W) Check for updates

International Journal of

Sports Science
& Coaching

Original research article

International Journal of Sports Science
& Coaching

1-16

© The Author(s) 2023

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/17479541231163088
journals.sagepub.com/home/spo

®SAGE

Hormonal contraceptive use,
menstrual cycle characteristics and
training/nutrition related profiles of
elite, sub-elite and amateur athletes
and exercisers: One size is unlikely
to fit all

Carl Langan-EvansI , Mark A Hearris', Stephen McQuilliam',
Louise M Burke?, Trent Stellingwerff**, Kirsty J Elliott-Sale®
and James P Morton'

Abstract

The aim of the present study was to simultaneously audit hormonal contraceptive (HC) use, menstrual cycle characteristics
and training/nutrition related profiles in pre-menopausal women from varying athletic and exercise backgrounds. Elite (n=51),
sub-elite (n=118) and amateur (n=392) female athletes and exercisers were examined via an anonymous quantitative/quali-
tative survey tool. All analyses for ratio data were conducted utilising one- and two-way ANOVA/ANCOVA and odds ratio
models, with ordinal data analysed via Pearson’s Chi-squared tests. HC use was similar across elite, sub-elite and amateurs (34—
44%). Menstrual cycle length was not different (P=0.08) between competitive levels (28 + |3 days), but 66% of respondents
reported cycle variability (10 + I | days). Training profiles were not different based on contraceptive status (P> 0.05) yet were
across competitive groups (P<0.05). Daily meal/snack intakes were not different between contraceptive status (P>0.05),
though elite and sub-elite groups reported a higher daily meal consumption compared to amateurs (P<0.01). Forty percent
of all respondents skipped meals, attributed to lack of time, schedule and alterations in appetite, with reported changes in taste
preferences during pre-menses (14-35%) and menses (15-25%) towards sweet foods (60%), with cravings for chocolate and
other confectionary (25%). Prevalence of dietary supplement use was not influenced by contraceptive status (P=0.31), though
elites (76%) reported higher use (P=0.04) than amateurs (63%). Data demonstrates that in female athletes and exercisers,
competitive level appears to affect simple markers of training and nutrition practice, yet contraceptive status does not.
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Introduction
Between the years of 2014 and 2020, 63% of studies pub-
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lished within leading sport and exercise science related
journals included mixed sex cohorts, with 31% including
only males and 6% solely females within their study
design.' This obvious sex data gap across the sport and
exercise sciences is often attributed to the methodological
challenges of conducting carefully controlled research
studies within female populations. Indeed, the need to con-
sider variations in endocrine profiles between hormonal
contraceptive (HC) and non-HC users, as well as control
for fluctuations in reproductive hormones throughout the
menstrual cycle, can substantially increase the cost of
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conducting such research and require specialist knowledge
and expertise, therefore lengthening testing schedules.”™
Although a recent meta-analysis concluded that exercise
performance may be trivially reduced in the follicular
phase of the menstrual cycle, the authors specifically noted
that our current understanding is significantly limited by the
large number of low quality investigations and between
study variations in methodological rigor. Additionally, a
recent special edition on Nutrition for Female Athletes also
highlighted the need for a much larger scope of female-
specific sport nutrition research, given the existing body of
evidence does not presently support nutritional recommenda-
tions that are sex specific or that appear modifiable throughout
the menstrual cycle.6 Furthermore, the uniquely individual
contexts that each female may experience throughout the men-
strual cycle has also been demonstrated to influence these
areas.”'! On this basis, it may therefore be premature to
suggest evidence-based training and/or nutritional guidelines
that can be tailored according to phases of the menstrual
cycle or types of HC.'*™'*

HCs can be administered in numerous forms inclusive of
oral contraception (OC), hormonal intrauterine devices
(global terminology) or systems (United Kingdom termin-
ology) (IUD/S), injections, implants, vaginal rings and
transdermal patches. These methods deliver various doses
of exogenous steroid hormones that induce a suppressed
level of endogenous sex steroid hormones and therefore
inhibit ovulation.'® In 2019, the United Nations commis-
sioned a worldwide report highlighting that across 1.9
billion women of reproductive age (1549 years), 922
million used various forms of contraception, of which 407
million (43%) were users of differing forms of HC, includ-
ing IUD/S (17%), OC (16%), injections (8%) and implants
(2%).'® The prevalence of HC use amongst athletic popula-
tions appears marginally higher than these general trends,
whereby in a study by Martin and colleagues published in
2018, 50% of elite athletes reported currently using
HCs.'® Despite such prevalence, it is noteworthy that the
effects of HCs on the physiological/metabolic responses
of exercise performance and the associated impact of nutri-
tional interventions are less frequently studied when com-
pared to the research literature examining the effects of
the menstrual cycle:.6’17’18 Therefore, the use of HCs and
their potential associated effects on reproductive hormones,
further complicates the notion of prescribing a one size fits
all approach to training and nutritional practices in athletic
and exercising females.

Previous audits of menstrual cycle characteristics and
HC use amongst female athletes have often focused on
elite cohorts.®>'>1%2% Ag such, the applicability of this
data to other athletic and exercising female groups (i.e.
sub-elite, amateur and recreationally active) is unclear,
particularly if elite athletes exhibit an increased prevalence
of HC use in an attempt to manipulate and control
their menstrual cycle around sporting schedules.?’

Additionally, it is possible that other factors intended to
support daily training schedules (e.g. nutritional habits
and dietary supplement use) may also vary between
groups of females with differing training and/or competi-
tive demands. In this regard, it could be postulated that
HC status itself may also modulate dietary behaviours,
given that fluctuations of ovarian hormones across the
menstrual cycle can result in altered energy intake, taste
sensitivities and cravings.*'~2°

To that end, the aim of the present study was to simultan-
eously audit HC use, menstrual cycle characteristics and train-
ing/nutrition related profiles in pre-menopausal women of
varying athletic and exercise backgrounds. On this basis, we
hypothesised that both contraceptive status and competitive
level would affect these profiles. Therefore, the goal of the
study was to identify any potential areas for future education
and behaviour change, alongside ascertaining which of these
factors could potentially be generalised around the menstrual
cycle and HC use.

