THE INFLUENCE OF MENSTRUATION ON ...

R. Aitkenhead, L. Kirkwood, G. Florida-James, L. Ingram-Sills

Article Classification:
Original research

OPEN ACCESS

Submitted: 13 October 2023
Revised: 30 November 2023
Accepted: 07 December 2023

ORCID
Geraint Florida-James
https://orcid.org/0000-0001-7248-3476
Lesley Ingram-Sills
https://orcid.org/0000-0002-3866-9813
Cite this article as:
Aitkenhead, R., Kirkwood, L., Florida-
James, G., Ingram-Sills, L. (2023).
The influence of menstruation on training
schedules in well-trained and elite
female mountain bike, road and
cyclocross athletes.
Journal of Applied Sports Sciences,
Vol. 2, pp. 62 - 75.
DOLI: 10.37393/J485.2023.02.6

[ooe]

This work is licensed under

a Attribution-Non
Commercial-ShareAlike 4.0
International (CC BY-NC-SA 4.0)

INTRODUCTION

THE INFLUENCE OF MENSTRUATION
ON TRAINING SCHEDULES IN
WELL-TRAINED AND ELITE FEMALE
MOUNTAIN BIKE, ROAD AND
CYCLOCROSS ATHLETES

Robyn Aitkenhead', Lewis Kirkwood'?,

Geraint Florida-James'?, Lesley Ingram-Sills'*

! Sport, Health and Exercise Science Department,
School of Applied Sciences, Edinburgh Napier University,
Edinburgh, UK

2 Mountain Bike Centre Scotland, School of Applied Sciences,
Edinburgh Napier University, Edinburgh, UK

ABSTRACT

Female physiology is unique and driven by fluctuations in sex hormones
that regulate the menstrual cycle. These hormones present myriad mechanisms
that may influence physiological systems, potentially implicating exercise per-
formance. However, research exploring the MC in athletes is limited. This study
investigated if training status (well-trained/elite) influenced MC-related symp-
toms, training schedules, sleep quality, arousal, and alertness of elite and well-
trained female mountain bike, road, and cyclocross athletes. Fifteen well-trained
(n=7) and elite (n=8) cyclists (age: 29 £ 7yrs, height: 1.7 = 0.1m, body mass:
61.9 £ 7.7kg) tracked their MC symptoms, basal body temperature, body mass,
sleep, arousal, and alertness measures daily for three months. The MC was split
into two phases, follicular and luteal, and participants were provided ovulation
kits to identify the phases. The most reported symptoms were fatigue, bloating,
abdominal pain, and cramping. Athletes’ BBT was significantly greater (p<0.05)
in the LP compared to the FP (0.4 °C, p=0.01, d=0.4). No significant differenc-
es (p>0.05) in body mass, sleep duration and quality, alertness and arousal
were observed between well-trained and elite athletes. Further, no significant
differences between statuses for any training variables, average or maximum
heart rate, training load (bTRIMP), average or maximum speed, and rate of
perceived exertion were observed. The MC did not influence physiological re-
sponses and training variables in well-trained and elite mountain bike, road, and
cyclocross female athletes. Nevertheless, individual fluctuations were present,
and it is recommended that athletes monitor their own MC to optimize training
and ultimately performance.

Keywords: menstruation, females, mountain biking, training schedules,
athletes

(UCI, 2019). The influence of the menstrual

Over the past five years, there has been a
significant increase in female participation in
cycling, and this upward trend has subsequently
led to an increase in competitive opportunities.
In fact, in 2021, an equal number of Union
Cycliste Internationale (UCI) races were
available for female and male elite cyclists

cycle (MC) on training and performance
remains unclear. Mountain biking, cyclocross,
and road cycling are high-intensity disciplines
that elicit unique physiological demands
(Impellizzeri & Marcora, 2007). Mountain
biking encompasses a range of physical
demands on the rider requiring endurance,
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strength, and technical skills (Impellizzeri
et al., 2007), while cyclocross is a mix of
mountain biking and road cycling with high
energy expenditure, muscle power, and
endurance demands (Carmichael et al., 2017).
Road cycling is characterized by short and
long durations and requires high anaerobic and
aerobic thresholds (Martin et al., 2001).

