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Abstract

Background Female athletes frequently report menstrual cycle-related symptoms (MCS), which impact wellbeing,
training and perceived performance, prompting exploration of strategies to support symptom management. Dark
chocolate is rich in cocoa polyphenols and other bioactive compounds that may influence inflammatory, oxidative
stress, mood- and pain-related pathways implicated in MCS. This study evaluated dark chocolate as a strategy

to manage MCS in female athletes. Twenty-five athletes consumed 40 g of 70% dark (n=13) or 25% milk (n=12)
chocolate daily for eight days (-4 to+4 days from bleeding onset) across two menstrual or hormonal contraceptive
cycles, following a two-cycle baseline. Primary outcomes were MCS frequency and severity, brain fog, and high
sensitivity C-reactive protein. Exit interviews captured expectations and perceptions.

Results Over 70% of participants reported moderate baseline MCS severity. Among nine MCS clusters, the dark
chocolate group showed the largest, albeit non-significant, declines in negative affect (A=-1.21, p=0.06) and
pain (A=-0.65, p=0.07); changes in the milk chocolate group were small (|A|<0.64). Linear mixed models revealed
no significant effects of time, group, or interaction (p >0.97) on primary outcomes. Interviews indicated (1) mixed
expectations, (2) perceived but hard-to-isolate symptom relief, (3) enjoyment/adherence, and (4) benefits from
symptom tracking and communication.

Conclusions Eight days of chocolate produced no group-level effects, yet the intervention was feasible and
associated with individual perceptions of comfort and modest relief. Larger trials with higher doses and longer
exposure are warranted.

Trial registration ANZCTR.org.au. Trial registration ID: ACTRN12624000029594. Date of registration: 15/01/2024.
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Background

The menstrual cycle (MC) has potential to influence
health and athletic performance, yet the influence of
the MC on athletes is understudied [9, 16]. Quantitative
investigations indicate that MC and hormonal contra-
ceptive (HC) use have unclear impacts on sports per-
formance [22, 45], however athletes themselves perceive
their capacity to train and perform is affected by the
MC or HC use [11]. Menstrual cycle-related symptoms
(MCS) are common with over 80% of active individuals
reporting symptoms [3, 10, 42, 44]. The extent to which
MCS affect individuals is highly varied and their aetiol-
ogy is not fully understood [10, 44, 57]. Nevertheless, it is
recognised that MCS affect physiology, psychology, and
quality of life, making this a focal issue in terms of ath-
letic health and performance [12, 42, 56].

Events of the MC (i.e., menstruation, ovulation) cause
tissue damage and inflammatory responses in the uterus
[50]. There is a well-recognised crosstalk between the
immune and reproductive systems, where a degree of
inflammation is essential to fulfil normal menstrual func-
tion [51]. Nevertheless, alterations to immune-mediated
inflammatory responses likely play a role in the occur-
rence of MCS [4, 32]. During a natural MC, progesterone
withdrawal before menstruation triggers inflammatory
processes, which have been linked to negative symptoms
[24]. Specifically, increases in pro-inflammatory media-
tors (i.e., chemokines, cytokines, growth factors and
prostaglandins) trigger leukocyte recruitment, which
release more pro-inflammatory factors, attracting further
leukocytes to the endometrium, worsening inflammation
and causing uterine hypercontractility, hypoxia, isch-
emia, and pain [24]. Studies in healthy, naturally cycling
(NC), non-athletic individuals show that C-reactive pro-
tein levels (CRP; an acute-phase protein and a marker
of systemic inflammation), including high-sensitivity
CRP assays (hsCRP), are positively correlated with the
severity of self-reported MCS. These symptoms include
mood- and pain-related symptoms [30, 52], cravings and
appetite changes [1], and fluctuations in MC character-
istics such as cycle length [34]. Similarly, some HC for-
mulations can induce local (i.e., reproductive organs) and
systemic immune changes, including increased inflam-
mation and CRP levels, which may exacerbate symp-
toms [20, 38]. However, regular training induces complex
physiological adaptations that generally support a lower
baseline inflammatory state [29], which may modify the
expression and sensitivity of biomarkers like CRP in ath-
letic populations [26], and potentially alter their relation-
ship with MCS.

Diet has the potential to directly or indirectly affect
inflammation and immune-health outcomes [13]. Poly-
phenols are plant-derived phytonutrients widely stud-
ied for their antioxidant and anti-inflammatory health
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benefits. They are abundant in herbs, fruits, berries, tea,
coffee, red wine, and cocoa products, including dark
chocolate [19]. Cocoa is particularly rich in the polyphe-
nols epicatechins and procyanidins, which potentially
neutralise reactive oxygen species, limiting oxidative
stress and preventing the activation of nuclear factor-
kappa B (NF-kB), an important transcription factor that
promotes the release of inflammatory cytokines such
as interleukin-6 (IL-6) and tumour necrosis factor-a
(TNF-a) [2, 53]. Given that the hepatic production of
CRP is induced by these cytokines [18], modulation of
this inflammatory signalling pathway might be impli-
cated in MCS severity reduction (Fig. 1). Additionally,
dark chocolate contains other bioactive components
like theobromine, which may influence mood and pain
perception [53]. Studies have investigated the effect of
dark chocolate on reducing MCS in relatively healthy,
young, non-athlete individuals, with findings suggest-
ing reduced menstrual pain following short-term dark
chocolate protocols. These included 40 g per day of 60%
cocoa dark chocolate for three days before menstruation
and on the first day of menstruation, 40 g per day of dark
chocolate with unspecified cocoa content during the first
three days of menstruation, and a single 35 g dose of 70%
cocoa dark chocolate on the first day of menstruation [39,
41, 49]. Nevertheless, there is little research in female
athletes, with only a singular sports-specific study (i.e.,
CrossFit®) evaluating 30 g per day of dark chocolate (85%
cocoa) over three consecutive days, reporting physical
and cognitive improvements during the late luteal phase
[55]. As most evidence supporting dark chocolate’s ben-
efits for MCS management stem from non-athletes, the
applicability of these findings to athletic cohorts remains
unclear.