Methods

Participants

Participants were recruited via dissemination of the study
information throughout the authors’ professional networks
and social media platforms inclusive of Twitter, Facebook
and Instagram in a random sampling approach. In order to
capture individuals of post menarche and pre-menopause,
inclusion criteria stated an age range of 18 to 40 years and
those completing a minimum of 3 hours of exercise per
week. Participants self-classified their current sport and/
or exercise ranking as either professional, international,
semi-professional, national, local or recreational, whilst
also self-reporting current contraceptive status (both
within the past 12 months). Inclusion criteria also stipu-
lated those individuals who classified themselves as pro-
fessional, international, semi-professional or national
sporting levels, must be recognised and/or licensed as a
member of a professional sporting organisation and/or
national governing body. Participants who indicated HC
use were subsequently grouped separately to non-HC
users. Sport and/or exercise ranking were collated into
competitive levels, with participants competing at profes-
sional and/or international standard classified as an ‘elite’
category, semi-professional/national as ‘sub-elite’ and
local/recreational as ‘amateur’. A total of 607 individuals
participated within the study, with 561 data sets included
within the final analysis. Individual respondents who fell
outside of the inclusion criteria and/or had incomplete
data sets were excluded (see Figure 1). The validity of all
groupings was cross-referenced against the Participant
Classification Framework,?’ with the elite category being con-
firmed at Tier > 4, the sub-elite Tier 3 and amateur category a
combination of Tier 2 (n=266) and Tier 1 (n=126). Finally,
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analysis (n =561)
]
| |
Current non-HC users Current HC users
(n=331) (n=230)

ELITE (n=32)

- Aesthetic(n=1)
- Combat (n=15)
- Endurance (n = 10)
- Multi(n = 2)
- Strength/Power (n=6)
-Team (n=6)
-Other(n=2)

ELITE (n=19)

- Aesthetic(n=1)
- Combat (n=3)
- Endurance (n = 8)
- Multi(n=0)
- Strength/Power (n=4)
-Team (n=3)
-Other (n=0)

SUB-ELITE (n=78)

- Aesthetic(n=7)
- Combat (n=3)
- Endurance (n = 43)
~Multi(n=1)

-Team (n= 14)
-Other (n=0)

- Strength/ Power (n = 10)

SUB-ELITE (n = 40)

- Aesthetic(n=2)
-Combat (n=3)
- Endurance (n=27)
- Multi(n=0)
- Strength/Power (n=4)
-Team(n=3)
-Other(n=1)

AMATEUR (n=221)

- Aesthetic (n=2)
- Combat (n=9)
- Endurance (n = 96)
- Multi (n = 36)

-Team (n=34)
-Other(n=1)
-General(n=21)

- Strength/Power (n=22)

AMATEUR (n=171)

- Aesthetic(n=0)
- Combat (n=5)
- Endurance (n = 66)
-Multi(n=27)
- Strength/Power (n=19)

-Team (n=25)
-Other(n=3)

-General (n = 26)

Figure |. The prevalence of current non-HC and HC users, competitive status and sporting background within the survey
respondents (HC: hormonal contraceptive users; non-HC: non-hormonal contraceptive users).

participants were also further sub-grouped into sport type
including aesthetic, combat, endurance, multi, strength/
power, team and other events, with an additional general cat-
egory within the amateur group, however, some smaller group
numbers did not allow further analysis. All participants pro-
vided electronic informed consent prior to starting the
survey and the study was approved by the research ethics

committee of Liverpool John Moores University (Protocol
code: U20_SPS_1071).

Survey tool

Data were collected using a specifically designed question-
naire administered via an anonymous and combined
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quantitative/qualitative survey tool. The survey included
items from two previously published studies, which were
employed on similar populations to those stipulated
within the inclusion criteria.'>° The survey was communi-
cated in English and transposed into an electronic version
hosted on the encrypted onlinesurveys.ac.uk platform
(Jisc, Bristol, UK). This permitted participation on several
types of electronic devices inclusive of laptops, tablets
and mobile telephones, whilst also affording a world-wide
geographical reach. Dependent on responses, the question-
naire took approximately 20-30 minutes to complete, and
access was active between November 2020 and January
2021. The survey collated a number of sets of quantitative
data including current general information (i.e. age, stature,
body mass, body mass index, sport and/or competitive
level), training history and profile (i.e. training years,
number of training sessions per week, typical minutes per
training session, weekly training volume), current (within
the past 12 months) HC use/type or menstrual cycle charac-
teristics (i.e. cycle occurrence, length, variability, days of
variability and tracking, self-reported and medically diag-
nosed instances of secondary amenorrhea and oligomenor-
rhoea, cycle effect on and avoidance of training/exercise,
use of treatments/medications to alleviate menstrual symp-
toms) and typical nutritional profile (i.e. frequency for daily
occasions of meal and snack intake, skipping meals, dietary
supplement usage, perceived changes in taste preferences
and food cravings across the menstrual or HC cycles).
Questions related to training and nutritional practices stipu-
lated responses that were provided retrospectively, based on
the specific HC or menstrual cycle phase of each individual
participant. Responses were collected in open-ended
numeric formats and rating scales, for example, do you
use nutritional supplements (i.e. for health and/or sport per-
formance); yes or no? Additionally, qualitative responses
stipulating further open-ended worded detail on HC, men-
strual cycle characteristics and nutritional profiles were
included, for example, which nutritional supplement(s) do
you use (i.e. type and/or brand)?

