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Abstract: This study examined the effect of creatine nitrate and caffeine alone and combined on exer-
cise performance and cognitive function in resistance-trained athletes. In a double-blind, randomized
crossover trial, twelve resistance-trained male athletes were supplemented with 7 days of creatine
nitrate (5 g/day), caffeine (400 mg/day), and a combination of creatine nitrate and caffeine. The study
involved twelve resistance-trained male athletes who initially provided a blood sample for com-
prehensive safety analysis, including tests for key enzymes and a lipid profile, and then performed
standardized resistance exercises—bench and leg press at 70% 1RM—and a Wingate anaerobic power
test. Cognitive function and cardiovascular responses were also examined forty-five minutes after
supplementation. Creatine nitrate and caffeine that were co-ingested significantly enhanced cognitive
function, as indicated by improved scores in the Stroop Word–Color Interference test (p = 0.04; effect
size = 0.163). Co-ingestion was more effective than caffeine alone in enhancing cognitive performance.
In contrast, no significant enhancements in exercise performance were observed. The co-ingestion of
creatine nitrate and caffeine improved cognitive function, particularly in cognitive interference tasks,
without altering short-term exercise performance. Furthermore, no adverse events were reported.
Overall, the co-ingestion of creatine nitrate and caffeine appears to enhance cognition without any
reported side effects for up to seven days.

Keywords: caffeine; creatine nitrate; ergogenic aids; exercise performance; cognitive function;
resistance training; sports nutrition; dietary supplements

1. Introduction

Athletes often use dietary supplements to enhance their training and exercise perfor-
mance. In recent years, sports nutrition has become a more nuanced science concerning
performance enhancement, issues of safety, and legality [1]. Among the extensively stud-
ied dietary supplements, caffeine and creatine independently are well supported to have
ergogenic properties [2,3]; however, the potential synergistic effects from their combined
use are limited [4,5]. In sports, caffeine has been well documented to improve maximum
strength and muscular endurance [6] as well as anaerobic performance [7], revealing its
effects on the central nervous system [2]. Caffeine’s resemblance to adenosine in molecular
structure enables it to attach to adenosine receptors, particularly targeting the A2A subtype.
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This attachment diminishes sensations of pain and weariness while concurrently enhanc-
ing neural excitability [8]. Caffeine consumption can lead to physiological effects such
as increased heart rate (HR), blood pressure (BP) [9], bronchodilation [10], and reduced
perceived exertion during strenuous activities [2]. Caffeine’s ability to enhance cognitive
function, such as attention, vigilance, and reaction time, has made it a valuable supplement
for athletes in sports that require sustained concentration and quick decision making [11].

The effect of creatine on athletic performance has been a focal point of sports nutrition
research since the 1990s [12]. Creatine’s role in rapidly replenishing adenosine triphosphate
(ATP) during anaerobic exercise is well established, with numerous studies corroborating its
efficacy in improving short-term power output and facilitating greater training volume [13].
This translates to improvements in strength, sprinting ability, and muscle mass [14]. Beyond
its physical benefits, creatine’s influences on brain energy metabolism have led to new
avenues of research into its potential cognitive benefits, particularly under high energy
demand or stress conditions [15,16].

The synthesis of creatine nitrate (i.e., C4H10N4O5) introduces a compound that
promises the benefits of creatine monohydrate and posits the added advantage of en-
hanced nitric oxide production [17]. This particular molecule is of interest to athletes, as
nitric oxide is pivotal in modulating blood flow, muscle oxygenation, and nutrient delivery.
While studies have begun to explore the ergogenic potential of creatine nitrate, much
remains to be understood about its efficacy and the mechanisms through which it may
act [18]. Creatine nitrate is typically produced via a chemical reaction that involves mixing
creatine with nitric acid in the presence of water. This leads to the crystallization of either
creatine dinitrate or creatine trinitrate. An alternative method involves the use of nitrous
acid in place of nitric acid, resulting in the formation of creatine nitrate [19]. Earlier studies
reported that creatine nitrate supplementation increased circulation and muscle creatine
levels from 5 to 28 days [20,21] and improved body composition and strength performance
as much as creatine monohydrate during 28 days [21]. Moreover, Dalton et al. 2017 reported
that 3 and 6 g creatine nitrate over five days improved one-repetition maximum (1RM) and
muscular endurance bench press performance at 70% of 1RM without an ergogenic effect
during a 4 km time trial performance [22]. Creatine nitrate also seems safe when ingested
at 1 to 6 g/day doses for up to 28 days [20–22].

The interactions between caffeine and creatine are mixed and remain to be fully elu-
cidated. Some studies have assessed the potential synergistic effects that may emerge
from their combined use when caffeine is acutely supplemented after a creatine-loading
phase [4,5]. At the same time, some have proposed that caffeine may hinder creatine’s
action due to its opposite effect on muscle relaxation time [23] and potential gastrointestinal
distress [24,25]. Others suggest that these effects may not significantly impact the overall
ergogenic potential of creatine [26]. For instance, Pakulak et al. (2022) did not report
significant effects in variables related to body composition and resistance exercise perfor-
mance followed by six weeks of resistance training co-ingestion of creatine monohydrate
with caffeine supplementation compared to their isolated ingestion and placebo [27]. Con-
siderations for concurrent supplementation indicate that while creatine and caffeine are
popular ergogenic aids and have been shown to improve aspects of high-intensity exercise
performance, there is still debate and inconclusive evidence regarding their combined
effects during resistance exercise [27,28].

The study’s primary aim was to evaluate the effects of a seven-day high-dose intake
of (1) caffeine, (2) creatine nitrate, and (3) their combination on intense intermittent ex-
ercise performance and mental focus in resistance-trained males. Secondary outcomes
included assessing the impact of these supplements on cardiovascular hemodynamics and
blood metabolite levels. This study sought to understand how these substances, alone
or in combination, can enhance physical performance and cognitive function and their
physiological effects during intense exercise. We hypothesized that ingesting caffeine
creatine nitrate alone would improve mental focus, resistance exercise performance, and
related performance indices (e.g., peak power, mean power, total work, etc.); however, more
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improvements would occur because of supplementation with the combined caffeine and
creatine nitrate. We further hypothesized that ingesting either individual or combined crea-
tine nitrate and caffeine supplements would not adversely affect the hepatorenal function
or hemodynamic indices following acute and short-term ingestion.

2. Materials and Methods
2.1. Study Overview and Ethical Considerations

This study was carried out at the Human Performance Laboratory (HPL) of Jack-
sonville State University. It received the requisite approval from the university’s ethics
committee, ensuring compliance with all ethical standards for research. The study’s design
and progression are depicted in Figure 1, which provides a Consolidated Standards of
Reporting Trials (CONSORT) flow diagram, and Figure 2 details the methodological rigor.
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2.2. Study Protocol
2.2.1. Recruitment and Familiarization

Participants were recruited via email campaigns and campus-wide flyers. Interested
individuals were required to attend a familiarization session, where they completed in-
formed consent forms, provided a comprehensive health history reviewed by a registered
nurse, and received verbal and written details regarding the study protocol. Additionally,
participants practiced the exercise tests to be used in the study. Eligibility was determined
based on standard anthropometric measurements, including height, weight, HR, BP, and
body fat mass. This was followed by a 1RM strength test for bench and leg press exer-
cises, adhering to the National Strength and Conditioning Association’s guidelines [29]. A
Wingate 30 s anaerobic capacity test using a cycle ergometer was also conducted. To mini-
mize potential confounders, all assessments were completed in a single session, simulating
the conditions of a typical workout. Successful completion of this session led to subsequent
baseline evaluations and randomization of the study.
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Panel (B) provides a detailed sequence of assessment and intervention activities conducted during
each treatment phase.

2.2.2. Eligibility Criteria

Participants were eligible for the study if they had at least two years of experience
in multi-joint resistance training. We excluded individuals under 18 or over 40, those
with metabolic disorders such as diabetes, cardiovascular diseases, arrhythmia, thyroid
conditions, and those on prescription medications. Additionally, individuals with a BMI
outside the range of 18.5 to 24.9, indicating underweight or obesity, were also excluded.
Ineligibility criteria also included known intolerance to caffeine or natural stimulants,
smokers, and those consuming over 12 alcoholic beverages weekly. Participants were
instructed to maintain their current training and dietary habits without introducing new
exercises or nutritional changes for the duration of the study.

2.2.3. Performance Testing Protocol

Participants were subjected to baseline and subsequent evaluations under controlled
conditions, which included a 12 h fasting period and a 48 h abstention from exercise,
caffeine, and certain medications or supplements. A 20 mL venous blood sample was
collected upon arrival at the laboratory. Participants ingested their assigned supplements
following anthropometric measurements and baseline recordings of HR and BP. Following
a 45 min pause following supplementation, participants completed the Stroop Word–
Color test and exercise performance assessments. The suggestion to consume caffeine
about 45 min before exercise is supported by research and practice as being sufficient to
demonstrate improvement in various aspects of exercise performance, such as strength,
power, endurance, and recovery [6,30]. The ideal time for creatine ingestion in relation to
exercise to optimize muscle loading and performance gains is not well established [31].

After completing the cognitive function test, the Visual Analog Scale (VAS) assessed
participants’ readiness to perform. In addition, they were asked to complete comprehensive
questionnaires to evaluate their sleep quality, caffeine consumption, and any side effects
they may have experienced.