Importantly, an increased desire (craving) for choco-
late around menstruation and withdrawal bleeding, is
commonly reported by athletes and non-athletes [12, 37,
40]. Yet, individuals’ views on chocolate cravings are usu-
ally shaped by maladaptive eating and weight attitudes,
promoting conflicts between feelings such as content-
ment and guilt [37]. Negative attitudes might be more
pronounced for types of chocolates not associated with
health benefits, driven by a “personal health responsibil-
ity’, as is the case with milk chocolate compared to dark
chocolate [46]. Hence, despite an increased desire for
chocolate, athletes can experience uncertainty and guilt
about consuming different types of chocolate [12].

Chocolate could offer an opportunity to manage MCS.
Particularly, high polyphenol (dark) chocolate might
modulate pro-inflammatory mediators related to MCS,
offering adjunct dietary management for athletes. There-
fore, this study aimed to assess the effectiveness of dark
(70% cocoa) versus milk (25% cocoa) chocolate in reduc-
ing MCS in athletes, and to examine its relationship
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Fig. 1 Anti-inflammatory effects of dark chocolate-derived polyphenols (epicatechins and procyanidins) through their inhibition of the nuclear factor-
kappa B (NF-kB) mediated C-reactive protein (CRP) synthesis and inflammatory pathway, and reactive oxygen species (ROS) neutralisation. Note. IL-6=in-
terleukin 6; IL-13=interleukin 1 beta; TNF-a=tumour necrosis factor alpha. Synthesised and redrawn by the authors, based on data and concepts from

previous work [2, 18, 53]

with hsCRP as an indicator of systemic inflammation.
We hypothesised that consuming dark chocolate during
symptomatic days would result in greater reductions in
(1) overall MCS severity and frequency, (2) brain fog, and
(3) hsCRP levels.

Methods

Study design

A randomised controlled trial (RCT) monitored ath-
letes for four consecutive MC or HC cycles. Athletes
were recruited from January to September 2024. All par-
ticipants provided written informed consent. This study
was approved by the Human Research Ethics Commit-
tee of the University of Canberra (HREC — 13591) and
is reported according to CONSORT (participant flow-
chart in Fig. 2) [36]. A sample size of 24 was estimated
based on an a priori power analysis (Cohen’s f effect size
of 0.25, with « 0.05 and power of 0.80) for a two-group
x four-time-point (cycles) repeated measures and within-
between interactions analyses of variance calculated
through G-power 3.1 statistical software [25]. Given that

no prior chocolate and MCS, or inflammatory-marker
and MCS study closely matched the present study's
design, population, and outcomes, a medium effect size
(Cohen’s f=0.25) was adopted as the most appropriate
pragmatic estimate, consistent with established conven-
tions for health research where this value represents a
medium effect [14].

Participants and recruitment

Athletes (18—40 yrs) living in the Australian Capital Ter-
ritory and New South Wales (Australia), who were train-
ing to participate in sport competitions and experienced
regular menstrual bleeding or withdrawal bleeding (fre-
quent and between 21 to 35 days long), were recruited.
Regular menstrual or withdrawal bleeding was confirmed
prior to study commencement through a three-month
cycle tracking diary provided by participants recorded
using their preferred tracking app. Purposive sampling
was used to recruit participants who described experi-
encing negative MCS for at least the past three cycles,
irrespective of HC use. Athletes were excluded if they



Chica-Latorre et al. Performance Nutrition (2026) 2:15

ENROLMENT ............................................................................

n = 37 assessed for

eligibility

n = 28 randomized

Page 4 of 15

n =9 total excluded
n = 2 not meeting inclusion criteria
n =7 declined to participate

ALLOCATION SRS l l

n = 14 allocated to a dark
chocolate group (70% cocoa)

FOLLOW-UP I e e e e ee PR

ANALYSIS ...........................................................................

n = 13 analyzed for primary
outcomes
n =1 excluded from analysis
(incomplete data set)

n = 14 allocated to a milk
chocolate group (25% cocoa)

n = 1 discontinued intervention
(personal commitments)

n =12 analyzed for primary
outcomes
n = 1 excluded from analysis
(incomplete data set)

Fig. 2 CONSORT flowchart of participant progress through the randomised controlled trial

reported (1) being pregnant or lactating, (2) any diag-
noses of chronic illness, including MC-related condi-
tions (e.g., Polyendocrine Metabolic Ovarian Syndrome
(PMOS), endometriosis), or (3) being intolerant or aller-
gic to chocolate. Eligible athletes were also excluded if
unwilling to refrain from using anti-inflammatory medi-
cation or supplements during the study.

Definition of female athlete

Female athletes in this study are ‘any individual who
identifies with a particular sport, actively trains to
enhance their athletic skills to meet competitive stan-
dards, whether recreational or professional, and experi-
ences menstruation or withdrawal bleeding. Hence, all
participants were classified as Tier 2 or higher according
to McKay et al., [43]. While all participants experienced
menstruation or withdrawal bleeding, they represented
diverse gender identities, and not all identified as women
or female.

Method

This study consisted of a two-cycle baseline stage and a
two-cycle intervention stage. Eligible participants iden-
tified initially as either naturally cycling (NCathletes) or
HC users (HCathletes) and were randomly allocated to
consume 40 g of 70% (dark chocolate group) or 25% (milk
chocolate group) cocoa chocolate during the interven-
tion stage. Block randomisation was used. Blinding was
not feasible; however, participants were blinded to other
possibilities of group allocation (i.e., participants did not
know if and which types of chocolate were allocated to
other participants). Participants began the study four
days prior to the onset of their next menstrual or with-
drawal bleed, which was prospectively identified using
a three-month cycle tracking diary provided by partici-
pants upon recruitment. An eight day intervention was
selected to span the anticipated symptomatic window
surrounding bleeding onset, from the late luteal onset
of MCS to the early bleeding phase. Four dependent
variables, MCS frequency, MCS severity, brain fog, and
hsCRP levels, were evaluated each cycle.
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Menstrual cycle-related symptoms assessment

Menstrual cycle-related symptoms (MCS) were assessed
with the 46-item Menstrual Distress Questionnaire
(MDQ) Form T (today) [47]. Eight symptom clusters:
pain, concentration, water retention, behaviour change,
negative affect, autonomic/metabolic, arousal, and
control are covered. The MDQ Form T was adapted to
include an additional symptom cluster (six items: includ-
ing cravings, and changes in appetite, taste preference
and bowel habits, relating to common symptoms experi-
enced by athletes in previous studies [10] tallying to nine
symptom clusters and 52 total items.

