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Abstract: The purpose was to investigate the effects of a 7-day creatine (Cr) loading protocol at
the end of four weeks of β-alanine supplementation (BA) on physical performance, blood lactate,
cognitive performance, and resting hormonal concentrations compared to BA alone. Twenty male
military personnel (age: 21.5 ± 1.5 yrs; height: 1.78 ± 0.05 m; body mass: 78.5 ± 7.0 kg; BMI:
23.7 ± 1.64 kg/m2) were recruited and randomized into two groups: BA + Cr or BA + placebo (PL).
Participants in each group (n = 10 per group) were supplemented with 6.4 g/day of BA for 28 days.
After the third week, the BA + Cr group participants were also supplemented with Cr (0.3 g/kg/day),
while the BA + PL group ingested an isocaloric placebo for 7 days. Before and after supplementation,
each participant performed a battery of physical and cognitive tests and provided a venous blood
sample to determine resting testosterone, cortisol, and IGF-1. Furthermore, immediately after the
last physical test, blood lactate was assessed. There was a significant improvement in physical
performance and mathematical processing in the BA + Cr group over time (p < 0.05), while there
was no change in the BA + PL group. Vertical jump performance and testosterone were significantly
higher in the BA + Cr group compared to BA + PL. These results indicate that Cr loading during the
final week of BA supplementation (28 days) enhanced muscular power and appears to be superior
for muscular strength and cognitive performance compared to BA supplementation alone.

Keywords: strength; anerobic performance; lactate; testosterone; cortisol; cognitive function

1. Introduction

Dietary supplements, including amino acids and a variety of other nutrients, are
widely used by military personnel in the hopes of enhancing physical and cognitive
performance [1]. Military personnel typically undergo strenuous physical training or
operations that are often accompanied by physical fatigue and impaired cognitive function.
Approximately 80–85% of military accidents are a result of diminished cognitive function [2].
For soldiers, the decline in physical and cognitive performance may elevate the risk of
errors, which may ultimately result in a failed operation [3]. To counteract both physical
and cognitive fatigue, military personnel often use dietary supplements [4]. Two of the most
popular dietary supplements purported to enhance muscle and cognitive performance are
creatine monohydrate (Cr) and beta-alanine [5].

Creatine, a nitrogen containing compound, is derived from three amino acids (arginine,
glycine, and methionine) endogenously primarily in the liver and kidneys [6] and can also
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be synthesized in the brain [7]. It is well established that Cr supplementation elevates
intramuscular phosphocreatine (PCr) and free Cr stores in skeletal muscle by ~20% [8]
and ~5–10% in the brain [7]. This increases the capacity to re-phosphorylate adenosine
triphosphate (ATP) during short-term intense physical exercise or during times of stress [9].
The progressive depletion of PCr during repeated intense activity increases the demands
on the anaerobic glycolytic pathway, resulting in intramuscular accumulation of H+. Mus-
cle acidosis impairs muscle function, including inhibition of phosphofructokinase (the
rate limiting enzyme in glycolysis), impaired force production and contractility, and PCr
resynthesis [10,11]. Therefore, Cr supplementation can facilitate greater energy capacity
and reduce muscular acidosis, thereby enhancing physical performance. Further, PCr hy-
drolysis consumes H+ and therefore acts to buffer acidosis [12]. Cr also shuttles ATP from
mitochondria to sites of ATP utilization, which may reduce oxidative stress [8]. In addition,
creatine alters calcium handling which enhances myofibrillar cross-bridge formation and
force production [8]. Overall, there is strong evidence that Cr supplementation can enhance
exercise performance [8] and there is a growing body of literature showing beneficial effects
on cognitive performance [7]. The precise mechanism(s) of how Cr supplementation alters
cognitive function remains to be elucidated [7]. In theory, in the brain, Cr facilitates energy
production and aids in maintaining energy status, improves mitochondrial efficiency, and
reduces inflammation and oxidative stress, which may benefit brain function [7].

Another purported ergogenic aid and popular supplement is beta-alanine (BA). BA
is a non-proteogenic amino acid and is the rate-limiting substrate in the synthesis of
intramuscular carnosine [13] an intramuscular buffer [9]. A growing body of literature
has shown that four to ten weeks of BA supplementation increases muscle carnosine
concentration [9,14–17]. In addition, high-intensity physical exercise has been reported
to benefit from the elevation of muscle carnosine [13]. Most of the scientific research
investigating BA has focused on its role in muscle; however, an increase in brain carnosine
in the cortex and hypothalamus has been observed using an animal model following daily
BA supplementation [18]. In contrast, Hoffman et al. (2015) were unable to detect any
changes in brain carnosine levels using magnetic resonance spectroscopy (MRS) in humans.
Regardless, there is a positive correlation between brain carnosine and BDNF (brain-derived
neurotrophic factor) [18,19]. Therefore, if brain carnosine could be elevated in humans
following BA supplementation, it is possible that BA may increase cognitive function.

Numerous studies have reported the advantages of Cr and BA supplementation inde-
pendently on the performance of both athletes and military personnel [4,19–23]; however,
much less research has examined the impact of co-ingestion. For example, there is evidence
demonstrating a significant main effect of time following co-ingestion on several (5 out of
8) cardiorespiratory parameters including VO2 and power output at the lactate and ventila-
tory thresholds and %VO2 peak at the ventilatory threshold, while Cr alone only showed
improvement in time to exhaustion and power output at the ventilatory threshold, and BA
supplementation only improved power output at the lactate threshold [24]. Further, there
is evidence that co-ingestion enhanced a single bout of anaerobic exercise [20] compared to
placebo and Cr alone, but no comparison was made with BA. Furthermore, Okudan et al.
(2015) found a significant improvement in mean power with co-ingestion during repeated
anaerobic exercise in sedentary men [25]. In contrast, Kresta et al. (2014) did not report any
additive benefits of BA and Cr supplementation compared to the placebo in recreationally
active females [26].

