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INTRODUCTION

Readiness, as defined by Urhausen and
Kindermann (2002), refers to the state of be-
ing adequately prepared, both mentally and
physically, for a specific event or activity.
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ABSTRACT

Introduction: Disruptions in cortisol awakening response (CAR), changes
in Profile of Mood States (POMS), and decreases in heart rate variability (HRV)
have been associated with fatigue and strenuous exercise. Whey protein isolate
(WH) may improve stress responses. Purpose: To determine the effects of WH
supplementation on CAR, POMS, and HRYV after strenuous exercise. Methodolo-
gv: Eleven recreationally active females (19 = 2 yrs) completed a double-blinded,
placebo-controlled crossover trial. Placebo (PL) was maltodextrin, and the in-
tervention was 25 g of maltodextrin with 25 g of WH consumed prior to exercise.
Exercise was 30 min at 70-75% VO, peak (M = 21.7, SD = 0.1 mi/kg/min), 5
min rest, and 30 s Wingate anaerobic test (WAnT). HRV and POMS were record-
ed the following morning. Repeated measures ANOVA determined differences
(p <.05) in 60 min salivary cortisol AUCg (CAR), POMS, HRV, and WAnT fatigue
index (FI). Pearson's correlation and multiple regression identified associations
between CAR, POMS, HRV, and FI. Results: CAR was significantly different
(p =.033) between Placebo (33.4 % 2.0 pg/dL*hr) and WH (30.9 + 0.8 pg/dL*hr),
with no significant differences in POMS, HRV, or FI. There was a significant
correlation between POMS and FI on Day 3 during PL (r = -.582, p = .030).
Neither CAR, POMS, nor HRV was able to predict FI (all p > .05). Conclusions:
Whey protein isolate may decrease CAR, but may have no effect on POMS, HRYV,
or FI, and no effect on short-duration sprint cycling performance. Limitations:
WAnT performance was not affected, therefore, any association with reducing the
physiological effects of central fatigue may be minimal. Practical applications
may include a viable methodology for suppressing CAR in this type of participant.
Originality: The current study is unique in combining nutritional supplementa-
tion, exercise, and salivary cortisol post-exercise with female participants.

Keywords: whey protein isolate, CAR, POMS, HRYV, fatigue, overtraining

Overtraining syndrome (OTS) is character-
ized by a performance deficit specific to the
sport, accompanied by mood alterations,
compromised immune function, and dysregu-
lation of the endocrine system. Although OTS
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is an undesirable outcome, it may be preced-
ed by functional overreaching (FOR) and
non-functional overreaching (NFOR), which
represent stress-induced detriments in physi-
ological and performance metrics. Significant
questions persist regarding the transitions be-
tween FOR, NFOR, and OTS, as well as the
thresholds for each stage. The underlying bio-
chemical mechanisms and pathways, as well
as the identification of single biomarkers for
monitoring these transitions, have not been
thoroughly investigated in the current scien-
tific literature.

The cortisol awakening response (CAR)
is linked to the hypothalamus-pituitary-adre-
nal (HPA) axis, which plays a role in how the
body responds to stressors such as exercise
and overtraining (Stalder et al., 2024). Pro-
longed increases in exercise load tend to lower
CAR, while short-term increases can raise it
(Anderson et al., 2018). Additionally, Lei et
al. (2025) report that there may be connections
between the hippocampus, exercise-induced
increases in serotonin, reduced hippocampal
cell activity, and increased HPA axis activity.
Stalder et al. (2024) also suggest that neuro-
logical links exist between the hippocampus,
hypothalamus, and amygdala, and that these
are associated with changes in CAR, as mea-
sured by the Profile of Mood States (POMS).
Heijnen et al. (2016) additionally found that,
while chronic exercise is known to alter neuro-
chemistry, mood, and cognitive function, there
is limited research on acute exercise-related
changes. Lastly, heart rate variability (HRV)
is often used to measure the balance between
sympathetic and parasympathetic parts of the
autonomic nervous system activity (Bellenger
et al., 2021). Although training can improve
HRYV, the relationship between HRV and CAR
remains poorly understood.

