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Abstract

Creatine is a popular and widely used ergogenic dietary supplement among athletes, for which studies have
consistently shown increased lean muscle mass and exercise capacity when used with short-duration,
high-intensity exercise. This article provides an overview of creatine supplementation, particularly in the context
of athletes, focusing on its safety, benefits, dosage, and considerations for young individuals. Research has shown
that creatine supplementation may provide additional benefits including enhanced post-exercise recovery, injury
prevention, and rehabilitation, as well as several potential neurological benefits that may be relevant to sports.
Studies show that short- and long-term supplementation is safe and well-tolerated in healthy individuals and
several patient populations.
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1. Introduction

Methyl guanidine-acetic acid, commonly named creatine, is a naturally occurring compound that is found in the
human body (Wyss & Kaddurah-Daouk, 2000). The primary dietary sources of creatine include meat and fish,
dietary supplements, and synthesis in the body. Creatine is particularly abundant in meat and fish. Beef, pork, and
various types of fish, such as salmon and tuna, are rich sources (Burini & Cyrino, n.d.; Hall & Trojian, 2013; Jager
etal., 2011; Williams et al., 1999). Creatine has become widely used as a dietary supplement by athletes wishing to
maximize performance and training gains (Burini & Cyrino, n.d.; Pittas et al., 2010). The human body is naturally
capable of producing creatine. Around a half of the body’s supply comes from a carnivorous diet and about half is
produced in the liver, kidneys, and then delivered to the skeletal muscles for use (Cooper et al., 2012; Curt et al.,
2015; Greenhaff, 1997; Williams et al., 1999).

Creatine plays a crucial role in energy production during high-intensity training and is an important factor in
muscle growth and repair. Over the past few decades, creatine supplementation has become increasingly popular
among athletes and fitness enthusiasts due to its potential benefits. Creatine plays a crucial role in energy
production during high-intensity training and is an important factor in muscle growth and repair. Moreover, the
brain is the main human organ affected in creatine-deficient patients, who show severe neurodevelopmental delay
and present neurological symptoms in early infancy (Béard & Braissant, 2010; Braissant et al., 2011; Cunha et al.,
2013).

The body utilizes creatine for energy during intense training. It has also been shown to have the potential benefits
of improved exercise performance, aiding in recovery after intense exercise, preventing and/or reducing the
severity of injury, aiding in helping athletes tolerate heavy training loads, and increasing fat-free muscle mass
during training (Hall et al., 2021; Kraemer & Volek, 1999). In other words, creatine is a substance that aids the
body in several ways during and after training.

One reason creatine supplementation can be beneficial to athletes is the human body only produces around 1 gram
of creatine, which is not optimal. For those who train extensively in their daily lives, it is beneficial for their bodies
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to be supplemented with creatine. Creatine creates energy by participating in the production of Adenosine
tri-phosphate (ATP) via its integration to the creatine phosphate energy system (D’Cruz & Ribeiro, 2013). ATP is
crucial because the human body is dependent on ATP for energy. Without proper ATP production levels, it is
extremely difficult to have the energy needed to train. Studies have shown that creatine provides athletes with a
quick burst of energy, which increases strength and improves performance (Butts et al., 2018; Sandler, 2005;
Shadowen, n.d.).

Another benefit of creatine regarding energy is the fact that creatine participates in the regulation of the glycolysis
(Guzun et al., 2011; Li et al., 2013). This is beneficial because fatigue during training is not uncommon. Athletes
usually go through hours of training daily and it is difficult to maintain a high level of energy during the entirety of
training. According to the authors (Ament & Verkerke, 2009; AntoSova & & Plevkova, n.d.; D’Cruz & Ribeiro,
2013; Rahal et al., 2014), in case of the exhaustion of the organism, tissues containing the creatinine can adapt to
this situation by the up-regulation of the activity of certain oxidative enzymes, which in turn may help the energy
sustainability in the cells. This feature of creatine is incredibly advantageous for athletes because their bodies will
be able to utilize the creatine to aid in maintaining their energy levels and prevent it from negatively impacting
their performance.

