

2. Carmichael MA, Thomson RL, Moran LJ, Dunstan JR, Nelson
MJ, Mathai ML, Wycherley TP. A pilot study on the impact of
menstrual cycle phase on elite Australian football athletes. Int J
Environ Res Public Health. 2021;18(18):9591. https://doi.org/10.
3390/ijerph18189591.

3. Julian R, Skorski S, Hecksteden A, Pfeifer C, Bradley PS, Schulze
E, Meyer T. Menstrual cycle phase and elite female soccer match-
play: influence on various physical performance outputs. Sci Med
Footb. 2021;5(2):97-104. https://doi.org/10.1080/24733938.2020.
1802057.

4. Martin D, Timmins K, Cowie C, Alty J, Mehta R, Tang A, Var-
ley I. Injury incidence across the menstrual cycle in international
footballers. Front Sports Act Living. 2021;3: 616999. https://doi.
org/10.3389/fspor.2021.616999. (Erratum in: Front Sports Act
Living. 2021;3:745792. 10.3389/fspor.2021.745792).

5. Igonin PH, Rogowski I, Boisseau N, Martin C. Impact of the men-
strual cycle phases on the movement patterns of sub-elite women
soccer players during competitive matches. Int J Environ Res Pub-
lic Health. 2022;19(8):4465. https://doi.org/10.3390/ijerph 1908
4465.

6. Dupuit M, Meignié A, Chassard T, Blanquet L, LeHeran J, Delau-
nay T, Bernardeau E, Toussaint JF, Duclos M, Antero J. On-field
methodological approach to monitor the menstrual cycle and hor-
monal phases in elite female athletes. Int J Sports Physiol Perform.
2023;18(10):1169-78. https://doi.org/10.1123/ijspp.2022-0287.

7. Gasperi L, Sansone P, Gémez-Ruano MA, Lukonaitiené I, Conte
D. Female basketball game performance is influenced by men-
strual cycle phase, age, perceived demands, and game-related con-
textual factors. J Sports Sci. 2023. https://doi.org/10.1080/02640
414.2023.2285119.

8. Abbott W, Exall Z, Walsh L, Clifford T. Menstrual cycle and
situational match variables: effects on well-being in professional
female soccer players. Res Q Exerc Sport. 2024. https://doi.org/
10.1080/02701367.2023.2298443.

9. Barlow A, Blodgett JM, Williams S, Pedlar CR, Bruinvels G.
Injury incidence, severity, and type across the menstrual cycle in

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

female footballers: a prospective three season cohort study. Med
Sci Sports Exerc. 2024;56(6):1151-8. https://doi.org/10.1249/
MSS.0000000000003391.

Carlin H, Dupuit M, Storme F, Chassard T, Meignié A, Sachet
I, Brunet E, Toussaint JF, Antero J. Impact of menstrual cycle
or combined oral contraception on elite female cyclists’ training
responses through a clustering analysis of training sessions. Front
Sports Act Living. 2024;6:1307436. https://doi.org/10.3389/fspor.
2024.1307436.

Jones BP, L’Heveder A, Bishop C, Kasaven L, Saso S, Davies
S, Chakraverty R, Brown J, Pollock N. Menstrual cycles and the
impact upon performance in elite British track and field athletes:
a longitudinal study. Front Sports Act Living. 2024;6:1296189.
https://doi.org/10.3389/fspor.2024.1296189.

Juillard E, Douchet T, Paizis C, Babault N. Impact of the men-
strual cycle on physical performance and subjective ratings in elite
academy women soccer players. Sports (Basel). 2024;12(1):16.
https://doi.org/10.3390/sports12010016.

Ronca F, Blodgett JM, Bruinvels G, Lowery M, Raviraj M, Sand-
har G, Symeonides N, Jones C, Loosemore M, Burgess PW.
Attentional, anticipatory and spatial cognition fluctuate through-
out the menstrual cycle: Potential implications for female sport.
Neuropsychologia. 2024;206:108909. https://doi.org/10.1016/j.
neuropsychologia.2024.108909.

Scott D, Bruinvels G, Norris D, Lovell R. The dose-response in
elite soccer: preliminary insights from menstrual-cycle tracking
during the FIFA women’s world cup 2019. Int J Sports Phys-
iol Perform. 2024;19(4):331-9. https://doi.org/10.1123/ijspp.
2022-0282.

Burden RJ, Altini M, Ferrer E, Flood TR, Lewin G, Nimphius S,
Phillips SM, Elliott-Sale KJ. Measure do not guess: a call to action
to end assumed and estimated menstrual cycle phases in research.
BMIJ Open Sport Exerc Med. 2024;10(2): €002095. https://doi.
org/10.1136/bmjsem-2024-002095.

