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ABSTRACT

Introduction: Caffeine, a well-known stimulant, is commonly used by athletes to enhance
performance across various sports, including combat sports. Its ergogenic properties, such as
improved strength, endurance, and cognitive function, have been well documented in the
literature. This paper explores the effects of caffeine supplementation on combat sports,
specifically in disciplines such as judo, jiu-jitsu, tackwondo, and boxing. The impact of
different doses of caffeine on performance in these sports is examined, along with potential

risks, limitations, and considerations for its use.

Aim of Study: The primary aim of this study is to analyze the effects of caffeine on
performance in combat sports, considering various factors such as optimal dosage, timing, and
the impact of habitual caffeine consumption. Additionally, this paper evaluates the potential
adverse effects, including anxiety, sleep disturbances, and cardiovascular concerns, as well as

the considerations regarding caffeine’s status as a banned substance in sports.

Material and methods: A review of the literature on caffeine and its effect was performed

using the PubMed database.
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Results and Conclusions: Caffeine supplementation consistently enhances performance in
combat sports. Doses ranging from 3—6 mg/kg were found to improve strength, endurance,
and reaction times across various combat sports, with higher doses being more effective for
elite athletes. However, habitual caffeine consumption may diminish responsiveness to
caffeine’s ergogenic effects. Caffeine’s potential adverse effects, such as anxiety, insomnia,
and increased heart rate, were reported, with gender differences in sensitivity. While
caffeine’s ergogenic effects are well-established, its use should be personalized, considering
individual responses and training status. Furthermore, caffeine's legal status and potential
interactions with other substances, such as alcohol and medications, must be considered in

competitive settings.
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1. INTRODUCTION

OVERVIEW OF COMBAT SPORTS AND THE PHYSIOLOGICAL DEMANDS OF

THE DISCIPLINE.
Human civilizations and cultures have engaged in combative activities associated with
warfare for millennia. Today, modern versions of these controlled activities, collectively
termed “combat sports”. Combat sports take a significant place in sport today, being part of
many international multi-sport events (e.g., Olympic Games and Continental Games), as well
as having their exclusive event, the World Combat Games and each sport’s world
championships. They are predominant events at the Olympic Games, where they comprise
approximately 16% of the total medals awarded[1]. There are also an increasing number of
professional combat sports with global audiences. The growing popularity of professional
combat sports and their importance at the Olympic games have led to an increase in scientific
studies that characterize the physical, physiological, nutritional, biomechanical and training
strategies of combat sports athletes. These studies characterize combat sports as high-intensity

sports which require training strategies to develop the high-intensity capabilities of athletes[2].



In almost all combat sports, athletes are classified according to their body mass so the
matches are more equitable in terms of body size, strength and agility. However, many
athletes acutely reduce body mass in an attempt to get an advantage by competing against
lighter, smaller and weaker opponents[3]. Combat sports arguably contain unique
characteristics in comparison to other sports: one must directly attack the opponent’s body
and the attack can be conducted simultaneously[1].

Most combat sports require a high level of technique, tactical excellence and physical fitness,
especially strength, aerobic fitness, muscle power, and speed. In professional and amateur
combat sports, participants can either strike an opponent using their fists, elbows, knees, head
or feet; wrestle, throw, or pin an opponent on the ground; or grapple with an opponent in an
effort to manipulate their body in order to perform joint locks and chokes. Therefore, in
general, combat sports have been classified as striking (e.g., boxing, karate, tackwondo),
grappling (e.g, Brazilian jiu-jitsu, judo, wrestling) or mixed (e.g., hapkido, jujutsu) sports,
depending on their technical actions and rules[1]. In sanctioned and organized combat sports,
contests are won by scoring a knockout, submission, technical knockout (referee or corner
stopping the contest), or judges awarding points for superior technical ability and contest
control[2].

In general, the greater the potential duration of a contest and the total number of ‘attacks’, the
greater the requirement for well-developed aerobic capacity. Combat sports that are shorter in
duration and are comprised primarily of grappling or wrestling tend to require relatively lower
aerobic capacity. Nevertheless, a greater aerobic capacity has been related to a higher standard
of performance in boxing, wrestling, and judo; however, some studies indicate no difference
between standards[4]. This is somewhat expected, because although combat sport athletes
require well-adapted aerobic energy systems, these sports also place considerable demands on

anaerobic and neuromuscular systems during competition[2].