The physical testing commenced with a standardized warm-up, leading to targeted
resistance exercises—bench and leg presses—performed for three sets at 70% 1RM, with
the final set pushing for maximal repetitions [32]. HR and BP were monitored closely
post-exercise. A subsequent five-minute rest prefaced the Wingate anaerobic test, which
was executed to quantify anaerobic performance indicators such as peak power, mean
power, and fatigue index [33]. Cardiovascular responses were again evaluated following
this test.
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2.2.4. Supplementation

For the intervention, four distinct treatments were administered in this study: creatine
nitrate [CN: (4 g creatine; 1 g nitrate), 5 g/d + 0.675 g/d maltodextrin)], caffeine (CAF:
400 mg/d + 5 g/d maltodextrin), a combination of both CN and CAF (CO: 5 g/d creatine
nitrate + 400 mg/d caffeine), and a placebo (PL: 5.4 g/d maltodextrin). Each treatment was
administered 45 min prior to the experimental testing. During the week of supplementation,
aside from baseline and follow-up sessions, participants consumed their specified supple-
ment in two different schedules: about 45 min pre-workout on exercise days and around
noon on days without exercise. Following a week-long washout period, they switched
supplements and repeated the process in a randomized fashion. Bulk Supplements (Hen-
derson, NV, USA) produced the CAF and maltodextrin, and the CN was sourced from
APS Distribution, Inc. (Norcross, GA, USA). In this study, the dosages of creatine nitrate,
caffeine, and their combination were based on previous research [22,30,34], which has
shown these specific amounts to enhance exercise performance and cognitive function
in athletic populations effectively. This rationale underpins our selection of dosages to
investigate their impact on similar outcomes. To ensure accuracy and consistency in dosing,
each supplement was precisely measured. The study maintained its double-blind design
using identically encapsulated supplements distributed in coded containers. Supplement
intake was aligned with the participants’ exercise schedules, incorporating a 7-day washout
period before transitioning to a different treatment in a randomized sequence [6,33].

2.2.5. Anthropometry

Initial anthropometric measurements were conducted precisely: height and weight
were measured to the nearest 0.01 m and 0.1 kg using the Health-O-Meter 349KLX Medical
Weight Scale.

2.2.6. Dietary Monitoring

Throughout the study, participants meticulously documented their dietary intake.
Comprehensive records included all foods and beverages consumed, focusing on brand
names, preparation methods, and exact quantities. For accurate dietary logging, par-
ticipants used the MyFitnessPal app, completing four sets of three-day food diaries. A
certified dietitian provided initial training on portion size estimation and comprehensive
instructions for effectively using the dietary tracking application.

2.2.7. Stroop Word–Color Test

The Stroop Word–Color Test was utilized to assess the effects of dietary supplementa-
tion on attentional control, processing speed, and cognitive flexibility [35–39]. The assess-
ment consisted of three tasks: identifying the color of words printed in black, naming the
color of Xs, and stating the color of words printed in incongruent colors. Participants were
instructed to complete these tasks as quickly and accurately as possible, with performance
gauged by the number of correct responses within a specified time.

2.2.8. Readiness to Perform Exercise

To ascertain participants’ readiness for physical activity, we employed the VAS. This
subjective measure required participants to indicate their level of agreement with six
statements concerning their current physical and mental state, ranging from sleep quality
to muscle soreness, on a 20 cm line that represented a continuum from “strongly disagree”
to “strongly agree”.

2.2.9. Muscular Strength and Wingate Anaerobic Power

Maximal strength was measured after a structured warm-up. This began with ten reps
at 50% of the predicted 1RM, followed by five reps at 70%, and one rep at 90%. Participants
gradually increased the weight until their accurate 1RMs were identified. They were urged
to ascertain their 1RM during the familiarization session. Once established, participants
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underwent three sets of bench and leg press evaluations. In both the first and second sets,
they lifted 70% of their 1RM for 10 reps on both exercises, with 2 min rest intervals between
sets and a 5 min break between different testing exercises. In the third set, they completed as
many reps as possible. The total lifting volume was determined by multiplying the weight
by the number of successful reps. Throughout the tests, verbal encouragement was given
to bolster maximum effort. All strength evaluations were conducted following established
protocols and using the bench press and hip/leg sled machines (Hammer Strength, Schiller
Park, IL, USA) [40]. The Wingate test involved participants pedaling on a specific bike
ergometer as hard as possible for 30 s. The Wingate anaerobic power test was conducted
using a calibrated, friction-loaded cycle ergometer (Monark 894E Peak bike, MONARK,
Vansbro, Sweden). Each participant’s work rate was standardized at 7.5 J/kg/rev. Before
initiating the main test, participants were instructed to achieve a speed of 70 RPM and
maintain it over five brief intervals, each lasting five seconds. After this warm-up, they
were prompted to sprint at their utmost capacity for 30 s. Throughout this sprinting phase,
verbal support was provided as an external motivator to elicit the participant’s highest
possible performance [33].

2.2.10. Blood Chemistry Assessment

Before the baseline and follow-up testing sessions, participants abstained from exercise,
CAF, and non-prescription stimulants for 48 h. Additionally, they fasted for 12 h prior to
providing a blood sample. Approximately 20 mL of blood was drawn from the antecubital
vein in the forearm, adhering to standard blood collection methods. This blood was
collected into two 7.5 mL BD Vacutainer serum separation tubes (Becton, Dickinson, and
Company, Franklin Lakes, NJ, USA). Post-collection, the EDTA-treated tubes were carefully
inverted ten times, allowed to sit for 15 min at room temperature, and centrifuged by
Drucker 642E Labcorp Horizon Mini E Centrifuge (Philipsburg, PA, USA). This was carried
out at 3500 rpm for 10 min to segregate plasma and blood cells. The isolated serum samples
were then sent to the LabCorp facility at 4 ◦C for further examination [41].

The blood samples were assessed for creatine kinase (CK), lactate dehydrogenase
(LDH), alkaline phosphatase (ALP), aspartate aminotransferase (AST), and alanine amino-
transferase (ALT) using the Roche Hitachi Modular analyzer (Roche Diagnostics, Indianapo-
lis, IN, USA). A comprehensive lipid profile was evaluated to measure total cholesterol
(TC), high-density lipoproteins (HDL), low-density lipoproteins (LDL), very-low-density
lipoproteins (VLDL), and triglycerides (TG). TC and TG levels were quantified using enzy-
matic colorimetric assays, whereas HDL levels were ascertained following precipitation
with sulfated α-cyclodextrin in an alkaline magnesium chloride medium. LDL and VLDL
concentrations were estimated utilizing the Friedewald equation, which is in agreement
with established methodologies [42].

Furthermore, another blood sample was stored in a 3.5 mL BD Vacutainer tube with a
lavender cap containing K2 EDTA. This was kept at room temperature for a short while and
later refrigerated for a few hours, after which a comprehensive blood count was performed.
The analysis encompassed parameters such as hemoglobin, hematocrit, red blood cell (RBC)
counts, and others and was executed using the Abbott Cell Dyn 1800 (Abbott Laboratories,
Abbott Park, IL, USA) automated hematology analyzer.

2.2.11. Sleep Quality, Caffeine Tolerance Assessment, and Side Effect Questionnaires

At each evaluation, participants completed a brief questionnaire designed to appraise
sleep quality and discern any disturbances potentially linked to the supplementation. This
instrument gauged various facets of sleep, such as duration, perceived quality, vitality upon
waking, and any disruptions experienced within a 48 h window, thereby distinguishing
between suboptimal and satisfactory sleep quality. Additionally, a caffeine tolerance
survey was administered, prompting individuals to quantify any experienced symptoms—
such as lethargy, fatigue, or irritability—using a scale ranging from 0 (none) to 4 (severe).
Concurrently, participants were asked to complete a side effects questionnaire to identify
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adverse reactions to the supplements. This tool aimed to record any unwanted symptoms
or reactions attributed to the supplementation regimen. Participants evaluated the presence
and intensity of potential side effects, such as gastrointestinal discomfort, headaches, or
palpitations, using a similar scale that ranged from 0 (absent) to 4 (severe). This systematic
approach allowed for a comprehensive assessment of the supplement’s tolerability and
safety profile alongside evaluating sleep quality and caffeine tolerance.

2.3. Statistical Analysis

A 2-factor (time × treatment) repeated measures ANOVA was utilized to discern
the effects of different treatments over various time points. This approach allowed for a
nuanced detection of the treatments’ impact and their temporal interactions. We calcu-
lated effect sizes using the partial eta-squared statistic, categorizing effect sizes as small
(0.01 ≤ partial eta-squared < 0.06), medium (0.06 ≤ partial eta-squared < 0.14), and large
(partial eta-squared ≥ 0.14), providing insight into the magnitude of differences between
conditions. When significant effects were identified, Tukey’s post hoc tests elucidated
specific contrasts between treatments. Additionally, mean changes from baseline and their
95% confidence intervals were reported, offering a precise estimation of population mean
differences. Side effects categorized data were analyzed using chi-squared tests, with statis-
tical significance denoted by p < 0.05. Results were presented as mean ± standard deviation,
reflecting the data’s central tendency and dispersion, thereby upholding analytical rigor
and interpretative validity. All statistical analyses were conducted with SPSS Statistics V29
(SPSS Inc., Chicago, IL, USA). GraphPad Prism Version 10.1.1 (GraphPad Software, San
Diego, CA, USA) was employed for graph generation.

3. Results
3.1. Participants

Fifteen resistance-trained males expressed interest in participating. After informed
consent was obtained and eligibility assessed, three individuals were excluded—one due
to medical screening results and two due to scheduling conflicts. This left 12 participants
who completed all four conditions of the study. The demographic and baseline nutritional
profiles of these individuals are summarized in Table 1. Table 2 presents the data from a
three-day dietary analysis across different treatments. MANOVA indicated no significant
differences between treatments in terms of relative energy intake (p = 0.07), protein intake
(p = 0.08), carbohydrate intake (p = 0.43), and fat intake (p = 0.09). Hydration and dietary
practices were monitored and remained stable throughout the study, and the sequence of
treatment administration showed no significant impact on the measured outcomes.

Table 1. Baseline demographics.

Measurement Mean SD

Age (year) 21.9 ± 0.79
Height (cm) 179.9 ± 9.53
Body Mass Index (kg/m2) 26.6 ± 5.11
Bench press 1RM (kg) 101.1 ± 27.8
Leg press 1RM (kg) 371.4 ± 64.7

Mean data are presented as means ± SD. 1RM: one repetition maximum.

3.2. Primary Outcomes
3.2.1. Exercise Performance

In Table 3, we outlined our exercise performance outcomes. No statistically significant
interactions were identified across any of the performance parameters.

