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Abstract: The purpose of this study is to investigate the additive effects of creatine and caffeine on
changes in the cardiorespiratory system, metabolism, and performance of soccer players. Seventeen
male soccer players randomly ingested three sports drinks comprising the following: glucose—
electrolyte-based (Drink 1, control; D1), glucose—electrolyte-based drink + 5 g creatine (Drink 2; D2),
and glucose—electrolyte-based drink + 5 g creatine + 35 mg caffeine (Drink 3; D3) during a 15 min
recovery period after the modified Loughborough Intermittent Shuttle Test (LIST) on a standard
outdoor soccer field. Then, a 20-m repeated intermittent sprinting activity was performed. The
results showed no significant differences in cardiorespiratory and gas exchange variables. The
non-significant levels of blood glucose concentrations among drinks with higher blood lactate
concentrations were detected in parallel with increased heart rate during intermittent sprinting as a
result of exercise intensities. Significantly longer sprinting time was found in D3 than D1 (p < 0.05),
with no significant differences between D2 and D3. From this study, we conclude that the additive
effect of caffeine—creatine supplements in a glucose—electrolyte drink during the 15 min recovery
period enhances repeated 20-m high-intensity running in soccer players with no negative effect on
cardiorespiratory functions.
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1. Introduction

Since the creation of sports beverages, maintaining hydration status and performance
has become a necessity, in addition to post-exercise recovery needs [1]. Sports drinks
formulations are based on the extrapolation of the reductions in energy substrates and
electrolyte loss from sweating. Therefore, sports drinks normally contain certain amounts
of carbohydrates and electrolytes (sodium, potassium, calcium, and magnesium) [1]. Caf-
feine, the most popularly consumed psychoactive substance, is widely used not only by
sedentary individuals but also among athletes due to known acute ergogenic effects on
performance [2]. It has been shown that three out of four athletes consume caffeine before
or during sports competitions [3]. Caffeine’s popularity was reported in a seven-year study
that demonstrated 21% higher caffeine concentrations in urine from athletes consuming
caffeine compared to the non-athlete control group [4]. Athletes from different sports
use caffeine to improve strength and endurance, and caffeine drinks have been popularly
consumed before or during sports competitions [3].

For active people, caffeine-containing products are available in different forms: drinks,
chewing gum, gels, and bars [5]. In young active individuals, caffeine-containing energy
drinks are quite popular [6]. Among athletes, the effects of caffeine-containing drinks on
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athletic performance exhibit a strong correlation not only with respect to endurance [2] and
strength [7], but also with respect to cognitive functions [2]. Some reports raised awareness
on the ergogenic effects of caffeine [8,9] in that several factors had to be considered, such as
dosage, training intensity, ingestion time, time of day when consuming the caffeine supply,
habitual caffeine consumption, and the proposed exercise type [8,10].

Creatine, a non-protein amino acid found in red meat [11], is another nutritional
ergogenic aid that is popularly used among athletes to enhance strength and power [12,13].
The majority of creatines, known as the creatine pool (PCr + Cr), are stored in the skeletal
muscle where their amount is limited to about 120 mmol/kg of dry muscle mass for a 70 kg
individual. Intramuscular creatine is degraded into creatinine (a metabolic byproduct) and
excreted in urine during a short and high intensity exercise bout [14]. Therefore, the body
needs to replenish about 1-3 g of creatine per day to maintain normal (non-supplemented)
creatine stores, which is particularly critical in some power-based athletes [15]. Without
meat in regular meals, creatine supplementation becomes more serious in vegetarian
athletes [16]. Due to the resynthesis of adenosine triphosphate (ATP) via the hydrolysis
of PCr into Cr + Pi, this ergogenic substance helps maintain ATP availability, particularly
during maximal effort anaerobic sprint-type exercises [17].

A normal regular diet contains only 1-2 g/day of creatine, which is not enough to
maintain intense physical activity; therefore, the dietary supplementation of creatine is
needed [14]. Creatine monohydrate is the most commonly used, where the uptake of
creatine involves the absorption of creatine into the blood and then uptake is performed by
the target tissues [18]; here, the peak of plasma creatine levels is sustained for about 60 min
after ingestion [14]. Currently, creatine is popularly used by many athletes and military
personnel because it is not banned by any sports organization [19-21].

Creatine supplementation increases intramuscular phosphocreatine concentrations,
which may explain the observed improvements in high-intensity exercise performance,
leading to higher acute anaerobic power [22] and greater training adaptations [23], es-
pecially in soccer players [24]. In elite female soccer players, the performance of var-
ious repeated sprint and agility tasks simulating soccer match play was acutely im-
proved after consuming 5 g of creatine 4 times per day for 6 days [25]. The most ef-
fective way to increase muscle phosphocreatine storage is to ingest creatine monohydrates
(0.3-0.8 g/kg /day) [26]. In one study, consuming a total creatine amount of 20 g/day
for 5-7 days typically increased the total creatine content by 10-30% and phosphocreatine
stores by 10-40% [23]. For safety reasons, it is recommended that individuals consume
3 g/day of creatine throughout their lifespan to promote general health [27].

Currently, sports drinks have been researched extensively but they still need to provide
excellent alternative sources of energy for repeated high-intensity sports. The ergogenic
properties of both creatine and caffeine among athletes have been separately identified.
However, the acute additive effect is still in doubt. Based on sports drinks containing
carbohydrates and electrolytes, it is crucial to examine changes in the cardiorespiratory
system and metabolism in parallel to alterations in sports performance when creatine and
caffeine are serially added.