The MC is an essential biological process
for females that involves a repeating pattern
of sex hormone production and secretion
(Marsh & Jenkins, 2002). Each phase is
regulated by sex hormones which influence
many physiological systems, and research has
proposed a myriad of mechanisms that could
affect exercise performance (Hackney, 1999;
Marsh et al., 2002; Hashimoto et al., 2014).
The follicular phase (FP) can be splitinto three
sub-phases: early, mid and late FP. During the
early FP, where menses occur, estrogen and
progesterone are low. Over the FP, estrogen
subsequently increases through the mid-FP,
yielding the greatest concentration during the
late FP (Marsh et al., 2002). The increase in
estrogen influences energy metabolism, in-
creasing muscle glycogen storage and uptake
and benefiting short-term high-intensity exer-
cise (Hackney, 1999; Oosthuyse et al., 2005).
For most cycling disciplines endurance plays
a key role and increased estrogen levels
associated with the MC may promote greater
reliance on free fatty acids as a fuel source
and thus enhance performance (Hackney et
al., 2022). In contrast, progesterone offsets
estrogen’s effect during the luteal phase
(LP) and increases fat oxidation (Hackney
et al., 2022). This leads to a more significant
thermogenic effect and an elevation in body
temperature, which may negatively impact
prolonged performance and increase the onset
of fatigue (Janse de Jonge, 2003; Charkoudian
& Stachenfeld, 2016).

Research investigating the MC in elite

populations is limited, with only a small pro-
portion (6%) of studies including exclusive-
ly female athletes (Mujika & Taipale, 2019).
Consequently, most MC research has focused
on untrained females or recreational athletes
across various disciplines, and the research
methodology used is often poorly designed to
monitor the MC in these populations accura-
tely (Emmonds et al., 2019). There has been a
lack of guidance about what defines an «elite»
status. However, a recent study by McKay
et al. (2022) has proposed a new framework
for determining the training status of athletes
(Mckay et al., 2022).

It is evident that cyclic fluctuations
in estrogen and progesterone influence
physiological systems. However, the influence
on performance is equivocal (Janse de Jonge,
2003; Oosthuyse et al., 2005; Middleton
& Wenger, 2006; Vaiksaar et al., 2011,
Charkoudian & Stachenfeld, 2016; Julian et
al., 2017). Elite female cyclists endure high-
intensity training schedules year-round and
to date no research has determined how the
MC influences elite female cyclists’ training
schedules. The lack of longitudinal studies
within MC research has previously been
highlighted as a limitation (Elliot-Sale et al.,
2020). Following the British Association of
Sport and Exercise Sciences (BASES) expert
statement, it was recognized that monitoring
at least three menstrual cycles is required
to better understand the MC’s influence on
athletes’ performance (Elliot-Sale et al., 2020;
2021). The aim of this study was to investigate
if training status (well-trained/elite) influenc-
es MC-related symptoms and also, if train-
ing status and MC phase influence perceptual
and training outcomes. The findings from this
study have the potential to provide insights
into more effective training schedules that take
into account unique physiological demands
and hormonal fluctuations experienced by
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female cyclists, ultimately optimizing athletic
performance.

METHODS
Participants and study design

Fifteen female (n = 15) cyclists with a
regular MC participated in the three-month
observational study. From training history,
athletes were deemed well trained (n = 7,
> 8-15 hrs and > three days per week,

competing at the national level) and elite
(n = 8; > 17 hrs and > five days per week,
competing at the international level) (McKay
et al., 2022). Females were injury-free and
had not used hormonal contraceptives for
at least six months (Casazza et al., 2004).
Participants provided full written consent and
the study was conducted in accordance with
the Declaration of Helsinki and was granted
approval by Edinburgh Napier University
Ethics Committee.