To the best of our knowledge, no study has investigated the effects of BA and Cr
co-ingested on a battery of physical tests with an assessment of cognitive function in
military personnel compared to BA alone. Therefore, the purpose was to investigate the
effects of Cr and BA supplementation on strength, anaerobic power, muscular power, blood
lactate, and cognitive function compared to BA alone. A secondary purpose was to explore
resting hormonal concentrations (i.e., IGF-1, testosterone, and cortisol), which may alter
the anabolic/catabolic environment. Creatine supplementation has been shown to alter
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IGF-1 [27] and testosterone [20]; however, the effects of BA and Cr co-ingested on these
hormones remains to be fully elucidated.

2. Materials and Methods
2.1. Participants

Twenty recreationally active male soldiers (land forces in operation) between the ages
of 19 and 25 years were recruited for this study. Participants were informed of all proce-
dures, risks, and benefits and they signed an informed consent form. Participants were not
permitted to use any additional nutritional supplements, anabolic steroids, or any other
anabolic agents known to increase physical or cognitive performance. Exclusion criteria
included any known kidney or liver disease, lower limb injury, and use of nutritional sup-
plements in the preceding four weeks. In addition, all participants were omnivores. In the
first session, participants completed a medical history questionnaire, and a physical activity
readiness questionnaire (PARQ+). Informed consent was obtained from all participants
involved in the study. The study was conducted in accordance with the Declaration of
Helsinki and approved by the ethics committee at the Baqiyatallah University of Medical
Science (IR.BMSU.REC.1399.593).

2.2. Supplementation

Participants were randomly assigned into two groups (n = 10 per group). Both groups
were instructed to ingest 6.4 g of BA per day (beta-alanine, pnc, 8 capsules, 800 mg each)
for four weeks. In the last week, Cr (creatine Monohydrate, pnc, 0.3 g/kg per day) was
added to the supplementation strategy for the BA + Cr group, and the other group (BA +
PL) consumed an isocaloric isovolumetric placebo (equal grams of rice flour). Cr and PL
were weighed according to each participant’s body mass and packaged in seven small bags
for seven different days. Participants were asked to divide the powder into three equal
portions, mix with water, and ingest it with their meals. Participants were instructed to
split eight capsules of β-alanine (3 with breakfast, 3 with lunch and 2 with dinner) and
consume the supplement with their regular meals. In addition, to avoid diet-induced
changes in performance, all participants were asked to complete a 24 h food log on the
day before the first testing trial and repeat the same diet the day before the second trial. In
addition, participants were instructed to avoid intense exercise, alcohol and caffeine on the
day preceding each experimental trial.

2.3. Testing Procedures

All participants performed a familiarization trial, and two main experimental testing
sessions (baseline testing and post supplementation). Baseline and post testing were
separated by a 28-day period of supplementation. Prior to the testing protocols, participants
performed a 10 min warm-up that included a general warm-up and a specific warm-up.
Following the warm-up, participants were able to rest (but the time did not exceed 3 min).
Furthermore, the overall time that each participant spent in the laboratory was between
40 and 50 min. Therefore, we were able to test five participants each day between 11 a.m.
and 3 p.m. Participants completed a battery of physical tests, which were completed in the
following order. Each test was separated by a rest period which did not exceed 3 min.

2.3.1. Running Anaerobic Sprint Test (RAST)

The RAST evaluates anaerobic power and was performed as previously described [28].
Briefly, participants performed the RAST in six 35 m maximal sprints with a 10 s interval
between each sprint. The time for each run was measured by two examiners, and the start
for each sprint was announced with a whistle from the third examiner.
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2.3.2. One-Repetition Maximum Test

The one-repetition maximum (1RM) test is considered the gold standard to assess
muscle strength. According to previously described protocol [29], bench press and leg
press were performed to measure upper-body and lower-body strength, respectively.

2.3.3. Vertical Jump Test

The vertical jump test is an indicator of leg muscle power. Briefly, participants stood
with a wall at their right side and reached their right hand as high as possible while keeping
their feet flat on the ground in order to mark their standing reach height. This standing
reach height was also used in the post test. Then, they were asked to bend their knees,
pause, and jump as high as possible and touch the wall with their finger at the peak of their
jump, which was marked with tape. Each individual performed three jumps, and a vertical
jump score was determined by subtracting the difference between the jump height and
their standing reach height from their best attempt [30].

2.3.4. Simulated Casualty Evacuation Test (SCET)

The SCET consists of a 1600 m run/walk, a 400 m walk where participants carry a
rifle-shaped object (weight = 4 kg), and a 140 m casualty carry (weight = 70 kg). The
weight was distributed through a 25 kg ruck sack on the participant’s back and one 22.5 kg
dumbbell in each hand. The dumbbell carry was used to simulate a casualty carry. Prior to
testing, the ruck sack was placed on each participant and the fit was adjusted properly. The
participants were then instructed to bend down and pick up the two dumbbells that were
placed on the floor at the starting line. Participants began walking to a cone placed 20 m
away as fast as possible. Once the participant reached the cone, they were instructed to go
around the cone and return to the starting cone seven times for a total distance of 140 m.
Verbal encouragement was provided throughout the test. The time for each participant to
complete the casualty carry was recorded. SCET was performed in an indoor, multipurpose
court with a military uniform. The overall time of this test was recorded.

2.3.5. Mathematical Processing

A modified version of the original Serial Sevens test was used to assess cognitive
function. Each participant was provided with a sheet of paper and a list of subtraction
equations. Participants were instructed to subtract the number seven from each random
four-digit number to measure how quickly and accurately they could calculate a simple
mathematical equation in two minutes. The number of correct answers was recorded [4].