Bench Press

Neither repetitions nor lifting volume displayed significant treatment interactions for
the bench press. These measures’ effect sizes were 0.145 and 0.141, respectively, indicating
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a large effect. Mean changes from baseline with 95% CIs were significant for repetitions
to failure in CAF (2.16 counts, [0.98–3.34]) and CO (2.16 counts, [0.98–3.34]) versus PL
(0.41 counts, [−0.76 to 1.59]) (p = 0.04) (Figure 3). The change in bench press lifting volume
from baseline to follow-up was PL (22.9 kg, [−71.3 to 117.2]), CN (109.1 kg, [14.8 to 203.4]),
CAF (152.1 kg, [57.7 to 246.3]), and CO (155.7 kg, [61.4 to 250.0]).

Table 2. Dietary analysis.

Variable Treatment Mean SD p-Value

Energy Intake
(kcal/d/kg)

PL 24.1 ± 9.15 0.07
CN 21.9 ± 7.22
CAF 23.2 ± 8.27
CO 20.4 ± 5.12

Protein (g/d/kg)

PL 1.34 ± 0.52 0.08
CN 1.26 ± 0.50
CAF 1.32 ± 0.35
CO 1.10 ± 0.37

Carbohydrate
(g/d/kg)

PL 2.24 ± 1.24 0.43
CN 2.16 ± 0.90
CAF 2.34 ± 1.38
CO 1.99 ± 0.61

Fat (g/d/kg)

PL 1.01 ± 0.42 0.09
CN 0.86 ± 0.41
CAF 0.83 ± 0.45
CO 0.79 ± 0.35

Values are means ± standard deviations. Multivariate analysis revealed overall Wilks’ Lambda for treatment
(p = 0.78).
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Figure 3. The mean change (with a 95% confidence interval) in the number of bench press repetitions
to failure at 70% of 1RM from the initial measurement. Statistically significant findings (p < 0.05) are
indicated by confidence intervals that do not cross zero. * denotes a significant difference (p < 0.05)
compared to the baseline. We use the following notation to indicate statistical differences between
treatments: (a) a significant difference compared to PL (p = 0.04).

Leg Press

For the leg press, neither repetitions nor lifting volume showed significant treatment
interactions. The effect sizes for these measures were 0.092 and 0.090, respectively, both
denoting a medium effect. The alterations in leg press repetitions to failure from baseline
to follow-up were as follows: PL (1.25 counts, [−3.51 to 6.0]), CN (4.5 counts, [−0.25 to
9.25]), CAF (−1 counts, [−5.75 to 3.75]), and CO (4.66 counts, [−0.08 to 9.42]). Similarly, the
changes in leg press lifting volume from baseline to follow-up were PL (−219.3 kg, [−1688.7
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to 1250.1]), CN (1144.8 kg, [−324.5 to 2614.3]), CAF (−299.1 kg, [−1768.6 to 1170.2]), and
CO (1117.5 kg, [−351.8 to 2587.0]).

Table 3. Exercise performance associated with supplementation.

Variable Treatment
Day 0 Day 7 Treatment

Mean SD Mean SD Mean SE p-Value

Lifting repetitions and volume

BP Repetitions to failure at
70% 1RM

PL 10.3 ± 2.71 10.7 ± 2.34 c,d 10.5 ± 0.51 Time 0.02
CN 10.5 ± 2.93 11.9 ± 3.55 * 11.2 ± 0.66 Trt 0.01
CAF 11.5 ± 3.84 13.7 ± 3.76 a,* 12.6 ± 0.79 T×T 0.43
CO 11.7 ± 3.64 13.9 ± 4.64 a,* 12.8 ± 0.86

BP third set lifting
volume (kg)

PL 711.6± 239.1 734.5 ± 219.7 723.1 ± 45.9 Time 0.007
CN 695.3 ± 168.2 804.4 ± 284.8 * 749.9 ± 48.1 Trt 0.02
CAF 789.8 ± 284.2 941.9 ± 289.6 * 865.9 ± 59.4 T×T 0.50
CO 793.4 ± 249.8 949.1 ± 332.7 * 871.3 ± 60.9

LP Repetitions to failure at
70% 1RM

PL 28.1 ± 9.57 29.4 ± 8.96 28.7 ± 1.85 Time 0.06
CN 28.2 ± 9.71 32.7 ± 10.8 30.5 ± 2.11 Trt 0.16
CAF 33.4 ± 16.4 32.4 ± 16.9 32.9 ± 3.33 T×T 0.86
CO 33.9 ± 14.8 38.5 ± 15.8 36.2 ± 3.11

LP third set lifting
volume (kg)

PL 7935.1 ± 4139.5 7715.7 ± 3394.4 7825.4 ± 756.1 Time 0.12
CN 7328.9 ± 2923.5 8473.8 ± 3236.8 7901.4 ± 627.2 Trt 0.28
CAF 8735.1 ± 4474.6 8435.8 ± 4675.6 8585.4 ± 914.1 T×T 0.79
CO 8906.7 ± 4401.7 10,024.3 ± 4623.8 9465.5 ± 908.7

Combined lifting volume (kg)

PL 14,443.4 ± 4684.9 14,966.5 ± 4463.0 14,705.0 ± 915.0 Time 0.07
CN 14,540.5 ± 3922.7 15,794.5 ± 4247.7 15,167.5 ± 826.6 Trt 0.12
CAF 15,669.9 ± 6258.7 15,727.7 ± 5706.3 15,698.8 ± 1195.6 T×T 0.80
CO 16,216.4 ± 5355.6 17,489.7 ± 5489.4 16,853.1 ± 1090.7

Anaerobic capacity test
Wingate test

Total work (J)

PL 19,394.1 ± 3032.1 19,742.7 ± 2791.9 c 19,568.4 ± 582.9 Time 0.40
CN 19,555.6 ± 2639.2 19,999.3 ± 2812.3 c 19,777.5 ±546.4 Trt 0.54
CAF 20,039.2 ± 2368.4 19,341.1 ± 2257.1 a,b,d 19,690.1 ± 467.5 T×T 0.20
CO 19,111.5 ± 2710.1 19,373.4 ± 2883.6 c 19,242.5 ± 559.3

Mean power (W)

PL 671.7 ± 99.7 677.7 ± 87.9 c 674.7 ± 18.7 Time 0.31
CN 681.2 ± 89.7 698.1 ± 98.2 c 689.6 ± 18.8 Trt 0.35
CAF 688.5 ± 82.7 663.4 ± 78.5 a,b,d 675.9 ± 16.3 T×T 0.15
CO 659.8 ± 92.3 673.3 ± 105.5 c 666.5 ± 19.8

Peak power (W)

PL 1021.3 ± 174.1 1025.0 ± 173.5 1023.2 ± 34.7 Time 0.01
CN 1026.6 ± 186.4 1041.2 ± 180.4 1033.9 ± 36.6 Trt 0.78
CAF 991.8 ± 189.0 956.7 ± 176.1 974.2 ± 36.6 T×T 0.67
CO 941.3 ± 136.1 969.0 ± 180.7 962.8 ± 35.6

Minimum power (W)

PL 389.1 ± 69.5 396.5 ± 95.3 392.8 ± 16.6 Time 0.09
CN 356.4 ± 91.3 366.4 ± 88.6 361.4 ± 18.0 Trt 0.09
CAF 410.2 ± 75.9 413.6 ± 70.6 411.9 ± 14.6 T×T 0.75
CO 396.7 ± 70.5 380.1 ± 97.9 388.4 ± 17.1

Fatigue index (%)

PL 61.6 ± 6.41 59.7 ± 12.1 60.7 ± 1.94 Time 0.01
CN 64.9 ± 8.63 64.4 ± 8.66 64.6 ± 1.72 Trt 0.21
CAF 57.6 ± 9.52 55.7 ± 10.9 56.6 ± 2.05 T×T 0.74
CO 57.3 ± 9.06 59.3 ± 14.2 58.3 ± 2.39

Values are means ± standard deviations. Multivariate analysis revealed overall Wilks’ Lambda time (p = 0.49),
treatment (p = 0.04), and time × treatment (p = 0.99). p-values for the Greenhouse–Geisser time and the time-
by-treatment (T×T) interaction are presented alongside univariate group p-values. a denotes a significant
difference from PL. b denotes a significant difference from CN. c denotes a significant difference from CAF.
d denotes a significant difference from CO. * represents p < 0.05 difference from baseline. Trt = treatment,
T×T = time × treatment interaction.
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Wingate Testing

Within the treatment groups, significant alterations were consistently absent across key
performance indicators, including peak power, mean power, minimum power, total work,
and fatigue index. The data revealed stability in these metrics throughout the treatment’s
duration. An effect size of 0.082 indicated a slight effect for peak power, suggesting only
minimal differences between treatments in terms of maximum power generation. In the
case of mean power, an effect size of 0.258 was noted, slightly higher than that for peak
power. Nevertheless, this underscores that, while there may be some variation in average
power output across conditions, these differences are insignificant. The effect size for
minimum power stood at a notably low 0.043, accentuating the minute variation between
conditions when evaluating the smallest power outputs. In relation to total work, an effect
size of 0.228 was observed, hinting at slight differences in work executed across conditions,
but these differences were not pronounced. Lastly, the fatigue index presented an effect
size of 0.063, suggesting a uniform fatigue manifestation rate across different treatments,
thus underlining the negligible variation in fatigue onset.