The MDQ was administered at each cycle for eight
consecutive days starting four days before the expected
onset of bleeding and concluding after the fourth day of
bleeding. Daily severity of MCS was rated using a 5-point
scale from “No experience of symptom” (0) to “Pres-
ent, Severe” (4) and was calculated as the daily sum of
the total scores for each symptom cluster with a maxi-
mum value of 208, where higher scores reflected greater
severity of MCS. Symptom frequency was the count of
items>1 (maximum value 52). To compare symptom
severity scores, raw scores were converted to standard
scores (mean 50, standard deviation 10) [47], enabling
categorisation of participants into low-, moderate-, or
high-MCS severity.

Symptoms related to brain fog (e.g., confusion, for-
getfulness, concentration issues) were studied using a
23-item Brain Fog Scale (BFS) [17], administered every
two weeks across the length of the study. The biweekly
administration of this questionnaire ensured coverage of
the full MC or HC cycle, as each round was designed to
retrospectively capture participants’ experiences over the
previous two weeks. Items were rated in a 5-point scale
from “Never” (0) to “Nearly all the time” (4), with total
BES score calculated as the sum of items, ranging from
0-92, higher values denoting worse brain fog.

High sensitivity C-reactive protein levels assessment

hsCRP was measured as an exploratory marker of low-
grade systemic inflammation to examine its association
with MCS and to assess whether chocolate consump-
tion, particularly polyphenol-rich dark chocolate, was
accompanied by changes in systemic inflammation. This
was based on previous links between hsCRP and MCS
severity in non-athletic individuals, and the proposed
anti-inflammatory properties of cocoa polyphenols [30,
52, 53]. Venous blood samples (5-10 ml) were assessed
for hsCRP using the Cardiac C-Reactive Protein (Latex)
High Sensitive assay (CRPHS), a particle-enhanced
immunoturbidimetric assay (PETIA), on Roche/Hitachi
cobas c system compatible with cobas ¢ 303/c 503 analy-
ses (Roche Diagnostics GmbH, Mannheim, Germany).
Manufacturer-reported precision ranged from 0.4—8.4%
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CV, depending on analyte concentration. Samples were
collected between 6 am and 12 pm and processed by an
external provider (Intelligent Screening Pty Ltd). Par-
ticipants refrained from exercise at least 12 h prior. Sam-
ples were collected on the first, second, or third day of
bleeding (menstruation or withdrawal bleed). Timing of
hsCRP testing was established to capture a raise in CRP,
based on previous research on healthy NC individuals
showing a peak in CRP during menstruation [28], a 17%
increase during menstruation [59], and a positive correla-
tion between CRP levels and MCS [52].

Menstrual cycle state confirmation

NCathletes confirmed their MC status by detecting a
urinary luteinising hormone (LH) surge (Pregmate®) to
confirm ovulation. Testing began on day eight for cycles
21-27 days long, and on day ten for cycles>28 days long,
continuing until a positive result or until day 18 of the
cycle [23]. Seven to nine days post-ovulation confirma-
tion, serum progesterone was sampled between 6 am
and 12 pm and analysed using the Atellica® IM Proges-
terone (PRGE) assay, a competitive immunoassay using
direct chemiluminescent technology, on the Atellica IM
Analyser (Siemens Healthineers). Manufacturer-reported
within-laboratory precision ranged from 2.9-12.9% CV,
depending on analyte concentration. Analyses were per-
formed by an external provider (Intelligent Screening
Pty Ltd). Progesterone concentrations>16 nmol/L were
used to confirm mid-luteal phase status and the absence
of luteal phase deficiency [23]. This was used to further
characterise NCathletes as eumenorrhoeic (EUath-
letes) [23]. Hence, NCathletes were defined as partici-
pants reporting naturally occurring MCs and no HC use,
whereas EUathletes represented the subgroup of NCath-
letes with confirmed ovulation and mid-luteal progester-
one>16 nmol/L during the baseline cycles. HCathletes
also had their progesterone concentrations established
approximately seven to nine days before a predicted
withdrawal bleeding to characterise endogenous proges-
terone status at the time of sampling. These values were
used descriptively and were not used to confirm luteal
phase status or to classify HCathletes as eumenorrhoeic.

Chocolate intake

Commercially available milk (25% cocoa) and dark (70%
cocoa) chocolates were used. Milk chocolate was selected
as a near-isocaloric, lower-cocoa, lower-polyphenol
active comparator that offered a similar food matrix to
dark chocolate. This allowed for the partial control of the
non-specific effects of chocolate consumption, includ-
ing palatability and the behavioural aspects of receiving
a dietary intervention, while allowing to test a dose—
response relationship between cocoa content and MCS
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relief. Detailed composition information is stated in Sup-
plementary Material 1.

Participants received 640 g (pre-portioned) of 25% or
70% cocoa chocolate to be consumed in batches of 40 g
per day for eight consecutive days. The dark chocolate
dose (40 g per day) provided approximately 28 mg of
epicatechin, 8 mg of catechin, and 25 mg of total procy-
anidins (Supplementary 1). This phenolic dose reflects
realistic, food-based intake and aligns with dark choco-
late doses from previous research (35-40 g) showing
symptom relief in non-athletic and athletic populations
[39, 49, 55]. Hence, our pragmatic dosing approach
aimed to balance physiological relevance with practical
consumption in athletic settings.

Chocolate consumption started four days before the
expected onset of bleeding and ceased four days after the
onset of bleeding, overlapping with the expected onset of
MCS and rise in CRP levels in non-athletic NC individu-
als [28, 52, 59]. Participants were required to avoid any
pain-relief medication, particularly anti-inflammatory
analgesics, during the eight monitoring days (Fig. 3).

Assessment of dietary intake, training load and body
composition

Participants completed daily food diaries and physi-
cal activity logs from four days before to four days after
the expected onset of bleeding. These coincided with
daily records of MCS and chocolate intake during the
intervention.