Creatine also aids in recovery post-training (Antonio & Ciccone, 2013; BEMBEN et al., 2001; Wang et al., 2018).
According to the authors (Bachl, 2009; Burini & Cyrino, n.d.; D’Cruz & Ribeiro, 2013; Ergen, Ulkar, & Giiner,
n.d.), creatine has a major role on post-exercise induced damage by slowing down the degeneration phase and
accelerating the regeneration phase after high-intensive exercises. It is not uncommon for athletes to feel sore after
training. An athlete can take every precaution, such as stretching and hydration, in an effort to minimize the effects
on their body post-training, but there is no guarantee that they will not face exercise-induced muscle damage
(EIMD). EIMD causes increased soreness, impaired muscle function, and reductions in muscle force. One way to
combat EIMD is by supplementing creatine. Supplementing creatine aids the body because creatine consumption
might reduce post-exercise muscle damage via mechanisms regulating mitochondrial permeability and stabilizing
the sarcolemma membranes by increasing intramuscular phosphocreatine content (Howatson & Van Someren,
2008; Hunter et al., 2012; Jiaming & Rahimi, 2021; Owens et al., 2019). Phosphocreatine is a source of ATP and is
also known for its regenerating purposes and is crucial in the energy shuttle system (Vulturar et al., 2021). Creatine
and the increase of intramuscular phosphocreatine allows for faster regeneration, which allows athletes to recover
faster. The cycle of faster recovery after training allows athletes to build up their endurance. As a result, the
increase in endurance results in athletes improving their overall performance and skill level.

The data utilized by Jaiming and Rahimi (Jiaming & Rahimi, 2021) indicates that consuming creatine is better than
only resting after participating in intense exercise because the benefits of creatine have been shown to relate to a
decrease in muscle damage indices. Fewer incidents of muscle damage reduce the need for athletes to take a break
from training due to injuries caused by muscle damage. Creatine has also been shown to improve muscle function
by preventing higher muscle power loss after exercise (Cooke et al., 2009; de Salles Painelli et al., 2014; [zquierdo
etal., 2002; Jiaming & Rahimi, 2021). Supplementing creatine after training aids the body in recovery by reducing
the extent to which muscles are damaged. As a result, athletes can shorten the time it takes to recover, which allows
them to gain strength faster. Additionally, individuals who supplement creatine experience less frequency of
sports-related symptoms such as cramping, dehydration, muscle tightness, muscle strains, and total injuries than
their counterparts (Cohen, 2005; PANEL, 2009; Tietze & Borchers, 2014; Walker et al., 2013; Wallimann et al.,
2011).

2. Effects of Creatine Supplementation on Physical Performance

Several studies have been done on the effectiveness of creatine in sports. Chrusch et al. (2001) studied the effect of
creatine supplementation combined with resistance training on muscular performance and body composition in
older men. Thirty men were randomized to receive creatine supplementation. Sixteen were given 0.3 grams of
creatine for each kg of body weight for 5 days (loading phase) and 0.07 grams for each kg of body weight for 11
weeks (maintenance phase). The remaining 14 men were given a placebo. The author experimented using a
double-blind procedure and concluded that creatine improved strength in the lower body, and power, and increased
lean muscle tissue/mass.

Kerksick et al. (2009) studied whether adding D-pinitol to creatine affects training adaptations, body composition,
whole-body creatine retention, and/or blood safety markers when compared to crea-tine ingestion alone after 4
weeks of resistance training. Twenty-four resistance-trained males were randomly assigned in a double-blind
manner to creatine plus pinitol (CRP) or creatine monohydrate (CR) before the be-ginning of the training. Data
were analyzed by repeated measures analysis of variance (ANOVA). Creatine retention increased in both groups
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(higher in CR compared to CRP) as a result of supplementation. Significant improvements in upper- and
lower-body strength, lean mass, fat-free mass, and body composition occurred in both groups.

Brose et al. (Brose et al., 2003) studied to determine whether creatine supplementation would enhance the
increases in strength and fat-free mass that develop during resistance exercise training in older adults.
Twenty-eight healthy men and women over the age of 65 years participated in a whole-body resistance exercise
program 3 days per week for 14 weeks. Study participants were randomly allocated, in a double-blind fashion, to
receive either creatine or a placebo. Creatine supplementation resulted in significantly greater increases in fat-free
mass, isometric knee extension strength, and total body mass.

Kreider et al. (Kreider et al., 1998) studied to determine the effects of 28 days of creatine supplementation during
training on body composition, strength, sprint performance, and hematological profiles. In a double-blind and
randomized manner, 25 NCAA division IA football players were matched-paired and assigned to supplement their
diet with creatine versus placebo. The authors found that the total body weight, fat/bone-free mass, and the total
work performed significantly increased in the group that consumed creatine. They concluded that the creatine
supplement promoted greater gains in fat/bone-free mass, isotonic lifting volume, and sprint performance during
intense resistance/agility training.