2.4. Biochemical Analysis

Blood samples were taken from the forearm vein following a 12 h fast at 8:00 a.m.
24 h before supplementation and 24 h after the last physical test. Serum concentrations of
testosterone (Elecsys testostosteron II, Cobas, Mannheim, Germany, Cat. No: 05200067)
and cortisol (Elecsys Cortisol II, Cobas, Mannheim, Germany, Cat. No: 06687733) were
analyzed using a CLIA method (Cobas e411, Roche, Mannheim, Germany) and IGF-1 was
analyzed via commercially available enzyme-linked immunosorbent assay (Mediagnost,
Cat. No, E20, Mannheim, Germany). At the end of the last physical test (SCET), both in
pre-test and post-test, blood lactate was immediately measured from the tip of index finger
using a lactate analyzer (Lactate Scout (LS, SensLab GmbH, Mannheim, Germany)).

2.5. Statistical Analysis

Independent sample t-tests were used to analyze between group differences at baseline.
The independent variables were then analyzed using Analysis of co-variance (ANCOVA;
controlling for baseline values) to detect differences between the two groups over time. In
addition, paired-sample t-tests were used to examine within-group changes before and after
supplementation. Significance was set at p ≤ 0.05. All statistical analyses were performed
using SPSS version 23.
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3. Results
3.1. Participant Characteristics

Table 1 shows the demographic profiles of the participants in both groups. No signifi-
cant differences in any of the participant demographic characteristics (age, height, body
mass, and BMI) were observed between groups at baseline (p > 0.05).

Table 1. Demographics and anthropometrics of participants.

Variables BA + Cr BA + PL

Pre Post Pre Post

Age (year) 21.4 ± 2.05 21.6 ± 2.01
Body mass (kg) 77.2 ± 6.47 77.2 ± 6.71 74.5 ± 7.6 74.6 ± 6.8

Height (m) 1.79 ± 0.06 ——– 1.77 ± 0.04 ——–
BMI (kg/m2) 23.88 ± 1.22 23.88 ± 1.29 23.52 ± 2.04 23.55 ± 1.80

Values are presented as mean ± standard deviation. BA = β-alanine; Cr = Creatine; BMI = Body Mass Index.

3.2. Physical and Cognitive Tests

The values of the physical tests including RAST, leg press, chest press, vertical jump,
and SCET, as well as the mathematical processing scores, are shown in Table 2. Independent
sample t-test showed no significant differences in these values at baseline (p ≥ 0.05).

Table 2. Changes in physical and cognitive performance before and after 4 weeks of supplementation.

Variables BA + Cr BA + PL p-Value

Pre Post Pre Post

RAST PP (W) 539.48 ± 100.46 5.65.54 ± 104.28 522.43 ± 102.57 542.73 ± 113.64 0.722
RAST AP (W) 486.81 ± 87.03 499.26 ± 80.03 472.7 ± 90.38 475.89 ± 95.76 0.140
RAST MP (W) 423.2 ± 72.20 441.93 ± 66.9 408.90 ± 90.18 414 ± 88.66 0.145
RAST FI (W/s) 3.31 ± 1.19 3.55 ± 1.30 3.24 ± 1.66 3.68 ± 1.60 0.533
Chest Press (kg) 69.16 ± 8.15 71.06 ± 8.75 67.6 ± 9.54 68.4 ± 9.48 0.224
Leg Press (kg) 202 ± 16.4 205 ±17.71 201.5 ± 20.4 204.16 ± 19.47 0.600

Vertical Jump (cm) 53 ± 5.68 55.03 ± 8.29 55.86 ± 6.04 55.7 ± 6.03 0.005 *
SCET (min) 10.98 ± 0.53 10.32 ± 0.46 11.04 ± 0.62 10.37 ± 0.49 0.600

7-Subtraction Test
(arbitrary unit) 9.30 ± 1.49 9.8 ± 1.22 9.5 ± 1.58 10 ± 1.24 0.835

Values are presented as mean ± standard deviation. RAST = repeated anaerobic sprint test; PP = peak power,
AP = Average Power, MP = minimum Power, FI = Fatigue Index, SCET = simulated Casualty Evacuation Test.
* p ≤ 0.05 show significant change between groups before and after 4 weeks of supplementation.

3.2.1. Repeated Anaerobic Sprint Test (RAST)

No significant differences were observed in peak power (F1,17 = 0.131, p = 0.722),
average power (F1,17 = 2.39, p = 0.140), minimum power (F1,17 = 2.32, p = 0.145), and fatigue
index (F1,17 = 0.404, p = 0.533) between the two groups. When exploring the within-group
comparison, there was a significant change in peak power (p = 0.014), minimum power
(p = 0.031), and average power (p = 0.023) only in the BA + Cr group.

3.2.2. Chest Press

No significant differences were observed between BA + Cr and BA + PL in 1RM of the
chest press (F1,17 = 1.614, p = 0.224). For within-group comparisons, a significant increase of
1RM in BA + Cr (p = 0.026) and a non-significant change for the BA + PL group (p = 0.094)
were observed.

3.2.3. Leg Press

No significant differences were observed between BA + Cr and BA + PL for 1RM leg
press (F1,17 = 0.266, p = 0.600). For within-group comparisons, a significant increase of
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1RM in BA + Cr (p = 0.017) and a non-significant change for the BA + PL group (p = 0.071)
were observed.

3.2.4. Vertical Jump

A significant difference was observed between BA + Cr and BA + PL in the vertical
jump test (F1,17 = 10.53, p = 0.005). For within-group comparisons, a significant increase in
the BA + Cr (p = 0.009) group and a non-significant change for the BA + PL group (p = 0.521)
were observed.

3.2.5. Simulated Casualty Evacuation Test (SCET)

No significant differences were observed between BA + Cr and BA + PL in SCET
(F1,17 = 0.063, p = 0.600). Within-group comparisons showed a significant decrease in the
overall time to complete the test in the BA + Cr (p = 0.003) group and the BA + PL group
(p = 0.000).

