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Background: An objective method of menstrual cycle tracking while minimizing participant
burden and cost for field-based research is needed. A modification was proposed to a well-
known three-step (m3-step) method to improve accessibility for participants and athletes with
difficult travel schedules. Methods: A longitudinal design was employed, and the m3-step
method (calendar counting, urinary ovulation, and salivary hormones) was completed over
three consecutive cycles to assess performance while classifying menstrual variability. Naturally
cycling females (N=28; age 18-36 years) from across Canada were recruited prospectively.
Participants shipped their hormone samples to the lab where they were classified as “high” or
“low” hormone based on ovulation status and a progesterone/estradiol (P4/E2) ratio of 100 pg/mL.
Cycle length (mean, +; SD) was self-reported (28.9 + 4.16 days) and salivary testing occurred
on cycle day 22.5 + 3.26. Results: The average luteinizing hormone surge for those with a
positive test occurred on cycle day 14.2 + 2.27 (22/28). Average cycle length (t (24.1) = 2.44,
p = 0.02), progesterone (t (21.1) =-4.72, p < 0.01) and P4/E2 ratios (t (18.9) =-7.74, p < 0.01)
were statistically significant between high (12/28) and low (16/28) hormone groups. A logistic
regression explored the relationship of progesterone to the hormone classification criteria using a
crudes odd ratio (1.98 (95% CI 1.24—3.17,p <0.01)). Conclusion: The m3-step method yielded
a sensitivity of 65% and specificity of 91% using the P4/E2 ratio of 100 pg/mL. Limitations
included self-reported naturally cycling, the day of the testing and the P4/E2 value used. In
summary, this study examined the feasibility of a m3-step menstrual cycle tracking method to
classify hormones as high or low in naturally cycling females for potential implementation in a
field-based setting.
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INTRODUCTION

Sport scientists and researchers are increasingly recognizing
the importance of reducing methodological limitations by
distinguishing between “normal” menstrual cycles (i.e., eu-
menorrheic) and those that do not fit this criterion (Meignié
et al., 2021). A eumenorrheic cycle is defined as lasting be-
tween 21 and 35 days, with confirmed ovulation and healthy
levels of the hormones estradiol and progesterone (EI-
liott-Sale et al., 2021). These criteria are important because
shifting hormones can mask changes in the cycle related to
both physical (muscle, bone, endurance, energy level) and
mental stress (attention) and subsequently mislabel the cycle
as “normal” (Fehring et al., 2006; Nillni et al., 2021). Identi-
fying eumenorrheic cycles can help researchers interpret re-
sults by reducing potential confounding variables in the data
and lead to a greater understanding of evaluating potential
effects on physical performance (Meignié et al., 2021).

Published by Australian International Academic Centre PTY.LTD.

High-quality methodological approaches to identi-
fy menstrual cycle phases, including cost and participant
burden, are challenges that are surmountable in lab-based
research (Allen et al., 2016; Janse De Jonge et al., 2019;
McNulty et al., 2020; Tivis et al., 2005). These challeng-
es, however, are exacerbated in field-based research, where
sports scientists and athletes may have limited access to gold
standards such as serum hormone tests to verify estradiol
and progesterone or transvaginal ultrasound for ovulation
detection due to demanding schedules and excess travel
(Emmonds et al., 2019; Rossiter et al., 2023). While urinary
luteinizing hormone (LH) tests are readily available for field-
based research and shown to be accurate predictors of ovula-
tion (Johnson et al., 2011; Johnson et al., 2015), they cannot
identify hormone levels of estradiol and progesterone. Iden-
tifying correct hormone levels post-ovulation detection can
provide insight into menstruating females’ hormonal health
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(Janse De Jong et al., 2019). For menstruating athletes, the
ability to identify and classify menstrual hormone profiles
can be an important indicator of overall training load and
athlete health (Cabre et al., 2022).