Specifically, the change in peak power for the Wingate test from baseline to follow-up
was as follows: PL (3.67 W, [−61.3 to 68.6]), CN (14.6 W, [−50.3 to 79.5]), CAF (−35.1 W,
[−100.1 to 29.8]), and CO (27.6 W, [−37.3 to 92.6]). The change in mean power for the
Wingate test from baseline to follow-up was as follows: PL (6.04 W, [−14.4 to 26.5]), CN
(16.8 W, [−3.68 to 37.3]), CAF (−25.1 W, [−45.6 to −4.63]), and CO (13.5 W, [−6.99 to
34.0]). The change in minimum power for the Wingate test from baseline to follow-up
was as follows: PL (7.47 W, [−30.7 to 45.6]), CN (9.97 W, [−28.2 to 48.1]), CAF (3.45 W,
[−34.7 to 41.6]), and CO (−16.5 W, [−54.7 to 21.6]). The change in total work for the
Wingate test from baseline to follow-up was as follows: PL (348.6 J, [−229.1 to 926.4]),
CN (443.6 J, [−134.1 to 1021.4]), CAF (−698.1 J, [−1275.9 to −120.3]), and CO (261.8 J,
[−315.9 to 839.6]). Lastly, the change in the fatigue index from baseline to follow-up was
as follows: PL (−1.95%, [−7.09 to 3.19]), CN (−0.49%, [−5.63 to 4.65]), CAF (−1.91%,
[−7.05 to 3.23]), and CO (2.01%, [−3.12 to 7.15]).

3.2.2. Stroop Testing and Readiness to Perform

The Stroop–Color interference test analysis yielded statistically significant results
(p = 0.04), highlighting a notable interaction effect. Further examination via post hoc
analysis revealed a meaningful distinction in performance between the CO treatment
and CN, with the CO treatment demonstrating a superior mean score (CO: 65.9 ± 17.3)
compared to the CN treatment (CN: 56.8 ± 10.8) (p = 0.007). This difference represents a
medium-to-large effect size of 0.163, suggesting that the combined supplementation has
a robust impact on cognitive processing as assessed by this specific test. In the Stroop
Word and Color tests, the data did not reveal any significant interaction effects. The
Word and Color test effect size was quantified at 0.014 and 0.058, respectively. These
values denote that the influence of the treatments on these individual components of
the Stroop test ranged from small to moderate. Such effect sizes suggest a marginal,
although not statistically significant, impact of the supplementation on the cognitive tasks
of Word recognition and Color identification when evaluated independently. Moreover,
no significant treatment interactions were detected in the total counts of the Stroop test,
which is further substantiated by a small effect size of 0.027. The absence of notable
differences among other conditions underscores the specificity of the cognitive impact
on the interference aspect of the task, which is integral to understanding the nuanced
cognitive enhancements provided by the supplementation protocols studied (Table 4).
Figure 4 illustrates mean changes from baseline, along with 95% CIs, for the significant
changes observed from baseline to follow-up in Word, Color, Word–Color, or summated
counts. Significant changes in the Word–Color test were noted between CO (7.41 counts,
[2.41 to 12.4]) and CAF (0.25 counts, [−4.78 to 5.24]) treatments (p = 0.04). The Stroop
Word test exhibited changes from baseline to follow-up as follows: PL (1.66 counts,
[−3.83 to 7.16]), CN (3.25 counts, [−2.24 to 8.74]), CAF (3.41 counts, [−2.08 to 8.91]), and
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CO (1.66 counts, [−3.83 to 7.16]). For the Stroop Color test, changes from baseline to
follow-up were observed as follows: PL (2.75 counts, [−0.78 to 6.28]), CN (3.58 counts,
[0.05 to 7.11]), CAF (0.5 counts, [−3.03 to 4.03]), and CO (0.75 counts, [−2.78 to 4.28]).
Regarding the Stroop total counts, changes from baseline to follow-up were noted as
follows: PL (12.9 counts, [2.41 to 23.4]), CN (9.66 counts, [−0.84 to 20.1]), CAF (4.16 counts,
[−6.34 to 14.6]), and CO (9.83 counts, [−0.67 to 20.3]). No significant interactions or
main effects were observed for the readiness to perform the questionnaire or sleep quality
(p > 0.05).

Table 4. Cognitive function.

Variable Treatment
Day 0 Day 7 Treatment

Mean SD Mean SD Mean SE p-Value

Word
(counts)

PL 109.3 ± 17.7 111.0 ± 13.4 110.1 ± 3.14 Time 0.006
CN 113.2 ± 12.7 116.0 ± 14.2 114.8 ± 2.72 Trt 0.15
CAF 116.1 ± 14.5 119.5 ± 17.3 117.7 ± 3.21 T×T 0.55
CO 118.1 ± 20.3 119.7 ± 16.4 118.9 ± 3.69

Color
(counts)

PL 83.6 ± 16.2 86.41 ± 15.1 85.0 ± 3.14 Time 0.003
CN 83.4 ± 13.4 87.0 ± 13.8 * 85.2 ± 2.74 Trt 0.26
CAF 92.1 ± 15.5 92.5 ± 16.6 92.3 ± 3.21 T×T 0.64
CO 90.6 ± 17.3 91.4 ± 17.2 91.0 ± 3.45

Word–Color
(counts)

PL 51.3 ± 18.2 59.8 ± 14.3 b,* 55.5 ± 3.39 Time 0.01
CN 54.0 ± 11.2 56.8 ± 10.8 55.4 ± 2.22 Trt 0.03
CAF 62.5 ± 14.8 62.7 ± 14.8 a,c 62.6 ± 2.95 T×T 0.04 †
CO 58.5 ± 18.2 65.9 ± 17.3 b,* 62.2 ± 3.63

Total Stroop
Results
(counts)

PL 244.3 ± 48.1 257.2 ± 40.6 * 250.7 ± 8.98 Time 0.003
CN 250.6 ± 35.5 260.3 ± 35.1 255.5 ± 7.12 Trt 0.03
CAF 270.6 ± 38.7 274.8 ± 46.2 272.7 ± 8.52 T×T 0.67
CO 267.2 ± 53.8 277.1 ± 46.9 273.1 ± 10.2

Values are means ± standard deviations. Multivariate analysis revealed overall Wilks’ Lambda time (p = 0.71),
treatment (p = 0.34), and time × treatment (p = 0.97). p-values for the Greenhouse–Geisser time and the time-
by-treatment (T×T) interaction are presented alongside univariate group p-values. † indicates a significant
between-treatment difference, * represents p < 0.05 difference from baseline. a denotes a significant difference
from PL. b denotes a significant difference from CAF. c denotes a significant difference from CO. Trt = treatment,
T×T = time × treatment interaction.
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3.3. Secondary Outcomes
3.3.1. Cardiovascular Hemodynamics

The application of multivariate analysis yielded Wilks’ Lambda values, which indi-
cated the absence of significant differences across the factors evaluated. Specifically, there
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were no significant statistical changes over time (p = 0.61), across treatments (p = 0.25),
or within the time × treatment interaction (p = 0.71). The metrics, including HR and BP,
remained consistent pre- and post-exercise, irrespective of the treatment administered
(p > 0.05).

3.3.2. Blood Chemistry

Throughout the study, blood chemistry analysis from baseline to follow-up demon-
strated stability within each treatment group and revealed no significant differences be-
tween treatments, as detailed in Tables 5–7. Blood parameters remained within standard
clinical ranges, and any deviations observed at follow-up were evenly distributed across
all treatment groups, including the PL, indicating no significant treatment-related effects
on blood chemistry.

Table 5. Muscle and liver enzymes and markers of catabolism.

Variable Treatment
Day 0 Day 7

Mean SD Mean SD p-Value

ALP (U/L)

PL 69.1 ± 25.6 69.0 ± 22.2 Time 0.63
CN 67.8 ± 22.6 70.7 ± 25.8 Trt 0.32
CAF 69.4 ± 24.2 67.7 ± 24.4 T×T 0.86
CO 68.1 ± 23.2 69.5 ± 25.7

ALT (U/L)

PL 21.5 ± 9.98 22.5 ± 11.7 Time 0.48
CN 21.9 ± 14.3 21.0 ± 11.1 Trt 0.62
CAF 23.4 ± 16.0 20.9 ± 10.2 T×T 0.51
CO 24.2 ± 11.2 22.4 ± 9.27

AST (U/L)

PL 24.3 ± 7.41 25.7 ± 6.56 Time 0.48
CN 24.1 ± 6.88 23.1 ± 5.49 Trt 0.63
CAF 24.8 ± 7.04 27.0 ± 16.7 T×T 0.58
CO 25.4 ± 9.69 27.8 ± 14.1

CK (U/L)

PL 294.7 ± 203.4 300.5 ± 162.9 Time 0.67
CN 280.1 ± 192.5 273.3 ± 265.2 Trt 0.94
CAF 270.1 ± 174.3 273.3 ± 151.6 T×T 0.89
CO 243.3 ± 224.3 301.8 ± 226.4

LDH (U/L)

PL 165.1 ± 34.2 164.5 ± 29.1 Time 0.70
CN 168.7 ± 27.9 170.3 ± 30.4 Trt 0.39
CAF 160.5 ± 26.5 169.9 ± 32.6 T×T 0.33
CO 161.5 ± 26.4 169.2 ± 26.7

BUN (mg/dL)

PL 17.5 ± 3.59 17.9 ± 4.82 Time 0.67
CN 17.1 ± 5.07 18.1 ± 2.57 Trt 0.69
CAF 18.8 ± 3.05 17.3 ± 3.08 T×T 0.37
CO 16.2 ± 3.70 17.2 ± 3.86

Creatinine (mg/dL)

PL 1.39 ± 0.24 1.42 ± 0.30 Time 0.13
CN 1.32 ± 0.24 1.33 ± 0.25 Trt 0.62
CAF 1.23 ± 0.21 1.30 ± 0.17 T×T 0.29
CO 1.43 ± 0.31 1.25 ± 0.13

BUN/Creatinine

PL 13.1 ± 4.44 13.1 ± 4.42 Time 0.56
CN 13.4 ± 4.67 14.1 ± 3.11 Trt 0.51
CAF 15.7 ± 3.79 13.3 ± 2.33 T×T 0.14
CO 11.8 ± 3.81 13.9 ± 3.68

Values are means ± standard deviations for alkaline phosphatase (ALP), aspartate transaminase (AST), alanine
transaminase (ALT), creatine kinase (CK), lactate dehydrogenase (LDH), blood urea nitrogen (BUN), and creatinine.
MANOVA analysis revealed overall Wilks’ Lambda time (p = 0.68), treatment (p = 0.99), and time × treatment
(p = 0.98) effects. p-values for the Greenhouse–Geisser time and the time-by-treatment (T×T) interaction are
presented alongside univariate group p-values.
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Table 6. Blood lipid panel.