2. Materials and Methods
2.1. Participants

Seventeen males (mean age 20 £ 2 years, height 1.75 & 0.06 m, mass 70 £ 8 kg) were
recruited from level 3 soccer clubs in Thailand’s professional soccer league. The inclusion
criteria included age range between 18 and 25 years, regular participation in competitive
soccer games, free from recent musculoskeletal injuries, no cardiorespiratory problems,
and not taking medicine or supplements that could influence the cardiorespiratory system,
metabolism, and exercise performance. Exclusion included those who had signs of any
physiological complications or accidents during the experimental period. All players
who fit the criteria completed a physical examination and a physical activity readiness
questionnaire (PARQ) by a registered physical therapist and sports scientist. All participants
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were instructed to consume regular diets and to drink water ad libitum; refrain from
vigorous physical activity; avoid all types of non-sports drinks, such as tea, coffee, and
alcoholic beverages; and to sleep for at least 8 h for 2 days before the scheduled test date.
This study was conducted during the off-season period and conformed to the Declaration of
Helsinki and the regulations of the Institutional Review Board of Chulalongkorn University,
Thailand (COA No. 650071). Prior to inclusion, comprehensive testing outlines and an
explanation of the study were provided for participants. Written informed consent was
received prior to conducting the physical tests.

2.2. Experimental Design

All participants completed three trials, separated by at least 5 days. Manufactured
(Kovic International (Thailand) Co., Ltd. Bangkok, Thailand) isocaloric drinks that were
electrolyte-based (placebo with 25 g glucose, drink 1, D1), electrolyte-based with creatine
(drink 2, D2 with 25 g glucose and 5 g creatine monophosphate), and electrolyte-based
with creatine plus caffeine (drink 3, D3 with 25 g glucose, 5 g creatine monophosphate and
35 mg caffeine) have a caffeine allowance (in the general drink) limited to no more than
15 mg per 100 mL per drink, according to the Thailand FDA (Ministry of Public Health,
2000). All three had identical taste, color, and flavor. Drinks were randomly provided
during the 15 min recovery period in between the simulated soccer game. Participants
were asked to record their food and fluid intakes, including the portion sizes of all foods
consumed and the volume of all fluids consumed on the day prior to each trial in order to
estimate their normal nutritional status.

2.3. Experimental Procedures

On test day, standing height, body mass, and body composition were measured
using a free-standing adjustable stadiometer (IOI 353, Danilsmc, Gyeonggi-do, Republic of
Korea) with a dry short and barefoot. Resting blood pressure was determined using an auto-
sphygmomanometer (Omron, Kyoto, Japan). The hydration status was indirectly monitored
using urine-specific gravity (USG; Refractometer DIP; model PEN-PRO; Atago, Tokyo,
Japan). Using sterile techniques, blood samples from finger tips were collected for baseline
glucose and lactate levels using an alcohol pad, sterilized single-use lancing devices (ACCU-
CHEK safe-T-Pro Uno. Roche, Bern, Switzerland), glucose (ACCU-CHEK Active. Roche,
Bern, Switzerland), and a lactate analyzer (Scout EKF Diagnostics, Cardiff, UK). Telemetry
heart rates (Polar H10, Polar Electro Oy, Vantaa, Finland), the breath-by-breath gas analyzer
(METAMAX 3B, CORTEX, Berlin, Germany), and a non-invasive hemodynamic monitor
(Physioflow, Manatec Biomedical, Petit Ebersviller, France) were continuously monitored
at rest, during, and post-exercise. Data at rest were recorded continuously while the subject
sat quietly for 5 min and then completed a warm-up consisting of jogging, striding, and
dynamic stretching for 10 min.

After this 15 min warm-up, the exercise protocol, a modified Loughborough Intermit-
tent Shuttle Test (LIST), was conducted in a standard natural turf outdoor soccer field [28]
from 8-11 AM. Briefly, participants completed three sets of 15 min of repeated running,
walking, jogging, and sprinting between 20-m landmarks (first half; 3 x 5 min sets) sep-
arated by a 3 min seated recovery between sets. Body mass loss was obtained from
differences between pre-first-half and post-first-half exercises. During the 15 min recovery,
fluid replacements were separated into two portions: first randomly consuming 150% of
body mass loss of either D1, D2, or D3, and then drinking water ad libitum. With the limited
time, the latter ensured the highest possible amount of fluid replacements for soccer players.
Thereafter, the second 45 min exercise session (second half) was conducted continuously
with repeated intermittent sprinting and jogging between 20-m landmarks until fatigue. A
subjective evaluation, which involved ratings of perceived exertion (RPE; 0-10 scale) [29],
was also scaled throughout the period. Changes in performance were determined from
sprinting time (ST) during the second half. All these tests were done on the same field and
zone of the soccer club, where the natural turf was nicely looked after. This testing area



Sports 2023, 11, 4

40f 10

was well managed to confirm the quality of the field, which may have affected the results.
Moreover, the players were instructed to use the same shoes and sports wear. This study
was conducted in a temperature range of 32.9-35.4 Celsius and 64-76% humidity.

2.4. Statistical Analysis

All data were presented as the mean and standard error of mean (SEM). When the
homogeneity assumption of the variance was met (Leven’s test, p > 0.05), data were carefully
analyzed using repeated-measure ANOVA with a Bonferroni post-hoc test by the SPSS
statistical package (version 16; SPSS, Inc., New York, NY, USA). Statistical significances
were accepted when p < 0.05.

3. Results

All participants were able to complete the first half of the test, but none of them could
complete the 45 min sprinting exercise in the second half of the test. Anthropometric data
and vital signs from three separate visits (Table 1) showed no significant differences among
the resting conditions (p > 0.05). No significant differences regarding the amount of fluid
replacement among the groups during the recovery period were found (p > 0.05).

Table 1. Baseline anthropometric data and resting vital signs of participants (n = 17) during three
visits prior to physical exercises and drinks.