Statistical analyses

Descriptive statistics inclusive of mean + SD, range, 95%
confidence intervals (95% CI), odds ratio (OR) and fre-
quency are provided for data where appropriate. All ana-
lyses were performed using SPSS® version 28 (IBM®
United Kingdom Ltd, Hampshire, UK) with the alpha
level set at P<0.05. Initially, a univariate one-way
ANOVA exploring menstrual cycle length and days of vari-
ability as the dependent variable and competitive level as
the independent variable was conducted. All subsequent
analyses were examined with contraceptive status and com-
petitive level as independent variables. A univariate
two-way ANOVA was employed to compare several
dependent variables relating to participant characteristics

(age, stature, body mass, body mass index). Furthermore,
univariate two-way ANCOVA’s were also utilised to
compare dependent variables of participant training histor-
ies and profiles (training years, number of training sessions
per week, typical minutes per training session, weekly train-
ing volume), with both age and body mass index included as
covariates within the models. Data within all ANOVA and
ANCOVA analyses were explored for normality via histo-
grams, box plots were examined for outliers and a Levene’s
test was employed to assess homogeneity of variances.
During any violations of these assumptions, data were log
transformed and post hoc testing for multiple pairwise
comparisons was assessed with Fisher’s least significant
difference. Ordinal regression models to generate OR
were also used, with number of meal and snack occasions
as outcomes. Pearson’s Chi-squared test was employed to
cross tabulate frequency percentages for HC type, men-
strual cycle occurrence, length, variability and tracking,
self-reported and medically diagnosed instances of sec-
ondary amenorrhea and oligomenorrhoea, cycle effect
on and avoidance of training/exercise, use of treatments/
medications to alleviate menstrual symptoms, daily occa-
sions of meal and snack intake, skipping meals, dietary
supplement usage, perceived changes in taste change pre-
ferences and food cravings across the menstrual or HC
cycles. Finally, qualitative data were assessed via
content analysis utilising data matrices, in order to identify
the most common phrase responses, which were then
ordered into frequencies.*®

Results

Overview of respondent demographics

An overview of respondent demographics and training
history/profiles is displayed in Table 1. The survey was
represented by 9% elite, 21% sub-elite and 70% amateur
participants. When categorising the total sample by contra-
ceptive status, 41% were current HC users and 59%
non-HC users, with the division of HC and non-HC users
being 37% to 63% in elite, 34% to 66% in sub-elite and
34% to 56% in amateur competitive levels, respectively.
In relation to age and anthropometrical profile, the sub-elite
group were younger (P <0.01; 95% CI=-4to 1 years) and
greater in stature (P =0.01; 95% CI=0.6-3.7 cm) than the
amateur group. Although body mass was not different
between competitive levels (P =0.80), the sub-elite group
displayed a lower body mass index than the amateur
group (P=0.02; 95% CI=0.2-1.3 kg-cm?).

Between competitive levels, distinct differences were
reported in training history and profiles across cohorts,
whereby the elite group reported longer training history
(*P=0.04; 95% CI=0-4 years | "P<0.01; 95% CI=1-5
years), higher weekly training frequency (*P =0.02; 95%
CI=0-2 sessions-week™' | AP<0.01; 95% Cl=2-4
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sessions-week_l), longer individual training session dur-
ation (*P<0.01; 95% CI=16-36 minutes-session”! | AP
<0.01; 95% CI=33-51 minutes-session™") and higher
weekly training volume (*P<0.01; 95% CI=203-371
minutes-session-week ™! | *P<0.01; 95% CI=457-604
minutes-session-week_l) compared to the sub-elite (*) and
amateur (") cohorts, respectively. Furthermore, the sub-elite
group also reported longer training history (P <0.01; 95%
CI=0-3 years), higher training frequency (P<0.01; 95%
CI=1-3 sessions-week‘l), longer training session duration
(P<0.01; 95% CI=9-22 minutes-session”") and higher
weekly training volume (P <0.01; 95% CI=190-297 min-
utes-session-week ') compared to the amateur group.

‘When making the same comparisons between groups based
on contraceptive status, there were no significant differences in
participants age (P =0.97), stature (P =0.91), body mass (P =
0.77), training history (P=0.38), training frequency (P=
0.71), training session duration (P =0.38) or weekly training
volume (P=0.34).

Menstrual cycle characteristics amongst
non-HC users

Menstrual cycle characteristics of non-HC users are pre-
sented in Table 2. When compared between competitive
levels, respondents reported no difference in number of
cycles over a 12-month period (P =0.23), cycle length (P

=0.08), frequency of menstrual cycle variability (P=
0.30), days of variability (P=0.29), self-reported (P=
0.62) and medically diagnosed (P = 0.98) instances of secondary
amenorrhea or self-reported (P =0.35) and medically diagnosed
(P =0.90) instances of oligomenorrhoea. Additionally, no differ-
ences were reported between groups in relation to whether train-
ing was affected (P =0.57) or avoided (P =0.64) at any stage of
the menstrual cycle. Menstrual cycle tracking was utilised by
91%, 83% and 84% of the elite, sub-elite, and amateur
cohorts, respectively, with no differences between groups (P =
0.60). Methods used to track the cycle included mobile phone
apps (83%), calendar (14%) or a diary (6%), with 7% of parti-
cipants reporting the use of multiple tracking strategies.

Frequency distribution of types of contraceptive
use amongst HC users

The frequency of HC type within each of the competitive
levels and the total participant sample is displayed in
Table 3. The reported use of OC (P <0.01) was significantly
greater than all other methods. Additionally, the prevalence
of IUD/S and implant use was also greater than the use of
injections, vaginal rings and transdermal patches (P<
0.01). However, the prevalence of OC (P =0.72), IUD/S
(P=0.30), implant, (P=0.45), injection (P =0.68),
vaginal ring (P=0.46) and transdermal patch (P=0.84)
use was not different between competitive levels.

Table 2. Overview of menstrual cycle characteristics in non-HC users within the elite, sub-elite and amateur cohorts.

Cycles Typical Exercise/ Exercise/
Menstrual cycle  within 12 cycle Cycle Days of Secondary training training
characteristics months length variability ~ variability = amenorrhea Oligomenorrhoea affected avoided
Elite 9+4 33+20 78% 14+12  25% 44% 59% 13%
(0-15) (0-75) (2—42) (*38%) (*14%)
Sub-elite 10+4 29+ 12 65% 1011 21% 30% 55% 17%
(0-15) (0-101) (2-72) (*38%) (*17%)
Amateur 10+4 27 + 11 64% 10+ 10 18% 33% 51% 19%
(0-24) (0-96) (2-69) (*40%) (*19%)
Total 10+4 28+ 13 66% 1011 19% 33% 53% 18%
(0-24) (0-101) (2-72) (*39%) (*18%)

Data represents mean + SD and range (in parentheses). *represent frequency of secondary amenorrhea and oligomenorrhoea incidences, which were

diagnosed by a medical professional.

Table 3. The prevalence of hormonal contraceptive types within the elite, sub-elite and amateur cohorts.