This study’s novelty lies in examining
how whey protein supplementation affects

CAR, POMS, and HRV. Studies show that
high-protein meals can improve certain as-
pects of well-being, as measured by POMS,
compared to high-carbohydrate meals; how-
ever, research on the relationship between
HRV and whey protein supplementation is
scarce. Furthermore, most existing studies
on whey protein’s effects on CAR, POMS,
and HRV focus on long-term outcomes rather
than immediate effects (Huang et al., 2017;
Nelson et al., 2013), while even fewer studies
have attempted to connect CAR, POMS, and
HRYV to fatigue metrics such as fatigue index
(FI) in exercise trials (Barrero, et al., 2020).

Specific Aims

The effects of whey protein supplemen-
tation on CAR, POMS, HRYV, and FI remain
incompletely understood in the scientific
literature, particularly regarding its impact
on female athletes. Therefore, the primary
objective of this study was to determine the
effects of whey protein supplementation on
CAR, HRV, POMS, and FI across two consec-
utive days of exercise. Building on previous
findings suggesting that whey protein isolate
may enhance performance on consecutive ex-
ercise days, a secondary aim of this research
was to investigate the predictive capacity of
CAR, POMS, and HRV for the FI, specifi-
cally the reduction in power output, within
the context of a nutritional intervention. This
investigation aimed to determine if the pro-
posed supplementation regimen mitigates
the neurophysiological and psychological
markers of fatigue in recreationally active fe-
males, thereby offering insights into optimal
recovery strategies. Given differential physi-
ological and hormonal responses in females,
particularly during the menstrual cycle and its
influence on metabolic and neurological ad-
aptations, this study aimed to bridge a critical
gap in understanding how specific nutritional
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interventions interact with these intrinsic fac-
tors to modulate recovery and performance
(Rocha-Rodrigues et al., 2021). Additionally,
given the autonomic nervous system’s role
in cardiac activity and its modulation by en-
durance exercise, understanding how whey
protein influences heart rate variability, an
established non-invasive measure of cardiac
autonomic activity, is crucial for developing
comprehensive recovery strategies for ath-
letes (Fang & Zhang, 2024; Swart & Constan-
tinou, 2023). The potential of whey protein
to facilitate more rapid delivery of amino ac-
ids, particularly di- and tripeptides, thereby
enhancing muscle protein remodeling and
recovery, warrants detailed investigation in
the context of acute exercise-induced fatigue
(Morgan & Breen, 2021). This multifocal ap-
proach enables a comprehensive evaluation
of whey protein’s multifactorial influence on
physiological recovery, particularly in popu-
lations where hormonal fluctuations signifi-
cantly affect exercise responses (Benito et al.,
2023).

Hypotheses
As the project was multi-faceted, the re-
searchers had a number of hypotheses:

1. Whey protein isolate will lower CAR,
increase HRV, and decrease POMS total
mood disturbance, significantly more than
placebo, suggesting attenuated physiologi-
cal and psychological fatigue.

2. Whey protein isolate will have a great-
er effect on CAR, HRV, and POMS total
mood disturbance after the second day of
exercise, compared to the first day of ex-
ercise.

3. POMS, HRYV, and CAR would be signifi-
cantly correlated to and significantly predict
FI, by greater margins in the whey protein
intervention, indicating its effectiveness in
mitigating exercise-induced fatigue.

METODOLOGY

Participant Screening and Anthropomet-
ric Measurements

Forty-three recreationally active women,
aged 18 to 35 years, were recruited for this
double-blind, randomized, controlled trial.
Of the initial respondents, 31 were excluded
based on predefined criteria, including oral
contraceptive use, training status, or concur-
rent use of contraindicated medications or
supplements. Eligible participants completed
the 2018 Physical Activity Readiness Ques-
tionnaire; any affirmative responses to the first
seven questions resulted in exclusion. Weight
was determined using a calibrated weigh beam
scale, and height was measured with a preci-
sion stadiometer.

