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The Effects of Sodium Bicarbonate and Caffeine Intake on Athletic Performance in
Combat Sports

Miicadele Sporlarinda; Sodyum Bikarbonat ve Kafein Alimmnin Atletik Performansa Etkisi

Biisra DILER?, Pmar GOBEL?

ABSTRACT

Combat sports; it defines individual competitive
sports between two athletes within certain rules.
Although the main energy systems work with
phosphogen and anaerobic glycolysis pathways, the
aerobic system may also be partially involved in the
mechanism. Due to the technical benefits and energy
mechanism of the branch, the requirements differ from
other branches. Especially during the competition,
strength, explosiveness, balance and speed parameters
gain importance and ergogenic needs take shape.
Sodium-bicarbonate; it is a highly effective ergogenic
support that has been studied for years. Due to its
buffering properties, it affects acidosis and blood pH,
and studies have been conducted mostly in endurance
sports branches and it increases performance. Sodium-
bicarbonate, which can act in a short time when taken
orally; it contributes to increased performance in
combat sports by accelerating recovery and slowing
down burnout. Caffeine's ability to enhance
performance through its explosiveness-supporting
mechanism has made its use widespread in combat
sports in recent years. Purpose of current use; In short-
term and repetitive competitions seen in combat sports,
using sodium-bicarbonate and caffeine together is a
possible effect on performance. In the study, an
evaluation was made by scanning the current literature
on the subject. Although the co-administration of
sodium-bicarbonate and caffeine as synergistic drugs is
quite positive in theory, more studies are needed in
different branches to evaluate them in practical use.

Keywords: Caffeine, Ergogenic,
Sodium-bicarbonate, Sports.
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Miicadele sporlari; iki sporcu arasinda belirli
kurallar dahilinde, bireysel rekabetgi spor dallarini
tanimlar. Ana enerji sistemleri fosfojen ve anaerobik
glikoliz yolaklar1 ile caligmasina ragmen, kismen
aerobik sistem de mekanizmaya dahil olabilmektedir.
Bransin teknik getirileri ve enerji mekanizmasi
sebebiyle, gereksinimler diger branglardan
ayrilmaktadir. Ozellikle miisabaka esnasinda; kuvvet,
patlayicilik, denge, hiz parametreleri 6nem kazanmakta
ve ergojenik ihtiyaclar sekillenmektedir. Sodyum-
bikarbonat; yillardir c¢alisilan yiiksek etkili bir
ergojenik destektir. Tamponlayict 6zelligi sebebiyle
asidozu ve kan pH’simi etkilemesi ile daha ¢ok
dayaniklilik spor branslarinda calismalar yapilmis ve
performans: yiikseltmistir. Oral alimi ile kisa siirede
etki gosterebilen sodyum-bikarbonat; miicadele
sporlarinda toparlanmay1 hizlandirmast ve tiikkenmisligi
yavaglatmas1  ile  performans artisma  katki
saglamaktadir. Kafeinin de patlayiciligi destekleyici
mekanizmasi ile performans yiikseltmesi, son yillarda
miicadele sporlarmda kullanimimi
yayginlastirmaktadir. Mevecut c¢alismanin  amact;
miicadele sporlarinda goriilen kisa siireli ve tekrarl
miisabakalarda sodyum-bikarbonat ve kafeinin birlikte
kullanimmin  performansa olan olast etkilerini
incelemektir. Calismada, konu ile ilgili giincel literatiir
taranarak  degerlendirme  yapilmistir.  Sodyum-
bikarbonat ve kafeinin birlikte kullanimmin sinerjik
etkileri, teorik agidan olduk¢a olumlu olsa da pratik
kullanimda etkisini degerlendirebilmek icin farkli
branslarda yapilmasi gereken daha fazla calismaya
ihtiyag vardir.