Contraceptive type OoC IUD/S Implant Injection VR TP
Elite 63%* 26%° [1%° 0% 0% 0%
Sub-elite* 58%* 20%° 23%° 3% 3% 0%
Amateur* 64%? 21%P 16%P 4% 1% 1%
Total 63%* 21%P 1 7%P 3% 1% 0%

*denotes significant difference between OC and all other forms of contraception (P<0.01). ® denotes significant difference between IUD/S-Implant and all
other forms of contraception (P<0.01). (OC: oral contraception; IUD/S: intrauterine device/system; VR: vaginal ring; TP: transdermal patch). *group
totals exceed 100% due to some participants using multiple contraceptive types.
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Figure 2. The frequency of reporting for negative symptoms amongst non-HC and HC users (panel inset).

Reported symptomology during the menstrual
and contraceptive cycles

An overview of reported symptoms experienced by both
non-HC and HC users is presented in Figure 2, with distinct
differences reported between groups (see Figure inset
panel). In non-HC users, 28%, 30% and 24% of the elite,
sub-elite, and amateur cohorts reported using treatments
and/or medication with a view to alleviate menstrual symp-
toms, with no differences evident between groups (P =
0.60). Treatments cited included ibuprofen (54%), paraceta-
mol (35%), codeine (7%), naproxen (7%), heat applications
(5%), cannabidiol (5%), acetaminophen (4%), tramadol
(1%) and diclofenac (1%).

Frequency of daily occasions of meal
and snack intake

The frequency for daily occasions of meal and snack intake were
2 to 5 meals and O to 5 snacks across competitive levels and
contraceptive statuses, respectively. There was a significant influ-
ence of competitive level on the odds of increased meal (OR =
1.74; P<0.01; 95% CI=1.30-2.32) and snack (OR=1.37; P
<0.01; 95% CI=1.09-1.72) intake, whereby the elite and sub-
elite group reported a significantly higher frequency (P < 0.05 for
all comparisons) of consuming 4 meals (21.6 and 13.6%) and
snacks (9.8 and 11.0%) per day when compared with the

amateur group (6.9% meals and 5.4% snacks). The amateur
group also reported a higher frequency of consuming only one
snack per day (23.7%) when compared with elite (7.8%) and
sub-elite (13.6%) groups (P=0.01). In contrast to competitive
level, there was no influence of contraceptive status on frequency
of either meal (OR=1.19; P=0.39; 95% CI: 0.80-1.76) or
snack (OR =0.97; P=0.85; 95% CI=0.71-1.32) intake.

Frequency of skipping meals and associated
qualitative reasons

The frequency of those participants who self-reported skipping
meals is presented in Figure 3. Neither contraceptive status (P =
0.68) nor competitive level (P =0.37) affected the frequency of
reporting for skipping meals. When evaluated across the whole
sample, 40% of participants reported skipping meals. The fre-
quency of reasons provided for skipping meals is presented in
Figure 4. Lack of time, schedule and alterations to appetite
were cited as the most frequent reasons within all cohorts.

Perceived changes in taste preferences throughout
the menstrual and HC cycles
The frequency of participants who self-reported changes in

taste preferences across the menstrual and HC cycles is pre-
sented in Figure 5. Neither contraceptive status (P=0.17)
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nor competitive level (P=0.48) affected the frequency of
reporting for variations in taste preferences, respectively.
The largest change in taste preference across both HC and
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Figure 3. The frequency of respondents reporting skipping
meals within the elite, sub-elite and amateur cohorts (HC:
hormonal contraceptive users; non-HC users: non-hormonal
contraceptive user; combined: collated HC and non-HC users).

A.

50—

Frequency (%)
>
[l

45
40+
35
30
20+
15+
10
54
0- . T T T T
Q0

1 T T
¥ OO PO B o &
TP FFPFLLEI © & &
S R PR L P
o QO 4 »
N S & &S & ©
2 N Ay
‘)\0 & ot s°
3 & N )
o & )
\V Q
&
«°

Frequency (%)

non-HC users was towards sweet foods (as noted by ~60%
of respondents: see Figure 6), where the associated reasons
were cited as changes occurring during pre-menses (14—
35%) or menses (15-25%; see Figure 7).

Perceived changes in food cravings throughout the
menstrual and HC cycles

The frequency of those participants who self-reported changes
in food cravings across the menstrual and HC cycles is pre-
sented in Figure 8. Neither contraceptive status (P =0.20)
nor competitive level (P=0.52) affected the frequency of
reporting for changes in food cravings. The most prevalent
foods craved across both HC and non-HC users were choc-
olate and other confectionary (as noted by 25% of all respon-
dents: see Figure 9), whereby the associated reasons were
cited as changes occurring during pre-menses (21-30%) or
menses (23-29%; see Figure 10).
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Figure 4. The frequency of reasons cited by respondents for skipping meals within the elite (A), sub-elite (B) and amateur (C) cohorts

as well as the combined total sample (D).
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Frequency of dietary supplement utilisation
and types consumed

There was no effect (P=0.31) of contraceptive status on
prevalence of supplement use (see Figure 11) where 59
and 67% of HC and non-HC users reported overall use.
In contrast, there was a higher prevalence of supplement
use in the elite (76%) compared with the amateur (61%)
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Figure 5. The frequency of respondents reporting changes in
taste preferences across the menstrual and contraceptive cycles
within the elite, sub-elite and amateur cohorts (HC: hormonal
contraceptive users; non-HC users: non-hormonal contraceptive
user; combined: collated HC and non-HC users).
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groups (P =0.04). The specific types of supplements con-
sumed are also presented in Figure 12. The most popular
nutritional supplement type across all competitive levels
was whey protein (59-65%), which was then followed in
prevalence by health-based supplements including
vitamin D (18-33%), multivitamins (10-27%), omega 3
(11-23%) and iron (11-18%).