POMS

Participants completed a 35-item short-
form POMS questionnaire (McNair et al.,
1971, 1992), responding to each item on a
5-point Likert scale to indicate the intensity
of their feelings. Total Mood Disturbance was
calculated using the formula: TMD = (Vigor +
Activity + Fatigue + Confusion + Depression +
Anger). POMS was administered post-anthro-
pometric screening and on testing days, spe-
cifically at the 30- and 45-minute time points
within the one-hour saliva collection window.

Peak Oxygen Uptake Measurement

Following screening, participants under-
went a Bruce treadmill protocol (Bruce et al.,
1963) to determine peak oxygen uptake us-
ing a Quinton ST65 treadmill. Heart rate was
monitored with a Polar Heart Watch system,
and the rate of perceived exertion was mea-
sured before each stage change. Expired gas-
es were analyzed at 15-s intervals for indirect
calorimetry using a calibrated ParvoMedics
TrueOneTM 2400 Metabolic Analysis Sys-
tem, Model 2400.
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Dietary Intake

Participants were instructed to maintain
their usual dietary patterns. To minimize the
impact of macronutrient composition on sup-
plementation outcomes, participants
sumed the same lunch meal 3-4 hours before

con-

each exercise trial, and trials were scheduled at
the same time each testing day. Diet logs were
kept for each trial period and analyzed using
WebMD Food Calculator (https://www.web-
md.com/diet/healthtool-food-calorie-counter)
to verify consistency.

Dosing and Timing

The placebo consisted of 25 g of maltodex-
trin powder mixed with 500 ml of water (100
kcal). The whey protein dose comprised 25 g
of hydrolyzed whey protein isolate powder
and 25 g of unflavored maltodextrin powder,

mixed with 500 ml of water (200 kcal). Both
supplements included four drops of non-calor-
ic chocolate flavoring (Flavdrops™) for uni-
formity. Supplements were consumed between
08:00-09:00 and 13:30-16:30, with Dose 2
taken 30 min before the scheduled exercise. A
7-day washout period was enforced between
experimental trials, starting on Day 4 of the
testing phase. This washout period was dou-
bled for both supplementation and exercise
days to minimize carryover effects.

Overview of Intervention Design

Peak oxygen uptake (VO peak) was com-
pleted at least 7 days prior to beginning the two
exercise and supplementation cycles. Exercise
and supplementation week is as indicated in
Figure 1 below.

DAY 1 DAY 2

DAY 3 DAY 4

Wake Up: 6a-8a
CAR, POMS, HRV
Supplements:

Dose 1: 8a-9a

Dose 2: 1:30p — 4:30p

Wake Up: 6a-8a
CAR, POMS, HRV
Supplements:

Dose 1: 8a-9a

Dose 2: 1:30p — 4:30p

No Exercise

q Supplements:

Wake Up: 6a-8a
CAR, POMS, HRV

Wake Up: 6a-8a
CAR, POMS, HRV

No Exercise
No Supplements
1** Washout Day

Dose 1: 8a-9a
Dose 2: 1:30p — 4:30p

Exercise

Smin Warmup

30min @ 70-75% VO;pcax
Smin Recovery

30s Wingate

Exercise

Smin Warmup

30min @ 70-75% VY O,pcax
Smin Recovery

30s Wingate

Figure 1. Exercise and Supplementation Cycle

Steady-State Aerobic Exercise Trial

Each treadmill session began with a 5-min-
ute warm-up at 3.3 mph. Subsequently, the
grade and speed were adjusted to maintain each
participant’s heart rate at 70-75% of their peak
oxygen uptake (VO,peak). Participants walked
for 30 min, with oxygen consumption and heart
rate measured during the first 5 min, between
min 15 and 20, and again between min 25 and
30. Throughout the 30 minutes, treadmill ad-
justments were made to keep the intensity with-

in the target range. Heart rate was continuously
monitored using a Polar heart rate monitor.

