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Abstract

Recent methodological recommendations suggest the use of the ‘three-step method’, consisting
of calendar-based counting, urinary ovulation testing, and serum blood sampling for the
identification of subtle menstrual disturbances (SMDs). However, the use of the three-step
method is not always feasible, so a less demanding combination of calendar-based counting
and urinary ovulation testing i.e., the two-step method, may be a viable alternative. Purpose:
To investigate the agreement between the two- and three-step methods for the detection of
SMDs. Methods: Menstrual cycles (MCs, 98) of 59 athletes were assessed using the two- and
three-step methods. Regular length MCs (i.e., >21 and <35 days) were classified as either
having no SMD (luteal phase length >10 days, mid-luteal progesterone concentration >16
nmol*L!, and being ovulatory), or having an SMD (e.g., short luteal phase (<10 days),
inadequate luteal phase (mid-luteal progesterone concentration <16 nmol:L) or being
anovulatory). Method agreement was assessed using McNemar's test and Cohen's kappa ().
Results: Substantial agreement was observed between methods (k=.72; 95%CI ([.53, .91]), but
the two-step method did not detect all MCs with a SMD, resulting in evidence of systematic
bias (¥2=5.14; p=.023). The two-step method detected 61.1% of MCs that had an SMD ([51.4,
70.8]), as verified using the three-step method, and correctly identified 100% of MCs without
an SMD. Conclusions: MCs classified as being disturbed using the two-step method could be
considered valid evidence of SMDs. However, MCs classified without SMDs do not

definitively confirm their absence, due to the proven underdetection via the two-step method.

Introduction

In naturally menstruating women, the sex hormones, estrogen and progesterone, fluctuate
cyclically throughout a 21-35-day menstrual cycle (MC). A eumenorrheic MC comprises four
distinct hormonal environments: the early follicular phase; the late follicular phase; the
ovulatory phase; and, the mid-luteal phase.'> However, about 52% of exercising women has
been shown to suffer from subtle menstrual disturbances (SMDs).> SMDs are characterized by
a regular MC length, but have underlying hormonal irregularities,* resulting in a shortened
luteal phase (i.e., <10 days between the day after a positive ovulation test until the first day of
menses of the subsequent MC)* and/or an inadequate luteal phase (i.e., mid-luteal
progesterone concentration <16 nmol-L™1)"? or anovulation.! The verification of these different

MC phases, as well as the detection of menstrual disturbances are accomplished using three
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additive ‘steps’, which become progressively more invasive and expensive: 1) calendar-based
counting to assess MC length; 2) urinary ovulation testing to confirm ovulation and determine
the length of the luteal phase; and, 3) serum hormone verification to confirm the mid luteal rise
in progesterone.® The recommended method, known as the ‘three step method’ uses all three
measurements, and can therefore identify both severe menstrual disturbances, such as

amenorrhea (via the first step), and SMDs (via the two- and three-step methods, see Figure 1).

The identification of an inadequate luteal phase requires a serum progesterone measurement,
rendering it detectable solely using the three-step method (Figure 1). In contrast, the other two
SMDs are detectable with calendar-based counting and urinary ovulation testing (i.e., the two-
step method; Figure 1).!** Concerningly, all SMDs are undetectable without urinary ovulation
testing and/or serum hormone testing, and so naturally-menstruating athletes with regular MCs
lasting 21-35 days may remain unaware of the presence of an SMD without thorough MC

monitoring.”

Early detection of SMDs is important for athletes and their support team, since this could
prevent athletes from progressing along the continuum from SMDs towards more severe
menstrual disturbances, such as oligomenorrhea and amenorrhea.” The clinical consequences
of amenorrhea, as a result of prolonged or severe low energy availability, are well documented
and include among others, infertility and low bone mineral density.® For sport scientists it is
also important to detect SMDs, since those data should be excluded a posteriori; as depressed
hormonal concentrations can result in a potentially confounding effect when investigating
aspects related to MC phase and, for example, training.> Although the use of the three-step
method results in the detection of all SMDs and strengthens research quality, this method is
also invasive, expensive, and time demanding. Therefore, a less-invasive, cheaper, and faster
method, consisting of calendar-based counting and urinary ovulation testing (i.e., the two-step
method) would be preferable for both sports practice and sport scientists. Thus, the aim of the
current study was to investigate the agreement between the two- and three-step methods for

identifying SMDs.
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Figure 1. The detection of subtle menstrual disturbances using the two- and three-step methods.