Elliott-Sale KJ, Minahan CL, Janse de Jonge XAK, Ackerman
KE, Sipild S, Constantini NW, Lebrun CM, Hackney AC. Meth-
odological considerations for studies in sport and exercise science
with women as participants: a working guide for standards of
practice for research on women. Sports Med. 2021;51(5):843-61.
https://doi.org/10.1007/s40279-021-01435-8.

Allaway HC, Southmayd EA, De Souza MJ. The physiology of
functional hypothalamic amenorrhea associated with energy defi-
ciency in exercising women and in women with anorexia nervosa.
Horm Mol Biol Clin Investig. 2016;25(2):91-119. https://doi.org/
10.1515/hmbci-2015-0053.

De Souza MJ, Toombs RJ, Scheid JL, O’Donnell E, West SL,
Williams NI. High prevalence of subtle and severe menstrual dis-
turbances in exercising women: confirmation using daily hormone
measures. Hum Reprod. 2010;25(2):491-503. https://doi.org/10.
1093/humrep/dep411.

Lewis-Beck M, Bryman A, Futing LT, editors. The SAGE ency-
clopaedia of social science research methods. USA: Sage Publish-
ing; 2004.

Stylianides GJ, Stylianides AJ. Promoting elements of mathemati-
cal knowledge for teaching related to the notion of assumptions.
Math Think Learn. 2003;26:382—410. https://doi.org/10.1080/
10986065.2023.2172617.

Muthén BO. Latent variable modelling in epidemiology. Alcohol
Res Health. 1992;16(4):286.

Briggs DC. Historical and conceptual foundations of measure-
ment in the human sciences: credos and controversies. 1st ed. New
York: Routledge; 2021.

Kloprogge P, Van der Sluijs JP, Petersen AC. A method for the
analysis of assumptions in model-based environmental assess-
ments. Environ Model Softw. 2011;26(3):289-301.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1123/ijspp.2021-0135
https://doi.org/10.3390/ijerph18189591
https://doi.org/10.3390/ijerph18189591
https://doi.org/10.1080/24733938.2020.1802057
https://doi.org/10.1080/24733938.2020.1802057
https://doi.org/10.3389/fspor.2021.616999
https://doi.org/10.3389/fspor.2021.616999
https://doi.org/10.3390/ijerph19084465
https://doi.org/10.3390/ijerph19084465
https://doi.org/10.1123/ijspp.2022-0287
https://doi.org/10.1080/02640414.2023.2285119
https://doi.org/10.1080/02640414.2023.2285119
https://doi.org/10.1080/02701367.2023.2298443
https://doi.org/10.1080/02701367.2023.2298443
https://doi.org/10.1249/MSS.0000000000003391
https://doi.org/10.1249/MSS.0000000000003391
https://doi.org/10.3389/fspor.2024.1307436
https://doi.org/10.3389/fspor.2024.1307436
https://doi.org/10.3389/fspor.2024.1296189
https://doi.org/10.3390/sports12010016
https://doi.org/10.1016/j.neuropsychologia.2024.108909
https://doi.org/10.1016/j.neuropsychologia.2024.108909
https://doi.org/10.1123/ijspp.2022-0282
https://doi.org/10.1123/ijspp.2022-0282
https://doi.org/10.1136/bmjsem-2024-002095
https://doi.org/10.1136/bmjsem-2024-002095
https://doi.org/10.1007/s40279-021-01435-8
https://doi.org/10.1515/hmbci-2015-0053
https://doi.org/10.1515/hmbci-2015-0053
https://doi.org/10.1093/humrep/dep411
https://doi.org/10.1093/humrep/dep411
https://doi.org/10.1080/10986065.2023.2172617
https://doi.org/10.1080/10986065.2023.2172617

K. J. Elliott-Sale et al.

24.
25.

26.
217.

28.

29.

30.

31.

32.

https://www.oxfordlearnersdictionaries.com/

Janse de Jonge X, Thompson B, Han A. Methodological recom-
mendations for menstrual cycle research in sports and exercise.
Med Sci Sports Exerc. 2019;51(12):2610-7. https://doi.org/10.
1249/MSS.0000000000002073.
https://dictionary.cambridge.org/

Dam TV, Dalgaard LB, Sevdalis V, Bibby BM, JansedeJonge
X, Gravholt CH, Hansen M. Muscle performance during the
menstrual cycle correlates with psychological well-being,
but not fluctuations in sex hormones. Med Sci Sports Exerc.
2022;54(10):1678-89. https://doi.org/10.1249/MSS.0000000000
002961.