Discussion

The aim of the present study was to audit the HC use, men-
strual cycle characteristics and training/nutrition related
profiles of pre-menopausal female athletes and exercisers.
Accordingly, we surveyed a cohort of elite participants,
with a novel aspect of this study also including sub-elite
and amateur participants for examinations between
groups. To the authors’ knowledge, this represents the
first time these individual contingents have been explored
in tandem, with our data demonstrating that the prevalence
and type of HC use was not different between these com-
petitive levels. As expected, training profiles were different
between competitive levels, though no differences were
reported between HC and non-HC users. In non-HC
users, we also observed that the frequency of respondents
reporting menstrual cycle variability and irregularities was
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Figure 6. The frequency of respondents reporting types of taste preference across the menstrual and contraceptive cycles within the
elite (A), sub-elite (B) and amateur (C) cohorts as well as the combined total sample (D).
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Figure 7. The frequency of reasons cited by respondents for perceived changes in taste preferences across the menstrual and
contraceptive cycles within the elite (A), sub-elite (B) and amateur (C) cohorts as well as the combined total sample (D).
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Figure 8. The frequency of respondents reporting changes in
food cravings across the menstrual and contraceptive cycles
within the elite, sub-elite and amateur cohorts (HC: hormonal
contraceptive users; non-HC user: non-hormonal contraceptive
user; combined: collated HC and non-HC users).

not influenced by competitive level. Although the elite and
sub-elite groups tended to consume more meals and snacks
per day than the amateur group, it is noteworthy that 40% of

all respondents reported frequently skipping meals, pre-
dominately due to lack of time, schedule and appetite.
Additionally, a high proportion of respondents reported
alterations to taste preferences and food cravings during
pre-menses and/or menses, particularly favouring sweet
foods such as chocolate and other confectionary, the
pattern of which was not affected by either contraceptive
status or competitive level. When taken together, the
present data highlights that competitive level does affect
simple markers of training and nutrition profiles yet contra-
ceptive status does not. However, given the high individual
variability in HC type/use, menstrual cycle characteristics
and associated symptomologies across the participant
cohort, this provides further evidence that female athletes
and exercisers cannot be treated with a one size fits all
approach when attempting to formulate training and/or
nutritional strategies.

The prevalence of HC use reported here (i.e. 41%) is
largely similar to that highlighted from other recent
studies on athletic populations (see Table 3). For
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Figure 9. The frequency of respondents reporting changes in types of foods craved across the menstrual and contraceptive cycles
within the elite (A), sub-elite (B) and amateur (C) cohorts as well as the combined total sample (D).

example, Armour and colleagues® also observed HC use of
42% (n=124) amongst a mixed sport cohort of Australian
athletes, though it is noteworthy that the specific criteria
qualifying athlete status in that study likely encompassed
individuals who would fall under the sub-elite and
amateur criteria specified here.’ In evaluating HC use in
populations that could be considered elite and sub-elite by
definition, other researchers have observed higher preva-
lence of use in mixed sport athletes including 50% (n=
430, country of origin not specified), 57% (n=186
Danish athletes) and 63% (n=1086 Norwegian and
Swedish athletes).&ls’19 Additionally, Parker and collea-
gues® recently reported a much lower HC prevalence of
20% amongst professional soccer players from the United
Kingdom. Collectively, such data suggest that HC use in
female athletes may reflect the culture, maturity and type
of sport, intensity and frequency of competition, as well
as nuances surrounding the criteria to define elite status.
Interestingly, our data are also suggestive of a shift
towards alternate contraceptive methods. For example,
although OC was the most frequently reported form of
contraception amongst our participants (63%) in parallel
to the results of Ekenros et al.,8 both Martin et al.'> and

Oxfeldt et al.'® reported a higher OC use of 70-80%. In
relation to reporting of IUD/S, we observed a higher preva-
lence of use than that reported by Martin et al. (i.e. 21%
versus 3%) but similar to that reported by Oxfeldt et al.
and Ekenros et al. (i.e. 18 and 29%). In contrast, the fre-
quency of implants reported here is comparable to Martin
et al. and Ekenros et al. (i.e. 13 and 15%), but considerably
higher than Oxfeldt et al. (i.e. 1%). Whilst it is tempting to
speculate that subtle shifts in prevalence of HC use and type
may be due to increased media driving the merits of a
natural female ovarian cycle, or even geographical and/or
cultural driven factors, future studies are required to evalu-
ate the reasons underpinning the choices of specific contra-
ceptive method particularly within differing representative
samples. Finally, notwithstanding issues around privacy,
future research should consider investigating the rationale
for the use of HC, at least to ascertain whether it is being
used as an improper countermeasure for secondary amenor-
rhea in athletes, which could also be masking menstrual
cycle irregularities. Here, it is noted that HC use does not
provide optimal hormonal replacement to manage bone
health in amenorrhoeic athletes®® and that breakthrough/
withdrawal bleeding during the inactive phase of HC use
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Figure 10. The frequency of reasons cited by respondents for changes in food cravings across the menstrual and contraceptive cycles
within the elite (A), sub-elite (B) and amateur (C) cohorts as well as the combined total sample (D).
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Figure 11. The frequency of respondents reporting supplement
use within the elite, sub-elite and amateur cohorts. * denotes
significant difference between elite and amateur cohorts (P <0.05)
(HC: hormonal contraceptive users; non-HC users: non-hormonal
contraceptive users; Combined: collated HC and non-HC users).

may be mistaken as a sign of normal menstrual function.
Further education around these points is needed, since
studies have shown a limited level of knowledge

surrounding the menstrual cycle and HC use amongst
female athletes and support staff.”->'-

In relation to non-HC users, a large proportion of each
competitive level were tracking their menstrual cycle (83—
91%), with the majority of the whole cohort utilising
mobile phone apps. Whilst this study did not interrogate
why these groups were gathering this information, future
examinations should focus on (i) collecting these details
and (ii) critically assessing the utility of current tracking
processes (i.e. are current mobile phone apps fit for
purpose) alongside the application of these data (i.e. how
menstrual tracking data is used to modify training, perform-
ance, nutrition, etc.). Overall, 78, 65 and 64% of elite, sub-
elite and amateur participants reported that their menstrual
cycle varied in length (see Table 2). Although this preva-
lence is somewhat higher than the 51% previously high-
lighted in elite athletes by Martin et al,'” the mean
variability reported by the whole group cohort (i.e. 10+
11 days) is similar (i.e. 9+9 days). Menstrual cycle
length within and between individuals was highly variable
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Figure 12. The frequency of respondents reporting specific types of supplement use within the elite (A), sub-elite (B) and amateur (C)
cohorts as well as the combined total sample (D) (CHO: carbohydrate; BCAA: branch chain amino acids; ZMA: zinc magnesium

aspartate; CLA: conjugated linoleic acid).