3.2.6. 7-Mathematical Processing

No significant differences were observed between BA + Cr and BA + PL in the number
of correct answers of this test (F1,17 = 0.045, p = 0.835). Within-group comparisons showed
a significant improvement in the overall number of correct answers of the test in the BA
+ Cr group (p = 0.015), and a non-significant change for the BA + PL group (p = 0.138)
was observed.

3.3. Blood Analyses

Values of all blood markers are presented in Table 3. There was no significant difference
in these blood markers at baseline (p > 0.05).

Table 3. Resting hormonal levels and post-exercise blood lactate before and after 4 weeks of supple-
mentation.

Variables BA + Cr BA + PL p-Value

Pre Post Pre Post

Testosterone (ng/L) 5.46 ± 0.66 5.92 ± 0.65 5.61 ± 0.59 5.64 ± 0.64 0.006 *
Cortisol (ng/L) 127 ± 7.7 126.4 ± 5.8 127.9 ± 8.5 127.8 ± 7.8 0.551

IGF-1 (pg/L) 280.5 ± 37.02 285.5 ± 32.35 281 ± 36.34 279 ± 28.46 0.116
Lactate (mmol/L) 12.98 ± 0.81 11.86 ± 0.73 12.84 ± 1.07 12.28 ± 0.65 0.090

Values are presented as mean ± standard deviation. * p ≤ 0.05 show significant changes between groups before
and after 4 weeks of supplementation.

3.3.1. Testosterone

Changes in circulating testosterone concentrations are provided in Table 3. ANCOVA
showed a significant difference between the BA + Cr and BA + PL groups (F1,17 = 9.73,
p = 0.006). Moreover, within-group comparisons showed a significant increase of testos-
terone levels in the BA + Cr group (p = 0.001) and a non-significant change in the BA + PL
group (p = 0.588).

3.3.2. Cortisol

Changes in serum cortisol concentrations are provided in Table 3. ANCOVA showed
no significant difference between the BA + Cr and BA + PL groups (F1,17 = 0.0369, p = 0.551).
In addition, within-group comparisons did not show any significant changes of cortisol
level in BA + Cr (p = 0.481) and BA + PL (p = 0.981).

3.3.3. IGF-1

Changes in serum IGF-1 concentrations are provided in Table 3. ANCOVA showed
no significant difference between the BA + Cr and BA + PL groups (F1,17 = 2.74, p = 0.116).
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Within-group comparisons did not show any significant difference in both the BA + Cr
(p = 0.178) and BA + PL (p = 0.631) groups.

3.3.4. Post-Exercise Lactate

Changes in lactate concentrations are shown in Table 3. ANCOVA did not show any
significant differences between the BA + Cr and BA + PL groups (F1,17 = 3.22, p = 0.090).
Within-group comparisons showed a significant decrease in blood lactate in both the
BA + Cr (p = 0.002) and BA + PL groups (p = 0.045).

4. Discussion

The efficacy of BA and Cr supplementation individually are well documented to aug-
ment physical performance [20,26,31]; however, there is limited mixed evidence evaluating
the effects of BA co-ingested with Cr. Furthermore, both Cr and BA may alter cognitive
function. The present manuscript is the first study to investigate the effects of BA sup-
plementation combined with Cr loading on both physical and cognitive performance in
trained military personnel. The main findings revealed that BA + Cr further augmented
vertical jump performance and elevated resting testosterone compared to BA + PL. Despite
no interaction effect, we performed exploratory within-group comparisons which revealed
significant improvements in RAST, chest press and leg press 1-RM, and the cognitive task
in the BA + Cr group, while there were no differences over time for the BA + PL group.
Both the BA + PL and BA + Cr groups improved SCET performance.

Cognition is complex and highly variable, which may be influenced by Cr [7]. There are
a limited number of studies which have examined the effects of Cr on cognition, but there
is evidence that Cr can improve short-term memory and intelligence/reasoning of healthy
individuals by increasing the brain’s energy supply and its neuroprotective function, but
its effect on other cognitive domains remains unclear [7,32]. In the present study, there
was a significant improvement in processing speed when BA was combined with Cr, while
there was no change in the BA alone group. These results support previous research, which
has shown improvements in cognitive performance following Cr supplementation [7].
However, caution is warranted since there was no interaction effect, and thus, the analyses
were exploratory in nature. Future large randomized controlled trials are needed to confirm
these findings and to evaluate other cognitive domains.

It is reported that β-alanine supplementation results in higher physical work capacity,
time to exhaustion and an increase in lactate threshold in both untrained males and fe-
males [33,34]. B-alanine can increase intramuscular carnosine. Higher muscle carnosine con-
centrations have long been an important molecule to improve high-intensity non-oxidative
exercise performance [13]. This is primarily due to carnosine’s function to enhance muscle
buffering capacity during maximal and sub-maximal exercises [4,31,34]. In support of
previous research, the present study demonstrated that BA significantly improved SCET
time and reduced blood lactate compared to baseline; however, it is important to note
that there was no placebo control group. Therefore, these results should be interpreted
with caution. Cr supplementation has also been shown to have performance-enhancing
properties due to several factors including increasing skeletal muscle phosphocreatine (PCr)
content, improved PCr resynthesis, increased buffering capacity, and greater shuttling of
mitochondrial ATP into the cytoplasm [8,24]. Although Cr loading plus BA significantly
increased vertical jump performance, there were no significant changes in peak power and
average power, as well as the time of completion of the SCET. In contrast, Zoller et al. (2007)
reported beneficial effects of co-ingestion on several indices of cardiorespiratory fitness [24].
These differences can be partially attributed to the duration of the study, supplementation
dose (28 days, 5.25 g Cr and 1.6 g BA), and testing protocols used. In the present study, the
RAST protocol was the first physical assessment; since the duration of each bout was less
than 6 s, it is not likely to stress the anaerobic systems capacity to significantly elevate H+

concentrations. In addition, most studies have not reported significant increases in maximal
strength and power or muscular endurance (lasting less than 60 sec in duration) after BA
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supplementation [35–37]. Taken together, it appears that BA supplementation would be
more effective in longer intense activities that stress the anaerobic glycolytic system, and
Cr would be more beneficial to activities that require explosive power which are both in
agreement with the findings of this study.