BACKGROUND ON CAFFEINE AS AN ERGOGENIC AID.

Many studies have been conducted looking at caffeine as an ergogenic aid. Most of the
beneficial effects of caffeine have been shown in relation to alertness and neurocognitive
performance, particularly in periods of sleep deprivation. Caffeine has also been implicated

with having an analgesic as well as antinociceptive effect.



Most of the studies looking at caffeine in improving exercise or athletic performance of
focused on endurance, submaximal exercise activities such as running and cycling. In these
situations, caffeine has generally been shown to improve or sustain exercise performance,
typically through an increase in the duration of the exercise or a decreased perception of
exertion. In cycling, caffeine has been shown to increase time to exhaustion at 85% VO2max
and decrease times to finish a fixed period of activity. Increased times to exhaustion have
been seen in running as well as decreased times to run set distances. It appears that the
ergogenic effect of caffeine occurs regardless of the timing of intake (either before or during
the event). The effect of caffeine intake appears to be prolonged to as much as 6 hours
following ingestion. This ergogenic effect is seen at a similar magnitude with both a one-time
ingestion prior to exercise as well as with multiple smaller, but equal dosages given
throughout a period of prolonged exercise. An interesting finding is that the ergogenic effect
of caffeine is more pronounced in nonusers (< 50 mg daily) compared with regular users (>
300 mg daily) of caffeine. This is most likely explained by the upregulation of adenosine
receptors with the regular consumption of caffeine.

The effect of caffeine on acute, high-intensity exercise is less clear. In the majority of studies
that look at caffeine as an ergogenic aid, the caffeine is consumed in capsule form. As already
discussed, by far the most common form of caffeine consumption is coffee. Graham et al.
looked at the ergogenic potential of caffeine ingested in the form of coffee. The plasma
concentrations of caffeine were similar whether ingested in the form of coffee or capsule.
However, enhancement of endurance was seen only when caffeine was consumed
independent of coffee. Likely, there are substances in coffee that antagonize the ergogenic
potential of caffeine. Another source of caffeine that has been studied in terms of its
ergogenic potential is caffeinated soft drinks. There is a practice among some endurance
athletes to use a “defizzed” soft drink as a replacement for sports drinks during the latter
stages of such events, believing that the caffeine intake produces an ergogenic effect. A study
out of Australia suggests that the use of Coca-Cola (CocaCola, Atlanta, GA) produces an
ergogenic effect similar to that of more conventional forms of caffeine intake. These findings
are of undetermined significance, however, as the dose of caffeine consumed through Coca-
Cola in this study are less than dosages of caffeine previously proven to be ergogenic.
Potential adverse effects: Caffeine can potentially cause some adverse effects. Reported
effects at moderate doses include locomotor agitation, tachycardia, diuresis, insomnia,

irritability, and increased anxiety. Severe caffeine toxicity has been linked to seizures and



arrhythmias. In addition, it has been well documented that caffeine produces a withdrawal
syndrome with cessation of repeated use. This can occur even with repeated usage at low
dosages. Studies have demonstrated that withdrawal symptoms can occur with cessation of
caffeine use for a short time period—as soon as 3 days after administration in novel users and
as soon as 12 hours in habitual users. Common symptoms of caffeine withdrawal include
headache, irritability, increased fatigue, drowsiness, decreased alertness, difficulty
concentrating, and decreased energy and activity levels. Symptoms can be mild to moderate in
severity. Fortunately, withdrawal symptoms are generally short-lived. Some of these adverse
effects that have been mentioned could prove deleterious to athletes. Several studies have
shown that caffeine can increase core body temperature. Increased diuresis with a
concomitant decrease in body weight has also been demonstrated after administration of
caffeine. These affects could prove to be harmful to athletes training in high ambient
temperatures[5].

Caffeine is the most commonly consumed drug in the world, and athletes frequently use it as
an ergogenic aid. It improves performance and endurance during prolonged, exhaustive
exercise. To a lesser degree it also enhances short-term, high-intensity athletic performance.
Caffeine improves concentration, reduces fatigue, and enhances alertness. Habitual intake

does not diminish caffeine's ergogenic properties[6].