(across the 2-72 day range: i.e. some cycle lengths varied
by 2 days and are considered largely regular, whilst other
cycle lengths varied by up to 72 days and are considered
highly irregular) and in this regard, only 33% of the vari-
ability reported here was explained by self-reported
instances of oligomenorrhoea, with a further 19% of all
respondents self-reporting prevalence of secondary amen-
orrhea, in parity to the results of Ekenros et al.® In a
large-scale survey of 32,595 women evaluating 75,981
menstrual cycles, Soumpasis et al.>> observed that only
13% of respondents reported a stringent 28-day cycle,
with 87% displaying cycle variability within 5 days and
52% reporting variability of over 5 days. In considering
such natural unpredictability of menstrual cycle length
both within and between non-HC users, coupled with the
aforementioned prevalence of HC use, there needs to be
considerable focus by future researchers to scrutinise
experimental design and address the complexities asso-
ciated with female participation.* Furthermore, these
factors also oppose the suggestion that generalised guide-
lines can be applied to female athletes and exercisers in rela-
tion to tailoring training and/or nutritional strategies based
around phases of the menstrual or contraceptive cycles.'*'*

In accordance with competitive status, the elite cohorts
surveyed here reported higher training loads (e.g. longer
training history, increased weekly training frequency,

longer training duration, etc.) than the amateur athletes
and exercisers. Although it has been demonstrated that an
increased severity of menstrual symptoms (as experienced
by non-HC users) is related to higher probability of
missing training sessions,®** it is noteworthy that this
does not always manifest as differences in training profiles
between HC users and non-HC users. Indeed, previous
cross-sectional comparisons of such groups, albeit within
athletic populations, demonstrate no differences in weekly
training frequency, average training session duration and
total weekly training volume.®'>!* In agreement, we also
observed no differences in the training profiles reported
by the HC users and non-HC users surveyed here (see
Table 1), despite the increased prevalence of menstrual
symptoms reported by non-HC users (see Figure 2). In
this way, such data appear to agree with the recent reports
that over 80% of athletes and coaches do not necessarily
alter training schedules across stages of the menstrual
cycle.®2°

The pattern of daily occasions of meal and snack intake
reported here, is also consistent with that previously high-
lighted in female athletes.*>” When evaluated via OR
and frequency distribution, our data are suggestive of
higher dietary intakes within the elite and sub-elite
cohorts when compared with the amateur cohort, a
feeding pattern that is perhaps expected given their higher
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training loads (see Table 1). Although a limitation of this
study is that we did not objectively assess daily energy
intake, a major nutritional goal for female athletes and exer-
cisers is to simply ensure sufficient daily energy availabil-
ity, an outcome of which is to reduce the risk of
developing negative health and performance consequences
arising from under fuelling.*®>° In this regard, it is note-
worthy that between 33% and 42% of the elite, sub-elite
and amateur participants surveyed here reported frequently
skipping meals, with reasons largely centred around lack of
time (40% of amateur respondents), schedule (45 and 30%
of elite and sub-elite respondents) and low appetite (40% of
elite respondents). Such findings suggest that factors asso-
ciated with intense training schedules (i.e. elite cohorts)
and busy lives (amateur cohort) may induce episodes of
under fuelling.*® Such insight may provide a starting
point for which to formulate behaviour change strategies
to improve the fuelling practices of female athletes and
exercisers. Further studies are now required to explore
this issue in greater detail and to subsequently develop,
deliver and evaluate the efficacy of any associated behav-
iour change interventions.

On the basis that previous research has highlighted taste
preferences and food cravings may change throughout the
menstrual cycle,ﬂ*26 we also evaluated the prevalence of
such issues in both HC and non-HC users. This was estab-
lished on the premise that non-HC users would exhibit
larger fluctuations in ovarian sex hormone profiles when com-
pared with the more stable endocrine environment of HC
users. Nonetheless, we observed no differences in perceived
taste change preferences and food cravings between HC and
non-HC users within the elite, sub-elite, and amateur cohorts.
Such data agree with recent cross-sectional, laboratory and quali-
tative studies suggesting that food choices are not apparently
affected by contraceptive use.”*'™ In relation to specific taste
profiles, we also observed that the present respondents reported
changes in taste preferences during pre-menses (14-35%) or
menses itself (15-25%), where the largest shift was in preference
towards sweet foods (reported by 60% of all respondents) such
as chocolate and other confectionary (reported by 25% of all
respondents). Interestingly and despite consisting of a mixed
contraceptive status cohort, HC participants accounted for
32% and 35% of responses for menses and 40% and 27% of
responses for pre-menses across perceived taste change and
food cravings, respectively, with only one respondent specific-
ally referring to this as a withdrawal bleed.

In agreement with previous reports, we also
observed that the elite cohort reported a higher prevalence
of dietary supplement use compared with the amateur
cohort (76 versus 63%), yet this was not different
between HC users and non-HC users, suggesting again,
that contraceptive status does not readily influence this
dietary behaviour.” Whey protein was the most popular
across all cohorts (55-65%), followed by micronutrients
that are more commonly marketed towards general health

46-48

such as vitamin D and multivitamins etc. Although we did
not specifically evaluate the rationale for the use of dietary sup-
plements, our data may suggest that the presented cohort of ath-
letes and exercisers consider maintenance and/or growth of
muscle mass alongside health-related goals as desired out-
comes. Interestingly, despite the high prevalence of skipping
meals, there was a low usage of dietary supplements to
support daily energy and carbohydrate intake such as gels,
powders or bars. Furthermore, there was also a low prevalence
for use of evidence-based ergogenic aids such as creatine, caf-
feine, beta-alanine and nitrates. Such data demonstrate that
female athletes and exercisers may benefit from targeted educa-
tion regarding the use of specific dietary supplements to
promote training adaptation, body composition and perform-
ance related goals.