Variable Treatment
Day 0 Day 7

Mean SD Mean SD p-Value

Cholesterol (mg/dL)

PL 172.5 ± 51.1 163.0 ± 38.5 Time 0.72
CN 172.8 ± 52.4 172.1 ± 46.2 Trt 0.19
CAF 167.5 ± 45.1 165.6 ± 42.5 T×T 0.56
CO 173.6 ± 41.7 169.9 ± 48.2

HDL-c (mg/dL)

PL 52.8 ± 12.7 51.0 ± 11.6 c Time 0.27
CN 52.2 ± 10.3 52.8 ± 10.4 Trt 0.10
CAF 50.9 ± 11.7 49.8 ± 13.1 c T×T 0.36
CO 50.6 ± 12.4 53.8 ± 11.6 *,a

TC: HDL-c

PL 3.43 ± 1.26 3.35 ± 1.08 Time 0.14
CN 3.44 ± 1.22 3.37 ± 1.05 Trt 0.19
CAF 3.51 ± 1.48 3.52 ± 1.25 c T×T 0.13
CO 3.69 ± 1.48 3.37 ± 1.11 b

LDL-c (mg/dL)

PL 104.6 ± 48.2 97.7 ± 37.3 Time 0.43
CN 107.4 ± 50.4 104.9 ± 44.5 Trt 0.06
CAF 97.5 ± 42.1 101.3 ± 40.8 T×T 0.21
CO 107.0 ± 40.1 101.2 ± 44.9

TG (mg/dL)

PL 78.7 ± 29.1 82.1 ± 34.3 Time 0.43
CN 81.1 ± 32.3 76.2 ± 26.3 Trt 0.29
CAF 102.1 ± 76.7 75.8 ± 40.6 T×T 0.31
CO 83.1 ± 28.3 77.0 ± 36.4

Values are means ± standard deviations for total cholesterol (TC), high-density lipoproteins (HDL-c), the CHOL:
HDL ratio (TC: HDL-c), low-density lipoproteins (LDL-c), and triglycerides (TG). MANOVA analysis revealed
overall Wilks’ Lambda treatment (p = 0.97), time (p = 0.92), and treatment × time (p = 0.91). p-values for
the Greenhouse–Geisser time and the time-by-treatment (T×T) interaction are presented alongside univari-
ate group p-values. * represents p < 0.05 difference from baseline. a denotes a significant difference from
PL. b denotes a significant difference from CAF. c denotes a significant difference from CO. Trt = treatment,
T×T = time × treatment interaction.

3.3.3. Safety Profiles

In our monitoring approach, we utilized in-depth questionnaires to track a wide
spectrum of symptoms, encompassing both physical and psychological aspects:

Caffeine Questionnaire

Our research incorporated the established Caffeine Questionnaire, a validated instru-
ment employed in numerous preceding studies [33,43,44]. This questionnaire is adept at
delineating both the occurrence and magnitude of specific caffeine-induced physiological
effects, including but not limited to jitteriness, cardiac palpitations, and gastrointestinal
disturbances. Leveraging this tool, our study conducted a profound analysis, revealing
intricate correlations between individual caffeine consumption patterns and the diverse
spectrum of adverse symptoms reported, thus contributing to a more comprehensive
understanding of caffeine’s complex physiological effect within our study cohort.

Assessment of Sleep Quality

A short sleep quality questionnaire was used to examine the effect of caffeine on sleep
quality during each testing session. The questionnaire is a comprehensive tool to assess
sleep habits over the last 48 h. It gathers detailed information about bedtime routines, time
taken to fall asleep, wake-up times, and actual sleep duration. Additionally, it probes into
sleep disturbances, overall sleep quality, daytime enthusiasm, and the potential impact of a
bed partner or roommate on sleep patterns. This approach comprehensively evaluates the
various factors contributing to sleep quality and efficiency.
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Table 7. Complete blood count data.

Variable Treatment
Day 0 Day 7

Mean SD Mean SD p-Value

WBC Count (×103/µL)

PL 6.20 ± 1.71 6.15 ± 1.51 Time 0.35
CN 5.96 ± 1.39 6.46 ± 1.83 Trt 0.30
CAF 6.29 ± 1.45 6.11 ± 1.74 T×T 0.89
CO 6.45 ± 1.45 6.33 ± 1.61

RBC Count (×106/µL)

PL 4.99 ± 0.92 5.19 ± 0.21 Time 0.92
CN 5.25 ± 0.26 5.22 ± 0.21 Trt 0.45
CAF 5.19 ± 0.27 5.14 ± 0.18 T×T 0.41
CO 5.22 ± 0.23 5.13 ± 0.24

Hemoglobin (g/dL)

PL 16.2 ± 1.73 15.7 ± 0.41 Time 0.09
CN 15.9 ± 0.74 15.9 ± 0.71 Trt 0.33
CAF 15.9 ± 0.67 15.7 ± 0.73 T×T 0.78
CO 15.7 ± 0.65 15.6 ± 0.61

Hematocrit (%)

PL 49.1 ± 4.72 47.9 ± 1.61 Time 0.04
CN 48.3 ± 1.91 48.4 ± 2.11 Trt 0.42
CAF 48.1 ± 1.79 47.4 ± 1.96 T×T 0.92
CO 48.0 ± 1.61 47.5 ± 1.84

MCV (fL)

PL 92.7 ± 3.98 92.6 ± 3.85 b Time 0.34
CN 92.3 ± 3.91 92.7 ± 3.80 a,c Trt 0.07
CAF 92.7 ± 3.87 92.3 ± 3.59 b,d T×T 0.64
CO 92.2 ± 3.68 92.6 ± 3.55 c

MCH (pg/cell)

PL 30.7 ± 1.61 30.3 ± 1.53 b,d Time 0.61
CN 30.4 ± 1.37 30.5 ± 1.41 a Trt 0.01
CAF 30.7 ± 1.57 30.6 ± 1.48 T×T 0.60
CO 30.3 ± 1.51 30.6 ± 1.42 a

MCHC (g/dL)

PL 33.1 ± 0.57 32.7 ± 0.61 Time 0.28
CN 32.9 ± 0.48 32.9 ± 0.50 Trt 0.34
CAF 33.1 ± 0.71 33.1 ± 0.62 T×T 0.39
CO 32.9 ± 0.58 33.0 ± 0.51

RDW (%)

PL 12.8 ± 0.69 12.6 ± 0.66 Time 0.77
CN 12.7 ± 0.47 12.6 ± 0.68 Trt 0.64
CAF 12.7 ± 0.81 12.6 ± 0.95 T×T 0.91
CO 12.7 ± 0.51 12.7 ± 0.64

Platelet Count
(×103/µL)

PL 241.7 ± 55.5 234.1 ± 46.5 Time 0.33
CN 262.3 ± 43.3 257.6 ± 42.8 Trt 0.002
CAF 252.5 ± 45.5 244.1 ± 41.4 T×T 0.47
CO 261.9 ± 38.6 254.1 ± 40.9

Values are means ± standard deviations. All variables were analyzed by MANOVA. MANOVA analysis revealed
overall Wilks’ Lambda time (p = 0.43), treatment (p = 0.92), and time × treatment (p = 0.97). p-values for the
Greenhouse–Geisser time and the time-by-treatment (T×T) interaction are presented alongside univariate group
p-values. a denotes a significant difference from PL. b denotes a significant difference from CN. c denotes a
significant difference from CAF. d denotes a significant difference from CO. Trt = treatment, T×T = time ×
treatment interaction.

Side Effects Questionnaire

This questionnaire is used to monitor and quantify any adverse reactions participants
may have experienced due to supplement use. This comprehensive instrument allows
participants to rate the frequency and severity of various symptoms such as dizziness,
headaches, heart palpitations, shortness of breath, nervousness, and blurred vision. The
questionnaire’s design facilitated a systematic collection of data crucial for evaluating the
safety profile of the supplements under investigation.
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4. Discussion

Our research was rigorously designed to examine the effects of CAF and CN alone
and in combination on cognitive function and exercise performance among resistance-
trained athletes. This study examined numerous variables, including anaerobic exercise
performance, attention interference and cognitive processing, readiness for performance,
cardiovascular function, and blood chemistry. While individual studies have reported
distinct ergogenic benefits of both creatine [45] and caffeine [7], the combined effects of
these compounds are limited.

4.1. Primary Outcomes: Exercise Performance and Cognitive Function

Our findings are in agreement with Jagim et al., 2016, who reported variable responses
to the combined supplementation [46]. Given that significant differences from the placebo
were found only for BP reps to failure at 70% 1RM in the CAF and CO conditions and total
work and mean power for the CAF group, all supplement types failed to demonstrate clear
performance enhancement across all or most outcomes. It is possible that this suggests a
complex interplay between caffeine and creatine [33]. Trexler et al. (2015) indicated that
concurrent CAF supplementation may diminish the effectiveness of creatine, even though
some performance benefits are noted with their combined use [28]. This underscores the
subtle complexities of how supplements interact and the consequential effects on exercise
performance. Our study contributes to the growing body of evidence that highlights a
personalized approach to pre-workout supplements (PWS), considering the multifaceted
nature of their effects on physical exertion and cognitive function.

The observed improvements from baseline in the Stroop Color and Word–Color inter-
ference tests following CO supplementation align with existing research demonstrating
the cognitive benefits of creatine. Previous investigations have indicated that creatine
supplementation can elevate brain creatine levels, potentially enhancing cognitive per-
formance, particularly in tasks requiring memory and executive function [47,48]. The
systematic review of randomized controlled trials demonstrates creatine’s positive impact
on healthy individuals’ memory performance, which supports the observed outcomes in
our study [47]. The Stroop tasks, often used to measure cognitive processes such as atten-
tion, processing speed, and executive function, are susceptible to cognitive performance
changes. The improvements in these tasks within our study could indicate creatines’ role
in augmenting cognitive processing capabilities. Indeed, studies have demonstrated that
creatine supplementation is associated with improved neuropsychological performance,
particularly under conditions of mental stress, such as sleep deprivation or aging, akin to
the demands placed on cognitive function during competitive sports [48,49]. Furthermore,
the enhanced cognitive performance in the CO group could suggest a synergistic effect of
creatine when combined with CAF. This hypothesis is supported by research indicating
that the co-supplementation of creatine with CAF may amplify cognitive benefits, with
changes potentially related to increased activation in the prefrontal cortex, an area of the
brain critical for executive functions [50]. Such combined effects could be particularly
advantageous for athletes whose sports require physical prowess, strategic thinking, and
rapid decision-making under pressure.