Furthermore, we hypothesized that Cr would enhance both upper and lower body
strength. In support of this hypothesis, the within-group comparison showed a significant
increase in chest and leg strength in the BA + Cr group, while no change was found in
the BA + PL group. Several mechanisms exist by which creatine may increase lean tissue
mass and muscular strength [38]. In several systematic reviews, Chillibeck et al. (2017),
Lanher et al. (2015, 2016), and Forbes et al. (2021) reported that Cr supplementation
is effective at improving upper and lower body strength [38–41]. Furthermore, in the
present study, the BA + Cr significantly increased testosterone. Previous studies have
demonstrated a positive correlation between testosterone and lean body mass and muscular
strength [42–44]. Our results support previous research that reported a significant elevation
in resting testosterone concentration [45,46] after Cr loading and no alteration following BA
supplementation [21]. In contrast, some studies have shown that Cr loading did not change
hormonal status [47,48]. Furthermore, the implications of a small rise in endogenous levels
of testosterone on muscle adaptations are controversial and may only play a minor role [49].

Alterations in testosterone and cortisol concentrations are often used as indicators of
the anabolic and catabolic environment, respectively, and have previously been used to
quantify stress associated with prolonged military tasks [50–52]. Our data did not show
any significant changes of cortisol concentrations between and within groups following
supplementation. In contrast to the results of the current study, Varanoske et al. (2018)
reported that, following BA supplementation, cortisol was significantly lower than PL
group at 12 h after military tasks. In addition, they found a greater concentration of cortisol
at 24 h compared to 0H after tasks [4]. As such, different time points used for sampling
may explain these differences.

Between and within-group comparisons in our study indicated that BA and Cr supple-
mentation elicited no significant change in blood IGF-1. There is limited evidence regarding
BA and Cr supplementation on circulating IGF-1. Burke et al. (2008) reported that heavy
resistance training increased muscle IGF-1 and supplementation with Cr resulted in greater
increase [27]. This difference could be attributed to the duration of Cr supplementation
and the exercise protocol.

There are several limitations to the current study that might have affected the results.
The most important is that we were unable to take blood samples at different time points to
see the response of the variables after physical activities. In addition, we were not able to
measure creatine content in muscles to ensure that they were fully saturated. Finally, we did
not have a placebo control group or a Cr-only group, which limited our abilities to assess
the effectiveness of BA alone or to evaluate the synergistic effects of co-supplementation.

5. Conclusions

To the best of our knowledge, this is the first study examining the effects of one week
of creatine loading in conjunction with four weeks of BA supplementation on physical
and cognitive performance in military personnel. Four weeks of BA supplementation
combined with 1 week of Cr loading significantly increased vertical jump (leg power) and
resting testosterone compared to BA alone. Within-group comparisons revealed greater
physical and cognitive performance when BA was supplemented with Cr compared to BA
alone. Considering that the amount of physical and cognitive stress on army forces while
maintaining health and performance is crucial, it would be deemed necessary to utilize
effective nutritional strategies and dietary supplements to support their overall health and
well-being as well as minimizing likelihood of injuries in any form. Further well-controlled
studies are required to confirm these findings and to assess other cognitive domains.

Author Contributions: Conceptualization, A.A., M.S. and M.K.; methodology, A.A., M.S., M.K. and
A.S. (Alireza Shamsoddiniand); formal analysis, A.A., M.S. and M.K.; investigation, A.A., M.S. and



Int. J. Environ. Res. Public Health 2022, 19, 7992 9 of 11

H.S.; writing—original draft preparation, A.A., M.S. and M.K.; writing—review and editing, A.A.,
M.S., S.C.F., A.S. (Abolfazl Shakibaee) and M.K.; supervision, M.S. and M.K.; project administration,
M.S. and M.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the ethics committee of Baqiyatallah University of Medical Science
(IR.BMSU.REC.1399.593, Date: 14 March 2021).

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

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: S.C.F. has previously served as a scientific advisor for a company that sold
creatine and has received creatine donations for scientific studies. All other authors declare no conflict
of interest.

References
1. Knapik, J.J.; Trone, D.W.; Austin, K.G.; Steelman, R.A.; Farina, E.K.; Lieberman, H.R. Prevalence, adverse events, and factors

associated with dietary supplement and nutritional supplement use by US Navy and Marine Corps personnel. J. Acad. Nutr. Diet.
2016, 116, 1423–1442. [CrossRef] [PubMed]

2. Thomas, M.L.; Russo, M.B. Neurocognitive monitors: Toward the prevention of cognitive performance decrements and catas-
trophic failures in the operational environment. Aviat. Space Environ. Med. 2007, 78, B144–B152. [PubMed]

3. Goh, V.H.-H.; Tong, T.Y.-Y.; Lim, C.-L.; Low, E.C.-T.; Lee, L.K.-H. Effects of one night of sleep deprivation on hormone profiles
and performance efficiency. Mil. Med. 2001, 166, 427–431. [CrossRef] [PubMed]

4. Varanoske, A.N.; Wells, A.J.; Kozlowski, G.J.; Gepner, Y.; Frosti, C.L.; Boffey, D.; Coker, N.A.; Harat, I.; Hoffman, J.R. Effects of
β-alanine supplementation on physical performance, cognition, endocrine function, and inflammation during a 24 h simulated
military operation. Physiol. Rep. 2018, 6, e13938. [CrossRef] [PubMed]

5. Saxvanderweyden, M.; Willoughby, D.S. Creatine and Beta-Alanine Supplementation for Increased Anaerobic Performance in
Sprinting, Jumping, and Throwing Track and Field Athletes. J. Exerc. Nutr. 2018, 1, 1–8.