Despite the presented novel findings, it should be noted
that this study is not without limitations. Firstly, the data are
based on self-reports which may contain participant biases/
misunderstandings and given the survey tool items were
generated from examinations of athlete participant groups,
this may have limited the applicability to the amateur
cohort within this study. Furthermore, the lack of informa-
tion on nationality, race, gender identity or disability within
the survey and potential specific questions that have been
validated for generalised exercising population groups
should be addressed in future investigations. We also
acknowledge the limitation of not specifying the brand of
contraception reported here, as well as types of OC (i.e.
combined or singular, mono, bi, tri-phasic, etc.). Finally,
these data were collected during the COVID-19 pandemic
and may represent an altered lifestyle (e.g. modification
of exercise and diet during lockdowns). Nevertheless,
they may highlight the new normal and have ongoing rele-
vance within present and future global circumstances.

In conclusion, we provide the first report to simultan-
eously survey HC use, menstrual cycle characteristics and
training/nutritional related profiles in a cohort of females
inclusive of elite, sub-elite and amateur athletes and exerci-
sers. We observed that contraceptive status does not appear
to readily affect training and nutritional profiles amongst all
cohorts, the latter inclusive of changes in perceived taste
change preferences, food cravings and dietary supplement
use across the menstrual and contraceptive cycles.
Nonetheless, the high prevalence of HC use coupled with
the between and within participant menstrual cycle variabil-
ity reported by non-HC users, challenge the suggestion of a
generalised approach towards tailoring training and nutri-
tional strategies to specific phases of the menstrual and HC
cycles. Rather, the observation of a high frequency of skipping
meals and low prevalence of use of evidence-based supple-
ments and ergogenic aids, highlights that female athletes and
exercisers would more likely benefit from targeted education
and behaviour change strategies that address fundamental
components of performance nutrition. To that end, the data
from this study serves to highlight the unique specific contexts
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that HC and non-HC users may experience and the need for an
individualised approach when considering modulation of
training and nutritional practices in athletic and exercising
female cohorts.”™”

Acknowledgements

The authors would like to thank Gina Kelly, Caraigh McGuiness
and Poppy Hawe for their assistance during the data collection
period.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: James P. Morton is a consultant for SiS plc.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article:
the Science in Sport plc.

ORCID iD

Carl Langan-Evans https:/orcid.org/0000-0003-1120-6592

References

1. Cowley ES, Olenick AA, McNulty KL, et al. “Invisible
sportswomen”: the sex data gap in sport and exercise
science research. Women Sport Phys Act J 2021; 29: 1-6.

2. Janse DEJX, Thompson B and Han A. Methodological
recommendations for menstrual cycle research in sports and
exercise. Med Sci Sports Exerc 2019; 51: 2610-2617.

3. Emmonds S, Heyward O and Jones B. The challenge of
applying and undertaking research in female sport. Sports
Med Open 2019; 5: 51.

4. Elliott-Sale KJ, Minahan CL, de Jonge X, et al.
Methodological considerations for studies in sport and exer-
cise science with women as participants: a working guide
for standards of practice for research on women. Sports
Med 2021; 51: 843-861.

5. McNulty KL, Elliott-Sale KJ, Dolan E, et al. The effects of
menstrual cycle phase on exercise performance in
Eumenorrheic women: a systematic review and meta-analysis.
Sports Med 2020; 50: 1813-1827.

6. Areta JL and Elliott-Sale KJ. Nutrition for female athletes:
what we know, what we don’t know, and why. Eur J Sport
Sci 2022; 22: 669-671.

7. Langan-Evans C, Cronin C, Hearris MA, et al. Perceptions of
current issues in female sport nutrition from elite athletes,
practitioners, and researchers. Women Sport Phys Act J
2022; 30: 133-143.

8. Ekenros L, von Rosen P, Solli GS, et al. Perceived impact of
the menstrual cycle and hormonal contraceptives on physical
exercise and performance in 1,086 athletes from 57 sports.
Front Physiol 2022; 13: 954760.

9. McHaffie SJ, Langan-Evans C, Morehen JC, et al. Normalising
the conversation: a qualitative analysis of player and stakeholder
perceptions of menstrual health support within elite female
soccer. Sci Med Footb 2022; 6: 633-642.

10.

11.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Findlay RJ, Macrae EHR, Whyte 1Y, et al. How the menstrual
cycle and menstruation affect sporting performance: experi-
ences and perceptions of elite female rugby players. Br J
Sports Med 2020; 54: 1108-1113.

Brown N, Knight CJ and Forrest LJ. Elite female athletes’ experi-
ences and perceptions of the menstrual cycle on training and
sport performance. Scand J Med Sci Sports 2021; 31: 52-69.

. Wohlgemuth KJ, Arieta LR, Brewer GJ, et al. Sex differences

and considerations for female specific nutritional strategies: a
narrative review. J Int Soc Sports Nutr 2021; 18: 27.

Helm MM, McGinnis GR and Basu A. Impact of nutrition-
based interventions on athletic performance during menstrual
cycle phases: a review. Int J Environ Res Public Health 2021;
18: 6294.

Sims ST and Yeager S. Roar: how to match your food and fitness
to your female physiology for optimum performance, great
health, and a strong, lean body for life. Emmaus: Rodale, 2016.

. Martin D, Sale C, Cooper SB, et al. Period prevalence and

perceived side effects of hormonal contraceptive use and the
menstrual cycle in elite athletes. Int J Sports Physiol
Perform 2018; 13: 926-932.
United-Nations-Population-Division. Contraceptive use by method
2019: data booklet. United Nations: United Nations Department of
Economic and Social Affairs Population Division, 2019.

Giersch GEW, Charkoudian N, Stearns RL, et al. Fluid
balance and hydration considerations for women: review
and future directions. Sports Med 2020; 50: 253-261.
Elliott-Sale KJ, McNulty KL, Ansdell P, et al. The effects of
oral contraceptives on exercise performance in women: a sys-
tematic review and meta-analysis. Sports Med 2020; 50:
1785-1812.

Oxfeldt M, Dalgaard LB, Jgrgensen AA, et al. Hormonal
contraceptive use, menstrual dysfunctions, and self-reported
side effects in elite athletes in Denmark. Int J Sports
Physiol Perform 2020; 15: 1377-1384.

Armour M, Parry KA, Steel K, et al. Australian Female athlete
perceptions of the challenges associated with training and
competing when menstrual symptoms are present. Int J
Sports Sci Coach 2020; 15: 316-323.