Anahtar Kelimeler: Ergojenik, Kafein, Performans,
Sodyum-bikarbonat, Spor.
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INTRODUCTION

Combat sports account for approximately
25% of all medals awarded in the Olympic
games. The most popular combat sports, such
as wrestling, judo, kickboxing, mixed martial
arts, boxing, karate, and taekwondo, require a
high level of skill and dedication from their
athletes, making them the pinnacle of athletic
competition. In combat sports, athletes are
classified based on their body mass to
minimize differences between competitors in
terms of body size, strength, and agility.

These sports are high-intensity and
intermittent, requiring short bursts of
maximum intensity actions and lower
intensity actions. The energy demand is
primarily met through aerobic metabolism.!:2
High-intensity actions require the anaerobic
production of ATP and phosphocreatine, as
well as the ability to produce energy through
anaerobic glycolysis. The energy systems
utilized vary depending on the type of sport
being performed, including punching,
kicking, and the use of upper and lower
extremities at different intensities. Athletes
who rely on piercing movements require
exceptional explosive power and overall
strength, whereas those who use grappling
movements benefit from isometric and
concentric muscle strength.® To optimize
athletic performance, it is crucial to recognize
the varying demands of different movement
types. By tailoring training and nutrition plans
with confidence and expertise, athletes can
achieve their full potential. Da Silva, V. et al.
(2019) state that athletes who perform
piercing movements require greater total
strength and explosive power, while those
who perform grappling movements require
more emphasis on isometric and concentric
muscle strength. Athletes' physiological
responses and emerging requirements vary
depending on the type of sport they engage in.
The nutritional, supplementary, and ergogenic
models used in endurance sports differ
significantly from those used in combat
sports.* Ergogenic aids are techniques,
devices, or approaches that enhance training
adaptations and exercise  performance
capacity.

Nutritional ergogenic aids not only
significantly enhance athletic performance but
also help mitigate adverse effects such as
excessive fatigue, dehydration, and loss of
physical capacity.®

It is advised that athletes use Group A
ergogenic aids, which are approved for
effectiveness and have been categorized based
on safety, legality, and effectiveness by
leading organizations like the International
Olympic Committee (IOC), Australian
Institute of Sport (AIS), World Anti-Doping
Agency (WADA), and International Society
of Sports Nutrition (ISSN).® Scientifically
established supplements including sports
beverages, liquid nutritional support, whey
protein, calcium, iron, probiotics, creatine,
caffeine, and sodium bicarbonate can help
athletes perform at a much higher level.
Therefore,  athletes can  confidently
incorporate them into their training regimen to
achieve their desired results.®

Reducing or neutralizing the negative
effects of H* byproducts of anaerobic
glycolysis can enhance exercise performance
and improve burnout time. Blood lactate
concentration (BL) serves as a key indicator
of glycolytic metabolism.” The increase in
lactate causes an acid-base imbalance within
the cell, which negatively impacts the speed
of strength and power development,
ultimately reducing performance. During
anaerobic exercise, myofibers produce large
amounts of H* ions, which are buffered by
various molecules in the circulation. Blood
pH levels are maintained by sodium
bicarbonate  (NaHCO3), an efficient
extracellular buffer that neutralizes H+ ions.”
8 Intake of NaHCO3 prior to high-intensity
activity can dramatically accelerate glycolytic
metabolism and improve performance during
simulated taekwondo, according to research
by Lopes-Silva et al. (2018).° Exercise-
induced acidity can be lessened and weariness
can be postponed by consuming NaHCO3,
which enhances performance.® As noted by
McNaughton et al. (2016), it is crucial to
remember that these advantages are exclusive
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to improved physical performance and do not
affect cognitive or mental performance.*°