6. Ostojic, S.M.; Forbes, S.C. Perspective: Creatine, a conditionally essential nutrient: Building the case. Adv. Nutr. 2022, 13, 34–37.
[CrossRef] [PubMed]

7. Forbes, S.C.; Cordingley, D.M.; Cornish, S.M.; Gualano, B.; Roschel, H.; Ostojic, S.M.; Rawson, E.S.; Roy, B.D.; Prokopidis, K.;
Giannos, P. Effects of Creatine Supplementation on Brain Function and Health. Nutrients 2022, 14, 921. [CrossRef]

8. 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, 1–18. [CrossRef]

9. Impson-Davey, G. Effects of supplementation with creatine monohydrate and beta-alanine, alone or combined, on repeated sprint
performance and physiological parameters in amateur team and racket sport players. Kinesiology 2020, 52, 115–123.

10. Girard, O.; Mendez-Villanueva, A.; Bishop, D. Repeated-sprint ability—Part I. Sports Med. 2011, 41, 673–694. [CrossRef]
11. Spriet, L.; Lindinger, M.; McKelvie, R.; Heigenhauser, G.; Jones, N. Muscle glycogenolysis and H+ concentration during maximal

intermittent cycling. J. Appl. Physiol. 1989, 66, 8–13. [CrossRef]
12. Forbes, S.C.; Candow, D.G.; Smith-Ryan, A.E.; Hirsch, K.R.; Roberts, M.D.; VanDusseldorp, T.A.; Stratton, M.T.; Kaviani, M.;

Little, J.P. Supplements and nutritional interventions to augment high-intensity interval training physiological and performance
adaptations—A narrative review. Nutrients 2020, 12, 390. [CrossRef]

13. Trexler, E.T.; Smith-Ryan, A.E.; Stout, J.R.; Hoffman, J.R.; Wilborn, C.D.; Sale, C.; Kreider, R.B.; Jäger, R.; Earnest, C.P.; Bannock, L.
International society of sports nutrition position stand: Beta-Alanine. J. Int. Soc. Sports Nutr. 2015, 12, 30. [CrossRef]

14. Baguet, A.; Reyngoudt, H.; Pottier, A.; Everaert, I.; Callens, S.; Achten, E.; Derave, W. Carnosine loading and washout in human
skeletal muscles. J. Appl. Physiol. 2009, 106, 837–842. [CrossRef]

15. Baguet, A.; Bourgois, J.; Vanhee, L.; Achten, E.; Derave, W. Important role of muscle carnosine in rowing performance. J. Appl.
Physiol. 2010, 109, 1096–1101. [CrossRef]

16. Harris, R.C.; Tallon, M.; Dunnett, M.; Boobis, L.; Coakley, J.; Kim, H.J.; Fallowfield, J.L.; Hill, C.; Sale, C.; Wise, J.A. The absorption
of orally supplied β-alanine and its effect on muscle carnosine synthesis in human vastus lateralis. Amino Acids 2006, 30, 279–289.
[CrossRef]

17. Hill, C.; Harris, R.C.; Kim, H.; Harris, B.; Sale, C.; Boobis, L.; Kim, C.; Wise, J.A. Influence of β-alanine supplementation on
skeletal muscle carnosine concentrations and high intensity cycling capacity. Amino Acids 2007, 32, 225–233. [CrossRef]

18. Murakami, T.; Furuse, M. The impact of taurine-and beta-alanine-supplemented diets on behavioral and neurochemical parame-
ters in mice: Antidepressant versus anxiolytic-like effects. Amino Acids 2010, 39, 427–434. [CrossRef]

http://doi.org/10.1016/j.jand.2016.02.015
http://www.ncbi.nlm.nih.gov/pubmed/27083989
http://www.ncbi.nlm.nih.gov/pubmed/17547315
http://doi.org/10.1093/milmed/166.5.427
http://www.ncbi.nlm.nih.gov/pubmed/11370208
http://doi.org/10.14814/phy2.13938
http://www.ncbi.nlm.nih.gov/pubmed/30565426
http://doi.org/10.1093/advances/nmab111
http://www.ncbi.nlm.nih.gov/pubmed/34662902
http://doi.org/10.3390/nu14050921
http://doi.org/10.1186/s12970-017-0173-z
http://doi.org/10.2165/11590550-000000000-00000
http://doi.org/10.1152/jappl.1989.66.1.8
http://doi.org/10.3390/nu12020390
http://doi.org/10.1186/s12970-015-0090-y
http://doi.org/10.1152/japplphysiol.91357.2008
http://doi.org/10.1152/japplphysiol.00141.2010
http://doi.org/10.1007/s00726-006-0299-9
http://doi.org/10.1007/s00726-006-0364-4
http://doi.org/10.1007/s00726-009-0458-x


Int. J. Environ. Res. Public Health 2022, 19, 7992 10 of 11

19. Hoffman, J.R.; Landau, G.; Stout, J.R.; Hoffman, M.W.; Shavit, N.; Rosen, P.; Moran, D.S.; Fukuda, D.H.; Shelef, I.; Carmom, E.
β-Alanine ingestion increases muscle carnosine content and combat specific performance in soldiers. Amino Acids 2015, 47,
627–636. [CrossRef]

20. Hoffman, J.; Ratamess, N.; Kang, J.; Mangine, G.; Faigenbaum, A.; Stout, J. Effect of creatine and ß-alanine supplementation on
performance and endocrine responses in strength/power athletes. Int. J. Sport Nutr. Exerc. Metab. 2006, 16, 430–446. [CrossRef]

21. Hoffman, J.; Ratamess, N.; Ross, R.; Kang, J.; Magrelli, J.; Neese, K.; Faigenbaum, A.; Wise, J. β-Alanine and the hormonal
response to exercise. Int. J. Sports Med. 2008, 29, 952–958. [CrossRef]

22. Jones, A.; Atter, T.; George, K. Oral creatine supplementation improves multiple sprint performance in elite ice-hockey players.
Med. Sci. Sports Exerc. 1998, 30, 140. [CrossRef]