Researchers have found that a combination of methods,
known as the three-step verification method (Schaumberg
et al., 2017) of calendar counting/menstrual cycle mapping,
urinary LH tests, and serum hormone verification measuring
estradiol and progesterone, is better than serum testing alone.
This method is needed to reliably classify cycle length, men-
struation, precursor to ovulation, and the rise of the mid-luteal
phase hormones — estradiol and progesterone — in eumenor-
rheic menstrual cycles (Allen et al., 2016; Elliott-Sale et al.,
2021; Janse De Jonge et al., 2019; Schaumberg et al., 2017,
Schmalenberger et al., 2021). This method is doable in a va-
riety of settings, yet a gap remains in field-based research,
such as remote settings where serum collection and testing
cannot be completed (i.e., safely or too costly).

A modification from the well-known three-step verifica-
tion method in 2017 by Schaumberg et al. was proposed as
the rationale for this study to help improve menstrual cycle
research methodologies for sports scientists. This modifica-
tion involved a multistep approach beginning with calendar
counting in the 1** month, followed by 2" month of urinary
LH tests, and 3™ month of salivary hormone verification (Al-
len et al., 2016). To the best of our knowledge, the perfor-
mance of this modified three-step (m3-step) method has not
been tested in the literature yet may be an accessible and reli-
able menstrual cycle tracking method in field-based research
(Colenso-Semple et al., 2023; Elliott-Sale et al., 2021; Wide-
man et al., 2013). Therefore, the purpose of this study was to
describe and assess the performance of the m3-step method
and its ability to classify menstrual cycle variability in natu-
rally cycling females.

MATERIALS AND METHODS

Study Design

A prospective study design was employed, and participants
were recruited across Canada primarily through word of
mouth, posters, snowball sampling, and social media. An
informed consent prior to the study start, which began Octo-
ber 2022 and ended in November 2023 was completed. The
duration of the protocol was over four to six months with
one month for each measurement method and up to three
months for missing data. Once enrolled, participants began
on their next menstrual cycle with weekly reminders to com-
plete the protocol until completion. This study was approved
by the Conjoint Health Research Ethics Board (CHREB) at
the University of Calgary (REB21-0610) and adhered to the
Declaration of Helsinki guidelines.

Population

Healthy, naturally cycling (Elliott-Sale et al., 2021), fe-
male-sex assigned at birth individuals, aged 18 to 36 years
were eligible. Participants had to reside in Canada and ac-
cess the internet and FedEx shipping accessibility to receive

the urinary and salivary testing kits to complete the protocol.
Exclusion criteria included a) hormonal contraceptives, hor-
monal therapies, non-hormonal intrauterine device implan-
tation, pregnancy, or lactation within six months, b) history
of reproductive surgery or cigarette smoking, and c) pres-
ence of a chronic disease(s) and/or prescribed drug use that
may interfere with gonadotrophin or steroid hormone levels
and metabolism.

Study Protocol
Questionnaires & follow-up

Data was collected and managed using a secure, web-based
electronic database tool (REDCap) hosted at the University
of Calgary (Harris et al., 2013; Harris et al., 2009). Partic-
ipants completed a baseline questionnaire on demograph-
ics, menstrual cycle history, and physical activity sent via
REDCap. Follow-up questionnaires were completed at the
end of each cycle to record menstrual dates, period length,
symptoms, physical activity, record the LH surge (precur-
sor to ovulation) and salivary hormone testing completion.
Reminders to complete questionnaires were sent every three
days for a maximum of three times or until the survey was
complete. If after the third reminder the participant still did
not complete the survey, the research coordinator would
send a follow-up email or phone call if consent for contact
by phone was provided.

Calendar counting — menstrual cycle 1 to 3

Menstrual cycle start dates and menstruation length were
self-reported and recorded in REDCap. These variables were
self-reported for each cycle in the protocol, resulting in three
recorded menstrual cycle lengths per participant.

Ovulation testing — menstrual cycle 2

A sign of ovulation was determined in cycle two by measur-
ing the urinary LH surge with Clearblue Digital Ovulation
Test Kits (SPD Swiss Precision Diagnostics GmbH, Gene-
va, Switzerland). The Clearblue Digital Ovulation Test Kit
contains an automated optical reader optimizing LH concen-
tration readings through computerized interpretation of the
results with either an empty circle, indicating a negative LH
surge test, or a smiling face, indicating a positive test (John-
son et al., 2015).