MC Tracking
To determine MC regularity, participants
reported their menstruation start dates

and lengths for the previous three months
(Schaumberg et al., 2017). The average cycle
length was calculated, and the ovulation day
was estimated. This estimate was subsequently
confirmed by ovulation predictor strips
(Ovulation test strips, 20mIIU/mL kit tests,
width 3.5mm, One Step, UK), which detect
the luteinizing hormone (LH) peak occurring
between 16-32 hours before ovulation. From
this day, participants were required to collect
daily urine samples until a positive result was
observed. If a positive result was not obtained,
a fourth data collection cycle was completed
(Schaumberg et al., 2017).

Participants began on the first day of their
MC (first day of bleeding) and recorded any
symptoms

they experienced. Symptoms

included stomach cramps, abdominal pain,
headaches, back pain, mood changes, tender
breasts, bloating or increased gas, tiredness
or fatigue, diarrhea, and constipation. Ad-
ditionally, participants were provided with
a thermometer (Basal Digital Ovulation
Thermometer (Celsius), One Step, UK) to
measure basal body temperature (BBT) daily
upon waking and before getting out of bed.
Based on their waking time, participants were
instructed to take their temperature at the same
time each morning between 6 - 8 am. Daily
self-reported body mass was recorded at the
same time each day (between 6 am and 8 am)
before voiding the bladder. No body mass
scales were provided; all participants used the
same personal scale daily.

Riders’ training

All athletes were provided access to
training and competition data, including non-
cycling data such as strength training, running,
and swimming. Data including heart rate
(HR), duration of training, distance covered,
elevation gain, and speed were uploaded
from the athletes’ preferred GPS tracking
system (Strava, Garmin, Polar). Athletes also
recorded their session rating of perceived
exertion (RPE) using the Borg scale (Borg,
1982) for each session. Athletes completed
daily Likert-style questions upon waking
to monitor arousal, alertness, and perceived
sleep quality and duration. Arousal is a
psychological state of alertness that readies
the body for action (Arent & Launders, 2003)
and was measured on a 1 to 7 scale, with one
being ‘feeling active, vital, alert and awake to
7 being ‘almost in reverie, sleep onset soon,
lost struggle to remain awake’ (Hoddes et al.,
1973). Alertness was measured on a Likert
scale of 0 to 10, where a mark to the extreme
left indicates ‘as tired as I’ve ever felt’, and
the extreme right indicates ‘as alert as I've
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ever felt’. Similarly, perceived sleep duration
was measured on a Likert scale of 0 to 10.
Perceived sleep duration was determined as

Training load was calculated using Ban-
ister’s TRIMP model (bTRIMP) (Banister,
1991). Due to the remote nature of this study,

the predicted number of hours of sleep the
participant attained.

the bTRIMP model was selected. bTRIMP was
calculated based on training duration, HR, and
a weighting factor using the following formula:

bTRIMP = time (minutes) x AHR x 0.861.6x

Where:

AHR = (HR_-HR )/ (HR__

equals the base of the Napierian logarithms,
and 0.86 equals a generic constant for females.
HRex = exercising heart rate, recorded as

one average value every 5 s, HR = resting
res

heart rate, and HR = maximum ileart rate.
To obtain resting heart rate (HR ), athletes
were requested to rest supine for 5 minutes
wearing an HR strap, and record their results.
The lowest 5-second HR was recorded as
their HR . If participants knew HR__ from
previous laboratory testing, this HRmax
was used. Otherwise, a peak heart rate from
a training session was considered HRmax.
However, if this was not known, a calculation
was used by applying the following formula
to estimate HRmax; 216 — 1.09 x age (Whyte
et al., 2008).