Colenso-Semple LM, D’Souza AC, Elliott-Sale KJ, Phillips SM.
Current evidence shows no influence of women’s menstrual cycle
phase on acute strength performance or adaptations to resistance
exercise training. Front Sports Act Living. 2023;5(1-9):1054542.
https://doi.org/10.3389/fspor.2023.1054542.

Taylor MY, Osborne JO, Topranin VM, Engseth TP, Solli GS,
Valsdottir D, Andersson E, @istuen GF, Flatby I, Welde B, Mor-
seth B, Haugen T, Sandbakk @, Noordhof DA. Menstrual cycle
phase has no influence on performance-determining variables
in endurance-trained athletes: the FENDURA project. Med Sci
Sports Exerc. 2024. https://doi.org/10.1249/MSS.0000000000
003447.

Soumpasis I, Grace B, Johnson S. Real-life insights on men-
strual cycles and ovulation using big data. Hum Reprod Open.
2020;2020(2):hoaa011. https://doi.org/10.1093/hropen/hoaal11.
Fehring RJ, Schneider M, Raviele K. Variability in the phases
of the menstrual cycle. J Obstet Gynecol Neonatal Nurs.
2006;35(3):376-84. https://doi.org/10.1111/1.1552-6909.2006.
00051.x.

Prior JC, Naess M, Langhammer A, Forsmo S. Ovulation preva-
lence in women with spontaneous normal-length menstrual cycles
- a population-based cohort from HUNT3, Norway. PLoS ONE.
2015;10(8): e0134473. https://doi.org/10.1371/journal.pone.
0134473.

Authors and Affiliations

Kirsty Jayne Elliott-Sale’
Rachel Harris®’
Gary Lewin'" - Constance M. Lebrun?
Paul A. Swinton'®

>4

- Marco Altini?
- Franco Milko Impellizzeri®
- Alan McCall'3
- Madison Taylor'’

Kirsty Jayne Elliott-Sale
k.elliott-sale @mmu.ac.uk

Department of Sport and Exercise Sciences, Institute
of Sport, Manchester Metropolitan University Institute
of Sport, Manchester M1 7EL, UK

Department of Human Movement Sciences, Vrije
Universiteit Amsterdam, Amsterdam, The Netherlands

Human Performance Lab, Faculty of Kinesiology, University
of Calgary, Calgary, Canada

Barca Innovation Hub, Health & Wellness Area, Barcelona,
Spain

Sports and Exercise Medicine Unit, Hospital Clinic and Sant
Joan de Déu, Barcelona, Spain

Australian Institute of Sport, Bruce, ACT, Australia

- Evert Verhagen

33.

34.

35.

36.

37.

38.

39.

- Patricia Doyle-Baker®
- Xanne Janse de Jonge®
- Sophia Nimphius*

10,18

Johnson S, Marriott L, Zinaman M. Can apps and calendar
methods predict ovulation with accuracy? Curr Med Res Opin.
2018;34(9):1587-94. https://doi.org/10.1080/03007995.2018.
1475348.

Alliende ME. Mean versus individual hormonal profiles in the
menstrual cycle. Fertil Steril. 2002;78(1):90-5. https://doi.org/
10.1016/s0015-0282(02)03167-9.

D’Souza AC, Wageh M, Williams JS, Colenso-Semple LM,
McCarthy DG, McKay AKA, Elliott-Sale KJ, Burke LM, Parise
G, MacDonald MJ, Tarnopolsky MA, Phillips SM. Menstrual
cycle hormones and oral contraceptives: a multimethod systems
physiology-based review of their impact on key aspects of female
physiology. J Appl Physiol (1985). 2023;135(6):1284-99. https://
doi.org/10.1152/japplphysiol.00346.2023.

MclIntosh JE, Matthews CD, Crocker JM, Broom TJ, Cox LW.
Predicting the luteinizing hormone surge: relationship between
the duration of the follicular and luteal phases and the length of
the human menstrual cycle. Fertil Steril. 1980;34(2):125-30.
Elliott-Sale KJ, Ross EZ, Burden RJ, Hicks K. The BASES Expert
Statement on Conducting and Implementing Female Athlete-
Based Research. Produced on behalf of the British Association
of Sport and Exercise Sciences. The Sport and Exercise Scientist.
2020. https://www.bases.org.uk/imgs/0000_bas_tses___autumn_
2020_online_pg6_7237.pdf

Costello JT, Bieuzen F, Bleakley CM. Where are all the female
participants in sports and exercise medicine research? Eur J Sport
Sci. 2014;14(8):847-51. https://doi.org/10.1080/17461391.2014.
911354.