Hintze LJ, Mahmoodianfard S, Auguste CB, et al. Weight loss
and appetite control in women. Curr Obes Rep 2017, 6: 334-351.
Bowen DJ and Grunberg NE. Variations in food preference
and consumption across the menstrual cycle. Physiol Behav
1990; 47: 287-291.

McNeil J, Cameron JD, Finlayson G, et al. Greater overall
olfactory performance, explicit wanting for high fat foods
and lipid intake during the mid-luteal phase of the menstrual
cycle. Physiol Behav 2013; 112-113: 84-89.

Friedrich M and Junak M. Assessment of dietary choices of
young women in the contexts of hormonal contraceptives.
Rocz Panstw Zakl Hig 2017; 68: 69-76.

Hormes JM and Timko CA. All cravings are not created
equal. Correlates of menstrual versus non-cyclic chocolate
craving. Appetite 2011; 57: 1-5.

Kammoun I, Ben Saidda W, Sifaou A, et al. Change in
women’s eating habits during the menstrual cycle. Ann
Endocrinol (Paris) 2017, 78: 33-37.

McKay AKA, Stellingwerff T, Smith ES, et al. Defining train-
ing and performance caliber: a participant classification
framework. Int J Sports Physiol Perform 2022; 17: 317-331.


https://orcid.org/0000-0003-1120-6592
https://orcid.org/0000-0003-1120-6592

International Journal of Sports Science & Coaching 0(0)

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Miles MB, Huberman AM and Saldana J. Qualitative data
analysis: a methods sourcebook. United States: SAGE, 2014.
Parker LJ, Elliott-Sale KJ, Hannon MP, et al. An audit of hor-
monal contraceptive use in Women’s Super League soccer
players; implications on symptomology. Sci Med Footb
2021; 6: 153-158.

Ackerman KE, Singhal V, Baskaran C, et al. Oestrogen
replacement  improves bone mineral density in
oligo-amenorrhoeic athletes: a randomised clinical trial. Br J
Sports Med 2019; 53: 229-236.

Larsen B, Morris K, Quinn K, et al. Practice does not make perfect:
a brief view of athletes’ knowledge on the menstrual cycle and oral
contraceptives. J Sci Med Sport 2020; 23: 690-694.

Brown N and Knight CJ. Understanding female coaches’ and
practitioners’ experience and support provision in relation to
the menstrual cycle. Int J Sports Sci Coach 2022; 17: 235-243.
Soumpasis I, Grace B and Johnson S. Real-life insights on
menstrual cycles and ovulation using big data. Hum Reprod
Open 2020; 2020: hoaaO11.

Bruinvels G, Goldsmith E, Blagrove R, et al. Prevalence and
frequency of menstrual cycle symptoms are associated with
availability to train and compete: a study of 6812 exercising
women recruited using the Strava exercise app. Br J Sports
Med 2021; 55: 438-443.

Shriver LH, Betts NM and Wollenberg G. Dietary intakes and
eating habits of college athletes: are female college athletes
following the current sports nutrition standards? J Am Coll
Health 2013; 61: 10-16.

Klein DJ, Eck KM, Walker AJ, et al. Assessment of sport
nutrition knowledge, dietary practices, and sources of nutri-
tion information in NCAA division III collegiate athletes.
Nutrients 2021; 13: 2962.

Burke LM, Slater G, Broad EM, et al. Eating patterns and
meal frequency of elite Australian athletes. Int J Sport Nutr
Exerc Metab 2003; 13: 521-538.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Wasserfurth P, Palmowski J, Hahn A, et al. Reasons for and
consequences of low energy availability in female and male
athletes: social environment, adaptations, and prevention.
Sports Med Open 2020; 6: 44.

Heikura IA, Stellingwerff T and Areta JL. Low energy avail-
ability in female athletes: from the lab to the field. Eur J Sport
Sci 2022; 22: 709-719.

Pendergast FJ, Livingstone KM, Worsley A, et al. Correlates
of meal skipping in young adults: a systematic review. Int J
Behav Nutr Phys Act 2016; 13: 125.

Ihalainen JK, Lofberg I, Kotkajuuri A, et al. Influence of menstrual
cycle or hormonal contraceptive phase on energy intake and meta-
bolic hormones — a pilot study. Endocrines 2021; 2: 79-90.
Bancroft J and Rennie D. The impact of oral contraceptives on the
experience of perimenstrual mood, clumsiness, food craving and
other symptoms. J Psychosom Res 1993; 37: 195-202.

Bryant M, Truesdale KP and Dye L. Modest changes in
dietary intake across the menstrual cycle: implications for
food intake research. Br J Nutr 2006; 96: 888-894.

Tucci SA, Murphy LE, Boyland EJ, et al. Oral contraceptive
effects on food choice during the follicular and luteal phases
of the menstrual cycle. A laboratory based study. Appetite
2010; 55: 388-392.

Stani¢ Z, Pribisali¢ A, Boskovié M, et al. Does each menstrual
cycle elicit a distinct effect on olfactory and gustatory percep-
tion? Nutrients 2021; 13: 2509.

Knapik JJ, Steelman RA, Hoedebecke SS, et al. Prevalence of
dietary supplement use by athletes: systematic review and
meta-analysis. Sports Med 2016; 46: 103—123.

Rothschild JA, Kilding AE and Plews DJ. Pre-exercise nutri-
tion habits and beliefs of endurance athletes vary by sex, com-
petitive level, and diet. J Am Coll Nutr 2021; 40: 517-528.
Garthe I and Maughan RJ. Athletes and supplements: preva-
lence and perspectives. Int J Sport Nutr Exerc Metab 2018;
28: 126-138.



	 Introduction
	 Methods
	 Participants
	 Survey tool
	 Statistical analyses

	 Results
	 Overview of respondent demographics
	 Menstrual cycle characteristics amongst �non-HC users
	 Frequency distribution of types of contraceptive �use amongst HC users
	 Reported symptomology during the menstrual �and contraceptive cycles
	 Frequency of daily occasions of meal �and snack intake
	 Frequency of skipping meals and associated qualitative reasons
	 Perceived changes in taste preferences throughout the menstrual and HC cycles
	 Perceived changes in food cravings throughout the menstrual and HC cycles
	 Frequency of dietary supplement utilisation �and types consumed

	 Discussion
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