Statistical analysis

All data analysis was performed using R (R
Core Team, 2020) in RStudio (Rstudio Team,
2020). All data were checked for normality,
Levene’s tests for the equality of variances
were all non-significant (p > .05), normality
assumption wasnotviolated, and equal variances
were assumed. A repeated measures analysis
of variance (ANOVA) assessed the effect of

-HR e

MC and training variables during the study by
identifying an MC phase (phase) versus training
status (status) interaction effect (phase; FP/LP
x status; elite/well-trained). The magnitude of
the effect was reported using Cohen’s d, where
0.2, 0.5, and >0.8 represent small, medium, and
large effects, respectively (Cohen, 1992).

RESULTS

The characteristics of well-trained and
elite athletes are presented in Table 1. There
were no significant differences observed
between well-trained and elite athletes in
terms of mean age (p = .96), height (p = .82),
and body mass (p = .38). Additionally, no
significant differences were found between
the groups in MC characteristics, such as
cycle length (p = .83), as well as phase lengths
(FP; p = .93, LP; p =.79). When comparing
the different cycles within both groups, there
were no significant differences in cycle length
(F(1,36) = 0.057, p = .812) and phase length
(FP; F(1, 36) = 0.334, p = .567, LP; F(1, 36)
=0.371, p = .546) across the three measured
cycles. These results indicate a consistent
pattern of MC characteristics across multiple
cycles for both well-trained and elite athletes.
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Table 1. MC length and breakdown for participant group (n= 15).

Variables Well-trained Elite
Age (yrs) 26.4+7.1 31.1+8.1
Height (m) 1.7+ 0.1 1.7+0.1
Body mass (kg) 65+5.2 60+9.4
Full Cycle (days) 252+24 26.6+4.4
Bleed length (days) 4.0+£0.9 39+1.2
FP (days) 12.8+2.5 13.3+34
LP (days) 124+2.4 13.5+3.1
Age of menarche (yrs) 13.0+14 13.0+1.7
# of bleeds per year 11.0+£1.2 11.0+£1.3

Age of menarche; age when MC started, FP; follicular phase, LP; luteal phase, number,; #

Figure 1 presents the number of reported (p =.435). However, two participants reported
symptoms during menses for well-trained and missing a race due to the severity of abdominal
elite. No significant main effect of training pains and stomach cramps.

status was found for any MC symptoms
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Figure 1. Total number of participants who reported symptoms during menses for each cycle

grouped by well-trained and elite
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There was no significant interaction (MC
phase x training status) in BBT (F(1, 11) =
4.23, p = .06). The analysis of the main effects
of phase revealed that BBT was significantly
higher in the LP for both well-trained athletes
(F(1,11)=3.32, p=.04) and elite athletes (F(1,
11)=2.12, p=.03; Figure 2). The main effects
of training status did not significantly affect
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Basal body temperature (°C )
v
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BBT (F(1, 11)=1.32,p=.12).

There was no significant interaction (phase
x status) in body mass (F(1, 11) =247, p =
.09). The analysis of the main effects of phase
and status revealed no significant differences
(phase; F(1,11)=2.12, p= .14, status; F(1, 11)
=3.12, p = 0.12; Figure 3).
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Figure 2. Mean (+SD) basal body temperature across two menstrual phases in well-trained and
elite athletes. *Significant from the Luteal phase p < .05
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Figure 3. Mean (+SD) body mass across two menstrual phases in well-trained and elite athletes.
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No significant interaction effect (phase x
status) was found for arousal (F(1, 11) =0.07,
p =.78), alertness (F(1, 11) = 0.78, p =.393),
sleep length (F(1, 11) = 1.79, p = .475), and
perceived sleep quality (F(1, 11) = 0.12, p =
.393). Similarly, no significant main effects of
phase were observed for arousal scores (F(1,
11) = 0.00, p =.99), alertness scores (F(1, 11)
=0.67, p=.46), sleep length (F(1, 11) =1.236,

p=.45),and perceived sleep quality (F(1, 11)=
0.28, p =.37). Training status also did not have
a significant main effect on arousal scores (F(1,
11) = 0.55, p = .47), alertness scores (F(1, 11)
=0.38, p =.76), sleep length (F(1, 11) = 0.06,
p =.94), and perceived sleep quality (F(1, 11)
=0.07, p=.94).