Variables Drink 1 Drink 2 Drink 3
Body mass (kg) 69.65 +2.18 70.06 + 2.57 67.89 £+ 2.38
Body mass index (km/m?2) 22.82 +0.53 22.93 + 0.60 22.14 + 0.57
Body fat (%) 16.47 +1.12 15.35 + 1.28 1431 +1.26
Body muscle (%) 36.47 +0.34 36.41 + 0.45 37.03 + 0.46
Resting heart rate (bpm) 70+ 2 72+1 71+2

Resting systolic blood pressure (mmHg) 119.21 £ 8.80 121.47 + 8.87 124.47 £ 8.97
Resting diastolic blood pressure (mmHg) 7149 £1095  67.74 £ 11.65 70.87 & 10.05

Cardiorespiratory and metabolic functions (Table 2) show the exercise intensity-
dependent characteristics in all groups. There was increasing cardiac, respiratory, and
metabolic functions during the 3 x 5 min sets (51, S2, and S3) during the first half, and these
were even higher in the second half (fatigue) in all D1, D2, and D3 conditions. However,
the data revealed no significant differences in these variables among the groups of either
the first or the second half.

Blood glucose and lactate concentration changes showed similar patterns in all drinks
without significant differences among the groups (Figure 1) at baseline, post-first half, and
immediately after the second half exercises (p > 0.05). USG levels from resting to the end
of the first half and at fatigue were 1.013 £ 0.002, 1.009 £ 0.003, and 1.024 & 0.002 in D1;
1.008 £ 0.002, 1.009 £ 0.002, and 1.023 £ 0.002 in D2; and 1.015 £ 0.003, 1.013 £ 0.003, and
1.024 £ 0.002 in D3, respectively. Again, no significant differences in the USG levels either
within or between groups were detected (p > 0.05).

10 160

Blood lactate (mmol/L)

Blood glucose (mg/dL)

Baseline Post 1st half Exhaustion Baseline Post 1st half Exhaustion

(a) (b)

Figure 1. Blood lactate (a) and glucose concentrations (b) at baseline (resting prior to drink), immedi-
ately after the first half, and second half (fatigue) from D1, D2, and D3.
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Table 2. Cardiorespiratory and metabolic changes from soccer game simulations during the first half
(51, S2, and S3) and the second half (fatigue) with D1, D2, and D3.

Phases Rest S1 S2 S3 Fatigue
Drink 1
Cardiac functions
HR (bpm) 70 +2 139 + 3 149 + 3 155+ 3 181+ 2
SV (mL) 85.50 + 1.99 117.98 +4.13 123.88 4+ 5.10 126.13 + 6.30 119.51 + 5.54
CO (L/min) 6.25 + 0.35 17.90 £+ 1.06 19.97 £ 1.15 19.86 +1.49 21.90 + 1.09
SVR (dyn-sec-cm*S) 1192.33 + 87.23 437.66 £ 25.86 448.14 £+ 59.82 409.27 4+ 41.95 357.12 £ 13.65
Respiratory functions
VT (L/time) 0.56 £+ 0.04 1.70 £ 0.06 1.59 £ 0.05 1.58 £+ 0.07 1.65 £ 0.05
BF (times/min) 18 +1 48 +2 54 +3 52+ 3 60 + 2
VE (L/min) 10.43 4+ 0.82 81.78 +4.34 85.80 + 4.05 80.91 + 3.45 98.49 + 3.45
Metabolic functions
VO, (L/min) 0.31 £ 0.02 2.79 + 0.08 2.70 +0.08 2.59 4+ 0.08 3.15 +0.08
VCO, (L/min) 0.28 +0.02 2.70 4+ 0.08 2.60 £ 0.07 2.49 4+ 0.07 3.05 4+ 0.08
RER 0.88 4+ 0.02 0.97 £ 0.01 0.97 £ 0.02 0.96 £+ 0.02 0.98 4+ 0.01
EE (cal/h) 92.86 + 8.82 830.69 + 23.41 801.73 + 23.25 770.42 + 23.17 927.29 + 24.74
Drink 2
Cardiac functions
HR (bpm) 72+1 147 + 3 159 £ 2 165 +2 186 + 2
SV (mL) 89.94 + 4.24 129.30 +9.44 123.92 +5.77 134.59 + 11.98 118.94 + 3.64
CO (L/min) 7.70 + 0.49 20.51 +1.21 21.09 + 0.99 2322 +1.47 21.59 +0.76
SVR (dyn-sec-cm*5) 987.95 + 75.88 402.95 + 26.40 486.68 £ 79.60 399.60 £ 39.40 327.09 £+ 12.66
Respiratory functions
VT (L/time) 0.54 +0.04 1.74 4+ 0.06 1.67 £ 0.07 1.63 £+ 0.08 1.70 £ 0.07
BF (times/min) 19+1 47 +3 49 +2 50 +3 58 + 2
VE (L/min) 10.03 4 0.80 79.78 4+ 3.82 79.34 +2.78 79.84 +4.12 98.38 + 3.62
Metabolic functions
VO, (L/min) 0.32 +0.01 2.96 4+ 0.06 2.77 £ 0.06 2.59 4+ 0.09 3.31 +0.07
VCO, (L/min) 0.270.01 2.76 + 0.09 2.62 £+ 0.08 2.45 4+ 0.09 3.11 £0.10
RER 0.85 + 0.03 0.93 £ 0.02 0.94 +0.02 0.95 + 0.01 0.97 +£0.01
EE (cal/h) 91.58 + 6.61 874.02 + 20.07 819.80 + 18.96 768.01 + 28.00 957.23 £ 26.27
Drink 3
Cardiac functions
HR (bpm) 71+2 145+ 4 160 + 4 162 + 4 182 +3
SV (mL) 85.37 + 3.62 122.89 +3.23 122.65 + 3.83 132.02 +2.74 109.70 +2.92
CO (L/min) 6.42 +0.39 17.72 £ 0.64 20.17 £+ 0.68 21.82 + 0.83 19.93 £+ 0.63
SVR (dyn-sec-cm_5) 1224.75 £ 90.01 446.83 £ 24.41 416.04 £ 30.72 425.59 + 45.40 365.41 £ 13.06
Respiratory functions
VT (L/time) 0.60 4= 0.04 1.82 +£0.07 1.76 £ 0.05 1.65 + 0.07 1.71 £ 0.06
BF (times/min) 19+1 46 +2 48 +2 50 +3 56 4+ 2
VE (L/min) 10.89 £ 0.74 81.33 +2.16 83.02 + 2.66 80.80 + 3.48 93.77 +£2.03
Metabolic functions
VO, (L/min) 0.31 +0.01 2.92 4+ 0.05 2.84 +0.05 2.58 4+ 0.07 3.12 £ 0.06
VCO; (L/min) 0.27 £0.10 2.75 £ 0.10 2.63 £0.10 2.51 £ 0.09 292 +£0.12
RER 0.86 &+ 0.02 0.94 £+ 0.03 0.93 £+ 0.03 0.97 +0.01 0.94 £+ 0.03
EE (cal/h) 97.66 + 5.95 865.49 + 16.55 841.22 +16.24 768.91 + 20.60 923.35 £ 19.70