23. Lieberman, H.R.; Stavinoha, T.B.; McGraw, S.M.; White, A.; Hadden, L.S.; Marriott, B.P. Use of dietary supplements among
active-duty US Army soldiers. Am. J. Clin. Nutr. 2010, 92, 985–995. [CrossRef]

24. Zoeller, R.; Stout, J.; O’kroy, J.; Torok, D.; Mielke, M. Effects of 28 days of beta-alanine and creatine monohydrate supplementation
on aerobic power, ventilatory and lactate thresholds, and time to exhaustion. Amino Acids 2007, 33, 505–510. [CrossRef]

25. Okudan, N.; Belviranli, M.; Pepe, H.; Gökbel, H. The effects of beta alanine plus creatine administration on performance during
repeated bouts of supramaximal exercise in sedentary men. J. Sports Med. Phys. Fit. 2014, 55, 1322–1328.

26. Kresta, J.Y.; Oliver, J.M.; Jagim, A.R.; Fluckey, J.; Riechman, S.; Kelly, K.; Meininger, C.; Mertens-Talcott, S.U.; Rasmussen, C.;
Kreider, R.B. Effects of 28 days of beta-alanine and creatine supplementation on muscle carnosine, body composition and exercise
performance in recreationally active females. J. Int. Soc. Sports Nutr. 2014, 11, 55. [CrossRef]

27. Burke, D.G.; Candow, D.G.; Chilibeck, P.D.; MacNeil, L.G.; Roy, B.D.; Tarnopolsky, M.A.; Ziegenfuss, T. Effect of creatine
supplementation and resistance-exercise training on muscle insulin-like growth factor in young adults. Int. J. Sport Nutr. Exerc.
Metab. 2008, 18, 389–398. [CrossRef]

28. Zagatto, A.M.; Beck, W.R.; Gobatto, C.A. Validity of the running anaerobic sprint test for assessing anaerobic power and predicting
short-distance performances. J. Strength Cond. Res. 2009, 23, 1820–1827. [CrossRef]

29. Seo, D.-I.; Kim, E.; Fahs, C.A.; Rossow, L.; Young, K.; Ferguson, S.L.; Thiebaud, R.; Sherk, V.D.; Loenneke, J.P.; Kim, D. Reliability
of the one-repetition maximum test based on muscle group and gender. J. Sports Sci. Med. 2012, 11, 221.

30. Aragón, L.F. Evaluation of four vertical jump tests: Methodology, reliability, validity, and accuracy. Meas. Phys. Educ. Exerc. Sci.
2000, 4, 215–228. [CrossRef]

31. Hoffman, J.R.; Stout, J.R.; Harris, R.C.; Moran, D.S. β-Alanine supplementation and military performance. Amino Acids 2015, 47,
2463–2474. [CrossRef] [PubMed]

32. Avgerinos, K.I.; Spyrou, N.; Bougioukas, K.I.; Kapogiannis, D. Effects of creatine supplementation on cognitive function of healthy
individuals: A systematic review of randomized controlled trials. Exp. Gerontol. 2018, 108, 166–173. [CrossRef] [PubMed]

33. Stout, J.R.; Cramer, J.T.; Mielke, M.; O’Kroy, J. Effects of twenty-eight days of beta-alanine and creatine monohydrate supplemen-
tation on the physical working capacity at neuromuscular fatigue threshold. J. Strength Cond. Res. 2006, 20, 928. [PubMed]

34. Stout, J.; Cramer, J.; Zoeller, R.; Torok, D.; Costa, P.; Hoffman, J.; Harris, R.; O’kroy, J. Effects of β-alanine supplementation on the
onset of neuromuscular fatigue and ventilatory threshold in women. Amino Acids 2007, 32, 381–386. [CrossRef]

35. Hoffman, J.R.; Ratamess, N.A.; Faigenbaum, A.D.; Ross, R.; Kang, J.; Stout, J.R.; Wise, J.A. Short-duration β-alanine supplementa-
tion increases training volume and reduces subjective feelings of fatigue in college football players. Nutr. Res. 2008, 28, 31–35.
[CrossRef]

36. Kendrick, I.P.; Harris, R.C.; Kim, H.J.; Kim, C.K.; Dang, V.H.; Lam, T.Q.; Bui, T.T.; Smith, M.; Wise, J.A. The effects of 10 weeks of
resistance training combined with β-alanine supplementation on whole body strength, force production, muscular endurance
and body composition. Amino Acids 2008, 34, 547–554. [CrossRef]

37. Jones, R.L.; Barnett, C.T.; Davidson, J.; Maritza, B.; Fraser, W.D.; Harris, R.; Sale, C. β-alanine supplementation improves in-vivo
fresh and fatigued skeletal muscle relaxation speed. Eur. J. Appl. Physiol. 2017, 117, 867. [CrossRef]

38. Forbes, S.C.; Candow, D.G.; Ostojic, S.M.; Roberts, M.D.; Chilibeck, P.D. Meta-analysis examining the importance of creatine
ingestion strategies on lean tissue mass and strength in older adults. Nutrients 2021, 13, 1912. [CrossRef]

39. Lanhers, C.; Pereira, B.; Naughton, G.; Trousselard, M.; Lesage, F.-X.; Dutheil, F. Creatine supplementation and lower limb
strength performance: A systematic review and meta-analyses. Sports Med. 2015, 45, 1285–1294. [CrossRef]

40. Lanhers, C.; Pereira, B.; Naughton, G.; Trousselard, M.; Lesage, F.-X.; Dutheil, F. Creatine supplementation and upper limb
strength performance: A systematic review and meta-analysis. Sports Med. 2017, 47, 163–173. [CrossRef]

41. Chilibeck, P.D.; Kaviani, M.; Candow, D.G.; Zello, G.A. Effect of creatine supplementation during resistance training on lean
tissue mass and muscular strength in older adults: A meta-analysis. Open Access J. Sports Med. 2017, 8, 213. [CrossRef]