Low ATP content, muscle acidosis,
elevated extracellular potassium, low muscle
glycogen content, insufficient muscle PCr
reserves, and central nervous system (CNS)
fatigue are some of the variables that impact
performance during competition in dual
combat sports.!! By acting on adenosine
receptors, caffeine (CAF) is a stimulant that
lowers perceived effort (RPE) and weariness.
Owing to its central nervous system
properties, it's a helpful aid for improving
athletic performance. Research conducted by
Loépez-Gonzalez et al. (2018) and Santos et al.
(2014) shows that caffeine can increase the
glycolytic contribution to energy metabolism
during simulated and actual martial arts.l 2
These studies also revealed improved reaction
time and delayed weariness following
multiple taekwondo bouts. Research has
shown that caffeine intake during combat
sports can improve reaction times, delay
fatigue, increase endurance, and increase the
production of catecholamines. For instance,
Santos et al. (2014) demonstrated improved
response time and delayed fatigue during
sequential tackwondo fights; Lopez-Gonzalez
et al. (2018) found that coffee can enhance the
glycolytic contribution to energy metabolism
during simulated and actual combat sports.t 12

Theoretically, by reducing extracellular
potassium accumulation, minimizing CNS
depletion, and increasing extracellular
buffering capacity, combining CAF and
NaHCO3 can improve combat sports
performance.'® The combined and individual
effects of CAF and NaHCO3 on athletic
performance are evaluated in this study, with
a focus on combat sports.

Sodium Bicarbonate (NaHCO3)

Studies on the connection between exercise
performance and sodium bicarbonate have
been conducted on a large scale since the
1930s. Dennig and associates at Harvard
University carried out the initial investigation
in this field.* The authors of this single-
subject study discovered that by putting the
body in an alkaline state before exercise,
consuming 10 g of sodium bicarbonate before

jogging on a treadmill enhanced performance.
Among the other buffers that have been tested,
including sodium citrate, sodium phosphate,
and sodium lactate, researchers have
consistently  discovered  that  sodium
bicarbonate (NaHCO:s) is the most effective
agent for enhancing exercise performance. >’

Supplementing with sodium bicarbonate
works better during exercise that increases the
production of H+ and is more reliant on
glycolysis.  Supplementing with  sodium
bicarbonate is not as beneficial for exercise
that is either too short or too lengthy to result
in a major acidosis.® Fatigue is the term for the
transient loss of muscle strength and power
brought on by intense contractile action. It is
generally acknowledged that the buildup of
metabolites and ions is a causative factor in
fatigue, even though the precise reasons of the
condition are still up for question.!® There is
disagreement on the impact of acidosis and
the distribution of associated ions (such Ca2+,
K+, and CI-) on contractile performance. The
precise processes underlying this effect
remain mostly unclear. However, it is widely
accepted that the ergogenic effect of sodium
bicarbonate is due to an increase in
extracellular buffering capacity. Changes in
the blood's acid-base equilibrium brought on
by metabolism are linked to elevated pH and
the base excess that characterizes alkalosis.
However, it is widely accepted that the
ergogenic effect of sodium bicarbonate is due
to an increase in extracellular buffering
capacity. Elevated pH and the base excess
associated with alkalosis are related to
changes in the blood's acid-base equilibrium
caused by metabolism. Da Silva et al.'s (2019)
study evaluated the whole-body contribution
of energy systems during exercise after
sodium bicarbonate administration and found
an increased glycolytic contribution, which
may help to explain increases in high-intensity
performance over time.® It has been
demonstrated that administering continuous
sodium bicarbonate (NaHCO3) supplements
before to high-intensity interval training
(HIT) significantly improves anaerobic
performance and increases blood lactate
levels after anaerobic exercise.’® The study
found that supplementation with 0.2 g/kg
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NaHCO3 before HIIT training also resulted in
an improved clearance rate.®