HR, heart rate; SV, stroke volume; CO, cardiac output; SVR, systemic vascular resistance; VT, tidal volume; BE,
breathing frequency; VE, minute ventilation; VO,, oxygen consumption; VCO,, carbon dioxide production; RER,
respiratory exchange ratio; EE, energy expenditure.

Changes in aerobic capacities were tested in the second half from repeated high-speed
running along the 20-m distance track (Figure 2). D3 shows a significantly longer ST
compared with D1 (p < 0.05). However, there were no significant differences between D1-
D2 and D2-D3 (p > 0.05). The RPE in all groups changed in similar progressively increasing
patterns from baseline to fatigue among all trials.
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ST (min)

10 4

RPE

D1

D2 D3 Baseline Post 1st half Fatigue

(a) (b)

Figure 2. Sprinting time (ST, (a)) and the rate of perceived exertion (RPE; (b)) during the second
half. While RPE increased in similar patterns, ST in D3 was significantly higher than D1. * p < 0.05,
significant differences from D1.

4. Discussion

The present study shows enhancement of physical performance for sprinting time due
to the combination of caffeine and creatine in glucose—electrolyte-based solutions. None
of the drinks exhibited any changes in cardiorespiratory and metabolic responses during
the first and second half of the tests.

Anthropometric data, resting blood pressures, and heart rate (Table 1) from the three
tests were within normal ranges for young Thai males [30]. None of the participants showed
abnormal signs or symptoms during the repeated tests. These tests were performed during
the morning period during late summer season in Thailand, where the average ambient
temperature and humidity were 32.9-35.4 Celsius and 64-76%.

All participants were able to complete the first 45 min test, but none of the participants
could complete the second 45 min period test. The ranges were from 9.54 to 21.14 min in
D1, 6.41 to 23.51 min in D2, and 11.31 to 37.51 min in D3. Similar intolerable results were
shown as athletes performed physical activities in hot and humid environments [31]. RER
during the second half were, in fact, nearly approaching 1.0. However, exercise termination
was set up at the target HR of 90% of the age-predicted max HR.

Sports drinks represent palatable and efficient solutions for hydrating and supplying
essential electrolytes, energy, and other nutrients employed and/or lost during physical
exercise. The formulas can be designed according to the sports context: for example, to
hydrate athletes, to restore energy, to improve circulation, and more recently, to improve
mental focus and/or to prevent post-exercise muscle and joint pain [32,33]. The electrolyte-
based drink is selected because electrolyte and water loss is the fundamental physiological
response via sweating during physical activity [33]. Based on the electrolyte-based drink,
the present study investigates physical performance changes when creatine and caffeine
supplements are serially added.

Fluid and electrolytes replacements for those who will undertake the consecutive exer-
cise session are compulsory. In professional soccer, fluid replacements are recommended
both before and during the break [34]. Practically, volume replacements during recovery
should exceed the volume that is lost during the first 45 min of exercise for two reasons:
(a) to compensate for the ongoing water loss and (b) the additional sodium will assist fluid
balance via extracellular osmolarity [35]. Assuming a 150% fluid ingestion during a short
period of recovery, this amount of fluid may not be appropriate and not immediately exert
any effect on blood volume and plasma osmolarity. We did not directly measure changes in
blood volumes and osmolarities. However, the normal ranges of pre-exercise USG levels in
the present study reflect the similar hydration status of all groups at rest. This will increase
the hydration status at post-first half and post-fatigue.

In this study, the carbohydrate content of 25 g was added in all drinks. This follows
the recommendation from a previous study that 22 g of carbohydrates every hour will
improve physical performance [36]. To improve performance, ACSM recommends at least
30-60 g/h of carbohydrates during exercise [37]. Despite the amount of carbohydrates
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from previous studies, the present isocaloric supplemental designs for D1, D2, and D3
drinks will, therefore, similarly affect the physiological changes in this experiment. It is
noted that more than 600 mg of caffeine will cause changes in cardiovascular functions [38],
according to a previous study where maximum ventilatory responses were shown [39]. In
the present study (Table 2), tidal volume, breathing frequency, and minute ventilation show
the nearest maximum values. Thus, it is believed that the effect of high-intensity exercises
on respiratory functions will overcome the effects of caffeine.

Steady blood glucose levels among healthy participants are expected from exercises
with a similar duration and a similar level of intensity [40] in which high lactate concen-
trations reflect higher muscle metabolism using glycogen as energy substrates during
endurance activities [41].

The exercise testing protocol in this study was modified from LIST. None of the soccer
players in this study could run the full 45 min duration in the second half. The activity
patterns of this specific test are proven to induce physiological and metabolic demands
that are close to those observed in a soccer match [28]. A meta-analysis study concluded
that exercise performance increased about 2% when 30-80 g/h of carbohydrates were
added [41]. It is known that the exogenous carbohydrate will affect performance when
muscle and liver glycogens became critically depleted from long-term physical exercise.
A previous study indicated that muscle and liver glycogens are the main energy sources
during moderate intensity exercise [42]. In addition, muscle and liver glycogen resynthesis
takes about 6 hrs post-exercise, and is activated under the condition of 1 g/kg carbohydrate
ingestion [43]. In the present study, a supplement of 25 g of carbohydrates was provided
within the 15 min recovery session. This amount, as well as duration, may be inappropriate
for completely energizing subsequent performance. This indicates that sprinting time
improvements during the second half of the exercise are derived from other sources.