Table 2. Perceptual Likert scales for each phase between well-trained and elite athletes.

Variable Well-trained Elite

FP LP FP LP
Arousal 3 (1-8) 4(1-9) 3 (1-8) 4 (1-8)
Alertness 6 (2-9) 7 (2-10) 6 (2-10) 6 (1-9)
Sleep quality 7 (1-10) 7 (1-10) 7 (2-10) 7 (3-10)
Sleep duration 8 (4-11) 8 (4-10) 8 (4-11) 8 (4-10)

Values presented as median (lower quartile and upper quartile range)

The total training load was determined via
bTRIMP and was grouped by training status
in Figure 4 below. There was no significant
interaction (phase x status) for total bTRIMP
(F(1, 20) = 0.19, p = .66). The analysis of the
simple main effects showed no main effect of

10000

7500

bTRIMP

phase (F(1,20)=0.12, p=.74,d=2.5), or status
(F(1,20)= 9.33, p= .01). Participants 12 and
13 were removed from Figure 2, as bTRIMP
data were not collected and 11 and 31 were
removed as they did not provide training data
for cycle 3.

Participant
. 2
. 4

* 5
« 8
* 16
. 17
. 22

* 25
28
32
o 34

Phase

| N3
o

Waell-frained

Elite

Training Status

Figure 4.

Training load (bTRIMP) between well-trained and elite athletes for each phase
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In Table 3 we can see that no significant
interaction (phase x status) was observed for
average HR (F(1,24)=0.26,p=.87,d=9.39),
maximum HR (F(1, 24) = 0.01, p=.92,d =
9.59), average speed (F(1, 24) = 0.01, p=.92,

d =3.63), maximum speed (F(1, 24)=1.79, p
=.19,d =7.57), bTRIMP (F(1, 12) = 1.93, p
=.18,d=3.59) and RPE (F(1,24)=0.22,p=
.88, d=12.74).

Table 3. Training variables for phase (FP/LP) x status (well-trained/elite) interaction and com-

bined group results

Variables Well-trained (n =7) Elite (n =8)
FP LP FP LP

Average HR (bpm) 133 +£34 130 £41 123 + 39) 125 £ 34
Max HR (bpm) 166 + 36 159 + 50 156 + 56 158 £ 51
Average speed (km/hr) 20.6 +£20.7 19.2 £8.8 19.2 £8.7 20.3+9.2
Max speed (km/hr) 41.5+19.5 41.6 £16.5 48.4 +£24 .4 44.1 £ 18.5
RPE 13.7+£2.7 13.6 3.2 12.8+£2.7 13.2+2.8
bTRIMP (A.U.) 154 +150.3 210.8 £196.6 191+ 1454 167.5+98.8

Values presented as mean £+ SD, A.U.; arbitrary units

DISCUSSION

This study aimed to determine if different
phases ofthe MC influenced training schedules,
sleep quality, alertness, and arousal of female
mountain bike, road, and cyclocross athletes.
The study revealed a significant increase (p <
.05) in BBT during the LP in both well-trained
and elite athletes, aligning closely with the
general population’s BBT response. However,
between the FPand LP, there were no significant
differences (p > .05) between well-trained and
elite athletes for body mass, arousal, alertness,
perceived sleep quality or duration, and any of
the training outcomes (HR, bTRIMP, RPE).