Short bursts of high-intensity activity are
mixed with brief rest intervals in martial arts
competitions. Many martial sports, including
judo and wrestling, mostly rely on glycolysis
because of their structural makeup.?® This
explains why scientists are interested in
finding out how supplementing with sodium
bicarbonate affects athletes’ ability to
complete exercise demands related to various
sports. In a study with thirty individuals, the
effects of sodium bicarbonate ingestion after
high-intensity intermittent exercise were
evaluated using the yo-yo recovery test.?! The
outcomes demonstrated that supplementation
reduced perceived exertion while increasing
performance and recovery. In a study
involving judo athletes, the impact of sodium
bicarbonate on the quantity of shots in the
three sections of the "Special Judo Fitness
Test" was examined.?? The outcomes
demonstrated that supplementation increased
the quantity of shots in the second and third
sessions significantly. Analogous research has
been carried out involving athletes
participating in wrestling, taekwondo, and
karate. Rezaei et al. (2019) found that
supplementation extended the time to fatigue
during a karate-specific aerobic measurement
in a study testing the sodium bicarbonate
consumption of eight karate athletes.!' The
impact of sodium bicarbonate consumption on
the quantity of strikes in a simulated throwing
test was investigated in a group of top-tier
competitive wrestlers. Therefore, it was
observed that when utilized in a graduated
regimen, sodium bicarbonate
supplementation had no ergogenic impact.?
Even however, only male participants
demonstrated a substantial improvement in
the number of rounds fired in the same fake
shooting test using the same enhancement
methodology in a follow-up study conducted
by the same research group.?* Overall, the
majority of research points to sodium
bicarbonate as a useful supplement for raising
martial arts competitors' performance in
events including boxing, judo, Karate,
taekwondo, and wrestling.?

An ergogenic aid for martial arts, boxing,
karate, taekwondo, judo, and wrestling, as
well as for muscular endurance exercises. The
majority of research on sodium bicarbonate's
ergogenic effect has been done on high-
intensity exercise programs that last 30 to 12
minutes. Regarding single-dose
supplementation regimens, it has been
suggested that 0.3 g/kg of sodium bicarbonate
is the ideal dosage for an ergogenic effect,
even if 0.2 g/kg of the supplement appears to
be the minimal dose needed to enhance
exercise performance. Higher doses (0.4-0.5
g/kg) in single dose supplementation
procedures are said to have no greater benefit
than 0.3 g/kg; on the contrary, they may have
more adverse effects. In the single-dose
supplementation approach, 60 to 180 minutes
before to activity or competition is the
suggested  sodium  bicarbonate intake.
Protocols involving the multi-day
administration of sodium bicarbonate may be
useful in enhancing exercise performance.
These regimens usually last between three and
seven days before exercise testing. Ergogenic
effects are obtained from a daily intake of 0.4—
0.5 g/kg of sodium bicarbonate. Typically, the
daily dosage is broken up into smaller dosages
and given throughout the day at various times.
The advantage of multi-day procedures is that
they lessen the possibility of sodium
bicarbonate adverse effects on competition
day. Bloating, nausea, vomiting, and
abdominal pain are the side effects of sodium
bicarbonate supplementation that occur most
frequently. Individual differences exist in the
frequency and intensity of adverse effects,
although most are modest. Using sodium
bicarbonate consistently, for example, before
every training session, may enhance training
adaptations including longer recovery times
and higher power output.’® Combat sports
athletes may think about taking supplements
containing sodium bicarbonate to help them
perform better. Future studies are yet required
to examine the effects of supplementing with
sodium bicarbonate, especially in combat
sports. 1> 2
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Caffeine (CAF)

The psychoactive chemical caffeine is
naturally present in many plants, including
coffee, tea, and cocoa. It is consumed in large
quantities all around the world. Young adults
and those who exercise have been consuming
energy drinks, pre-workout supplements,
gum, energy gels and chews, and other goods
containing caffeine, such as aerosols, at
significantly higher rates in the past few
years.?® Research on caffeine's effects on
health has been ongoing for a long time.
Because of its possible impacts on athletic
performance, it is especially interesting in the
context of sports. Caffeine, which has been
included in the category of safe ergogenic aids
by various organizations such as the
International Olympic Committee (I0C) and
the International Society of Sports Nutrition
(ISSN) in recent decades, is a very broad area
of research among sports supplements.?’