To provide adequate supplementations during recovery in order to improve the perfor-
mance of the second half of the test in soccer players, creatine (D2) and creatine plus caffeine
(D3) were serially added. The resynthesis of ATP via the hydrolysis of PCr helps maintain
ATP’s availability, particularly during maximal effort anaerobic sprint-type exercises [17].
According to the very brief transit time in the gastrointestinal tract, almost 100% of creatine
monophosphate is absorbed [44]. A study from muscle biopsy indicates that without
creatine intake this process can replenish intramuscular ATP from 4-68% within 15 min
under the condition of oxygen availability [45]. Thus, creatine supplementation alone may
partly be involved with subsequent repeated high-intensity physical activity (Figure 2A).
Over 70% of several hundred studies showed the remarkable positive effect of long-term
creatine monohydrate, while the other 30% showed a small or insignificant effect [23]. The
present study also indicated that acute creatine supplementation of 20 g/day for 5-7 days
improves 5-15% of maximal power/strength, 5-15% of maximal effort muscle contractions
(5-15%), 1-5% of single-effort sprint performance, and 5-15% of work performed during
repetitive sprint performance. Receiving creatine monophosphate of 15 g/day for 5 days
reduces the time needed to complete 40 m sprints [46]. In soccer players, creatine at 5 g/day
* 6 days improved 5- and 15-m sprint speeds, as well as jumping performance [47,48].
Doses, duration of creatine supplementation, and exercise tools cause the controversial
results and need further investigations.

The effectiveness of caffeine on cognitive functions among athletes has been clearly
demonstrated [49] in addition to endurance [2] and muscle strength [7]. The effects of
caffeine on higher-center functions have been found [50] and considered an ergogenic
substance on endurance performance [51]. Caffeine action is associated with adrenaline
(epinephrine)-induced enhanced free-fatty acid oxygen-independent pathways and con-
sequent glycogen sparing, which is closely related to anaerobic power [51]. The other
mechanism explained that caffeine acts antagonistically on adenosine receptors, thereby
inhibiting the negative effects of adenosine on neurotransmission, arousal, and pain per-
ception. The hypoalgesia effects of caffeine resulted in dampened pain perception and
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blunted perceived exertion during exercise [52]. This will mitigate fatigue by extending the
timepoint at which a level of pain would result in exercise termination.

A recent investigation on the parallel changes of electroencephalography (EEG) and
cognitive functions shows the significant EEG alpha wave deactivation over the fronto-
parieto-occipital areas following the consumption of a 50 mg caffeinated drink with an
improvement of working memory observed in trail making A, B, and digit span tests [53].
A low dose of caffeine at 0.5 mg/kg body weight [54], which is equivalent to our study,
should show the effect on cognitive function of soccer players.

The limitations of this study are the severe environment of 32.9-35.4 Celsius and
64-76% humidity and the repeated-use area of the field, all of which may affect players’
performance. The results obtained in the study were obtained at high humidity and
temperature and it cannot be ruled out that with lower thermal stress, the results may
be otherwise.

5. Conclusions

This study conducted on soccer players provides evidence that not only macronutrients
but also psychoactive ingredients will potentially enhance performance, at least with respect
to sprinting time. Practically, even hydration during recovery is the primary aim for sports
drinks, and creatine (5 g) and caffeine (35 mg) will be another aspect of concern for athletes.
They enhance performance with no harm on cardiorespiratory functions and can be safely
used by athletes.

Author Contributions: Conceptualization, K.M. and R.C.; methodology, K.M. and R.C.; investigation,
KM, TS. and R.C,; resources, K.M.; data curation, K.M., T.S. and R.C.; writing—original draft
preparation, K.M.; writing—review and editing, K.M. and R.C.; project administration, K.M.; funding
acquisition, K.M. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Exercise Physiology in Special Population Research Unit,
Faculty of Sports Science, Chulalongkorn University (GRU 6503739001-1).

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Chulalongkorn University, Thailand
(COA No. 650071).

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 from the corresponding
author upon request.

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

References

1. Silva, M.-R.G.; Paiva, T.; Silva, H.-H. 6-The Impact of Sports and Energy Drinks in Performance. In Sports and Energy Drinks;
Grumezescu, A.M., Holban, A.M.,, Eds.; Woodhead Publishing: Sawston, UK, 2019; pp. 183-204.

2. Guest, N.S.; VanDusseldorp, T.A.; Nelson, M.T.; Grgic, J.; Schoenfeld, B.J.; Jenkins, N.D.M.; Arent, S.M.; Antonio, J.; Stout, ].R,;
Trexler, E.T; et al. International society of sports nutrition position stand: Caffeine and exercise performance. J. Int. Soc. Sport.
Nutr. 2021, 18, 1. [CrossRef] [PubMed]

3. Coso, ].D.; Mufioz, G.; Munoz-Guerra, J. Prevalence of caffeine use in elite athletes following its removal from the World
Anti-Doping Agency list of banned substances. Appl. Physiol. Nutr. Metab. 2011, 36, 555-561. [CrossRef] [PubMed]

4. Aguilar-Navarro, M.; Mufioz, G.; Salinero, J.J.; Mufioz-Guerra, J.; Fernandez-Alvarez, M.; Plata, M.d.M.; Del Coso, J. Urine
Caffeine Concentration in Doping Control Samples from 2004 to 2015. Nutrients 2019, 11, 286. [CrossRef]

5. Bailey, R.L,; Saldanha, L.G.; Gahche, ].].; Dwyer, ].T. Estimating caffeine intake from energy drinks and dietary supplements in
the United States. Nutr. Rev. 2014, 72, 9-13. [CrossRef] [PubMed]