Dietary intake (i.e., kilocalories (kcal)), macronutrients,
micronutrients and food groups, were assessed using
Easy Diet Diary™ (Xyris Software Australia Pty Ltd) and
FoodWorks (Version 9, Xyris Software, Canberra, Aus-
tralia), a method validated in female athletes [15]. Par-
ticipants were instructed on how to record their food
and fluid intake using audiovisual and verbal guidance
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and received daily text message reminders during record-
ing periods to enhance compliance. Participants were
instructed to maintain their usual diet and avoid the
introduction of new foods or supplements, when pos-
sible, across the study length. All food records were
reviewed by a trained sports dietitian, with follow-up for
clarification on food entries as needed. Under-report-
ing was screened with the Goldberg cut-off method [5].
This approach accounts for intra-individual variation in
energy intake (CVWEI=23%) and basal metabolic rate
(CVwB =8.5%), with total variation (CVtP) of 15%, and
applies a 95% confidence interval ([CI] Z=2.0) and physi-
cal activity level (PAL) of 1.55, reflecting moderate activ-
ity levels. Implausibly low intake was therefore defined
as reported energy intake falling below the participant-
specific lower Goldberg cut-off for plausible energy
intake relative to estimated basal metabolic rate, rather
than by a fixed kcal threshold. Days with implausibly low
reported energy intake were excluded.

Participants completed training logs recording session
duration (in minutes) and Rating of Perceived Exertion
(RPE; 0-10). A session-RPE (sRPE) was calculated as the
product of session duration and RPE, as a proxy for train-
ing load [27]. Higher sRPE values were interpreted as
reflecting greater internal training load. This method was
selected as a pragmatic approach to compare training
load across heterogeneous sports modalities. Body com-
position was assessed using dual-energy X-ray absorp-
tiometry (DXA, GE Lunar Prodigy), analysed using GE
encore software (enCORE Version 17,GE Healthcare).
Participants were measured in the morning following
standardised conditions: eight-hour fast, normal hydra-
tion, and wearing light clothing free of metal objects.
Positioning was as described by Nana et al., [48] The
coefficient of variation (CV) for lean body mass was 0.7%,

1YY

oy oy oty fp iy
d-4 d-3 d-2 d-1 [d1 d2 d3 d4

Va

éob0
d-4 d-3 d-2 d-1 d1 d2 d3 d4
ISampIe intervention cycle

Cycle 4: Monitoring: MCS + DXA
diet + training + Chocolate

Intervention (2 cycles)

ISample baseline cycle

DXA Cycle 1:Monitor§ng: MCS +
diet + training

Baseline (2 cycles)

Cycle 2: Monitoring: MCS +
diet + training

Cycle 3: Monitoring: MCS +
diet + training + Chocolate

Interview

TIME

f = Serum hsCRP
‘ = Bleed (menstrual or withdrawal)

Fig. 3 Schematic overviewed of the study methodology. Note. Menstrual cycle-related symptoms (MCS), dietary intake, and training loads (frequency
and perceived exertion) were monitored for eight days (—4 days to+4 days from onset of menstrual or withdrawal bleed) across two baseline cycles and
two intervention cycles. Additionally, across the two intervention cycles 40 g of dark (70% cocoa) or milk (25% cocoa) chocolate were consumed. Serum
high sensitivity C-reactive protein (hsCRP) was assessed at the onset of menstrual or withdrawal bleed, Dual-energy X-ray Absorptiometry (DXA) scans
took place before commencing the study and after completing the intervention, and participants were interviewed (15-30 min) about their experiences
after completing the intervention
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with a least significant change (LSC, 95% CI) of 1.9%. For
fat mass, the CV was 1.3%, LSC (95% CI) of 3.7%.

Statistical analysis

Frequencies and percentages were used to summarise
categorical participant characteristics, such as sport
modalities (endurance-based, strength/power-based,
or hybrid/team sport), MC characteristics (NCathletes,
EUathletes or HCathletes), and athlete calibre (Tier
2-3). Means, standard deviation (SD), and ranges were
reported for continuous variables, including age, body
composition, dietary intake, training load, and the main
outcomes hsCRP, MCS severity and frequency, and brain
fog, within each chocolate group at baseline and during
the intervention.

Independent samples ¢-tests and one way Analysis of
Variance (ANOVA) were used to compare baseline body
composition, dietary patterns and training load between
chocolate groups and across sport modalities, MC
characteristics and athlete calibre. Changes over time
(baseline x intervention) for the same parameters were
evaluated using mixed-model ANOVAs. Linear mixed
models (LMMs) were used to assess the effects of time
(baseline x intervention), chocolate group (dark x milk),
outcome type and their interactions on the outcome vari-
ables. Participant ID was modelled as a random intercept
to account for individual-level variability across repeated
measures. Fisher-Freeman-Halton exact test was used to
compare the distribution of low, moderate, and high MCS
severity categories between chocolate groups at baseline
and intervention. Dietary data and training load were
considered as potential covariates. However, these vari-
ables were retained in the final model only if they differed
between chocolate groups and subgroups at baseline or
changed significantly over time. Normality of residuals
was checked via histogram inspection. All analyses were
performed in MATLAB 2023b (Mathworks, Natick, MA,
USA) and RStudio (version 2024.12.0 + 467).

Athlete experiences and perceptions were explored
through semi-structured interviews using the virtual
communication platform Microsoft Teams (version
1.6.00.4472) and analysed using reflexive thematic analy-
sis [7].

Results

Participants

Twenty-five participants randomly allocated to a dark
(n=13; mean age=30.0+SD 4.7) or milk (#=12; mean
age=27.2+SD 6.5) chocolate completed the study. Char-
acteristics of participants are summarised in Table 1.

Body composition, dietary intake and training loads
Independent sample ¢-tests at baseline revealed no
significant differences between chocolate groups for
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body composition, dietary patterns, or training load.
In terms of dietary analysis, based on the Goldberg
cut-oftf method, ten dietary records were identified as
under-reporting and excluded from analysis. Similarly
to chocolate groups, no significant differences in these
parameters were found between, NCathletes (n=3),
EUathletes (n=14), or HCathletes (n=8; one-way
ANOVA), between athlete tiers (independent samples
t-test), or between sport modalities (one-way ANOVA).
Two exceptions were noted. First, body mass index
(BMI) was significantly higher in strength/power ath-
letes (mean=27.6 kg/m?+4.7; F (2, 22)=5.08; p=0.02;
n*>=0.32) compared to endurance (mean=23.2 kg/
m? +2.4) and hybrid/team-sport athletes (mean =21.1 kg/
m?+3.9). Second, Tier 3 athletes showed higher energy
intake (mean =2,476 kcal +371; p=0.03, Cohen’s d =1.43),
dietary fibre (mean=34 g+11; p=0.02, Cohen’s d=1.61),
iron (mean=13 mg+4; p=0.03, Cohen’s d=1.45), and
calcium (mean=1,617 mg+1,002; p=0.02, Cohen’s
d=1.52) compared to Tier 2 athletes (1,843 kcal +450, 21
g+8, 9 mg+3, and 764 mg+498 for mean energy intake,
dietary fibre, iron and calcium respectively), with large
effect sizes. However, given the small Tier 3 subgroup
(n=3), these p-values and effect sizes are calculated from
minimal degrees of freedom and have high uncertainty.
These dietary differences are reported for complete-
ness and should be interpreted cautiously. Mixed-model
ANOVAs revealed no significant time effect of chocolate
group on changes in body composition, dietary intake,
or training load, nor were there significant time x group
interactions, indicating these parameters remained sta-
ble throughout the study. Hence, these parameters were
excluded from the final model due to non-significance
and concerns about overfitting given the small sample
size.