2. THE MECHANISMS OF CAFFEINE ACTION IN THE BODY

CAFFEINE METABOLISM AND INDIVIDUAL VARIABILITY:

There is a large interindividual variability in caffeine consumption and in its effects on the
human body. Various factors that could contribute have been identified over the years,
including age, sex, hormones, type of activity, coingestion with food. Caffeine also interacts
with many medications[7].

Smoking of cigarettes and other inducers of aryl hydrocarbon hydroxylase tend to enhance the
caffeine metabolism; pregnancy, the use of oral contraceptives, and various kinds of liver
disease prolong the caffeine half-life[8].

The pharmacokinetics of caffeine are highly variable among individuals due to a
polymorphism at the level of the CYP1A2 isoform of cytochrome P450, which metabolizes
95% of the caffeine ingested. Moreover there is a polymorphism at the level of another

critical enzyme, N-acetyltransferase 2. At the pharmacodynamic level, there are several



polymorphisms at the main brain target of caffeine, the adenosine A2A receptor. Genetic
studies, including genome-wide association studies, identified several loci critically involved
in caffeine consumption and its consequences on sleep, anxiety, and potentially in
neurodegenerative and psychiatric diseases[7].

In the last two decades or so, numerous genetic studies aimed at clarifying how the genetic
variability in the enzymes metabolizing caffeine (like CYPIA2 and N-acetyltransferase
2) and in the expression of adenosine receptors, mainly the A2A receptor underlying most of
the physiological effects of caffeine in the body and brain, might underlie the
pharmacokinetics and pharmacodynamics of caffeine and hence the sensitivity of different
population subsets to the effects of caffeine ingestion[7].

However, according to Tian et al., intraindividual variation in caffeine metabolism is <30%,

regardless of CYP1A2 genotype, sex, age, oral contraceptive use, or smoking status[9].

PHYSIOLOGY OF CAFFEINE — HOW IT WORKS IN THE BODY?

Caftfeine (1,3,7-trimethylxanthine) is a xanthine which acts in the body’s cells by different
mechanisms of action and on a wide range of molecular targets. It intervenes as: an antagonist of
the adenosine receptors (caffeine binds to adenosine receptors, which in turn block the binding of
adenosine to its receptor); inhibitor of phosphodiesterase enzymes (it stimulates the accumulation
of cAMP by preventing it from being enzymatically broken down, therefore stimulates the release
of hormones such as dopamine, epinephrine, and noepinephrine[10]); sensitizer of calcium
liberation channels (xanthines increase the release of intracellular calcium through activation in
consort with calcium of the ryanodine-sensitive calcium release channels of the endoplasmic and

sarcoplasmic reticulum); and GABA receptor antagonist[11].

The blockage of adenosine receptors indirectly affects the release of neurotransmitters such as
acetylcholine, serotonin, glutamate, gamma-aminobutyric acid (GABA) (metabolites of
caffeine, though less understood, show ergogenic potential as receptor antagonists to the
calming inhibitory neurotransmitter - aminobutyric acid (GABA) and promoters of
intracellular calcium release to increase muscular firing speed[11]), dopamine (adenosine
inhibits the release of dopamine, thereby reducing mental alertness and motivation important

in athletic competitions, therefore caffeine’s antagonism of adenosine prevents this effects by



enhancing dopamine availability[ 12, 13] norepinephrine, epinephrine (caffeine also promotes
the release of the powerful stimulant epinephrine from the adrenal glands, which speeds the
rate of muscle contraction, increases heart rate, and increases release of free fatty acids for
energy[14]). An influx in these neurotransmitters alters mood, memory, alertness, and

cognitive function[10],

Caffeine shows various effects and mechanisms of action in vascular tissue. In endothelial cells, it
increases intracellular calcium stimulating the production of nitric oxide through the expression
of the endothelial nitric oxide synthase enzyme. Nitric oxide is diffused to the vascular smooth
muscle cell to produce vasodilation. In vascular smooth muscle cells its effect is predominantly a
competitive inhibition of phosphodiesterase, producing an accumulation of cAMP and
vasodilation. In addition, it blocks the adenosine receptors present in the vascular tissue to

produce vasoconstriction[15].