Ten strips were provided to participants, and testing be-
gan on cycle day eight (Janse De Jonge et al., 2019; Schaum-
berg et al., 2017; Schmalenberger et al., 2021). Instructions
were given to complete testing with first-morning urine,
following the manufacturer’s instructions. Participants con-
tinued testing until either 1) a positive LH surge result was
detected or 2) all test strips had been used, indicating neg-
ative results (i.e., no LH surge). Those who had a positive
result were asked to confirm by uploading a photo of the
positive test and the date of testing into REDCap.

Personalized baselines of urine LH were established
in the assay, and changes from baseline were detected at a
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sensitivity of 40mIU/mL (SPD Swiss Precision Diagnostics
GmbH, Geneva, Switzerland). The sensitivity value was
retrieved from Clearblue Digital Ovulation Test Kit (SPD
Swiss Precision Diagnostics GmbH, Geneva, Switzerland).

Salivary hormone testing — menstrual cycle 3

Saliva tests were completed by participants during the
third menstrual cycle of the study using kits from Labrix
by Doctor’s Data Inc (DDI; Doctor’s Data in St. Charles,
IL, USA). The assigned testing day aimed to capture the
mid-luteal hormone peak. Day of collection was assigned
by the research team using the recorded LH surge day from
cycle two and adding eight days (Schaumberg et al., 2017,
Schmalenberger et al., 2021). If no LH surge was detected,
the testing day was calculated by subtracting 13 days from
the longest recorded cycle length (Hampson, 2020). Four un-
stimulated samples were taken across the day — 30 minutes
post-awakening, noon, evening, and before bed. The time of
collection and date were recorded for each sample. Partic-
ipants were directed to follow the instructions provided in
the kit and avoid brushing their teeth, eating, or drinking one
hour prior to sampling. Samples were frozen and asked to be
shipped for analysis within two days of collection.

Salivary hormone tests were analyzed by DDI using
MALDI Biotyper® matrix-assisted laser desorption/ioniza-
tion with time-of-flight (MALDI-TOF) mass spectrometry
(Doctor’s Data in St. Charles, IL, USA). Each sample was
tested for estradiol and progesterone, and values were aver-
aged at the four collection timepoints. Assay quality parame-
ters were retrieved from DDI and the sensitivity for estradiol
was 0.1 pg/mL with an intra-assay CV of 8.1% at 3.8 pg/mL,
6.3% at 7.2 pg/mL, and 7.0% at 20.3 pg/mL. The sensitivity
for progesterone was 5.0 pg/mL with an intra-assay CV of
8.4% at 39.2 pg/mL and 4.0% at 884.6 pg/mL.

Statistical Analysis

Analysis was conducted wusing STATA v. 17.0
(StataCorp. 2021. Stata Statistical Software: Release 17.
College Station, TX: StataCorp LLC). Missing data on men-
strual cycle or length was collected by email follow-up and
used for analysis. Data were assessed for normality using
histograms. Results were expressed as mean (£, SD) and
ranges. Our sample size for differences between groups was
calculated using Welch’s t test with the Welch-Satterthwaite
equation. This estimated a N=18 with 9 per group (Satterth-
waite, 1946).

Participants were classified as either high or low hor-
mone based on LH surge status (i.e., yes/no), and a sali-
vary progesterone/estradiol ratio (P4/E2) > 100 pg/mL. The
P4/E2 ratio cut-off was determined through grouping of par-
ticipants by their estradiol and progesterone hormone val-
ues. Group one included those whose hormones were within
the reference intervals of estradiol (0.6 — 4.5 pg/mL) and
progesterone (127 — 446 pg/mL) provided by DDI. Group
two included participants whose estradiol or progesterone
values were outside of these reference intervals. The mean
mid-luteal P4/E2 ratio was taken for each group (within

reference intervals: 137.6 + 48.86 pg/mL; outside reference
intervals: 64.3 + 39.49 pg/mL) and the mean P4/E2 ratio be-
tween the two groups became the cut-off value (100 pg/mL).
This calculation is based on the reference intervals provided
by DDI and may differ between assay methods (Hillebrand
et al., 2021).