6.  Wickham, K.A,; Spriet, L.L. Administration of Caffeine in Alternate Forms. Sport. Med. 2018, 48, 79-91. [CrossRef]

7. Behrens, M.; Mau-Moeller, A.; Weippert, M.; Fuhrmann, J.; Wegner, K.; Skripitz, R.; Bader, R.; Bruhn, S. Caffeine-induced increase
in voluntary activation and strength of the quadriceps muscle during isometric, concentric and eccentric contractions. Sci. Rep.
2015, 5, 10209. [CrossRef]

8.  Grgic, J. Are There Non-Responders to the Ergogenic Effects of Caffeine Ingestion on Exercise Performance? Nutrients 2018,

10, 1736. [CrossRef]


http://doi.org/10.1186/s12970-020-00383-4
http://www.ncbi.nlm.nih.gov/pubmed/33388079
http://doi.org/10.1139/h11-052
http://www.ncbi.nlm.nih.gov/pubmed/21854160
http://doi.org/10.3390/nu11020286
http://doi.org/10.1111/nure.12138
http://www.ncbi.nlm.nih.gov/pubmed/25293539
http://doi.org/10.1007/s40279-017-0848-2
http://doi.org/10.1038/srep10209
http://doi.org/10.3390/nu10111736

Sports 2023, 11, 4 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Southward, K.; Rutherfurd-Markwick, K.J.; Ali, A. Correction to: The Effect of Acute Caffeine Ingestion on Endurance Perfor-
mance: A Systematic Review and Meta-Analysis. Sport. Med. 2018, 48, 2425-2441. [CrossRef]

Pataky, M.W.; Womack, C.J.; Saunders, M.].; Goffe, J.L.; D’'Lugos, A.C.; El-Sohemy, A.; Luden, N.D. Caffeine and 3-km cycling
performance: Effects of mouth rinsing, genotype, and time of day. Scand. |. Med. Sci. Sport. 2016, 26, 613-619. [CrossRef]

Sahlin, K.; Harris, R.C. The creatine kinase reaction: A simple reaction with functional complexity. Amino Acids 2011, 40, 1363-1367.
[CrossRef]

Kreider, R.B.; Melton, C.; Rasmussen, C.J.; Greenwood, M.; Lancaster, S.; Cantler, E.C.; Milnor, P.; Almada, A.L. Long-term
creatine supplementation does not significantly affect clinical markers of health in athletes. Mol. Cell. Biochem. 2003, 244, 95-104.
[CrossRef]

Williams, M.H. Facts and fallacies of purported ergogenic amino acid supplements. Clin. Sport. Med. 1999, 18, 633-649. [CrossRef]
Hultman, E.; Soderlund, K.; Timmons, J.A.; Cederblad, G.; Greenhaff, P.L. Muscle creatine loading in men. . Appl. Physiol. 1996,
81,232-237. [CrossRef] [PubMed]

Balsom, P.D.; Soderlund, K.; Ekblom, B. Creatine in Humans with Special Reference to Creatine Supplementation. Sport. Med.
1994, 18, 268-280. [CrossRef] [PubMed]

Burke, D.G.; Chilibeck, P.D.; Parise, G.; Candow, D.G.; Mahoney, D.; Tarnopolsky, M. Effect of Creatine and Weight Training on
Muscle Creatine and Performance in Vegetarians. Med. Sci. Sport. Exerc. 2003, 35, 1946-1955. [CrossRef] [PubMed]

Ydfors, M.; Hughes, M.C.; Laham, R.; Schlattner, U.; Norrbom, J.; Perry, C.G.R. Modelling in vivo creatine/phosphocreatine
in vitro reveals divergent adaptations in human muscle mitochondrial respiratory control by ADP after acute and chronic exercise.
J. Physiol. 2016, 594, 3127-3140. [CrossRef] [PubMed]

Jager, R.; Purpura, M.; Shao, A_; Inoue, T.; Kreider, R.B. Analysis of the efficacy, safety, and regulatory status of novel forms of
creatine. Amino Acids 2011, 40, 1369-1383. [CrossRef] [PubMed]

Huang, S.-H.; Johnson, K.; Pipe, A.L. The Use of Dietary Supplements and Medications by Canadian Athletes at the Atlanta and
Sydney Olympic Games. Clin. . Sport Med. 2006, 16, 27-33. [CrossRef]

Rodriguez, N.R.; DiMarco, N.M.; Langley, S. Position of the American Dietetic Association, Dietitians of Canada, and the
American College of Sports Medicine: Nutrition and athletic performance. J. Am. Diet Assoc. 2009, 109, 509-527. [CrossRef]
Sheppard, H.L.; Raichada, S.M.; Kouri, K.M.; Stenson-Bar-Maor, L.; Branch, J.D. Use of creatine and other supplements by
members of civilian and military health clubs: A cross-sectional survey. Int. J. Sport Nutr. Exerc. Metab. 2000, 10, 245-259.
[CrossRef]

Juhasz, I; Gyore, I; Csende, Z.; Racz, L.; Tihanyi, J. Creatine supplementation improves the anaerobic performance of elite junior
fin swimmers. Hung. Acta Physiol. 2009, 96, 325-336. [CrossRef] [PubMed]

Kreider, R.B. Effects of creatine supplementation on performance and training adaptations. Mol. Cell. Biochem. 2003, 244, 89-94.
[CrossRef] [PubMed]

Mielgo-Ayuso, J.; Calleja-Gonzalez, J.; Marques-Jimenez, D.; Caballero-Garcia, A.; Cordova, A.; Fernandez-Lazaro, D. Effects of
Creatine Supplementation on Athletic Performance in Soccer Players: A Systematic Review and Meta-Analysis. Nutrients 2019,
11, 757. [CrossRef] [PubMed]