EFFECTS ON THE CENTRAL NERVOUS SYSTEM AND PERIPHERAL
FUNCTIONS

Caffeine has central nervous system stimulating properties (in the brain, adenosine and
adenosine receptors regulate the release of neurotransmitters and play an important role in the
regulation of sleep, arousal, cognition, memory, and learning[16, 17]), it is diuretic (adenosine
receptors antagonism increases glomerular filtration rate by opposing adenosine-mediated
vasoconstriction of renal afferent arterioles and inhibits sodium reabsorption in proximal
tubules[ 18], decreases fatigue, enhances mental focus and athletic performance, and presents
thermogenic effects. There is also evidence suggesting that the consumption of caffeine seems

to reduce caloric intake, which is why it may contribute to weight loss[17].

The central ergogenic effect is not likely related to the ability of caffeine to promote
wakefulness but could be due to an increase in the pain and effort perception threshold. There
is no evidence that caffeine alters peripheral nerve conduction velocity or neuromuscular
transmission[19], however according to Williams caffeine enhances neuromuscular
transmission and improves skeletal muscle contractility at the cellular level[14]. Studies have
shown that caffeine can have a direct effect on skeletal muscle that could be ergogenic[20].

They also suggest that caffeine can enhance contractile force during submaximal contractions



by potentiating calcium release from the ryanodine receptor, not by altering sarcoplasmic
excitability. Furthermore, the potentiation of force during submaximal electrical stimulation is
identical in habitual and nonhabitual caffeine consumers[19]. In contrary to Tarnopolsky’s
study, which appear to focus on isometric exercise; dynamic contractions at different speeds,
which was the subject of Bazzucchi et al.’s trial, indicated the improvement of muscle
performance during short-duration maximal dynamic contractions and mean muscle fiber
conduction velocity, therefore proved that there is an effect of caffeine on motor unit
recruitment[21]. Moreover, this suggests that impact of caffeine on muscle function depends

on the type of exercise.

3. CAFFEINE AND PERFORMANCE IN COMBAT SPORTS

Judogi dynamic strength endurance test comprises of holding on judogi involved
around the bar and performing the maximal number of repetitions from an elbow fully
extended to an elbow flexed until voluntary failure. When experienced judo and jiu-jitsu
athletes ingested of 5Smg/kg caffeine 60 minutes before it, they achieved improvement by 5%,
when compared to placebo. Caffeine also affected maximal isometric handgrip strength by
7%[22]. Special judo fitness test (SJFT) is based on executing special throw type called
Ippon-seoi-nage ( “one arm over the back throw”) in set amount of time. Consumption of
Smg/kg of caffeine before performing it was found to be helpful in increasing number of
throws and decreasing fatigue index in comparison to placebo in high-level judo athletes[23].
Lower dose of 4mg/kg in similar setting was also established as advantageous in SJFT, when
it was performed by underage judoists (16.1 + 1.4 yrs.)[24]. In adult highly-trained judo
professionals doses of 6 to 9mg/kg proved to be more efficient than 3mg/kg or placebo in
enhancing SJFT performance. Moreover habitual usage of more than 160mg of caffeine per
day came out to lower responsiveness to supplementation. In such individuals only dose of
9mg/kg was efficient[25]. On the other hand, different study conducted by Felippe et al.
(2016) using dose of 6mg/kg before 3 sets of SJFT, found that only caffeine together with
sodium bicarbonate, not alone, improved total number of throws[26]. Interestingly it was
shown that in karate athletes supplementation of caffeine in dose of 6mg/kg and sodium
bicarbonate alone, as well as together achieved better performance in karate-specific aerobic
test than control. Moreover, there were no statistical differences between groups other than

between control[27]. Previously mentioned researches tested ingestion of caffeine 60 minutes

10



before exercise. Interestingly, usage of caffeinated chewing gum 15 minutes before exercise
in dose of 5.4mg/kg proved to be unsuccessful in improving scores in SJFT by elite judo
athletes of Polish National Team. Similar conclusion was presented in different paper by
Athayde et al. (2019) as intake of 5mg/kg of caffeine by judoists did not affect ratings of
perceived exertion, ratings of perceived recovery and other match-derived technical
variables[28]. In trained judo athletes ingestion of caffeine in doses of 3 and 6mg/kg enhanced
peak bar velocity in the bench press exercise, mean bar velocity in the bench pull exercise and
number of repetitions in the dynamic Judogi Grip Strength Test (JGST), exercise similar to
classical pull-up exercise. Unfortunately, another paper regarding JGST claimed otherwise, as
consumption of 5mg/kg of caffeine by judoists did not improve countermovement jump
performance or JGST performance [28].