The mean values for the MC characteristics
are presented in Table 1. There were no
significant differences between well-trained
and elite athletes (p > .05). To the best of the
author’s knowledge, no prior research has
provided data on MC lengths in well-trained
or elite cyclists. Notably, comparable cycle
lengths have also been observed among elite
football (28 + 3 days) and rugby (28 + 5 days)
athletes (Carmichael et al., 2021; Findlay et
al., 2019). Similar findings have been observed

in non-athletic populations, with a large-scale
survey (n = 124,648) showing an average FP
length (16.9 + 5.3 days) was longer compared
to the LP (12.4 + 2.4 days; Bull et al., 2019).
These findings collectively suggest that, on
average, training status does not significantly
influence MC characteristics such as cycle
length and phase length. Consequently, for
athletes with a regular MC, athletic training
does not appear to have a notable impact on
their MC lengths. This finding enables athletes
to monitor their MC individually and apply
data from non-athlete research, as the MC
characteristics seem consistent across athletic
and non-athletic populations.

Fatigue, bloating, abdominal pain, and
cramping were commonly reported symptoms
during menses (Figure 1). While elite athletes
reported more symptoms than well-trained
athletes, training status did not significantly
affect any reported symptom (p > .05), pos-
sibly due to the small sample size. However,
previous research has shown a wide range of
prevalence and severity of MC-related symp-
toms, including stomach cramps, headaches,
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breast tenderness, and fatigue (Findlay et al.,
2019; Armour et al., 2020). In this study, two
participants reported missing a race due to se-
vere abdominal pain and cramping, highlight-
ing the potential impact of MC symptoms on
athletic performance. Therefore, instead of
relying on group averages, it is recommended
that athletes monitor their own MC symptoms
and develop strategies for optimal exercise
performance.

Individual fluctuations in body mass were
also present between participants. However,
on average, no significant differences between
training statuses were observed (p>0.05). Spe-
cific to cyclists, body mass and body compo-
sition are critical in hill-dominated disciplines
such as cross country (XC), marathon, and
enduro, and unexpected fluctuations in body
mass may have affected performance through
alterations in the power-to-weight ratio (Im-
pellizzeri et al., 2007). Previous studies have
also reported no change in average body mass
for physically active (Middleton et al., 2006;
Tsampoukos et al., 2010; Rael et al., 2021),
well-trained (Lamberts & Davidowitz, 2014;
Julian et al., 2017) and elite cyclists (Haakons-
sen et al., 2016). Although due to individual
fluctuations, it is recommended that athletes
should track their MC to monitor body mass
and mitigate negative effects on performance.

An increase in progesterone triggers a rise
in BBT (Driver et al., 1996, Shechter et al.,
2010). The average values increased signifi-
cantly during the LP by 0.4°C for well-trained
and elite athletes. These findings also agree
with previous research (Driver et al., 1996;
Shechter et al., 2010; Héndel et al., 2019).
However, no changes in training measures
were observed during the LP, suggesting that
an increase in BBT does not influence daily
training for the current group. Nevertheless,
former research has demonstrated that an in-
crease in BBT (0.4 °C) has been associated

with psychological measures such as a rise
in arousal and alertness (Wright et al., 1999;
Wright et al., 2002; Grant et al., 2020).

The main findings of this research were
that perceived arousal and alertness scales
did not significantly change between training
status or phase of the MC (p > .05; Table 2).
Previous research in non-athletic populations
has indicated increases in BBT during the
LP of the MC increased agitation. Wright et
al. (1999) and Grant et al. (2020) conducted
surveys with non-athletic populations.
Well-trained and elite athletes may possess
enhanced cognitive performance that enables
them to control alertness and arousal before
and during training or competition, regardless
of alterations to BBT (Ludyga, Gronwald
& Hottenrott, 2016; Mehrsafar et al., 2020).
Moreover, using solely Likert scales to assess
arousal and alertness may not be sufficient,
and future research could focus on more
comprehensive and specific tests to monitor
these variables in athletes across the MC.