Menstrual cycle-related symptoms, brain fog and high
sensitivity C-reactive protein

At baseline, differences between NCathletes, EUath-
letes and HCathletes, and between athlete tiers or sport
modalities in MCS severity (p=0.76 and p=0.99), fre-
quency (p=0.89 and p=0.85), brain fog scores (p=0.38
and p=0.32), or hsCRP levels (»p=0.50 and p=0.78),
were not significant. Across chocolate groups, most par-
ticipants experienced moderate MCS severity at baseline
(76% dark chocolate, 75% milk chocolate) and inter-
vention (61.5% dark chocolate, 66.7% milk chocolate)
(Table 2).

Given the limited sample size, participants were pooled
for the primary analysis after exploratory analysis showed
no significant differences in baseline MCS scores or inter-
vention responses by MC status. This was for the HCath-
letes versus non-HC athletes (NCathletes + EUathletes)
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Table 1 Baseline stage subject characteristics of 25 female athletes
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Dark Chocolate Group (n=13)

Milk Chocolate Group (n=12)

Continuous variables Mean (SD) Range Mean (SD) Range p-value
Age, years 30.0 (4.7) 23.0/40.0 27.2(6.5) 20.0/40.0 023
Body mass index (kg/m?) 23.0(2.5) 18.8/27.1 235 (4.8) 17.0/33.0 063
Fat free mass (kg) 459 (4.4) 40.2/54.5 46.5 (6.7) 37.7/56.8 0.70
Percentage body fat (%) 27.9(8.5) 14.1/42.4 29.2 (5.5) 20.9/42.4 0.62
Energy intake (kcal) 1942 1185/2857 1895 (514) 1149/2858 081
(472)
Protein (g) 87 (21) 48/125 98 (39) 49/160 0.35
Carbohydrate (g) 212(72) 127/410 207 (76) 126/411 0.87
Total fat (g) 75 (20) 47/110 74 (24) 37/111 0.87
Sugar (g) 78 (42) 36/177 74 (41) 33/178 0.82
Fibre (g) 23(10) 12/41 21(8) 10/42 0.56
Iron (mg) 9(3) 6/17 10 (4) 5/18 0.78
Calcium (mq) 905 (614) 400/2760 825 (645) 319/2761 0.75
Training load (units) 183.0 (106.0) 46.6/404.5 225.0(125.4) 64.6/486.7 037
Nominal variables Frequency (%) Frequency (%) Total
Menstrual cycle characteristics Naturally cycling 3(12) 3
Confirmed Eumenorrhoeic at Baseline 6 (24) 8(32) 14
Hormonal contraceptive users 4(16) 4(16) 8
Sport modalities Endurance-based 11 (44) 3(12) 14
Strength and Power-based 1(4) 3(12) 4
Hybrid/team sport 1(4) 6 (24) 7
Athlete calibre Tier 2 10 (40) 12 (48) 22
Tier 3 3(12) 3

Participants allocated to either a dark chocolate group (70% cocoa) or a milk chocolate group (25% cocoa). Continuous variables results are shown as mean
(standard deviation, SD), and minimum/maximum values. Nominal variables results are shown as frequency (percentage, %). Naturally cycling participants did not
use hormonal contraception. Confirmed eumenorrhoeic at baseline participants were the subgroup of naturally cycling participants with confirmed ovulation (by
urinary LH surge) and mid-luteal progesterone = 16 nmol/L during the baseline cycle

Table 2 Percentage (frequency) distribution of low (scores < 40),
moderate (scores < =60) and high (scores > 60) severity of
menstrual cycle-related symptoms (MCS) in the dark chocolate
and milk chocolate groups at the baseline and intervention
stages. Percentages and frequencies are based on standardised
MCS severity scores (Z-scores). Fisher-Freeman-Halton exact t-test
p-values for between-group differences in MCS severity category
distributions are displayed

MCSs severity Dark choco- Milk choco- Total p-
late group  late group val-
(n=13) (n=12) ue
Baseline
Low (<40) 1(7.7%) 1(8.3%) 2 (8.0%)
Moderate (<=60) 10 (76.9%) 9 (75.0%) 19 (76.0%) 1.00
High (>60) 2 (15.4%) 2(16.7%) 4(16.0%)
Intervention
Low (<40) 2 (15.4%) 3(25.0%) 5 (20.0%)
Moderate (< =60) 8 (61.5%) 8 (66.7%) 16 (64.0%) 0.72
High (>60) 3(23.1%) 1(8.3%) 4 (16.0%)

comparison and for the HCathletes, NCathletes and
EUathletes subgroup comparisons.

Across the nine MCS clusters, no baseline-to-inter-
vention change (A) reached statistical significance in
either chocolate group based on paired ¢-tests. Neverthe-
less, several descriptive patterns emerged (Fig. 4). In the

dark chocolate group, the largest numeric improvements
(decrease A) were observed for “negative affect” (C6; 1.21
decline, 95% CI-2.51 to 0.09, p=0.06), and “pain” (C1;
0.65 decline; 95% CI-1.37 to 0.07, p=0.07). In the milk
chocolate group, all changes were small (|A|<0.64). In
contrast, “arousal” (C7), the only positive-valence symp-
tom cluster, showed the largest numerical increase in
both chocolate groups; however, estimates were impre-
cise and non-significant (dark chocolate: 95% CI-1.01
to 2.77, p=0.30; milk chocolate: 95% CI -0.69 to 1.97,
p=0.31). Baseline variability was large across clusters (SD
range 0.47-4.27 across clusters), and intervention vari-
ability was similar (SD range 0.36—4.33 across clusters),
yielding wide 95% Cls (half-widths dark chocolate +0.45—
1.89 points and milk chocolate+0.52-2.14 points) and
limiting power to detect modest effects.