SJFT was used for testing caffeine not only in judo athletes. It was found that
professionals of traditional jiu-jitsu after ingesting 3mg/kg of caffeine achieved better results
in number of throws during SJFT. The same dose in different research improved performance
of bilateral and unilateral vertical jumps in elite traditional jiu-jitsu athletes[29]. Elite
Brazilian jiu-jitsu athletes also seemed to benefit from 3mg/kg dose of caffeine. It helped
hand increase grip force in both hands, countermovement jump height. The caffeine also
increased the one-repetition maximum and mean power during the bench-press exercise test
to failure [30].

Testing dose of Smg/kg of caffeine in Tackwondo professionals showed its potential in
increasing estimated glycolytic energy contribution during simulated combat. However it
failed to affect number of attacks, attack time or rating of perceived exertion [31]. Paper
describing usage of 200mg independently of body mass also claimed that it did not affect
performance during simulated tackwondo combat. At the same time it was found helpful in
increasing peak power and mean power per unit of body weight during Wingate Anaerobic
Test. Some researchers came to the different conclusions as Smg/kg dose of caffeine in their
trial reduced reaction time in rested athletes and helped to hamper fatigue during consecutive
rounds of simulated tackwondo combat [32]. When only female tackwondo athletes were
taken into account 3mg/kg caffeine dose together with music of more than 120bpm listened
before simulated combat resulted in enhanced number of attacks and defensive actions.
Interestingly, decrease of rate of perceived excretion, mean and peak heart rate was also
observed in this group. Another study by Ouergui et al. (2023), which enrolled greater
population of athletes found out that the dose of 3mg/kg of caffeine regardless of sex

11



improved performance in tackwondo-specific agility test, which includes delivering a single
roundhouse kick with the dominant leg to three precisely placed partners. Interestingly adding
sets of 10 vertical jumps above 40 cm to work-out protocol can additionally enhance
performance in TSAT. Caffeine was also proved useful in hampering decrement of number
of kicks using Bandal Chagui technique in Multiple Frequency Speed of Kick Test
comprising of 5 sets, 10 seconds each[33]

During three round simulated boxing matches ingestion of 6mg/kg of caffeine did not
affect heart rate nor rate of perceived exertion[34]. Studying athletes performing Mixed
Martial Arts led to similar conclusions as Smg/kg dose failed to reduce rate of perceived
exertion. Punching frequency, mean and maximum punch force were also unaffected.
However, in previously mentioned boxers different paper by Coswig et al. (2018) claimed,
that caffeine supplementation increased duration of interaction blocks and time in interaction
blocks during the first round, but failed to improve total number of actions during entire
combat[34]. Another research by Zhang et al. (2024) looked into ingestion of 3mg/kg dose of
caffeine by boxers, together with post-activation performance enhancement achieved by
comprising a 10 s cycling sprint overloaded with 8.5% of the participants’ body weight
resulted in increased mean power and total work during Wingate Anaerobic Test. Moreover,

self-perceived power was higher in boxers, who consumed caffeine [35].

4. OPTIMAL DOSAGE AND TIMING FOR ATHLETES IN COMBAT SPORTS

Caffeine supplementation has been extensively studied for its ergogenic effects in combat
sports, demonstrating a consistent ability to enhance performance across various disciplines
and athlete populations. Research indicates that consuming 3-6 mg/kg of caffeine
approximately 60 minutes before exercise leads to significant improvements in judo
performance. Both doses were similarly effective, suggesting that athletes should prioritize
the minimal effective dose (i.e., 3 mg/kg) unless individualized testing shows a preference for
higher dosages during simulated competition[36]. Additionally, in traditional jiu-jitsu athletes,
an acute caffeine intake of 3 mg/kg improved performance during the Special Judo Fitness
Test (SJFT) by increasing heart rate, enhancing strength and endurance perception, and
reducing fatigue, although it did not influence the number of offensive or defensive actions