In the early 1900s, coaches and athletes
surreptitiously created combinations of plant-
based stimulants, including caffeine, along
with other substances including cocaine,
strychnine, ether, heroin, and nitroglycerin, as
early ergogenic supplements to give them a
competitive edge. The prohibition on the use
of medicinal concoctions, especially for
endurance athletes, persisted until the 1920s
when heroin and cocaine were made available
through prescription, and until the late 1960s
when the 10C implemented anti-doping
initiatives. The 1900s saw the start of the first
studies on caffeine. The effects of caffeine on
the body and mind have been well studied,
particularly in relation to muscle weariness.
Studies on various sports began in the 1940s,
but the focus of research in the 1970s was on
how exercise affects metabolism. Recent
research has shown that caffeine improves
athletes' physical and mental performance in a
variety of sports.?®

Although the primary mechanism by which
caffeine affects performance has been
assumed to be its effects on the central
nervous system (CNS), there are alternative
theories that explain its ergogenic benefits,
such as improved myofibrillar calcium
availability, optimized exercise metabolism,

and substrate availability. Many processes,
including stimulation, have been proposed.
Increased adrenaline (epinephrine)-induced
free fatty acid (FFA) oxidation occurs after
caffeine use; this may protect glycogen and
improve endurance performance.?®

Caffeine consumption at low dosages (1-3
mg/kg) has been shown to provide detectable
ergogenic benefits without causing substantial
physiological reactions (RER, blood lactate,
glucose, etc.), suggesting that the reported
improvements  originate in the CNS.%
Consequently, it has been proposed that it has
strong ergogenic support for focus, perceived
exertion (RPE), soreness in the muscles, and
potentially the skeletal muscle's ability to
produce power.*® The ergogenic effect of
caffeine may be attributed to its direct effects
on muscle. Caffeine most likely helps muscles
contract by mobilizing calcium ions (Ca2+),
which makes it easier for each motor unit to
produce force. Taking coffee may help reduce
fatigue brought on by the slow reduction in
Ca2+ release. Similar to this, coffee may
partially improve the excitation-contraction
coupling necessary for muscular contraction
at the periphery by increasing the activity of
the sodium/potassium (Na+/K+) pump.®!
Although there are several areas of the body
where caffeine seems to act, the strongest
evidence points to the central nervous system
(CNS) as the main target. This is now widely
acknowledged as the main mechanism via
which caffeine affects both mental and
physical function.?® It is believed that caffeine
acts on the central nervous system by
opposing adenosine receptors, which causes
an increase in neurotransmitter release, a
slowing down of motor unit firing, and a
numbing of pain.®® 3! As a neuromodulator
and homeostatic regulator in the nervous
system, adenosine is engaged in a wide range

of pathways and functions. Reduced
concentrations of numerous CNS
neurotransmitters, such as  glutamate,

norepinephrine, acetylcholine, dopamine, and
serotonin, are the main recognized
consequences of adenosine. Similar in
chemical structure to adenosine, caffeine
binds to adenosine receptors upon ingestion,
raising the neurotransmitter's concentration.
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For the majority of people, but not all, this has
favorable benefits on mood, alertness, focus,
and attentiveness.®? Researchers have also
described aspects of adenosine A2A receptor
activity related to motivation and cognitive
functions. Furthermore, variations in 5-
HTR2A receptor activation may play a role in
the ergogenic effects of coffee by influencing
dopamine release, which in turn impacts pain,
effort, alertness, and motivation.?

Caffeine administration during exercise
may also result in a decrease in RPE and a
decrease in pain. It has been demonstrated that
acute caffeine administration during exercise
affects RPE, possibly more than previously
believed.?® A research of twenty-one meta-
analyses revealed that the administration of
caffeine produced ergogenic effects on
muscular endurance, strength, anaerobic
power, and aerobic endurance.® However,
there are differences in the efficiency of
caffeine as an ergogenic supplement, and it
has a 33% negative influence on improving
performance. Numerous factors, such as
dosage, training status, duration of
consumption, time of day, gender, habit,
heredity, and type of exercise, may influence
the effectiveness of caffeine supplements,
according to reports.®® The impact of caffeine
in combat sports is unknown.! A systematic
review was conducted using a recent meta-
analysis.®* When assessing and investigating
certain branches in this analysis, a number of
other variables were not considered, such as
grip strength, dynamic strength-endurance
performance, heart rate, and perceived effort
rate. As a result, a definitive judgment
supported by substantial data could not be
drawn. Furthermore, a recent meta-analysis
on the effects of coffee in martial arts found
that while caffeine consumption had no
influence on jump height, it did, in fact,
improve workout performance, increasing
hand grip strength and duration from 45
seconds to 8 minutes.*® Another study looked
at  how coffee affected taekwondo
competitors' reaction times and discovered
that it could be a useful tactic.® Furthermore,
a study on taekwondo players revealed that
coffee intake raised the kick test's frequency
velocity by 4%.%° Caffeine ingestion during