Wingate Anaerobic Power Test (WAnT)

Before the first testing session, participants
were acquainted with the Velotron cycle er-
gometer and completed a 2-minute trial at 40
W, maintaining a cadence between 40 and 80
rpm. After the treadmill session, participants
rested for 5 min before undertaking a 30-sec-
ond Wingate Anaerobic Test on a Velotron®
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DynaFit Pro cycle ergometer. The test involved
a 20-second initial phase at 75 W, followed by
a 6-second acceleration period where partici-
pants pedaled as quickly as possible, and then
a load equivalent to 7.5% of body weight was
applied to the flywheel. During the 30-second
loaded phase, peak power (PP), mean power,
and minimum power (Pmin) were recorded in
watts/kg using the Velotron software. The FI
was calculated using the formula: FI = 100 x
(PP — Pmin) / PP. Participants concluded the
test with a 5-minute cool-down at 10 W, select-
ing their own cadence.

Saliva Collection

Saliva samples were collected daily for 4
days during each supplementation phase, with
Days 1 and 4 as rest days and Days 2 and 3 as
exercise days. Participants were instructed to
collect 2 ml of saliva within 5 min of waking
(between 06:00 and 08:00 hr) using the passive
drool method. Additional samples were taken
at 15, 30, 45, and 60 minutes after the initial
wake-up sample to ensure validity. All saliva
samples were immediately frozen at —20°C for
later analysis of cortisol concentrations, ac-
cording to established methods for assessing
physiological stress responses and autonomic
nervous system activity (Ducker et al., 2020;
Honceriu et al., 2023).

Cortisol Awakening Response Analysis

Saliva samples were analyzed for total
cortisol using enzyme-linked immunosorbent
(ELISA) assay kits (Salimetrics, LLC). CAR
was calculated from the area under the curve
at the time points S1 (at waking), SC15 (15
min after waking), SC30 (30 min after wak-
ing), SC45 (45 min after waking), and SC60
(60 min after waking). All samples were an-
alyzed using an enzyme conjugate inversely
proportional to the optical density of cortisol
present in the samples at 450 nm (Biotek™ HT

Multimode Microplate Reader) and compared
to the manufacturer’s standard curve, with a
sensitivity < 0.007 pg/dL and an assay range
0f 0.012 — 3.000 pg/dL.

HRV

HRYV was measured between saliva collec-
tion points SC15 and SC30 on each of the four
protocol days. The smartphone application
HRV4Training was used to collect HRV data
via photoplethysmography. It is noted that this
HRYV measure is not the gold standard, but it
was easily accessible to participants in a home
setting. The root mean square of successive dif-
ferences between R—R intervals (RMSSD) was
determined from each collection using the for-
mula: RMSSD = sqrt (mean (RRi+1 — RRi)?),
where sqrt = square root, where RRi represents
the R-R interval between heartbeats.

Statistical Analysis

A 2 x 4 repeated-measures ANOVA was
used to compare the Profile of Mood States,
Cortisol Awakening Response, and Heart Rate
Variability. A 2 x 2 repeated-measures ANO-
VA examined differences in the fatigue index.
Pearson correlation analyses assessed the rela-
tionships among the nutritional supplement in-
tervention, FI, POMS, HRV, and CAR. Finally,
a multiple regression analysis was performed
to determine if POMS, HRV, and CAR were
significant predictors of FI.

Study Design

The study design, results, and conclusions
are derived from the dissertation work of the
primary author.

RESULTS

Participant Characteristics

A total of 12 women qualified for and com-
pleted the study. However, one participant was
removed due to insufficient saliva volume. Ta-
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ble 1 shows the average characteristics of the dicating poor aerobic fitness. All participants
participants. The average peak oxygen uptake were taking oral contraceptives containing
(VO,peak) was 32.32 + 4.64 ml/kg/min, in- 0.12 + 0.1 mg of estradiol (E2).