Differences in menstrual cycle characteristics be-
tween high and low hormone groups were identified using
Welch’s t-test (Table 1), and significance levels were set to
p-value < 0.05. Different menstrual characteristics between
hormone groups were used to inform the logistic regression
model which explored associations between salivary proges-
terone and hormone group classification. Performance of the
m3-step method was assessed with sensitivity (true positive/
(true positive + false negative)), specificity (true negative/
(true negative + false positive)), positive predictive value
(PPV = true positive/(true positive + false positive)), and
negative predictive value (NPV = true negative/(true neg-
ative + false negative)) using the P4/E2 ratio of 100 pg/mL
and the estimated mid-luteal phase day range. True positives
included participants whose mid-luteal phase was captured
and had a P4/E2 ratio > 100 pg/mL. True negatives were
defined as those whose mid-luteal phase were not captured
and had a P4/E2 ratio < 100 pg/mL.

RESULTS

Demographics

Data was collected from 28 healthy, young (mean age 29.0
+ 4.25 yrs; range 18.00 — 36.00 yrs), physically active fe-
male-sexed individuals from across Canada (Western Canada
78.6%, Eastern Canada 21.4%). Most participants identified
as North American (57.1%) or European (25.0%), with other
ethnicities including Latin, Central, or South American, and
Asian (17.9%). All participants had some university-level
education, with 85.7% meeting the recommended average
hours of sleep (7 — 9 hours) per night for adults identified in
the Canadian 24-Hour Movement Guidelines (Ross et al.,
2020). Calculated body mass index based on self-reported
height and weight at enrolment was 24.0 + 4.64 kg/m? (18.54
—36.14 kg/m?).

Menstrual Cycle Characteristics

Menstrual cycle characteristics and hormone values are sum-
marized in Table 1. The average self-reported cycle length
for all participants’ three menstrual cycles (nCycles = 84) was
28.9 + 4.92 days with menstruation lasting 4.9 £+ 1.05 days.
Salivary testing occurred on average, cycle day 22.5 +
3.26 (n = 28). Mid-luteal estradiol was 1.2 + 0.34 pg/mL
and progesterone 117.1 + 72.07 pg/mL for the total sample.
Mean follicular (13.3 + 2.27 days) and luteal phase (12.4
+ 2.06 days) lengths were calculated for those with a pos-
itive LH surge (n = 22). For those who recorded a positive
LH surge test, the mean LH surge day was cycle day 14.3
+ 2.27 (n = 22). Significant differences were found in 1)
average cycle lengths with the high hormone group having
shorter cycle lengths than the low hormone group which had
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Table 1. Participants’ menstrual cycle characteristics (mean; = SD; range) by hormone groups (high and low)

Menstrual Cycle Characteristics All High Hormone Low Hormone Significance
N=28 n=12 n=16 p<0.05

*Cycle Length days 28.9+4.92 27.0+2.61 30.3+5.73 1(70.5)=3.54
(23.00 - 57.00) (23.00 — 34.00) (24.00 — 57.00) p=0.02

*Menstruation days 4.9+1.05 4.9+£1.03 4.9+1.07 t(76.7)=0.16
(2.00 — 8.00) (2.00 — 7.00) (3.00 — 8.00) p=0.87

**Follicular Phase days 13.3£2.27 12.8+2.77 13.9+1.37 t(17.8)=1.27
(9.00 — 18.00) (9.00 — 18.00) (12.00 - 16.00) p=0.22

**Luteal Phase days 12.4+2.06 13.0£1.91 11.7+2.11 1(20.3)=-1.50
(7.00 - 17.00) (9.00 — 17.00) (7.00 — 14.00) p=0.15

*#%Cycle Day -LH Surge 14.3+2.27 13.842.77 14.9+1.37 t(17.8)=1.27
(10.00 — 19.00) (10.00 — 19.00) (13.00 - 17.00) p=0.22