While our results demonstrated enhancements in cognitive function, we did not
observe any changes in perceived readiness to perform, as measured by a VAS. Similar to
our results, Lutsch et al. (2019) reported no significant enhancements in subjective energy
levels after PWS consumption [51]. This suggests that the subjective sense of readiness or
fatigue may not always align with cognitive performance improvements. In contrast, the
findings of Kedia et al. (2014) demonstrate that consistent PWS over six weeks can lead
to marked subjective improvements in energy and concentration, objective increases in
focus, and reduced fatigue during physical tests [52]. These findings highlight that the
impact of PWS can vary widely depending on the duration of intake, the specific cognitive
or physical domains being measured, and individuals’ subjective perceptions.
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Our study examined the effects of CAF, CN, and CO on physical performance metrics,
including bench press and leg press repetitions and volumes, as well as various Wingate
test parameters. Our findings support Wax et al. (2021), who reported variable outcomes
with creatine supplementation across different exercise modalities, particularly endurance
activities, and scenarios where added body mass could hinder performance [53]. Comple-
menting this, our observations on caffeine’s role in resistance training resonate with the
findings of Grgic et al. (2018), which highlight the complexity of caffeine’s ergogenic effects,
contingent upon factors like exercise type, dosage, and individual differences. Intriguingly,
genetic components such as the CYP1A2 gene variant may further inform these individual
differences, offering an additional layer of complexity in the ergogenic response to caffeine
supplementation and its impact on exercise performance [8,54]. Furthermore, the Wingate
test results indicated consistent performance across indicators such as peak power, mean
power, minimum power, total work, and fatigue index, echoing the findings of Mielgo-
Ayuso et al. (2019) that suggest caffeine’s effects on anaerobic performance are not as
pronounced as once thought [55]. Despite moderate ESs, this stability challenges the notion
of a straightforward ergogenic effect of CN and CAF. It is consistent with the nuanced
perspectives Guest et al. (2021) presented on the complexity of interpreting performance
outcomes from such supplements [30]. The absence of significant treatment interactions in
our study, despite observable changes in mean values, contributes to the ongoing discussion
on the role of these supplements in exercise performance enhancement. This underscores
the importance of nuanced interpretation of ergogenic aids, as Hall et al. (2021) posited,
suggesting that these supplements may have more subtle and context-dependent effects
on physical performance than previously understood [56]. Our comprehensive analysis
endorses a cautious approach to declaring the efficacy of CN and CAF as performance
enhancers. It supports the call for further investigations, such as those recommended by
Kreider et al. (2017), to unravel the intricate interactions influencing exercise outcomes [3].

Future investigations should focus on the context-dependent efficacy of CAF and
CN supplementation. Exploring their impacts on muscle fibers, such as slow twitch vs.
fast twitch, is imperative during varied resistance training exercises, including eccentric,
concentric, and isometric contractions. In their systematic review, Marinho et al. (2023)
highlighted that the combination of CAF and CN could provide additional benefits to
exercise performance, especially when CAF is ingested after a CN loading period, indicating
the need to explore these effects in various exercise modalities [4].

Longitudinal studies would be valuable for understanding how these supplements
influence muscle growth, intramuscular signaling pathways, and hormonal responses. The
study by Tarnopolsky (2011) on CAF and creatine use in sports underscores their ergogenic
potential in specific sports contexts, suggesting that their long-term effects warrant further
investigation [57]. The study of neuromuscular efficiency and the rate of force development
in relation to these supplements is crucial. This is important for understanding muscle fiber
recruitment patterns across different athletic populations and training statuses.

4.2. Secondary Outcomes: Cardiovascular Function and Blood Chemistry

Regarding the safety profile of CN and CAF, our study focused on their potential
cardiovascular function and blood chemistry impacts in resistance-trained athletes. The
absence of significant changes in HR and BP pre- and post-exercise supports the short-term
cardiovascular safety of these supplements. This aligns with a study on rats’ lean body
mass composition, which examined high doses of creatine and CAF supplementation,
supporting the safety of these supplements [58].

The crossover design of our study, where we supplemented the same athletes with
different substances week after week, was strategic to isolate and compare the effects of each
supplementation regimen directly. This approach minimized inter-individual variability
and allowed a more subtle understanding of how each substance uniquely influenced
performance and cognitive function. Regarding the washout period, we employed seven
days, shorter than the ideal four weeks [59], due to practical constraints to balance thorough
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washout with study feasibility and participant retention. Moreover, our study’s limitations
extend beyond the washout period, encompassing its focus on resistance-trained male
athletes, which may not fully represent broader or gender-diverse populations. While
sufficient for statistical analysis, the sample size might not capture individual variability.
We also did not assess certain parameters like peak blood caffeine, nitrate levels, and
muscle creatine content, which, along with the lack of strict dietary control and reliance on
self-reporting, could affect the outcomes or mask the nuanced effects of supplementation.

5. Conclusions

This study offers evidence of the cognitive benefits of co-ingestion of caffeine and
creatine nitrate in resistance-trained athletes. While these supplements were shown to boost
cognitive function, they did not yield significant improvements in exercise performance.
This study also contributes to the sports nutrition field by confirming the short-term safety
of these supplements. Future research is warranted to comprehensively explore these
supplements over a longer duration and across a more diverse demographic to ascertain
their role in cognitive and exercise performance.

Author Contributions: Conceptualization, A.N. and S.C.F.; methodology, M.S.K.; validation, M.S.K.,
S.C.F. and M.H.; formal analysis, M.S.K. and S.C.F.; investigation, M.S.K.; data curation, M.S.K.;
writing—original draft preparation, M.S.K. and A.N.; writing—review and editing, A.N., G.M.,
A.T.N. and S.C.F.; project administration, M.S.K.; funding acquisition, G.M. All authors have read
and agreed to the published version of the manuscript.

Funding: This research was funded by Jacksonville State University, grant number 10000-30217-
70000-20.

Institutional Review Board Statement: Ethics were approved by the Jacksonville State University’s
Institutional Review Board (01122021-01). All procedures were conducted in line with the guidelines
provided by the ethics committee, including informed consent, and was conducted in accordance
with The Code of Ethics of the World Medical Association (Declaration of Helsinki), approval date is
12 January 2021.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are contained within the article.

Acknowledgments: We extend our heartfelt thanks to Pam Jumper for her diligent efforts in procuring
the necessary lab supplies. Her timely and efficient handling of these resources has been instrumental
in the smooth progression of our work. We also wish to express our sincere gratitude to Greta
Romei for her invaluable assistance in data collection. Her attention to detail and commitment have
significantly contributed to the quality and accuracy of our research findings.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Maughan, R.J.; Burke, L.M.; Dvorak, J.; Larson-Meyer, D.E.; Peeling, P.; Phillips, S.M.; Rawson, E.S.; Walsh, N.P.; Garthe, I.; Geyer,

H. IOC consensus statement: Dietary supplements and the high-performance athlete. Int. J. Sport Nutr. Exerc. Metab. 2018, 28,
104–125. [CrossRef] [PubMed]

2. Fredholm, B.B. Adenosine, adenosine receptors and the actions of caffeine. Pharmacol. Toxicol. 1995, 76, 93–101. [CrossRef]
[PubMed]

3. Kreider, R.B.; Kalman, D.S.; Antonio, J.; Ziegenfuss, T.N.; Wildman, R.; Collins, R.; Candow, D.G.; Kleiner, S.M.; Almada, A.L.;
Lopez, H.L. International Society of Sports Nutrition position stand: Safety and efficacy of creatine supplementation in exercise,
sport, and medicine. J. Int. Soc. Sports Nutr. 2017, 14, 18. [CrossRef] [PubMed]

4. Marinho, A.H.; Gonçalves, J.S.; Araújo, P.K.; Lima-Silva, A.E.; Ataide-Silva, T.; de Araujo, G.G. Effects of creatine and caffeine
ingestion in combination on exercise performance: A systematic review. Crit. Rev. Food Sci. Nutr. 2023, 63, 4785–4798. [CrossRef]
[PubMed]

5. Naderi, A.; Earnest, C.P.; Lowery, R.P.; Wilson, J.M.; Willems, M.E.T. Co-ingestion of Nutritional Ergogenic Aids and High-
Intensity Exercise Performance. Sports Med. 2016, 46, 1407–1418. [CrossRef] [PubMed]

6. Grgic, J. Effects of Caffeine on Resistance Exercise: A Review of Recent Research. Sports Med. 2021, 51, 2281–2298. [CrossRef]

https://doi.org/10.1123/ijsnem.2018-0020
https://www.ncbi.nlm.nih.gov/pubmed/29589768
https://doi.org/10.1111/j.1600-0773.1995.tb00111.x
https://www.ncbi.nlm.nih.gov/pubmed/7746802
https://doi.org/10.1186/s12970-017-0173-z
https://www.ncbi.nlm.nih.gov/pubmed/28615996
https://doi.org/10.1080/10408398.2021.2007470
https://www.ncbi.nlm.nih.gov/pubmed/34845944
https://doi.org/10.1007/s40279-016-0525-x
https://www.ncbi.nlm.nih.gov/pubmed/27071990
https://doi.org/10.1007/s40279-021-01521-x


Nutrients 2024, 16, 766 18 of 20

7. San Juan, A.F.; López-Samanes, Á.; Jodra, P.; Valenzuela, P.L.; Rueda, J.; Veiga-Herreros, P.; Pérez-López, A.; Domínguez, R.
Caffeine Supplementation Improves Anaerobic Performance and Neuromuscular Efficiency and Fatigue in Olympic-Level Boxers.
Nutrients 2019, 11, 2120. [CrossRef]

8. Barreto, G.; Esteves, G.P.; Marticorena, F.; Oliveira, T.N.; Grgic, J.; Saunders, B. Caffeine, CYP1A2 Genotype and Exercise
Performance: A Systematic Review and Meta-analysis. Med. Sci. Sports Exerc. 2023, 56, 328–339. [CrossRef]

9. James, J.E. Critical review of dietary caffeine and blood pressure: A relationship that should be taken more seriously. Psychosom.
Med. 2004, 66, 63–71. [CrossRef]

10. Welsh, E.J.; Bara, A.; Barley, E.; Cates, C.J. Caffeine for asthma. In Cochrane Database of Systematic Reviews; John Wiley & Sons Ltd.:
Chichester, UK, 2010.