Table 1. Mean Values of Measured Parameters (n = 11)

Parameter Mean = SD
Age (y) 20.45 £ 1.04
Height (cm) 163.45 £4.06
Weight (kg) 68.44 £ 11.61
BMI (kg/m?) 25.57+3.91
VO,peak (L/min) 2.12+£0.25
VO,peak (ml/kg/min) 32.32+4.64
Exercise Intensity % of VO,peak 30 min — Placebo Trial 68.20 +3.43
Exercise Intensity % of VO,peak 30 min — Whey Protein Trial 68.68 + 3.65
Average Food Intake — Placebo Trial (kcal/day) 1785.72 +£459.62
Average Food Intake — Whey Protein Trial (kcal/day) 1656.24 +437.47
HR,,., (bpm) 193 +4
RER, ., 1.26 £0.13
RPE .« 18+2

Note: data expressed as mean + standard deviation

VO, Exercise Ranges and Responses cebo and whey trials (p > .05). The mean RER

The steady-state exercising VO, was not af- ranged from .932 + .06 to .950 + .04, indicating
fected by day or supplement. Additionally, the that participants primarily oxidized carbohy-
mean respiratory exchange ratio during exercise  drate during the 30-minute treadmill protocol,
was not significantly different between the pla- e.g., a strenuous exercise bout was elicited.

Table 2. Combined Mean VO, During Treadmill Bouts (n = 11)

Condition / Trial Mean £ SD
Day 2 Placebo (PL) (ml/kg/min) 21.78 £ 2.60
Day 3 Placebo (PL) (ml/kg/min) 21.99 +£2.68
Day 2 Whey (WH) (ml/kg/min) 22.13+2.89
Day 3 Whey (WH) (ml/kg/min) 21.95+2.64
Combined Mean % VO,peak — PL 68.20 + 3.43%
Combined Mean % VO,peak - WH 68.68 = 3.65%

Note. Data expressed as mean + standard deviation;, Combined Mean refers to the mean V02 of 0, 5, 15, and 25
min data during the 30 min steady-state aerobic exercise trial.

FI Responses cise day and intervention is displayed in Figure

The FI showed no statistically significant 2 below. These findings suggest that neither
interaction between day and intervention the specific day of measurement within the ex-
(F(1,10) = 2.283, p = .162). There were also perimental protocol nor the type of nutrition-
no significant main effects for day (#(7,10) = al intervention (whey protein versus placebo)
4.356, p = .063) or intervention (F(1,10) = significantly influenced the participants’ FI.
2451, p = .149). The mean FI for each exer- Figure 2.
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Trial Days
Placebo Whey
Mean SD N Mean SD N
Day 1 20.79 6.12 11 22.52 6.45 11
Day 2 21.97 6.16 11 22.78 6.38 11

Figure 2. Fatigue Index
Note: Error bars represent = SD, n = 11.

Cortisol Awakening Response

Daily CAR values are presented in Figure
3. The whey protein intervention resulted in
a significantly lower cortisol awakening re-
sponse compared to the Placebo (F = 6.114,
p=.033, ®®=0.379), with CAR being higher
for the Placebo trial; however, CAR did not

differ between days for either supplement or
condition (F = 1.724, p = .183, @*= 0.147).
The reduction in CAR in the whey protein tri-
al suggests a potential effect on physiological
stress markers, possibly due to the amino acid
profile supporting recovery or mitigating cat-
abolic processes (Boutry-Regard et al., 2020).