during real combat scenarios[37].
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In wrestling, a strategy involving moderate doses of caffeine (approximately 6 mg/kg) taken
30-60 minutes before combat, supplemented with smaller doses (~2 mg/kg) during
performance, yielded the greatest benefits, particularly for wrestlers experiencing reduced
physical performance[38]. Similarly, among Olympic-level boxers, consuming 6 mg/kg of
caffeine 60 minutes prior to testing significantly improved anaerobic performance, reaction
speed, and neuromuscular efficiency, without altering fatigue levels or electromyographic
activity in the lower limbs. In tackwondo, a dose of 5 mg/kg ingested 50 minutes before
simulated combat enhanced reaction time and reduced referee stoppages during early rounds,
while maintaining combat intensity across successive bouts, suggesting a potential role for
caffeine in delaying fatigue during repeated efforts[32].

For Brazilian Jiu-Jitsu (BJJ) athletes, a dose of 3 mg/kg consumed 60 minutes before testing
increased maximal isometric and dynamic force production, upper and lower body power
output, and muscular endurance. These effects persisted during and after combat, despite
similar prevalence of side effects like activeness, muscle soreness, and insomnia compared to
a placebo, highlighting caffeine’s safety and efficacy as an ergogenic aid. Another study in
judo demonstrated that higher caffeine doses (6—9 mg/kg) were more effective than lower
ones (3 mg/kg) in improving performance, particularly in habitual non-consumers of caffeine,
where 6 mg/kg was as efficient as 9 mg/kg in enhancing combat activity[25]. In contrast,
among habitual consumers, only 9 mg/kg provided superior effects, emphasizing the dose-
dependent and individualized nature of caffeine’s ergogenic effects.

Furthermore, a dose of 3 mg/kg was found to increase both the duration and intensity of
offensive actions during simulated judo combats, as evidenced by higher lactate levels and
perceived fatigue, while also improving specific physical performance tests conducted before
competition. However, reductions in grip strength and power in upper limbs after the second
combat indicated a high-intensity effort during the trials. Grappling athletes similarly
benefited from 5 mg/kg of caffeine, which increased isometric strength and upper-body
intermittent strength endurance by 5—7% compared to a placebo[22].

In younger judo athletes, an acute dose of 4 mg/kg improved performance during specific
fitness tests, reducing perceived exertion without affecting heart rate, showcasing caffeine's
potential in developing athletes. International-level boxers also experienced significant
enhancements in anaerobic performance, including peak and average power, after consuming
6 mg/kg of caffeine 60 minutes before testing. These improvements were accompanied by

mood-state enhancements such as increased vigor and vitality, particularly in elite athletes[39].
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Similarly, amateur boxers consuming the same dose demonstrated increased duration of high-
effort punching sequences and decreased pause times during simulated matches, further
confirming caffeine’s benefits in combat scenarios[34].

The combination of a 3 mg/kg caffeine dose with plyometric warm-up exercises was shown to
improve various performance metrics in combat-specific tests, suggesting synergistic effects
of caffeine and pre-exercise protocols. Lastly, in judo athletes, the ingestion of 5 mg/kg of
caffeine increased plasma fatty acids, lactate levels, and the number of throws during SJFT,
while reducing fatigue, particularly in the later stages of randori training. These findings
emphasize caffeine's practical applications for improving performance during training
sessions that mimic competition[23].

In conclusion, caffeine is an effective ergogenic aid in combat sports, enhancing anaerobic
and specific physical performance, delaying fatigue, and improving combat-related activities
across various disciplines and athlete populations. Its efficacy is dose-dependent and
influenced by individual responses and habitual consumption, with moderate to high doses
(5-9 mg/kg) generally providing superior benefits for elite athletes. However, lower doses (3—
4 mg/kg) may suffice for some practitioners, offering a balance between performance
enhancement and minimal side effects. The optimal timing for caffeine ingestion is 30—60

minutes before exercise, ensuring peak blood concentrations and maximal ergogenic effects.

5. POTENTIAL RISKS AND LIMITATIONS OF CAFFEINE USE

ADVERSE EFFECTS, INCLUDING SLEEP DISRUPTION AND DEPENDENCY.