Linear mixed models showed no statistically significant
main effects of time (estimate = 0, 95% CI: —5.77 to 5.76,
p=1.00), chocolate group (milk x dark; estimate=0.04,
95% CI: —8.19 to 8.27, p=0.99), or their interaction (esti-
mate=-0.11, 95% CI: —8.44 to 8.20, p=0.98) on any of
the primary outcomes (MCS severity, MCS frequency,
hsCRP, or brain fog). Likewise, no significant effects were
observed in the time x outcome, group x outcome, or
time x group x outcome interactions (p >0.19), indicating
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Fig.4 Mean menstrual cycle-related symptom (MCS) severity by symptom cluster before and after the chocolate intervention. Note. Horizontal bars de-
pict the mean participant-level severity score for each MCS cluster (C1-C9) at baseline (cycles one and two, light blue) and intervention (cycles three and
four, light grey). Data are presented separately for the dark chocolate group (n=13, upper panel) and the milk chocolate group (n=12, lower panel). For
every diary day recorded, non-zero symptom scores were summed within each cluster, and these daily totals were averaged across the eight day studied
window to yield one score per participant per stage. Bold A values to the left of each cluster show the mean paired change (Intervention — Baseline) with
negative values indicating symptom improvement and positive values intensification. For each cluster, individual symptoms are listed: Pain (C1): Muscle
stiffness, headaches, cramps, backache, fatigue, general aches and pains; Concentration (C2): Insomnia, forgetfulness, confusion, lowered judgment, dif-
ficulty concentrating, distractible, accidents (blood leaks), lowered motor coordination; Behavioural change (C3): Lowered school or work performance,
take naps/stay in bed, stay at home, avoid social activities, decreased efficiency; Autonomic/metabolic (C4): Dizziness/faintness, cold sweats, nausea/vom-
iting, hot flashes; Water retention (C5): Weight gain, skin disorders, painful breast, swelling; Negative affect (C6): Crying, loneliness, anxiety, restlessness,
irritability, mood swings, depression, tension; Arousal (C7): Affectionate, orderliness, excitement, feelings of well-being, burst of energy/activity; Control
(C8): Feeling of suffocation, chest pains, ringing in the ears, heart pounding, numbness/tingling, blind spots/fuzzy vision; Gastrointestinal (C9): Appetite
changes, food craving, changes in taste preferences, constipation, diarrhoea or stomach upset

that temporal change and chocolate group differences did
not depend on the primary outcomes measured. Descrip-
tive patterns in Fig. 5 corroborate these results, showing
that mean values (solid circles) remained relatively stable
overtime in both chocolate groups, with SD overlap-
ping extensively. However, Fig. 5 densities reveal marked
inter-individual variability, especially for hsCRP, where a
few isolated values (e.g.,>6 mg/L) produced long upper
tails. MCS severity, frequency, and brain fog distributions
were broad yet symmetric, showing no compression or
shift over time.

Athlete perceptions
Post-intervention interviews revealed four themes: (1)
expectations before commencing, (2) perceived effects
on MCS, (3) acceptability and enjoyment of study tasks
and (4) additional benefits from study participation.
Most participants began the study with a degree of
scepticism over the benefits of chocolate intake for MCS
management. For instance, “IT've never really known if
chocolate sort of helps with the menstrual cycle or not. I've
sort of heard things here and there, but yeah, being able
to sort of bust the myth is motivating” (P6). Fears about
unwanted side effects, like “gaining some weight” (P5)
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Fig.5 Distributions of menstrual cycle-related symptom (MCS) severity score, MCS frequency, high sensitivity C-reactive protein (hsCRP; mg/L), and brain
fog scale (BFS) score outcomes. Note. Rain plots show each outcome density distribution of participant-level cycle means per stage (baseline=cycles
one and two; intervention = cycles three and four), distinguishing between the MILK (light blue) and DARK (red) chocolate groups. Within each rain plot
the solid circle marks the sample mean, and the vertical bar represents + standard deviation (SD) of the mean. Wider sections of the rain plot denote a
higher concentration of participants at that value; narrow sections denote fewer participants. Vertical shifts of the two-coloured rain plots (i.e., MILK and
DARK) within a panel indicates change between chocolate types, while vertical shifts between baseline and intervention reflect temporal (stage-related)
change. Panels are plotted on independent y-axes to preserve the natural scale of each outcome: MCS severity score was calculated as the average of the
daily sum of the total scores for each symptom (0-208) across an eight day window. MCS frequency was calculated as the average number of symptoms
(0-52) rated one or higher across an eight day window. hsCRP values corresponded to a single measurement collected once per cycle at the onset of
menstrual or hormonal bleeding. BFS corresponded to the average BFS score (0-92) obtained every two weeks (twice per cycle)

were prevalent. Unsurprisingly, most athletes expressed
feeling “pleasantly surprised” (P11) that DXA scans
showed no “negative” changes (i.e., unintentional weight
gain) after consuming chocolate. This outcome positively
shaped the perspectives of participants on chocolate
allowance versus restriction, “I guess it sort of reassures
that it's OK to have a little bit of chocolate and a little bit
of sugar, like it's not gonna negatively affect my perfor-
mance either” (P25).

Isolating the effect of chocolate on MCS was acknowl-
edged by most as difficult. Some participants felt neutral
and “pretty similar” (P4) across the study in terms of their
symptoms. Nevertheless, some participants reported
chocolate intake to be “comforting” (P2) and perceived
improvements around fatigue, muscle stiffness, moodi-
ness, bloating and cramping severity, “I started to feel
a little bit better, and I think it was just because it was
an emotional comfort for me having that chocolate...
you know, I wasn't crying as much towards the end of the
study, but in the beginning it just felt a lot more up and
down” (P1). Additionally, some participants expressed

feeling more energetic when eating the chocolate, which
made their “cycles much more manageable” (P25) and
made them feel they “wanted to exercise more” (P23).
Reduced sugar cravings were also reported, with choco-
late helping participants to feel “satisfied” (P8), and with
some participants describing not experiencing their usual
cravings towards the end of the study. Conversely, one
participant reported “wanting to eat more chocolate [than
the provided] and less healthy food” (P6) as a negative side
effect, while few participants reported a sense of guilt.