Testing Day of ML Peak 22.543.26 21.842.66 23.043.65 1(28.0)=0.98
(15.00 — 31.00) (19.00 — 27.00) (15.00 — 31.00) p=0.54

Estradiol (pg/mL) 1.24+0.34 1.2+0.38 1.3+0.30 t(21.8)=1.26
(0.60 — 1.90) (0.60 — 1.80) (0.80 — 1.90) p=0.22

Progesterone (pg/mL) 117.1£72.07 173.9+61.17 74.6+45.76 t(21.1)=-4.72
(21.00 — 302.00) (95.00 — 302.00) (21.00 — 168.00) p<0.01

P4/E2 Ratio (pg/mL) 97.3+59.67 154.8+39.25 54.0425.47 t(18.9)=-7.74
(17.50 — 223.00) (106.00 — 223.00) (17.50 — 98.80) p<0.01

LH luteinizing hormone; ML mid luteal; P4/E2 progesterone/estradiol ratio. ¥*Mean of 3 self-reported cycles for each participant (Neycie ienet=84
cycles; Nmenses=82 cycles). **LH surge day, follicular, luteal phase calculations only available for those with LH surge confirmation
(n=22 total, n=12 high hormone, n=10 low hormone). Significance set at alpha <0.05

longer cycle lengths (high: 27.0 £ 2.61; low: 30.3 £ 5.73;
t (70.5) = 3.54, p = 0.00), 2) salivary progesterone levels
(high: 173.9 = 61.17; low: 74.6 + 45.76; t (21.1) = -4.72,
p = 0.00) and 3) the P4/E2 ratio (high: 154.8 + 39.25; low:
54.2 + 25.47; t (18.9) = -7.74, p = 0.00) between hormone
groups. No significant differences were found in the remain-
ing menstrual characteristics between hormone groups.

Modified Three-Step Method Performance

The m3-step method classified 42.9% of participants as
high hormone while 57.1% were classified as low hormone.
A P4/E2 ratio cut-off of 100 pg/mL yielded a sensitivity of
64.7% and specificity of 90.9% with a PPV of 91.7% and
NPV of 62.5%. An exploratory analysis was performed
using a P4/E2 ratio of 90 pg/mL and 110 pg/mL to further
assess the precision of the P4/E2 ratio of 100 pg/mL used
in the m3-step method. By decreasing the cut-off value to
90 pg/mL an inverse relationship was observed where the
m3-step method classified more participants (13/28; 46.4%)
as high hormone. Increasing the cut-off value to 110 pg/mL
had an opposing effect, resulting in less participants (11/28;
39.3%) classified as high hormone.

Association of Salivary Progesterone to Classify
Menstrual Variability

Salivary progesterone was selected as the primary predic-
tor as the main outcome of the m3-step in capturing the
mid-luteal peak and its statistical significance between
groups. Progesterone values were grouped by 20 pg/mL unit
increases to capture the lowest hormone range in the sample
with an aim to provide clinical relevance. The crude odds

ratio (OR) of the logistic regression using salivary progester-
one as the primary predictor for the high and low hormone
groups was 1.98 (95% CI 1.24 — 3.17; p < 0.01). This result
was statistically significant, meaning every 20 pg/mL in-
crease in salivary progesterone, the odds of being classified
as high hormone was 1.98 times the odds of being classified
as low hormone (p <0.01).