Cowley ES, Olenick AA, McNulty KL, Ross EZ. “Invisible sports-
women”: the sex data gap in sport and exercise science research.
Women Sport Phys Activity J. 2021;29(2):146-51. https://doi.org/
10.1123/wspaj.2021-0028.

-Tessa Rose Flood'
- Katrine Okholm Kryger'®

- Stuart M. Phillips'®

- Richard James Burden'®

- Eva Ferrer®?

Perth Orthopaedics and Sports Medicine Research Institute,
Perth, WA, Australia

School of Sport, Exercise and Rehabilitation, Faculty
of Health, University of Technology Sydney, Sydney, NSW,
Australia

Griffith Sports Science, School of Health Sciences and Social
Work, Griffith University, Gold Coast, QLD, Australia

Medical and Anti-Doping Unit, Football Division, UEFA,
Nyon, Switzerland

Arsenal Women’s Football Club, London, UK

Department of Family Medicine, University of Alberta,
Edmonton, AB, Canada

Arsenal Performance and Research Team, Arsenal Football
Club, London, UK


https://www.oxfordlearnersdictionaries.com/
https://doi.org/10.1249/MSS.0000000000002073
https://doi.org/10.1249/MSS.0000000000002073
https://dictionary.cambridge.org/
https://doi.org/10.1249/MSS.0000000000002961
https://doi.org/10.1249/MSS.0000000000002961
https://doi.org/10.3389/fspor.2023.1054542
https://doi.org/10.1249/MSS.0000000000003447
https://doi.org/10.1249/MSS.0000000000003447
https://doi.org/10.1093/hropen/hoaa011
https://doi.org/10.1111/j.1552-6909.2006.00051.x
https://doi.org/10.1111/j.1552-6909.2006.00051.x
https://doi.org/10.1371/journal.pone.0134473
https://doi.org/10.1371/journal.pone.0134473
https://doi.org/10.1080/03007995.2018.1475348
https://doi.org/10.1080/03007995.2018.1475348
https://doi.org/10.1016/s0015-0282(02)03167-9
https://doi.org/10.1016/s0015-0282(02)03167-9
https://doi.org/10.1152/japplphysiol.00346.2023
https://doi.org/10.1152/japplphysiol.00346.2023
https://www.bases.org.uk/imgs/0000_bas_tses___autumn_2020_online_pg6_7237.pdf
https://www.bases.org.uk/imgs/0000_bas_tses___autumn_2020_online_pg6_7237.pdf
https://doi.org/10.1080/17461391.2014.911354
https://doi.org/10.1080/17461391.2014.911354
https://doi.org/10.1123/wspaj.2021-0028
https://doi.org/10.1123/wspaj.2021-0028
http://orcid.org/0000-0003-1122-5099
http://orcid.org/0000-0001-5981-4066
http://orcid.org/0000-0001-9296-8921
http://orcid.org/0000-0002-9716-1577
http://orcid.org/0000-0001-8897-0957
http://orcid.org/0000-0002-1955-894X
http://orcid.org/0000-0002-1703-2573
http://orcid.org/0000-0003-3657-5298
http://orcid.org/0000-0003-0924-6181
http://orcid.org/0000-0002-7408-4521
http://orcid.org/0000-0003-3780-8153
http://orcid.org/0000-0002-3524-0245
http://orcid.org/0000-0002-1956-4098
http://orcid.org/0000-0001-9663-0696
http://orcid.org/0009-0000-4241-3004
http://orcid.org/0000-0001-9227-8234
http://orcid.org/0000-0002-2811-5454

Considerations for Menstrual Cycle Phase Determination in Research

14

School of Medical and Health Sciences, Edith Cowan
University, Joondalup, Australia

Department of Kinesiology, McMaster University, Hamilton,
ON, Canada

School of Health Sciences, Robert Gordon University,
Aberdeen, UK

School of Sport Sciences, UiT The Arctic University
of Norway, Tromsg, Norway

18

19

IOC Research Centre for Prevention of Injury and Protection
of Athlete Health, Department of Public and Occupational
Health, Amsterdam Collaboration on Health and Safety

in Sports, Amsterdam Movement Sciences, Amsterdam UMC,
Amsterdam, The Netherlands

United Kingdom Sports Institute, Manchester, UK



	coversheet_template
	ELLIOTT-SALE 2025 Why we must stop assuming (LATEST ARTICLES)
	Why We Must Stop Assuming and Estimating Menstrual Cycle Phases in Laboratory and Field-Based Sport Related Research
	Abstract
	1 Introduction
	2 Physiology
	3 Terminology and Context
	4 Transparency of Reporting
	5 Methodological Quality
	6 Research Design and Statistical Analysis
	7 Causality
	8 Field-Based Research
	9 Interpretation and Implementation of Data
	10 Conclusion
	References