42. Fukunaga, T.; Miyatani, M.; Tachi, M.; Kouzaki, M.; Kawakami, Y.; Kanehisa, H. Muscle volume is a major determinant of joint
torque in humans. Acta Physiol. Scand. 2001, 172, 249–255. [CrossRef]

43. Castillo-Rodríguez, A.; Onetti-Onetti, W.; Sousa Mendes, R.; Luis Chinchilla-Minguet, J. Relationship between leg strength and
balance and lean body mass. Benefits for active aging. Sustainability 2020, 12, 2380. [CrossRef]

44. Kelly, D.; Jones, T. Testosterone and obesity. Obes. Rev. 2015, 16, 581–606. [CrossRef]
45. Arazi, H.; Rahmaninia, F.; Hosseini, K.; Asadi, A. Effects of short term creatine supplementation and resistance exercises on

resting hormonal and cardiovascular responses. Sci. Sports 2015, 30, 105–109. [CrossRef]

http://doi.org/10.1007/s00726-014-1896-7
http://doi.org/10.1123/ijsnem.16.4.430
http://doi.org/10.1055/s-2008-1038678
http://doi.org/10.1097/00005768-199805001-00797
http://doi.org/10.3945/ajcn.2010.29274
http://doi.org/10.1007/s00726-006-0399-6
http://doi.org/10.1186/s12970-014-0055-6
http://doi.org/10.1123/ijsnem.18.4.389
http://doi.org/10.1519/JSC.0b013e3181b3df32
http://doi.org/10.1207/S15327841MPEE0404_2
http://doi.org/10.1007/s00726-015-2051-9
http://www.ncbi.nlm.nih.gov/pubmed/26206727
http://doi.org/10.1016/j.exger.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/29704637
http://www.ncbi.nlm.nih.gov/pubmed/17194255
http://doi.org/10.1007/s00726-006-0474-z
http://doi.org/10.1016/j.nutres.2007.11.004
http://doi.org/10.1007/s00726-007-0008-3
http://doi.org/10.1007/s00421-017-3569-1
http://doi.org/10.3390/nu13061912
http://doi.org/10.1007/s40279-015-0337-4
http://doi.org/10.1007/s40279-016-0571-4
http://doi.org/10.2147/OAJSM.S123529
http://doi.org/10.1046/j.1365-201x.2001.00867.x
http://doi.org/10.3390/su12062380
http://doi.org/10.1111/obr.12282
http://doi.org/10.1016/j.scispo.2014.03.006


Int. J. Environ. Res. Public Health 2022, 19, 7992 11 of 11

46. Rahman Rahimi, H.F.; Vatani, D.S.; Qaderi, M. Creatine supplementation alters the hormonal response to resistance exercise.
Kinesiology 2010, 42, 28–35.

47. Van der Merwe, J.; Brooks, N.E.; Myburgh, K.H. Three weeks of creatine monohydrate supplementation affects dihydrotestos-
terone to testosterone ratio in college-aged rugby players. Clin. J. Sport Med. 2009, 19, 399–404. [CrossRef]

48. Volek, J.S.; Boetes, M.; Bush, J.A.; Putukian, M.; Sebastianelli, W.J.; Kraemer, W.J. Response of testosterone and cortisol concentra-
tions to high-intensity resistance exercise following creatine supplementation. J. Strength Cond. Res. 1997, 11, 182–187.

49. Morton, R.W.; Oikawa, S.Y.; Wavell, C.G.; Mazara, N.; McGlory, C.; Quadrilatero, J.; Baechler, B.L.; Baker, S.K.; Phillips, S.M.
Neither load nor systemic hormones determine resistance training-mediated hypertrophy or strength gains in resistance-trained
young men. J. Appl. Physiol. 2016, 121, 129–138. [CrossRef]

50. Lieberman, H.R.; Bathalon, G.P.; Falco, C.M.; Kramer, F.M.; Morgan III, C.A.; Niro, P. Severe decrements in cognition function and
mood induced by sleep loss, heat, dehydration, and undernutrition during simulated combat. Biol. Psychiatry 2005, 57, 422–429.
[CrossRef]

51. Lieberman, H.R.; Bathalon, G.P.; Falco, C.M.; Morgan, C.A.; Niro, P.J.; Tharion, W.J. The fog of war: Decrements in cognitive
performance and mood associated with combat-like stress. Aviat. Space Environ. Med. 2005, 76, C7–C14.

52. Nindl, B.C.; Leone, C.D.; Tharion, W.J.; Johnson, R.F.; Castellani, J.W.; Patton, J.F.; Montain, S.J. Physical performance responses
during 72 h of military operational stress. Med. Sci. Sports Exerc. 2002, 34, 1814–1822. [CrossRef]

http://doi.org/10.1097/JSM.0b013e3181b8b52f
http://doi.org/10.1152/japplphysiol.00154.2016
http://doi.org/10.1016/j.biopsych.2004.11.014
http://doi.org/10.1097/00005768-200211000-00019

	Introduction 
	Materials and Methods 
	Participants 
	Supplementation 
	Testing Procedures 
	Running Anaerobic Sprint Test (RAST) 
	One-Repetition Maximum Test 
	Vertical Jump Test 
	Simulated Casualty Evacuation Test (SCET) 
	Mathematical Processing 

	Biochemical Analysis 
	Statistical Analysis 

	Results 
	Participant Characteristics 
	Physical and Cognitive Tests 
	Repeated Anaerobic Sprint Test (RAST) 
	Chest Press 
	Leg Press 
	Vertical Jump 
	Simulated Casualty Evacuation Test (SCET) 
	7-Mathematical Processing 

	Blood Analyses 
	Testosterone 
	Cortisol 
	IGF-1 
	Post-Exercise Lactate 


	Discussion 
	Conclusions 
	References