DISCUSSION

The m3-step method proposed in this study was successfully
able to identify the mid-luteal phase in 43% (11/28) of par-
ticipants using the P4/E2 ratio cut-off > 100 pg/mL with a
sensitivity of 65%. The results from this study differed from
Schaumberg et al. (2017), whose method was 70% success-
ful in identifying the mid-luteal phase in naturally cycling
individuals when luteal phase deficiency was not considered.
This may be due to variable prevalence of luteal phase de-
ficiency between study populations which can range from
15% to 30% in naturally cycling, physically active females
(Bull et al., 2019; Janse De Jonge et al., 2019). To further
improve the sensitivity of the methods used in this study,
the urinary ovulation and salivary hormone testing could be
completed in the same cycle to increase confidence in identi-
fying the mid-luteal phase (Bull et al., 2019; Janse De Jonge
et al., 2019), and serial testing of multiple cycles could be
performed to increase biomarker accuracy (Shea & Vitz-
thum, 2020; Vitzthum 2021). Furthermore, completing the
measurement of three or more time points in a single cycle
to detect the change of menstrual hormones across the cycle
would increase the ability to understand individual hor-
mone variability (Janse De Jonge et al., 2019; Westerlind &
Williams, 2007). Future research, therefore, may consid-
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er measuring hormones during 1) menstruation to capture
individual hormone threshold levels (approximately day 3
of cycle), 2) the late-follicular phase capturing peak estra-
diol and LH surge, and 3) the mid-luteal phase with aims to
capture the progesterone and estradiol peak (Janse De Jonge
etal., 2019).

Using a P4/E2 ratio cut-off value of 100 pg/mL, we had
a 65% ability to correctly classify the proportion of individ-
uals whose mid-luteal phase was captured. The specificity
indicates that the P4/E2 ratio cut-off value of 100 pg/mL
had a 91% ability to correctly classify the proportion of in-
dividuals whose mid-luteal phase was not captured. These
results are similar to those found in 2022 by Yu et al., where
specificity values were higher, and sensitivity was lower for
predicting menstruation and the fertile window based on
measured physiological parameters.

The high PPV (92%) and moderately high NPV (63%)
demonstrate how likely a participant was (PPV) or was not
(NPV) in their mid-luteal phase at the time of salivary hor-
mone collection based on the P4/E2 ratio cut-off. However,
future studies may consider the indication of a higher pre-
dictive value of P4/E2 cut-off as a potential tool for clinical
classification of naturally cycling females as eumenorrheic
(Ferrer et al., 2024; Parikh et al., 2008).

The regression model demonstrated that for every 20 pg/
mL increase in salivary progesterone, the odds of being
classified as high hormone was 2 times the odds of being
classified as low hormone (p < 0.01). This OR suggests that
salivary progesterone may be meaningful in classifying men-
strual cycles as high—indicating eumenorrhea—or low hor-
mone in healthy females (Elliott-Sale et al., 2021). The wide
confidence interval is suggestive of high individual variabil-
ity and/or the influence of a small sample size (Nemes et al.,
2009). Progesterone was observed as the primary influence
on the P4/E2 ratio since mean estradiol levels were not sig-
nificantly different between hormone groups.

These findings align with current recommendations in
menstrual cycle research to use robust methods of hormone
verification to identify menstrual phases and to classify
cycles as eumenorrheic (Colenso-Semple et al., 2023; El-
liott-Sale et al., 2021; Janse De Jonge et al., 2019). However,
the development of salivary reference intervals for estradiol,
progesterone, and the P4/E2 ratio for menstrual cycle clas-
sification is also needed. Additionally, measuring progester-
one and estradiol on three consecutive days in the mid-luteal
phase may improve the certainty of the hormonal rise and
plateau (Westerlind & Williams, 2007). These measurement
techniques have been previously done in serum samples but
have not been established using saliva (Janse De Jonge et al.,
2019; Schuamberg et al., 2017; Wideman et al., 2013). Sal-
ivary measures taken during these timepoints may help de-
velop reference intervals for given cycle phases and could
potentially be used in menstrual cycle phase identification
(Vitzthum, 2021).

Strengths and Limitations

This study illustrated the challenges and feasibility associ-
ated with implementing the m3-step method in field-based

research where no lab visits could occur. Misinterpretation
of the results by participants was unlikely with the digital
ovulation tests. These tests have been reported to minimize
user interpretation errors and increase certainty in results
due to the simplicity of a digital display (Johnson et al.,
2011). Johnson et al. (2015) also reported that this digital
test was reliable in identifying the LH surge at a mean of
0.81 days prior to ovulation, as verified by transvaginal ul-
trasound. Forward counting from the identified LH surge day
is the current recommendation when aiming to prospectively
identify the mid-luteal phase (Janse De Jong et al., 2019;
Schmalenberger et al., 2021).