These are great numer of well-known potential adverse effects, that can have an impact on
combat sports athlete performance. Individual differences in caffeine sensitivity are well-
documented, with some people being more vulnerable to its anxiogenic effects, as well as
sleep disturbances and insomnia[40]. For individuals with anxiety or panic disorders, caffeine
can exacerbate symptoms, potentially triggering panic attacks and prompting many to reduce
or eliminate caffeine from their diets. In one study, low (3 mg/kg) and moderate (6 mg/kg)
caffeine doses resulted in adverse effects for 30% of men and 54% of women. Women were
more than three times as likely as men to experience anxiety and nervousness, although over
50% of men and 20% of women reported positive effects from caffeine. These gender

disparities may stem from differences in body composition, particularly in fat-free mass.
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Previous research has associated caffeine consumption with various adverse effects, such as
anxiety, nausea, and vomiting, particularly when consumed in higher doses (6—9 mg/kg)[41].
In contrast, lower doses, such as the 3 mg/kg utilized in one study, have been associated with
a reduced frequency of such side effects. Another study noted that athletes commonly
reported increased urination, tachycardia, heart palpitations, and anxiety following caffeine
intake[42]. These findings are consistent with the CAF-9 trial, where side effects ranged from
0% to 69%, with symptoms such as elevated urination, tachycardia, gastrointestinal
discomfort, and heightened vigor being more prevalent in caffeine (CAF) groups compared to
placebo (PLAC) groups. Higher doses of caffeine, such as those studied in CAF-11, were
linked to an even greater incidence of adverse effects, reaching rates of 0% to 88%. This
suggests a dose-dependent relationship between caffeine intake and the occurrence of side
effects, a trend corroborated by Pasman et al. (1995), who observed increased adverse effects
at doses between 9 and 13 mg/kg[43]. Additionally, individuals who are hypersensitive to
caffeine may experience side effects even at relatively low doses. Caffeine, while possessing a
low potential for dependence and generally posing minimal risk to individuals or society
through the widespread consumption of caffeine-containing beverages, has been shown in
studies to induce a clinical dependence syndrome comparable to that caused by other
psychoactive substances, underscoring its potential for abuse. Dependence can develop even
in adolescents consuming caffeine daily, with symptoms resembling those experienced by

adults[44].

The abrupt cessation of regular caffeine intake is well-documented to provoke a cluster of
symptoms collectively known as caffeine withdrawal syndrome. Commonly reported
symptoms include headache, drowsiness, lethargy, fatigue, reduced work efficiency
(manifested as decreased motivation and impaired concentration), a diminished sense of well-
being (e.g., lower self-confidence and increased irritability), a drop in blood pressure, and
heightened cerebral blood flow. These withdrawal symptoms are in stark contrast to the
stimulatory effects typically observed following caffeine consumption

Caffeine intake has also been associated with arrhythmias in humans due to its direct
stimulatory effects on myocardial tissue, leading to an increased heart rate and stronger
cardiac contractions[45]. The relationship between caffeine consumption and cardiovascular
disease (CVD) has been examined through various endpoints, including mortality from

myocardial infarction or coronary heart disease (CHD), non-fatal myocardial infarctions,
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angina pectoris, and CHD-related hospitalizations. Elevated risks of CVD appear more likely
with caffeine intake exceeding five cups of coffee per day (>500 mg caffeine/day)

Acute caffeine doses (80-250 mg) have been shown to elevate systolic, diastolic, and pulse
pressure in both habitual caffeine consumers (following 12—48 hours of abstinence) and non-
consumers. Although repeated-dose studies have also noted hypertensive effects, the findings
are less consistent compared to single-dose studies[46]. Tolerance to caffeine’s hypertensive
effects typically develops within 1-3 days in habitual consumers but can reappear after short
abstinence periods (e.g., 12 hours). This re-emergence is influenced by factors such as dose,

consumption patterns, and individual caffeine metabolism[47].

CONSIDERATIONS FOR BANNED SUBSTANCES IN SPORT.