*E 60+ mm Placebo
=) =3 Whey
g 404
on
3 20
<
%
o 0
N Y S X N Y S %
S S P It
ANk VARV VAR VIR ViV
Trial Days
Placebo Whey
Mean SD N Mean SD N
Day 1 30.56 14.17 11 29.70 18.18 11
Day 2 33.59 14.77 11 31.33 19.18 11
Day 3 3431 17.00 11 31.09 20.04 11
Day 4 3497 20.60 11 31.40 21.42 11

Figure 3. Cortisol Awakening Response Area Under the Curve (AUC)
Note. *Placebo CAR compared to Whey CAR (p = .033). Error bars represent £ SD, n = 11; Mean and SD =

pg/dL * hr.
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Profile of Mood States and Heart Rate
Variability

There were no significant differences in
condition, day, or the combined effect of day
and condition (p > .05). Mean HRV, measured
by rMSSD, is seen in Figure 4. Although HRV
generally decreased over the four testing days
for both supplements, this change was not
statistically significant. This finding suggests
that while physiological stress markers like

CAR was significantly affected, the physio-
logical stress response reflected by HRV, and
the psychological state assessed by POMS,
did not exhibit statistically significant chang-
es, as seen in Figure 5, potentially indicating
a nuance in the interpretation, and therefore,
specific effect of the whey protein on acute
stress responses rather than overall recovery
(Presby et al., 2023).

>
E 2001 mm Placebo
5150_ =2 Whey
=
2100 1
>
£ 50-
o~
5 0-
T N Y S N9y S X
S B DD SPRS PSP
Q‘b‘ Q‘D’ Q‘b‘ Q‘bf Q‘b‘ Q‘b’ Q‘b‘ Q‘D’
Trial Days
Placebo Whey
Mean SD N Mean SD N
Day 1 84.15 57.02 11 89.17 69.40 11
Day 2 79.56 68.40 11 77.15 74.19 11
Day 3 79.43 68.08 11 70.38 45.88 11
Day 4 70.97 50.04 11 74.15 56.58 11
Figure 4. Heart Rate Variability RMSSD Difference
Note. Error bars represent = SD, n = 11.
257
3
g 20 mm Placebo
E =1 Whey
2 151
@)
)
g 10+
p=
T 51
=
0_
N Y > N9 S X
S D B D S D@
Q‘b’ Q‘b‘ Q‘b‘ Q‘bf Q‘b’ Q‘b' Q‘b‘ Q‘b‘
Trial Days
Placebo Whey
Mean SD N Mean SD N
Day 1 10.18 10.87 11 10.73 5.76 11
Day 2 8.18 5.55 11 10.55 5.94 11
Day 3 9.91 5.15 11 10.09 8.97 11
Day 4 7.91 5.32 11 7.55 5.37 11

Figure 5. Profile of Mood States — Total Mood Disturbance

Note. Error bars represent £ SD, n = 11.
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Multiple Regression and Correlation
Results

A multiple regression analysis, in a step-
wise format, aimed at determining whether
CAR, POMS TMD, and HRV rMSSD could
predict FI on each exercise day and during
each nutritional intervention. None of the in-
dependent variables statistically predicted FI
in either intervention or on any specific exer-
cise day (p > .05). The absence of predictive
power suggests that while these physiological
and psychological markers are indicative of
stress and recovery, their direct relationship to
the specific measure of FI used in this study
may be indirect or moderated by other factors
not yet understood.

Pearson correlation analyses also exam-
ined the relationship between CAR, POMS
TMD, HRV rMSSD, and FI. No significant
associations were found (p > .05), except for
a significant negative correlation between the
Placebo exercise Day 2 FI and POMS TMD
on Day 2 (r = -.582), p = .030), indicating
that higher POMS scores were associated
with a lower FI. A similar, though not statis-
tically significant, weak negative association
was observed between POMS TMD and FI
during the Whey exercise day 2 (r = -.447, p
> .05). This unexpected inverse relationship
between POMS TMD and FI warrants further
investigation, as it contradicts the typical un-
derstanding that increased mood disturbance
correlates with heightened fatigue (Caballe-
ro-Garcia & Cordova, 2022).