Cox, G.; Mujika, I.; Tumilty, D.; Burke, L. Acute creatine supplementation and performance during a field test simulating match
play in elite female soccer players. Int. |. Sport Nutr. Exerc. Metab. 2002, 12, 33—46. [CrossRef] [PubMed]

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. Sport. Nutr. 2017, 14, 18. [CrossRef] [PubMed]

Wallimann, T.; Dolder, M.; Schlattner, U.; Eder, M.; Hornemann, T.; O’Gorman, E.; Riick, A.; Brdiczka, D. Some new aspects of
creatine kinase (CK): Compartmentation, structure, function and regulation for cellular and mitochondrial bioenergetics and
physiology. Biofactors 1998, 8, 229-234. [CrossRef]

Nicholas, C.W.; Nuttall, FE.; Williams, C. The Loughborough Intermittent Shuttle Test: A field test that simulates the activity
pattern of soccer. J. Sport. Sci. 2000, 18, 97-104. [CrossRef]

Rodriguez-Marroyo, J.A.; Antonan, C. Validity of the session rating of perceived exertion for monitoring exercise demands in
youth soccer players. Int. J. Sport. Physiol. Perform. 2015, 10, 404—407. [CrossRef]

Tomitani, N.; Wanthong, S.; Roubsanthisuk, W.; Buranakitjaroen, P.; Hoshide, S.; Kario, K. Differences in ambulatory blood
pressure profiles between Japanese and Thai patients with hypertension /suspected hypertension. J. Clin. Hypertens. 2021, 23,
614-620. [CrossRef]

Shirreffs, S.M. Symposium on ‘Performance, exercise and health” Hydration, fluids and performance: Conference on ‘Multidisci-
plinary approaches to nutritional problems’. Proc. Nutr. Soc. 2009, 68, 17-22. [CrossRef]

Hoffman, M.D.; Joslin, ].; Rogers, L.R. Management of Suspected Fluid Balance Issues in Participants of Wilderness Endurance
Events. Curr. Sport. Med. Rep. 2017, 16, 98-102. [CrossRef] [PubMed]

Orru, S.; Imperlini, E.; Nigro, E.; Alfieri, A.; Cevenini, A.; Polito, R.; Daniele, A.; Buono, P.; Mancini, A. Role of Functional
Beverages on Sport Performance and Recovery. Nutrients 2018, 10, 1470. [CrossRef] [PubMed]

Schenk, K.; Bizzini, M.; Gatterer, H. Exercise physiology and nutritional perspectives of elite soccer refereeing. Scand. J. Med. Sci.
Sport. 2018, 28, 782-793. [CrossRef] [PubMed]


http://doi.org/10.1007/s40279-018-0967-4
http://doi.org/10.1111/sms.12501
http://doi.org/10.1007/s00726-011-0856-8
http://doi.org/10.1023/A:1022469320296
http://doi.org/10.1016/S0278-5919(05)70173-3
http://doi.org/10.1152/jappl.1996.81.1.232
http://www.ncbi.nlm.nih.gov/pubmed/8828669
http://doi.org/10.2165/00007256-199418040-00005
http://www.ncbi.nlm.nih.gov/pubmed/7817065
http://doi.org/10.1249/01.MSS.0000093614.17517.79
http://www.ncbi.nlm.nih.gov/pubmed/14600563
http://doi.org/10.1113/JP271259
http://www.ncbi.nlm.nih.gov/pubmed/26631938
http://doi.org/10.1007/s00726-011-0874-6
http://www.ncbi.nlm.nih.gov/pubmed/21424716
http://doi.org/10.1097/01.jsm.0000194766.35443.9c
http://doi.org/10.1016/j.jada.2009.01.005
http://doi.org/10.1123/ijsnem.10.3.245
http://doi.org/10.1556/APhysiol.96.2009.3.6
http://www.ncbi.nlm.nih.gov/pubmed/19706374
http://doi.org/10.1023/A:1022465203458
http://www.ncbi.nlm.nih.gov/pubmed/12701815
http://doi.org/10.3390/nu11040757
http://www.ncbi.nlm.nih.gov/pubmed/30935142
http://doi.org/10.1123/ijsnem.12.1.33
http://www.ncbi.nlm.nih.gov/pubmed/11993621
http://doi.org/10.1186/s12970-017-0173-z
http://www.ncbi.nlm.nih.gov/pubmed/28615996
http://doi.org/10.1002/biof.5520080310
http://doi.org/10.1080/026404100365162
http://doi.org/10.1123/ijspp.2014-0058
http://doi.org/10.1111/jch.14107
http://doi.org/10.1017/S002966510800877X
http://doi.org/10.1249/JSR.0000000000000344
http://www.ncbi.nlm.nih.gov/pubmed/28282356
http://doi.org/10.3390/nu10101470
http://www.ncbi.nlm.nih.gov/pubmed/30308976
http://doi.org/10.1111/sms.12989
http://www.ncbi.nlm.nih.gov/pubmed/28980345

Sports 2023, 11, 4 10 of 10

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.
51.

52.
53.

54.

Evans, G.H.; James, L.J.; Shirreffs, 5S.M.; Maughan, R.J. Optimizing the restoration and maintenance of fluid balance after
exercise-induced dehydration. J. Appl. Physiol. 2017, 122, 945-951. [CrossRef]

Fielding, R.A.; Costill, D.L.; Fink, W.J.; King, D.S.; Hargreaves, M.; Kovaleski, J.E. Effect of carbohydrate feeding frequencies and
dosage on muscle glycogen use during exercise. Med. Sci. Sport. Exerc. 1985, 17, 472-476. [CrossRef]

Rodriguez, N.R.; Di Marco, N.M.; Langley, S. American College of Sports Medicine position stand. Nutrition and athletic
performance. Med. Sci. Sport. Exerc. 2009, 41, 709-731. [CrossRef]

Turnbull, D.; Rodricks, ].V.; Mariano, G.E; Chowdhury, E. Caffeine and cardiovascular health. Regul. Toxicol. Pharmacol. 2017, 89,
165-185. [CrossRef]