In addition, there were no significant dif-
ferences between the phases or training sta-
tus for perceived sleep quality or duration
(p > .05). There is limited research investigat-
ing sleep outcomes across the MC. However,
five elite female Australian footballers attained
a significantly poorer perceived sleep quality
during the LP than the FP (Carmichael et al.,
2021), which was postulated as a potential con-
sequence of a rising body temperature (Driv-
er et al., 1996). There is sufficient evidence to
indicate that elite athletes experience poor-
er sleep quality than the recommended sleep
guidelines for athletes (Leeder et al., 2012;
Halson et al., 2014). In a cohort of 175 elite
athletes across a wide array of sporting dis-
ciplines, including mountain biking and road
cycling, athletes achieved an average of 6.7
hours of sleep a night and 72% of the athletes
did not achieve the required 8.3 hours a night
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to feel rested (Sargent et al., 2021). However,
the lack of significant difference in perceived
sleep quality and duration may be due to lim-
itations in the measurement methods used in
this study. Future studies should consider more
objective measures to assess the MC’s influ-
ence on these outcomes.

Training volumes in female well-trained
and elite mountain bikers are lacking, and
there are only a handful of studies based
on female elite road cyclists (Van Erp et
al., 2019; Barreto et al., 2021). Athletes’
training load was measured with bTRIMP to
determine the frequency and intensity of the
athletes’ training (Saunders et al., 2017). No
significant differences were observed between
the FP and LP or between highly trained and
elite, indicating that training variables did not
differ regardless of training status. However,
extreme outliers were observed between
participants in the elite group, which may be
attributed to differences in training level or
cycling discipline, given the varying types of
training between disciplines and the number of
training sessions and competitions completed.

Athletes’ training load was also measured
through exercising HR and RPE. No significant
differences were observed between the MC
phases for average HR, HRmax, and RPE.
Previous research has also detected no change
in RPE between the FP and LP for well-
trained and elite athletes (Julian et al., 2017,
Carmichael et al., 2021) and several studies
have also detected no change in average HR
or HR _ between the FP and LP in untrained
and active (Lebrun et al., 1995; Abdollahpor
et al., 2013; Stone et al., 2020), well-trained
(Julian et al., 2017) or elite females (Vaiksaar
etal.,2011). The phases of the MC and training
status did not significantly influence any of the
training variables during their regular training
schedules. Nevertheless, this study is the first
to observe the influence of the MC in a typical

training environment and provide a realistic
picture of training for female well-trained
and elite mountain bike, road, and cyclocross
athletes. Individual variation was present, and
as a result, athletes and their coaches may
benefit from monitoring the MC and adjusting
training load and intensity accordingly to
optimize performance and reduce the risk
of injury or overtraining. Overall, this study
highlights the importance of considering the
MC in the training of female athletes and the
need for further research in this area.

Due to the online nature of this study, de-
termination of ovulation via urinary ovulation
kits, BBT, and manual MC tracking were the
three methods used to determine the MC phase.
Thus, one limitation of this study was that hor-
monal verification via blood serum could not
be conducted. Consequently, sub-phases of the
MC could not be identified, and it is essential
to recognize the intricate variations in estro-
gen concentrations throughout the FP. Measur-
ing only one phase may not comprehensively
capture variations in estrogen in this phase.
Furthermore, the study was underpowered, re-
quiring a larger cohort to determine more sig-
nificant values.

One of the critical findings that confirmed
previous research was the rise in BBT during
the LP, which was discussed throughout as its
sole effect on several other factors, such as HR,
sleep, RPE, arousal, and alertness. Although
previous research has observed mixed findings,
itis recommended that future research consider
the influence on exercising body temperature
and subsequent performance, specifically in
challenging environmental conditions. This
is the first study investigating MC responses
during daily training across various cycling
disciplines. While the MC did not appear to
impact the training regimens of experienced
mountain bike, road, and cyclocross athletes
as a group, and no differences were observed
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between training statuses, it is essential to note
that individual variations still exist. Therefore,
coaches and athletes are advised to monitor
their MC status throughout their training
program.
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