high-intensity intermittent exercise in combat
sports has been found to boost lactic acid
production, regardless of the dosage and the
interval  between supplementation and
subsequent performance. Because this combat
sports workout model truly boosts anaerobic
capacity, it has been suggested that caffeine
may be employed as an effective
pharmaceutical method. Caffeine
administration (6 mg/kg) was found to have
beneficial effects on lower extremity high
resistance in a study including 24
participants.®”  Caffeine  supplementation
improved anaerobic performance without
affecting lower extremity EMG activity and
fatigue, and improved neuromuscular
efficiency and reaction time were observed in
certain muscles, according to a recent study
that examined the effects of caffeine on
anaerobic  performance,  neuromuscular
efficiency, and upper and lower extremity
fatigue in Olympic-level boxers.®® According
to a study comparing the effects of 3 mg, 6
mg, 9 mg, and a placebo on judokas' body
weight, 6 and 9 mg/kg CAF enhanced their
performance on the SJFT (judo-specific
performance test), while 9 mg/kg was said to
increase their combat effectiveness. It was
discovered that 3 mg/kg CAF had no
appreciable beneficial ergogenic effects. Only
9 mg/kg CAF significantly increased SJFT
performance in athletes who eat CAF-
containing items on a regular basis
(consumers), whereas the impact was only
shown at 6 mg/kg in non-consumers, or
athletes who do not frequently consume CAF-
containing products.®® Another study that
looked at the effects of 3 mg/kg of caffeine
intake on the psycho-physical performance of
conditioning activity (CA) in young
taekwondo athletes came to the conclusion
that it is a strategy that improves
performance.®

The way that different sports use caffeine
as an ergogenic aid differs. The bulk of
research, meanwhile, has been on endurance
sports. Research on combat sports based on
more specialized variables and training
methods would be more instructive.
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Effects of Combined Use of Sodium
Bicarbonate and Caffeine on Athletic
Performance

When taken concurrently, sodium
bicarbonate and caffeine may have synergistic
benefits since they may improve performance
via distinct processes. According to a recent
review, one in eight studies on this subject
demonstrated synergistic effects when mixing

caffeine and sodium bicarbonate.?” % Rezaei
et al. (2019) observed no discernible impact of
taking the two supplements concurrently on
performance in another trial including karate
players.* Notwithstanding its limitations, it is
reasonable to take into account that the study
only involved eight athletes and that it is not
possible to compare the results on an
individual basis.

CONCLUSION

It is possible to utilize ergogenic aids
singly or in combination. When combined,
certain ergogenic aids may have even more
performance-enhancing effects. It is crucial in
this situation that the assessment and advice
are tailored to the individual and the sport.
Athletes should make decisions based on their
age, sport, and the performance metrics they
want to raise. Nonetheless, there must to be a
substantial amount of proof that the
supplements taken—whether in combination
or apart-improve performance.

It is well-established that sodium
bicarbonate can produce synergistic effects on
athletic performance when combined with
various ergogenic aids. Due to their distinct
physiological mechanisms, the concurrent use
of sodium bicarbonate and caffeine is
hypothesized to offer greater ergogenic
benefits compared to either supplement used
in isolation. To support this theoretical
framework, further research is needed,
employing diverse supplementation protocols
across different sports disciplines.
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