DISCUSSION

This study aimed to determine whether
whey protein improved recovery from exer-
cise, specifically by examining the relation-
ships among CAR, POMS, HRYV, and FI. Re-
searchers also sought to determine whether
CAR, POMS, and HRV could predict FI. Key
findings showed that whey protein reduced

CAR compared with placebo; however, POMS
and HRV did not differ significantly between
groups. The FI also remained undifferentiat-
ed. Furthermore, CAR, POMS, and HRV did
not reliably predict FI. A weak, non-significant
negative correlation was observed between
POMS and FI on one of the exercise days, sug-
gesting that mood state might have a complex
relationship with fatigue.

CAR

This study found that participants in the
whey protein group had a lower cortisol awak-
ening response than those in the placebo group
across the four experimental days. While re-
searchers initially assumed a lower CAR in-
dicated reduced stress, this was not the case
here. Previous research by Anderson, Lane,
and Hackney (2018) indicated a positive link
between CAR and training load in athletes.
Ulhoa et al. (2011) reported that shift workers
could manage daily stressors with higher CAR,
while those with irregular schedules used CAR
to cope with the previous day’s stressors. Dro-
gos et al. (2019) observed increases in CAR
over a six-month exercise program, attributing
these changes to the participants’ improved
ability to handle physical and psychological
stress, as supported by a correlation with re-
duced perceived stress (r = .523, p = .023).
Therefore, while cortisol secretion may have
been lower during the whey protein trial week,
this study cannot establish a direct cause-and-
effect relationship between whey protein and a
suppressed CAR.

Dietary Intake

No significant differences in daily caloric
intake were found between the Placebo and
Whey Protein groups. The Placebo group con-
sumed an average of 1786 kcal daily, while
the Whey Protein group consumed 1656 kcal.
Although research on dietary effects on the
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CAR is limited, whey protein isolate may
have blunted the CAR response compared to
placebo. Sheikh et al. (2010) hypothesize that
increased intake of whey protein isolate can
elevate glucagon-like peptide-1 (GLP-1) se-
cretion, which, in turn, may increase cortisol
secretion. This potential increase in cortisol
could create a negative feedback loop, blunt-
ing the CAR on subsequent days. Further in-
vestigation into GLP-1’s role in blunting CAR
is warranted, although it was not measured in
this study. Additionally, the precise mecha-
nisms through which protein supplementation
influences the HPA axis warrant further explo-
ration, particularly concerning the interaction
between dietary amino acids and neuroendo-
crine regulation.

POMS

Numerous studies link changes in the Pro-
file of Mood States to cortisol levels, exercise
intensity, and diet. These studies suggest exer-
cise benefits mood, reducing total mood distur-
bance and anxiety while increasing vigor; how-
ever, this study found no significant differences
in POMS TMD between the whey protein and
placebo groups, nor between experimental days
(p = .763), suggesting neither the exercise nor
the diet significantly altered POMS TMD. Fu-
ture research could analyze POMS subscales to
examine their relationships with performance
indicators such as the FI. Furthermore, inves-
tigating the impact of combined exercise and
nutritional interventions on individual mood
states rather than just total mood disturbance
could provide a more nuanced understanding
of psychological recovery (Deru et al., 2023;
Weinstein et al., 2007). A significant limitation
of this study was the relatively low caloric in-
take across both groups, averaging around 1700
kcal/day, which is considerably below the typ-
ical energy requirements for active individuals
(James et al., 2020).

HRV

HRYV is a well-established method for as-
sessing the body’s response to physical activity,
particularly the parasympathetic nervous sys-
tem. Factors like age, gender, fatigue, fitness
level, and psychological state can influence
HRV. In this study, no significant differences
in HRV were observed between the placebo
and whey protein trials, or across different
days within each trial. Although there was a
slight decrease in HRV (measured by RMSSD)
in both groups, this change was not statistically
significant. It is possible that the participants
were moderately fit, allowing them to com-
plete the exercise without substantial para-
sympathetic nervous system adjustments the
following day. While the carbohydrate-dom-
inant nature of the exercise bout suggested a
strenuous acute energy demand, the HRV re-
sults suggest that the exercise stimulus might
not have been sufficiently strenuous to elicit
a marked HRV response indicative of physio-
logical stress or recovery, or that the recovery
period was adequate in both the control and
intervention trial periods.