Methods
Participants

Endurance-trained females (n=63) were recruited as part of the Female Endurance Athlete
(FENDURA) project.” The inclusion criteria were: 1) having self-reported MC lengths of 21-
35 days for the prior 6 months; 2) no hormonal contraceptive use in the prior 3 months; 3) aged
17-45 years; and, 4) active in an endurance sport (Tier 1 n=8, Tier 2 n=33, Tier 3 n=17, Tier 4
n=1)'". Exclusion criteria were: 1) having an injury or illness that prevented them from training;
2) having a known clinically diagnosed menstrual disorder, 3) being pregnant or within 12
months following parturition'. The Regional Committee for Medical and Health Research
Ethics waived the requirement for ethical approval for this study (Project-ID: 230505). The
project was performed according to institutional ethical requirements and was pre-approved by

the Norwegian Centre for Research Data (NSD, Project-ID: 955558).

Methodology

Female athletes recorded their first day of menses in an online training diary (the Norwegian
Olympic Sport Centre (Olympiatoppen) training diary, or BESTR training diary (Oslo,
Norway)), used a Clearblue Digital Ovulation test (SPD Swiss Precision Diagnostics GmbH,

Geneva, Switzerland) from day 8 of their MC until a positive urinary ovulation test or the start
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of menses in the subsequent MC, and provided a single venous blood sample in the mid-luteal
phase (7-9 days after the day of a positive ovulation test).!”> Blood was sampled from the
antecubital vein after an overnight fast and collected in a serum separator tube (Vacutainer SST
8.5 mL, BD, Franklin Lakes, NJ, United States). The sample clotted for 30 min, before being
centrifuged (4200 revolutions-min™ for 10 min). Subsequently, the serum was frozen at -80 °C
until analysis. Analyses were performed at the University Hospital of Northern Norway
(accredited according to ISO/IEC 15189), Tromse, Norway. Serum progesterone

concentrations were determined using liquid chromatography-tandem mass spectrometry.

MCs with irregular cycle length (<21 or >35 days) were identified and excluded. Regular length
MCs were subsequently classified as having or not having an SMD using the two- and three-
step method. A MC classified as having no SMD was defined as a cycle lasting > 21 and < 35
days, with a positive urinary ovulation test and mid-luteal progesterone concentration >16

nmol+ L' (see Figure 1).

Statistical analysis

All analyses were undertaken using R!! in the RStudio!? environment. A systematic difference
between methods was assessed using McNemar's test with continuity correction.!® The
agreement between the three- vs two-step method was evaluated using Cohen’s kappa (k)."?
The strength of agreement was categorized as: slight (0.00<x<0.20), fair (0.21<x<0.40),
moderate (0.41<x<0.60), substantial (0.61<x<0.80), and almost perfect (0.81<k).'* The
validity of the two-step method, when compared to the three-step method, was evaluated via
test sensitivity, specificity, positive predictive value, and negative predictive values (see Figure

2). Estimates are reported with 95% confidence intervals.

Results

Seven MCs were excluded from the analysis because of irregular menstrual cycle length
(polymenorrhea: n=1; oligomenorrhea: n=6). In total, 98 unique MCs from 59 endurance
athletes (age 28.9 [7.9] y) were assessed. There was evidence of systematic bias between the
two methods (}*=5.14; p=.023), with the two-step method under detecting luteal-phase
inadequate MCs in the absence of other SMDs. There was also substantial agreement between

methods, with a Cohen’s k¥ of .72 ([.53 to .91]).
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The two-step method, when compared to the three-step method, correctly identified 61.1%
([51.4, 70.8]) of MCs with an SMD (i.e., test sensitivity; see Figure 2 and Table 1), while it
correctly identified 100% of MCs without an SMD (i.e., test specificity).

The probability that a MC was correctly classified with an SMD using the two-step method
was 100% (i.e., positive predictive value). On the other hand, a MC with no SMD via the two-
step method, had a 92.0% ([86.4, 97.3]) probability of being correctly classified (i.e., having
no SMD; negative predictive value), while having an 8.0% ([2.7, 13.4]) chance of a false

negative, i.e., having an SMD.