Overall, the intervention was well received, with par-
ticipants describing chocolate intake as both enjoyable
and easy to “create a routine around it” (P19). Neverthe-
less, some described eight days of chocolate intake to be
unexpectedly challenging, as they could “get sick of it”
(P4) after a couple of days and acknowledged that 40 g of
chocolate, regardless of the type, was “probably a bit too
much chocolate to eat at once” (P12). Food diaries were
described as “hard to do and remember” (P3) by most
participants.
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Lastly, some participants expressed that MCS question-
naires were “really thought provoking” (P11) and helped
them be “more conscious of my [their] body” (P9) and to
“become more reflective” (P23) of their MCS. One partici-
pant highlighted that participating in this study “gave me
a better understanding of learning to adapt my routine
in my training to match that [symptoms]” (P25). Some
participants also appreciated the support given across
the study and the opportunity of being open about their
MCS, which were seen as helpful “I think what helped
was being able to talk about my symptoms openly” (P5).

Discussion

This RCT is the first to evaluate athlete-generated con-
cerns around the effectiveness of chocolate for the man-
agement of MCS in a diverse group of athletes across
two menstrual or HC cycles. Daily intake of 40 g of dark
(70% cocoa) or milk (25% cocoa) chocolate across symp-
tomatic days did not result in statistically significant
improvements in the primary outcomes: MCS, brain
fog, or systemic inflammation, and revealed a high inter-
individual variability within each chocolate group. Given
this variability and the study’s small sample size, results
should be interpreted cautiously and may reflect random
rather than true effects. Nevertheless, exit interviews
revealed perceived benefits from chocolate intake, such
as improved energy, mood and motivation to train, and
reduced chocolate cravings, irrespective of chocolate
type. Such heterogeneity underscores the need for study
designs that capture natural variability and single-athlete
trajectories instead of relying solely on aggregate group
means.

In contrast to our trial, previous studies in non-athletes
using comparable dark chocolate doses (i.e., 35-40 g,
60-70% dark chocolate) reported significant reductions
in menstrual-related pain and anxiety [39, 49]. Similarly,
a double-blind, placebo-controlled crossover trial of nat-
urally cycling CrossFit® athletes (n=15) showed that 30
g of 85% dark chocolate, administered during three con-
secutive days, improved physical and cognitive perfor-
mance, particularly in the late luteal phase (p=0.01 and
p=0.002 control and placebo comparisons) [55]. These
earlier studies relied on a single chocolate dose [39] or
short-term protocols [49, 55], were limited to one MC,
and excluded HC users. Our RCT extends this work by
testing chocolate intake along eight consecutive symp-
tomatic days across two MC or HC cycles, offering a
broader real-world perspective in athletic populations
while explicitly accounting for between-cycle variabil-
ity. This longer window and the inclusion of NC athletes
and HC users, however, may also have increased within-
group variability, potentially masking small but meaning-
ful group effects.
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The underlying mechanisms in the observed changes
in MCS or brain fog were not directly investigated. Nev-
ertheless, several possible pathways may explain mod-
est improvements observed at the individual level. For
instance, dark chocolate is a rich source of cocoa, which
contains bioactive compounds like polyphenols (i.e., epi-
catechin: 0.31-1.25 mg/g, catechin: 0.11-0.40 mg/g, total
procyanidins: 2.79-19.85 mg/g) that improve peripheral
vascular function, cognitive function, oxidative stress and
inflammation [53]. Additionally, cocoa-derived methyl-
xanthines (i.e., theobromine: 2.20-16.40 mg/g, and caf-
feine: 1.00-2.40 mg/g) can stimulate the central nervous
system, enhancing cognition, alertness, and mood [53].
Furthermore, chocolate’s orosensory properties might
contribute to symptom relief via dopaminergic reward
pathways [53]. Another potential contributor is choco-
late’s mineral content, particularly magnesium in dark
chocolate and calcium in milk chocolate, along with
trace amounts of zinc (Supplementary Material 1). A
2023 review highlighted the positive role of magnesium,
calcium and zinc, as well as vitamin D and curcumin,
in MCS management [8]. While the quantities of these
minerals in 40 g of 70% cocoa chocolate, are consider-
ably lower (48.0 mg magnesium, 20.8 mg calcium, 0.8 mg
zinc) than proposed therapeutic doses, including 600 mg
calcium plus 300 mg magnesium daily, and 30 mg zinc
gluconate daily [8], they may still contribute to overall
daily intake.

A potential negative association between hsCRP lev-
els and MCS severity has been identified in non-athlete
populations [30, 52]. Our participants were primarily
Tier 2 (trained/developmental) athletes who entered the
study with moderate baseline MCS severity and showed
no measurable group-level changes in hsCRP from base-
line to intervention, despite individual perceived modest
improvements in MCS. CRP is sensitive to numerous fac-
tors including training, stress, diet, and environmental
pathogens (i.e., onset of illness), naturally exhibiting some
degree of intra-individual variability [31]. This makes it
difficult to attribute observed fluctuations solely to the
MC or HC effects, limiting the clinical usefulness of this
biomarker in this context. Athletes exhibit a complex
and dynamic inflammatory profile, with regular physi-
cal activity and higher fitness levels generally support-
ing lower systemic inflammation and improved immune
function [21]. Baseline hsCRP values in our participants
were comparable (dark chocolate group=1.53+SD
2.04 mg/L (0.66-2.39), milk chocolate group=1.89+SD
2.62 mg/L (0.76-3.02)) to ranges previously reported in
healthy, non-athlete, NC individuals during menstruation
(0.74 to 2.30 mg/L) [6, 28, 33, 52, 58, 60]. Given that our
participants regularly engaged in moderate-to-intense
physical activity, yet still experienced moderate symptom
severity, it is possible that habitual exercise might add
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complexity to the interaction between MCS and inflam-
mation, perhaps localising inflammation to reproductive
tissues, thereby masking any anti-inflammatory effect of
dark chocolate at the systemic level. Consequently, simi-
lar athlete cohorts might show symptom relief without
detectable changes in hsCRP. Whether this dissociation
persists in higher Tier athletes (i.e., elite athletes) experi-
encing more severe symptoms, remains to be tested.