The source of caffeine administration, such as coffee, energy drinks, or gels, appears to have
minimal influence on its ergogenic effects on resistance exercise performance. Several non-
genetic factors, however, can influence the rate of caffeine metabolism, primarily through the
modulation of cytochrome P450 activity. These factors include smoking, a diet rich in
vegetables, pregnancy, training status, and hormone replacement therapy[48]. Moreover, the
use of oral contraceptives can prolong caffeine’s half-life, resulting in sustained physiological
effects. Despite these variations, recent studies suggest that caffeine remains ergogenic
throughout all phases of the menstrual cycle[49]. The habitual consumption of caffeine has
been hypothesized to diminish its ergogenic potential, although evidence on this matter
remains inconclusive. Research by Skinner et al. (2020) highlights that caffeine distribution is
largely determined by free body mass, with women generally having a lower proportion of
fat-free mass and a higher proportion of body fat compared to men, potentially resulting in
higher plasma caffeine concentrations and a greater likelihood of side effects. It is possible
that regular caffeine consumers require higher doses to achieve the same performance-
enhancing effects. Animal studies have further demonstrated that caffeine supplementation
enhances muscle power comparably in both trained mice following an 8-week exercise
regimen and untrained control mice[50]. Caffeine metabolism is significantly impaired in
individuals with liver diseases, including cirrhosis and hepatitis, as evidenced by reduced
plasma clearance, prolonged half-life, and decreased plasma protein binding. These changes
reflect the severity of liver dysfunction and are accompanied by delayed synthesis of

paraxanthine, a primary caffeine metabolite[51].
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Alcohol consumption further affects caffeine metabolism by inhibiting CYP1A2 activity,
which significantly prolongs caffeine's half-life and reduces its clearance, although the
bioavailability of both substances remains unchanged when consumed together. Notably,
caffeine does not mitigate alcohol’s detrimental effects on motor or psychological functions,
such as impaired driving. However, the expectation of caffeine consumption may partially
reduce alcohol-induced performance deficits in certain individuals. Combined binge use of
alcohol and caffeine, as seen with energy drinks, has been shown in animal studies to suppress
alcohol-induced sedation, resulting in a state of heightened stimulation often referred to as
being "wide awake drunk"[52].

Dietary components also modulate caffeine metabolism. Grapefruit juice reduces caffeine
clearance by 23% and extends its half-life by 31%, whereas cruciferous vegetables (e.g.,
broccoli) and high vitamin C intake enhance caffeine clearance. In contrast, apiaceous
vegetables and South Asian dietary spices, such as curcumin and turmeric, inhibit CYP1A2
enzyme activity, thereby reducing caffeine metabolism in individuals consuming these foods.
Additionally, the flavonoid quercetin alters caffeine metabolism by decreasing urinary
excretion of caffeine metabolites, such as paraxanthine, by 32%, highlighting its potential to

influence metabolic pathways[53].

CONCLUSION

Caftfeine supplementation has demonstrated significant benefits for athletes in combat sports,
with improvements in strength, endurance, and performance during high-intensity efforts. The
optimal caffeine dose appears to be between 3 and 6 mg/kg, with 60-minute pre-exercise
intake providing maximal benefits. Elite athletes may experience enhanced performance with
higher doses, but individual variability plays a critical role in determining the most effective
dose.

Despite its efficacy as an ergogenic aid, caffeine consumption is not without risks. Adverse
effects, such as anxiety, insomnia, tachycardia, and gastrointestinal discomfort, are common,
particularly with higher doses. Therefore, athletes should monitor their caffeine intake and
adjust the dosage to minimize negative outcomes. Additionally, caffeine’s potential for
dependence and withdrawal symptoms warrants caution, especially for those who consume it

regularly.
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Given the widespread use of caffeine in sports, it is essential to consider individual sensitivity,
habitual consumption, and other factors such as diet and medication. These variables can
influence caffeine metabolism and its effectiveness. The legal status of caffeine in
competition remains a key consideration, though it is not banned by most sports organizations.
Athletes should remain mindful of their caffeine intake, particularly in relation to performance
testing and competition, and consult with healthcare professionals when necessary.

In summary, caffeine is a powerful ergogenic aid in combat sports, but its use should be
carefully tailored to the individual athlete. The benefits are clear, but managing risks and side
effects will help maximize its performance-enhancing potential without compromising health

or compliance with anti-doping regulations.
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