Assay parameters of sensitivity and CVs for salivary and
urinary methods used were reported where available for a
more complete understanding of hormone results. The param-
eters reported are based on the CVs less than 10% and low
limits of detection suggesting high sensitivity (Schultheiss &
Stanton, 2009). Salivary hormone results from this study may
contribute to the literature to help develop reference intervals
of the mid-luteal phase in premenopausal females.

Identification of anovulatory cycles is challenging, and
many of our participants self-reported they thought had a eu-
menorrheic cycle at the time of recruitment. Anovulation, how-
ever, is not uncommon given the prevalence can be as high as
37% (Prior et al., 2015) among regularly menstruating women.
In hindsight, we should have included a pre-enrollment with a
positive LH surge using the for confirmation (Elliott-Sale et al.,
2021; Janse De Jonge et al., 2019). It is likely that the m3-step
method would have performed better and classified more par-
ticipants as high hormone, if a eumenorrheic menstrual status
was verified prior to starting the protocol.

We also employed the use of backward counting based
on cycle length, which has been noted to be less reliable than
forward counting from ovulation confirmation (Schmalen-
berger et al., 2021). However, when no ovulation data is
available, backward counting has been recommended to
capture the mid-luteal phase (Schmalenberger et al., 2021).
Lastly the P4/E2 ratio cut-off was determined using explor-
atory methods as there were no known guidelines in the
literature for using salivary hormone values in relation to
menstrual cycle phases and may potentially contribute to
misclassification.

Our results from the logistic regression, PPV, and NPV
suggest that salivary progesterone and subsequently, the
P4/E2 ratio, may be useful predictors for menstrual cycle
hormone classification and identification of the mid-luteal
phase. This may provide insight into the overall hormone
health of naturally cycling females but warrants the develop-
ment of standardized salivary progesterone reference inter-
vals for menstrual cycle phases in naturally cycling females.
To develop standardized salivary progesterone intervals and
capture menstrual cycle variability, serial tracking of several
menstrual cycles with urinary ovulation and salivary hor-
mone testing, and comparison to serum are recommended
(Janse De Jonge et al., 2021; Schmalenberger et al., 2021;
Tourville et al., 2016; Vitzthum 2021). Integrating these
methods as standardized protocols may increase access to
high-quality and feasible measures that can identify men-
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strual cycle phases, improving field-based menstrual cycle
research quality and providing insights into rural partici-
pants and female athletes health (Ferrer et al., 2024; Janse
De Jonge et al., 2021).

CONCLUSION

Our results were pragmatic and showed promise in the
effectiveness of implementing high-quality, field-based
menstrual tracking methods in sports science research. Alter-
ations to the method that may further improve its sensitivity
include pre-enrollment urinary ovulation testing as perhaps
the “surest sign of ovulation” — not just a regular cycle of
21 to 35 days (Dunne, 2018)—and/or repeated measures
of ovulation and salivary hormone verification in the same
cycle (Schmalenberger et al., 2021). Serial testing of these
measures for multiple cycles and measuring hormones on
three consecutive days in the mid-luteal phase to identify if
progesterone is rising, declining, or plateaued would likely
provide greater confidence for mid-luteal phase identifica-
tion (Schmalenberger et al., 2021; Westerlind & Williams
2007). Therefore, our study examined the feasibility of a
3-step menstrual cycle tracking method to classify naturally
cycling females as high or low hormones. The sequencing of
urinary ovulation testing in cycle two and the use of salivary
hormones in cycle three allowed the method to be employed
where field-based testing is often needed for individuals or
athletes who are unable to come to a lab for testing, thereby
reducing the participant burden of extra travel time and the
economic burden of serum lab costs (Allen et al., 2016). This
is of particular interest with the uptake in menstrual cycle
tracking of athletes when training, competition, and travel
dominate their schedules (Antero et al., 2023; De Paula Ol-
iveira et al., 2021; Winegarden et al., 2021).
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