The higher CAR response in the Place-
bo group may be linked to changes in HRV,
as the cardiovascular system and awakening
response might similarly shift from parasym-
pathetic to sympathetic dominance (Stalder
et al., 2011). Reductions in HRV have been
associated with increased negative mood and
depression, potentially corresponding to para-
sympathetic changes. Other HRV parameters
did not significantly associate with training
load perception or fatigue prediction, and there
were additional concerns about the measure-
ment sensitivity of HRV and the variability in
this small sample. Future studies should con-
sider larger sample sizes and more rigorous
control over extraneous variables to enhance
the reliability and generalizability of HRV
findings, potentially integrating other physio-
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logical markers to provide a more holistic un-
derstanding of athletic recovery (Bellenger et
al., 2021). In future studies, it will be critical to
consider a more general physiological context
when interpreting HRV data, as factors such
as sleep quality, hydration status, and micro-
nutrient availability can significantly modulate
autonomic nervous system activity (Fusi et al.,
2025; Gratwicke et al., 2021).

Fatigue Index (FI)

The study initially hypothesized that
POMS, HRV, and CAR would correlate with
and predict the FI, given their known associ-
ations with fatigue; however, the findings did
not support these hypotheses. No significant
differences in mean FI were found between the
Placebo and Whey Protein groups on Day 2 or
Day 3. Additionally, no significant correlations
were observed between FI and POMS, HRV, or
CAR, although the correlation between Day 3
POMS and Day 3 FI was the closest among
these relationships. The FI ranges in this study
were consistent with those reported in previ-
ous research. One reason for including whey
protein as an intervention was to explore its
potential to reduce central fatigue. Baker et al.
(2006) suggested that 5-hydroxytryptamine
(5-HT) activity in the brain is not altered by the
transport of free tryptophan. Researchers also
reported that blood levels of 5-HT returned to
baseline after intense exercise bouts, despite
a sharp drop immediately post-exercise, lead-
ing them to conclude that 5-HT might not be a
significant factor in central fatigue. It is possi-
ble that the WANT load used in this study was
sufficient to cause a difference in FI, as hy-
pothesized. However, the duration of the trials
was too short to establish a cause-and-effect
relationship with central fatigue, e.g., leaving
the potential to add multiple bouts to elicit a
stronger coordinated physiological and neuro-
physiological response.

CONCLUSION

This is the first known study to investigate
the potential associations between whey protein
isolate and the CAR, POMS, HRYV, and FI. Fur-
thermore, few studies have included women in
research comparing the interactions of CAR,
HRYV, POMS, and FI. The observed decrease in
CAR across the four days of the whey protein
isolate trial, compared with placebo, suggests
a possible association among central fatigue,
the hypothalamic-pituitary-adrenal axis, and
strenuous exercise. Given the lack of effect on
short-duration sprint cycling performance, any
association with reducing the physiological ef-
fects of central fatigue may be minimal. Future
studies should investigate the significance of
interactions between POMS subscales (Marou-
lakis & Zervas, 1993) and HRV across longi-
tudinal exercise trials, as well as the metabolic
effects of whey protein on these variables. Ad-
ditionally, future research should explore the
effects of sleep quality on these markers, con-
sidering that sleep deprivation significantly im-
pairs high-intensity endurance performance and
alters brain activity patterns critical for motor
control (Fusi et al., 2025; Sapolsky et al., 2000;
Zhao etal., 2025). Lastly, examining the interre-
lationships between dietary interventions, such
as specific macronutrient profiles, and sleep ar-
chitecture could provide insight into the com-
bined impact on physiological recovery and
cognitive function (Mantantzis et al., 2022).
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