11. Tomporowski, P.; Beasman, K.; Ganio, M.; Cureton, K. Effects of dehydration and fluid ingestion on cognition. Int. J. Sports Med.
2007, 28, 891–896. [CrossRef]

12. Jagim, A.R.; Stecker, R.A.; Harty, P.S.; Erickson, J.L.; Kerksick, C.M. Safety of Creatine Supplementation in Active Adolescents and
Youth: A Brief Review. Front. Nutr. 2018, 5, 115. [CrossRef]

13. Racette, S.B. Creatine supplementation and athletic performance. J. Orthop. Sports Phys. Ther. 2003, 33, 615–621. [CrossRef]
14. Volek, J.S.; Rawson, E.S. Scientific basis and practical aspects of creatine supplementation for athletes. Nutrition 2004, 20, 609–614.

[CrossRef]
15. Jacobs, I. Dietary creatine monohydrate supplementation. Can. J. Appl. Physiol. = Rev. Can. Physiol. Appl. 1999, 24, 503–514.
16. Mujika, I.; Padilla, S. Creatine supplementation as an ergogenic aid for sports performance in highly trained athletes: A critical

review. Int. J. Sports Med. 1997, 18, 491–496. [CrossRef]
17. Besco, R.; Sureda, A.; Tur, J.A.; Pons, A. The effect of nitric-oxide-related supplements on human performance. Sports Med. 2012,

42, 99–117. [CrossRef] [PubMed]
18. Joy, J.M.; Lowery, R.P.; Falcone, P.H.; Mosman, M.M.; Vogel, R.M.; Carson, L.R.; Tai, C.Y.; Choate, D.; Kimber, D.; Ormes, J.A.; et al.

28 days of creatine nitrate supplementation is apparently safe in healthy individuals. J. Int. Soc. Sports Nutr. 2014, 11, 60.
[CrossRef] [PubMed]

19. Kramer, R.; Nikolaidis, A. Amino Acid Compounds. 2017. Available online: http://www.google.com/patents/US20090076110
(accessed on 12 December 2023).

20. Ostojic, S.M.; Stajer, V.; Vranes, M.; Ostojic, J. Searching for a better formulation to enhance muscle bioenergetics: A randomized
controlled trial of creatine nitrate plus creatinine vs. creatine nitrate vs. creatine monohydrate in healthy men. Food Sci. Nutr.
2019, 7, 3766–3773. [CrossRef] [PubMed]

21. Galvan, E.; Walker, D.K.; Simbo, S.Y.; Dalton, R.; Levers, K.; O’Connor, A.; Goodenough, C.; Barringer, N.D.; Greenwood, M.;
Rasmussen, C.; et al. Acute and chronic safety and efficacy of dose dependent creatine nitrate supplementation and exercise
performance. J. Int. Soc. Sports Nutr. 2016, 13, 12. [CrossRef] [PubMed]

22. Dalton, R.L.; Sowinski, R.J.; Grubic, T.J.; Collins, P.B.; Coletta, A.M.; Reyes, A.G.; Sanchez, B.; Koozehchian, M.; Jung, Y.P.;
Rasmussen, C.; et al. Hematological and Hemodynamic Responses to Acute and Short-Term Creatine Nitrate Supplementation.
Nutrients 2017, 9, 1359. [CrossRef]

23. Hespel, P.; Op‘t Eijnde, B.; Van Leemputte, M. Opposite actions of caffeine and creatine on muscle relaxation time in humans. J.
Appl. Physiol. 2002, 92, 513–518. [CrossRef]

24. Harris, R.C.; Sale, C.; Delves, S.K. Modification of the Ergogenic Effects of Creatine Loading by Caffeine: 1835 2:30 PM–2:45 PM.
Med. Sci. Sports Exerc. 2005, 37, S348–S349. [CrossRef]

25. Trexler, E.T.; Smith-Ryan, A.E.; Roelofs, E.J.; Hirsch, K.R.; Persky, A.M.; Mock, M.G. Effects of Coffee and Caffeine Anhydrous
Intake during Creatine Loading. J. Strength Cond. Res. 2016, 30, 1438–1446. [CrossRef]

26. Elosegui, S.; López-Seoane, J.; Martínez-Ferrán, M.; Pareja-Galeano, H. Interaction between Caffeine and Creatine When Used as
Concurrent Ergogenic Supplements: A Systematic Review. Int. J. Sport Nutr. Exerc. Metab. 2022, 32, 285–295. [CrossRef] [PubMed]

27. Pakulak, A.; Candow, D.G.; Totosy de Zepetnek, J.; Forbes, S.C.; Basta, D. Effects of Creatine and Caffeine Supplementation
during Resistance Training on Body Composition, Strength, Endurance, Rating of Perceived Exertion and Fatigue in Trained
Young Adults. J. Diet. Suppl. 2022, 19, 587–602. [CrossRef] [PubMed]

28. Trexler, E.T.; Smith-Ryan, A.E. Creatine and Caffeine: Considerations for Concurrent Supplementation. Int. J. Sport Nutr. Exerc.
Metab. 2015, 25, 607–623. [CrossRef]

29. Baechle, T.R.; Earle, R.W. (Eds.) Essentials of Strength and Conditioning; Human Kinetics: Champaign, IL USA, 2008.
30. Guest, N.S.; VanDusseldorp, T.A.; Nelson, M.T.; Grgic, J.; Schoenfeld, B.J.; Jenkins, N.D.M.; Arent, S.M.; Antonio, J.; Stout, J.R.;

Trexler, E.T.; et al. International society of sports nutrition position stand: Caffeine and exercise performance. J. Int. Soc. Sports
Nutr. 2021, 18, 1. [CrossRef] [PubMed]

31. Ribeiro, F.; Longobardi, I.; Perim, P.; Duarte, B.; Ferreira, P.; Gualano, B.; Roschel, H.; Saunders, B. Timing of Creatine Supplemen-
tation around Exercise: A Real Concern? Nutrients 2021, 13, 2844. [CrossRef]

https://doi.org/10.3390/nu11092120
https://doi.org/10.1249/MSS.0000000000003313
https://doi.org/10.1097/10.PSY.0000107884.78247.F9
https://doi.org/10.1055/s-2007-965004
https://doi.org/10.3389/fnut.2018.00115
https://doi.org/10.2519/jospt.2003.33.10.615
https://doi.org/10.1016/j.nut.2004.04.014
https://doi.org/10.1055/s-2007-972670
https://doi.org/10.2165/11596860-000000000-00000
https://www.ncbi.nlm.nih.gov/pubmed/22260513
https://doi.org/10.1186/s12970-014-0060-9
https://www.ncbi.nlm.nih.gov/pubmed/25589898
http://www.google.com/patents/US20090076110
https://doi.org/10.1002/fsn3.1237
https://www.ncbi.nlm.nih.gov/pubmed/31763026
https://doi.org/10.1186/s12970-016-0124-0
https://www.ncbi.nlm.nih.gov/pubmed/27034623
https://doi.org/10.3390/nu9121359
https://doi.org/10.1152/japplphysiol.00255.2001
https://doi.org/10.1249/00005768-200505001-01834
https://doi.org/10.1519/JSC.0000000000001223
https://doi.org/10.1123/ijsnem.2021-0262
https://www.ncbi.nlm.nih.gov/pubmed/35016154
https://doi.org/10.1080/19390211.2021.1904085
https://www.ncbi.nlm.nih.gov/pubmed/33759701
https://doi.org/10.1123/ijsnem.2014-0193
https://doi.org/10.1186/s12970-020-00383-4
https://www.ncbi.nlm.nih.gov/pubmed/33388079
https://doi.org/10.3390/nu13082844


Nutrients 2024, 16, 766 19 of 20

32. Jung, Y.P.; Earnest, C.P.; Koozehchian, M.; Galvan, E.; Dalton, R.; Walker, D.; Rasmussen, C.; Murano, P.S.; Greenwood, M.;
Kreider, R.B. Effects of acute ingestion of a pre-workout dietary supplement with and without p-synephrine on resting energy
expenditure, cognitive function and exercise performance. J. Int. Soc. Sports Nutr. 2017, 14, 3. [CrossRef]

33. Koozehchian, M.S.; Earnest, C.P.; Jung, Y.P.; Collins, P.B.; O’Connor, A.; Dalton, R.; Shin, S.Y.; Sowinski, R.; Rasmussen, C.;
Murano, P.S. Dose Response to One Week of Supplementation of a Multi-Ingredient Preworkout Supplement Containing Caffeine
Before Exercise. J. Caffeine Res. 2017, 7, 81–94. [CrossRef]

34. Benjamim, C.J.R.; Kliszczewicz, B.; Garner, D.M.; Cavalcante, T.C.F.; da Silva, A.A.M.; Santana, M.D.R.; Valenti, V.E. Is Caffeine
Recommended before Exercise? A Systematic Review to Investigate Its Impact on Cardiac Autonomic Control via Heart Rate and
Its Variability. J. Am. Coll. Nutr. 2020, 39, 563–573. [CrossRef]