Many athletes, both naturally cycling and using HCs,
report cravings for sweet or salty, calorie dense foods like
chocolate, particularly around bleeding [12, 40]. How-
ever, no consistent link has been found between MC hor-
monal fluctuations and cravings, suggesting that other
factors may be at play [37]. Research points to dietary
restraint as a major contributor, with cravings often
emerging during emotional changes [37, 54]. Negative
perceptions on body image, reduced motivation to exer-
cise and increased fatigue during symptomatic phases,
and sociocultural pressure to maintain an “ideal” phy-
sique can reinforce guilt around food [54]. This negative
attitude towards cravings, in turn, may fuel restrictive
behaviours and perpetuate cravings. Non-surprisingly,
several athletes in this study expressed fears around
weight gain and guilt tied to chocolate, which may have
intensified craving patterns. Framing moderate (40 g per
day) chocolate consumption as part of the study protocol,
helped participants experience it as a “guilt-free” allow-
ance, normalising moderate chocolate consumption,
reducing cravings by the end of the intervention.

This RCT had several limitations. First, blinding was
not possible due to differences in organoleptic properties
between chocolate types. Second, MCS were assessed
using a subjective self-report tool (MDQ), which despite
its widespread use, has been criticised for its complex-
ity [35]. Moreover, while modifications to the MDQ (i.e.,
addition of appetite and bowel-related symptoms) were
made to capture symptom domains commonly reported
by athletes [10], this modified version lacks formal valida-
tion and should be interpreted with caution. Third, rely-
ing solely on hsCRP is a limitation, as its sensitivity may
be affected by athletes” habitual exercise [26], and factors
like diet and training load, which were monitored but not
controlled, may have confounded results. Hence, energy
availability was not formally assessed and the poten-
tial influence of under-fuelling on MCS or intervention
responsiveness cannot be excluded. Moreover, hsCRP
single timepoint measurements during bleeding, likely
missed dynamic inflammatory changes across the cycle.
Fourth, although participants’ dietary intake was not sig-
nificantly different between baseline and intervention,
polyphenol content from sources other than the provided
chocolate was not quantified.

Importantly, several interpretive factors also war-
rant attention. Missing data prompted the aggregation
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of cycles, yielding a two-group x two-time-point design.
A subsequent sample size recalculation for this struc-
ture indicated a sample size of 34 athletes was needed.
Therefore, the present sample is under-powered, and
findings should be viewed conservatively. A non-signif-
icant baseline imbalance in MCS outcomes and brain
fog between chocolate groups, with athletes in the dark
chocolate group reporting slightly higher outcomes at
baseline compared to the milk chocolate group, may
have contributed to the appearance of greater symptom
reduction, by symptom clusters, in the dark chocolate
group through natural variability rather than an inter-
vention effect. Most participants also reported moder-
ate symptom severity at baseline, potentially limiting the
opportunity for measurable improvements. While small
symptom improvements at the participant-level aligned
with qualitative feedback, these patterns did not reach
statistical significance and may reflect individual vari-
ability rather than group-level effects. The absence of
clear distributional shifts, as shown by the density plots
in Fig. 5, together with marked inter-individual variabil-
ity, suggests that any chocolate-related effects were likely
smaller than the natural between-participant variability
in this athlete cohort. This heterogeneity in MCS presen-
tation and responsiveness underlines the need for per-
sonalised or stratified approaches (e.g., based on baseline
MCS severity) in future research. Lastly, the interven-
tion duration (eight days per cycle), chocolate composi-
tion (70% or 25% cocoa) and dose (40 g) may have been
insufficient to produce measurable effects. Future studies
should consider larger samples, stratification by base-
line MCS severity, and alternative intervention designs
including higher cocoa/polyphenol content, different
doses, and longer intervention windows. Furthermore,
this study intentionally adopted a more inclusive, ecolog-
ically valid approach, and future research should build on
this by retaining menstrual and hormonal diversity while
using larger samples that allow proper stratified analysis.

Implications for practice and research

This RCT provides evidence for a practical, athlete-
informed, food-based strategy for the management of
MCS in athletes with the following implications:

1. Exploration of MCS management strategies should
be guided by the lived experiences and concerns of
athletes. This ensures the development of relevant,
sustainable strategies that resonate with real-world
needs.

2. Athletes should be supported in understanding their
individual MC experiences and encouraged to view
their concerns as valid and worthy of discussion.
Empowering athletes to track and speak about their
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MCS fosters autonomy and opens the door for more
athlete-centred support.

3. Purposeful, flexible adjustments to nutrition,
such as consuming chocolate when craved, may
help improve MCS on an individual level, while
promoting overall psychological wellbeing and
reducing guilt associated with cravings.

Conclusion

This study offers novel insights into the role of chocolate
as an acceptable and practical dietary strategy for manag-
ing MCS in athletes, while also highlight the complexity
of evaluating food-based interventions in this context.
While statistically significant changes were not detected
at the group-level, high variability in MCS and brain fog
at the participant-level, along with athlete narratives, sug-
gest that psychological comfort and moderate allowance
for cravings may meaningfully support some aspects of
MCS management on an individual basis. Grounded in
athlete voices and real-world concerns, this RCT moved
beyond theoretical outcomes to address the realities
of MC experiences in sport. This intervention was well
received, showed no adverse effects on body composition
or perceived performance, and helped normalise a com-
monly stigmatised and restricted food, reducing guilt and
cravings. Future research should build on these findings
to test underlying mechanisms and long-term feasibility
in diverse athlete cohorts.
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MCS Menstrual cycle-related symptoms

MC Menstrual cycle

HC Hormonal contraceptive
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CRP C-reactive protein levels
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PETIA Particle-enhanced immunoturbidimetric assay
LH Luteinising hormone
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Supplementary Material 1. Chocolate composition nutrition information
for 40 g of commercially available 70% cocoa dark chocolate and 25%
cocoa milk chocolate. The Australian Food Composition Database (AFCD)
through the Foodworks.online V2.0, 2024 Brisbane Xyris Pty Ltd, provided
detailed nutrient information for both chocolates used in this study;
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database (http://phenol-explorer.eu/classifications/foods/62/63).
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