Clark, ].M.; Hagerman, E.C.; Gelfand, R. Breathing patterns during submaximal and maximal exercise in elite oarsmen. J. Appl.
Physiol. Respir. Environ. Exerc. Physiol. 1983, 55, 440-446. [CrossRef]

Ali, A.; Duizer, L.; Foster, K.; Grigor, J.; Wei, W. Changes in sensory perception of sports drinks when consumed pre, during and
post exercise. Physiol. Behav. 2011, 102, 437-443. [CrossRef]

Temesi, J.; Johnson, N.A.; Raymond, J.; Burdon, C.A.; O’Connor, H.T. Carbohydrate ingestion during endurance exercise improves
performance in adults. J. Nutr. 2011, 141, 890-897. [CrossRef]

Stevenson, E.J.; Thelwall, P.E.; Thomas, K.; Smith, F; Brand-Miller, J.; Trenell, M.I. Dietary glycemic index influences lipid
oxidation but not muscle or liver glycogen oxidation during exercise. Am. J. Physiol. Endocrinol. Metab. 2009, 296, E1140-E1147.
[CrossRef] [PubMed]

Ivy, ].L. Glycogen resynthesis after exercise: Effect of carbohydrate intake. Int. J. Sport. Med. 1998, 19 (Suppl. S2), S142-5145.
[CrossRef] [PubMed]

Deldicque, L.; Décombaz, J.; Zbinden Foncea, H.; Vuichoud, J.; Poortmans, J.R.; Francaux, M. Kinetics of creatine ingested as a
food ingredient. Eur. J. Appl. Physiol. 2008, 102, 133-143. [CrossRef]

Sahlin, K.; Harris, R.C.; Hultman, E. Resynthesis of creatine phosphate in human muscle after exercise in relation to intramuscular
pH and availability of oxygen. Scand. J. Clin. Lab. Investig. 1979, 39, 551-558. [CrossRef] [PubMed]

Aaserud, R.; Gramvik, P.; Olsen, S.R.; Jensen, ]J. Creatine supplementation delays onset of fatigue during repeated bouts of sprint
running. Scand. ]. Med. Sci. Sport. 1998, 8, 247-251. [CrossRef] [PubMed]

Mujika, I; Padilla, S.; Ibafiez, J.; Izquierdo, M.; Gorostiaga, E. Creatine supplementation and sprint performance in soccer players.
Med. Sci. Sport. Exerc. 2000, 32, 518-525. [CrossRef] [PubMed]

Bosco, C.; Tihanyi, J.; Pucspk, J.; Kovacs, I.; Gabossy, A.; Colli, R.; Pulvirenti, G.; Tranquilli, C.; Foti, C.; Viru, M.; et al. Effect of
oral creatine supplementation on jumping and running performance. Int. J. Sport. Med. 1997, 18, 369-372. [CrossRef]

Kais, K.; Raudsepp, L. Cognitive and Somatic Anxiety and Self-Confidence in Athletic Performance of Beach Volleyball. Percept.
Motor Skills 2004, 98, 439—449. [CrossRef]

Glade, M.J. Caffeine-Not just a stimulant. Nutrition 2010, 26, 932-938. [CrossRef]

Davis, J.K.; Green, ].M. Caffeine and anaerobic performance: Ergogenic value and mechanisms of action. Sport. Med. 2009, 39,
813-832. [CrossRef]

Sawynok, J. Adenosine receptor activation and nociception. Eur. J. Pharmacol. 1998, 347, 1-11. [CrossRef] [PubMed]
Ajjimaporn, A.; Noppongsakit, P.; Ramyarangsi, P.; Siripornpanich, V.; Chaunchaiyakul, R. A low- dose of caffeine suppresses
EEG alpha power and improves working memory in healthy University males. Physiol. Behav. 2022, 256, 113955. [CrossRef]
[PubMed]

McLellan, T.M.; Caldwell, J.A.; Lieberman, H.R. A review of caffeine’s effects on cognitive, physical and occupational performance.
Neurosci. Biobehav. Rev. 2016, 71, 294-312. [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.


http://doi.org/10.1152/japplphysiol.00745.2016
http://doi.org/10.1249/00005768-198508000-00012
http://doi.org/10.1249/MSS.0b013e31890eb86
http://doi.org/10.1016/j.yrtph.2017.07.025
http://doi.org/10.1152/jappl.1983.55.2.440
http://doi.org/10.1016/j.physbeh.2010.12.013
http://doi.org/10.3945/jn.110.137075
http://doi.org/10.1152/ajpendo.90788.2008
http://www.ncbi.nlm.nih.gov/pubmed/19223653
http://doi.org/10.1055/s-2007-971981
http://www.ncbi.nlm.nih.gov/pubmed/9694422
http://doi.org/10.1007/s00421-007-0558-9
http://doi.org/10.3109/00365517909108833
http://www.ncbi.nlm.nih.gov/pubmed/43580
http://doi.org/10.1111/j.1600-0838.1998.tb00478.x
http://www.ncbi.nlm.nih.gov/pubmed/9809381
http://doi.org/10.1097/00005768-200002000-00039
http://www.ncbi.nlm.nih.gov/pubmed/10694141
http://doi.org/10.1055/s-2007-972648
http://doi.org/10.2466/pms.98.2.439-449
http://doi.org/10.1016/j.nut.2010.08.004
http://doi.org/10.2165/11317770-000000000-00000
http://doi.org/10.1016/S0014-2999(97)01605-1
http://www.ncbi.nlm.nih.gov/pubmed/9650842
http://doi.org/10.1016/j.physbeh.2022.113955
http://www.ncbi.nlm.nih.gov/pubmed/36055414
http://doi.org/10.1016/j.neubiorev.2016.09.001
http://www.ncbi.nlm.nih.gov/pubmed/27612937

	Introduction 
	Materials and Methods 
	Participants 
	Experimental Design 
	Experimental Procedures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