35. Stroop, J.R. Studies of interference in serial verbal reactions. J. Exp. Psychol. 1935, 18, 643. [CrossRef]
36. Stroop, J.R. Factors affecting speed in serial verbal reactions. Psychol. Monogr. 1938, 50, 38. [CrossRef]
37. Golden, C.J. A group version of the Stroop Color and Word Test. J. Personal. Assess. 1975, 39, 386–388. [CrossRef] [PubMed]
38. Jensen, A.R.; Rohwer, W.D., Jr. The Stroop color-word test: A review. Acta Psychol. 1966, 25, 36–93. [CrossRef] [PubMed]
39. Franzen, M.D.; Tishelman, A.C.; Sharp, B.H.; Friedman, A.G. An investigation of the test-retest reliability of the stroop colorword

test across two intervals. Arch. Clin. Neuropsychol. 1987, 2, 265–272. [CrossRef] [PubMed]
40. Kerksick, C.M.; Wilborn, C.D.; Campbell, B.I.; Roberts, M.D.; Rasmussen, C.J.; Greenwood, M.; Kreider, R.B. Early-phase

adaptations to a split-body, linear periodization resistance training program in college-aged and middle-aged men. J. Strength
Cond. Res. 2009, 23, 962–971. [CrossRef] [PubMed]

41. Jamaly, S.; Ramberg, C.; Olsen, R.; Latysheva, N.; Webster, P.; Sovershaev, T.; Brækkan, S.K.; Hansen, J.-B. Impact of preanalytical
conditions on plasma concentration and size distribution of extracellular vesicles using Nanoparticle Tracking Analysis. Sci. Rep.
2018, 8, 17216. [CrossRef] [PubMed]

42. Friedewald, W.T.; Levy, R.I.; Fredrickson, D.S. Estimation of the concentration of low-density lipoprotein cholesterol in plasma,
without use of the preparative ultracentrifuge. Clin. Chem. 1972, 18, 499–502. [CrossRef]

43. Burgower, R.R. The Effects of Energy Drinks on Sleep and Daily Functioning. Doctoral Dissertation, American University,
Washington, DC, USA, 2015.

44. Morava, A. The Effects of Acute Aerobic Exercise and Caffeine on Working Memory and Caffeine Withdrawal. Doctoral
Dissertation, The University of Western Ontario, London, ON, Canada, 2019.

45. Erdogmus, T.N.; Aras, D.; Gulu, M.; Aldhahi, M.I.; Dahesh, A.M.; Badri, S. Combination of High-Intensity Interval Training and
Creatine Intake Enhances Leg Strength and Anaerobic Power without Changes in Body Composition in Physically Active Adult
Men. 2023. Available online: https://www.researchsquare.com/article/rs-3304243/v1 (accessed on 15 December 2023).

46. Jagim, A.R.; Jones, M.T.; Wright, G.A.; St. Antoine, C.; Kovacs, A.; Oliver, J.M. The acute effects of multi-ingredient pre-workout
ingestion on strength performance, lower body power, and anaerobic capacity. J. Int. Soc. Sports Nutr. 2016, 13, 11. [CrossRef]

47. Prokopidis, K.; Giannos, P.; Triantafyllidis, K.K.; Kechagias, K.S.; Forbes, S.C.; Candow, D.G. Effects of creatine supplementation
on memory in healthy individuals: A systematic review and meta-analysis of randomized controlled trials. Nutr. Rev. 2023, 81,
416–427. [CrossRef]

48. Rawson, E.S.; Venezia, A.C. Use of creatine in the elderly and evidence for effects on cognitive function in young and old. Amino
Acids 2011, 40, 1349–1362. [CrossRef] [PubMed]

49. Sandkühler, J.F.; Kersting, X.; Faust, A.; Königs, E.K.; Altman, G.; Ettinger, U.; Lux, S.; Philipsen, A.; Müller, H.; Brauner, J.
The effects of creatine supplementation on cognitive performance—A randomised controlled study. BMC Med. 2023, 21, 440.
[CrossRef] [PubMed]

50. Moriarty, T.; Bourbeau, K.; Dorman, K.; Runyon, L.; Glaser, N.; Brandt, J.; Hoodjer, M.; Forbes, S.C.; Candow, D.G.
Dose&ndash;Response of Creatine Supplementation on Cognitive Function in Healthy Young Adults. Brain Sci. 2023, 13, 1276.
[PubMed]

51. Lutsch, D.J.; Camic, C.L.; Jagim, A.R.; Johnston, N.J.; Musgjerd, T.L. Acute Effects of a Multi-Ingredient Pre-Workout Supplement
On 5-KM Running Performance in Recreationally-Trained Athletes. Int. J. Exerc. Sci. 2019, 12, 1045–1056. [PubMed]

52. Kedia, A.; Sandrock, J.; Habowski, S.; Ferrando, A.; Gothard, M.; Lopez, M.D.C.F.H. Effects of a Pre-workout Supplement on
Lean Mass, Muscular Performance, Subjective Workout Experience and Biomarkers of Safety. Int. J. Med. Sci. 2014, 11, 116–126.
[CrossRef] [PubMed]

53. Wax, B.; Kerksick, C.M.; Jagim, A.R.; Mayo, J.J.; Lyons, B.C.; Kreider, R.B. Creatine for Exercise and Sports Performance, with
Recovery Considerations for Healthy Populations. Nutrients 2021, 13, 1915. [CrossRef] [PubMed]

54. Grgic, J. Caffeine ingestion enhances Wingate performance: A meta-analysis. Eur. J. Sport Sci. 2018, 18, 219–225. [CrossRef]
[PubMed]

55. Mielgo-Ayuso, J.; Marques-Jiménez, D.; Refoyo, I.; Del Coso, J.; León-Guereño, P.; Calleja-González, J. Effect of Caffeine
Supplementation on Sports Performance Based on Differences Between Sexes: A Systematic Review. Nutrients 2019, 11, 2313.
[CrossRef]

56. Hall, M.; Manetta, E.; Tupper, K. Creatine Supplementation: An Update. Curr. Sports Med. Rep. 2021, 20, 338–344. [CrossRef]
57. Tarnopolsky, M.A. Caffeine and creatine use in sport. Ann. Nutr. Metab. 2011, 57 (Suppl. 2), 1–8. [CrossRef] [PubMed]

https://doi.org/10.1186/s12970-016-0159-2
https://doi.org/10.1089/jcr.2017.0001
https://doi.org/10.1080/07315724.2019.1705201
https://doi.org/10.1037/h0054651
https://doi.org/10.1037/h0093516
https://doi.org/10.1207/s15327752jpa3904_10
https://www.ncbi.nlm.nih.gov/pubmed/16367401
https://doi.org/10.1016/0001-6918(66)90004-7
https://www.ncbi.nlm.nih.gov/pubmed/5328883
https://doi.org/10.1093/arclin/2.3.265
https://www.ncbi.nlm.nih.gov/pubmed/14589618
https://doi.org/10.1519/JSC.0b013e3181a00baf
https://www.ncbi.nlm.nih.gov/pubmed/19387379
https://doi.org/10.1038/s41598-018-35401-8
https://www.ncbi.nlm.nih.gov/pubmed/30464183
https://doi.org/10.1093/clinchem/18.6.499
https://www.researchsquare.com/article/rs-3304243/v1
https://doi.org/10.1186/s12970-016-0122-2
https://doi.org/10.1093/nutrit/nuac064
https://doi.org/10.1007/s00726-011-0855-9
https://www.ncbi.nlm.nih.gov/pubmed/21394604
https://doi.org/10.1186/s12916-023-03146-5
https://www.ncbi.nlm.nih.gov/pubmed/37968687
https://www.ncbi.nlm.nih.gov/pubmed/37759877
https://www.ncbi.nlm.nih.gov/pubmed/31523345
https://doi.org/10.7150/ijms.7073
https://www.ncbi.nlm.nih.gov/pubmed/24465156
https://doi.org/10.3390/nu13061915
https://www.ncbi.nlm.nih.gov/pubmed/34199588
https://doi.org/10.1080/17461391.2017.1394371
https://www.ncbi.nlm.nih.gov/pubmed/29087785
https://doi.org/10.3390/nu11102313
https://doi.org/10.1249/JSR.0000000000000863
https://doi.org/10.1159/000322696
https://www.ncbi.nlm.nih.gov/pubmed/21346331


Nutrients 2024, 16, 766 20 of 20

58. Franco, F.S.C.; Costa, N.M.B.; Ferreira, S.A.; Carneiro-Junior, M.A.; Natali, A.J. The effects of a high dosage of creatine and caffeine
supplementation on the lean body mass composition of rats submitted to vertical jumping training. J. Int. Soc. Sports Nutr. 2011,
8, 3. [CrossRef] [PubMed]

59. Kreider, R.B.; Jäger, R.; Purpura, M. Bioavailability, efficacy, safety, and regulatory status of creatine and related compounds: A
critical review. Nutrients 2022, 14, 1035. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1186/1550-2783-8-3
https://www.ncbi.nlm.nih.gov/pubmed/21362194
https://doi.org/10.3390/nu14051035
https://www.ncbi.nlm.nih.gov/pubmed/35268011

	Introduction 
	Materials and Methods 
	Study Overview and Ethical Considerations 
	Study Protocol 
	Recruitment and Familiarization 
	Eligibility Criteria 
	Performance Testing Protocol 
	Supplementation 
	Anthropometry 
	Dietary Monitoring 
	Stroop Word–Color Test 
	Readiness to Perform Exercise 
	Muscular Strength and Wingate Anaerobic Power 
	Blood Chemistry Assessment 
	Sleep Quality, Caffeine Tolerance Assessment, and Side Effect Questionnaires 

	Statistical Analysis 

	Results 
	Participants 
	Primary Outcomes 
	Exercise Performance 
	Stroop Testing and Readiness to Perform 

	Secondary Outcomes 
	Cardiovascular Hemodynamics 
	Blood Chemistry 
	Safety Profiles 


	Discussion 
	Primary Outcomes: Exercise Performance and Cognitive Function 
	Secondary Outcomes: Cardiovascular Function and Blood Chemistry 

	Conclusions 
	References