Three-step method

SMD No SMD
< Row for
SMD True positive | False positive | positive
Two-step predictive value
method «— Row for
No SMD | False negative | True negative | negative
predictive value

1 Column for 1 Column for

Sensitivity specificity

Figure 2. Schematic representation of the calculations for sensitivity, specificity, positive-, and

negative predictive value (adapted from Trevethan!”).

SMD, subtle menstrual disturbance.



157
158

159

160

161

162
163
164
165
166
167
168
169

170
171
172
173
174
175
176
177
178
179

Table 1. Contingency table of frequencies for subtle menstrual disturbances (SMD) using the
three- (gold standard) and the two-step method.

Three-step
method

SMD No SMD Total

SMD 11 0 11
Two-step
method
No SMD 7 80 87
Total 18 80 98

Discussion

The aim of the current study was to investigate the agreement between the two- and three-step
methods for the detection of SMDs. Our key findings showed evidence of systematic bias, due
to the limitation of the two-step method to detect an inadequate luteal phase, although there
was also substantial agreement between methods. The two-step method accurately classified
all eumenorrheic cycles (MCs without a SMD), and correctly detected SMDs in 61.1% of all
cycles with a true SMD, as verified with the three-step method. However, a MC classified as
eumenorrheic by the two-step method had an 8.0% chance of an undetected inadequate luteal

phase.

To the best of our knowledge, this is the first study that assessed the agreement between the
two- and three-step methods for identifying SMDs. While substantial agreement was observed
between methods, the two-step method did not detect 7 out of 18 cycles with a SMD, resulting
in a systematic difference between methods. When classifying individual MCs, the 100%
positive predictive value of the two-step method assures that the detection of a SMD using this
method is always correct (i.e., no false positives). However, the two-step method resulted in an
8% underdetection of SMDs, as it failed to identify inadequate luteal phases. Consequently, the
exclusive use of the two-step method in research may lead to inclusion of cycles with an
inadequate luteal phase in data analyses, which could mask potential changes in, for instance,

exercise performance between MC phases.? Besides, failure to accurately identify such SMDs
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may have health and performance implications for athletes, particularly if undetected menstrual

disturbances persist over an extended period or progress into severe menstrual disturbances.*!>

Recent methodological guidelines have highlighted the importance of implementing the three-
step method in sports science research for both MC phase determination and the detection of
menstrual disturbances.! However, a shortened luteal phase (i.e., detectable via the two-step
method) was not mentioned in these guidelines as an indicator of an SMD. While a short luteal
phase (i.e., clinical luteal phase deficiency) and inadequate luteal phase (i.e., biochemical luteal
phase deficiency) may operate through separate mechanisms,’ some overlap between the two
has been found as well.>> Therefore, the detection of short luteal phases via the two-step
method may also coincidentally capture MCs with inadequate luteal phases. It should be noted
that the exact performance of the two-step method will be influenced by the sample included,
the method used to detect ovulation, and the definitions of the different SMDs. Future research
should therefore evaluate the effect of different ovulation-detection methods and SMD
definitions on the performance of the two-step method, as well as the likelihood of a coincident

presence of both short- and inadequate luteal phases in a more homogeneous athletic sample.

Practical applications

The three-step method is the preferred method when investigating the influence of menstrual
cycle phase on, for instance, training. However, due to the high demands related to blood
sampling, the two-step method, as presented here, is a viable alternative. In sports practice,
assessing MC status of one MC might not be reflective of MC status throughout the entire
season, due to large changes in physical and psychological stress influencing the functioning
of the hypothalamus-pituitary-ovarian axis.'® Thus, the two-step method could be used as an
option for monitoring over an extended period. When using the two-step method, MCs
classified with an SMD should be considered valid evidence of an SMD. However, the two-
step method may incorrectly classify MCs as ‘eumenorrheic' (i.e., without an SMD) despite the
presence of an undetected luteal phase deficiency. Therefore, it is essential to convey this
potential limitation of the two-step method when communicating MC results with coaches,

support staff, and athletes and when presenting such results in scientific publications.
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Conclusions

There is substantial agreement between the two- and three-step methods for identifying SMDs.
However, there was also systematic bias between methods, with the two-step method correctly
classifying cycles that are considered eumenorrheic but only identifying SMDs in 61.1% of all

cycles with a true SMD diagnosis, as verified using the three-step method.
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