The purpose of the study of Ferguson & Syrotuik (Ferguson & Syrotuik, 2006) was to examine creatine
supplementation coupled with resistance training on body composition and strength in women. Twenty-six women
ingested creatine (n =13) or a placebo (n =13) while performing a resistance training program 4 days per week. The
results indicated that creatine supplementation combined with 10 weeks of concurrent resistance training may not
improve strength or lean body mass greater than training only. These findings may have been a result of
nonresponses due to gender differences or a varying biological potential to uptake creatine within the muscle.

The purpose of the study of Becque (Becque et al., 2000) was to examine the effects of creatine supplementation
during a periodized program of arm flexor strength training on arm flexor 1RM, upper arm muscle area, and body
composition. Twenty-three male volunteers with at least 1 year of weight training experience were assigned in a
double-blind fashion to two groups. The first half was given creatine, and the rest were given the placebo. The
authors concluded that creatine supplementation during arm flexor strength training leads to greater increases in
arm flexor muscular strength, upper arm muscle area, and fat-free mass.

To determine the effects of creatine supplementation during short-term resistance training overreaching on
performance, body composition, and resting hormone concentrations, Volek et al. (Volek et al., 2004) randomly
assigned creatine supplementation for 9 men and placebo for 8 men while performing 6 weeks of resistance
exercise program. The author concluded that the creatine supplementation appears to be effective for maintaining
muscular performance during the initial phase of high-volume resistance training overreaching that otherwise
results in small performance decrements.

To determine the effects of creatine supplementation on maximal strength, muscle power production during
repetitive high-power-output exercise bouts, repeated running sprints, and endurance in handball players.
Izquierdo et al. (2002) randomly assigned creatine for 9 or placebo for 10 out of 19 trained male handball players in
a double-blind fashion. They concluded that the short-term creatine supplementation leads to significant
improvements in lower-body maximal strength, maximal repetitive upper- and lower-body high-power exercise
bouts, and total repetitions performed to fatigue, as well as enhanced repeated sprint performance and attenuated
decline in jumping ability in highly trained handball players.

Mujika et al. (2000) examined the effects of creatine supplementation on intermittent high-intensity exercise
activities specific to competitive soccer. Seventeen highly trained male soccer players performed a
countermovement jump test, a repeated sprint test, an intermittent endurance test, and a recovery
countermovement jump test consisting of three jumps. After the initial testing session, players were evenly and
randomly included in a creatine or a placebo group using a double-blind research design. The authors concluded
that acute creatine supplementation favorably affected repeated sprint performance and limited the decay in
jumping ability after an intermittent endurance test in highly trained soccer players. Intermittent endurance
performance was not affected by creatine.

Young healthy male subjects were randomized to receive either creatine and glucose (CR-CHO) or protein and
glucose (PRO-CHO) using double-blinded allocation. There were 11 males in the CR-CHO group and 8 males in
the PRO-CHO group. Participants performed 8 weeks of whole-body split-routine straight-set weight training.
Measurements, pre- and post-training were made of fat-free mass, total body mass, muscle fiber area, isokinetic
knee extension strength, and 1 repetition maximal strength for 16 weight training exercises. After conducting this
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study, Tarnopolsky et al. (2001) concluded that postexercise supplementation with PRO-CHO resulted in similar
increases in strength after a resistance exercise training program as compared with CR-CHO. However, the greater
gains in total mass for the CR-CHO group may have implications for sport-specific performance.

Syrotuik et al. (2001) investigated the effect of creatine supplementation on performance and training volume in
rowers. Twenty-two rowers were trained with continuous and interval rowing and resistance training 4 and 2
days/week, respectively, for 6 weeks. Their study concluded that the creatine supplementation does not increase
performance or training volume over a placebo condition in rowers that perform a combined high-intensity rowing
and strength program.

Table 1. Creatine supplementation performance summary

Study

Findings

Chrusch et al. (2001)

Improved strength in the lower body, power, and an increase in lean muscle tissue.

Kerksick et al. (2009)

Improvement in strength and body composition.

Brose et al. (2003)

Increase in isometric muscle strength. Increase in total mass and fat-free mass

Kreider et al. (1998)

A notable increase in the amount of weight bench pressed and reps completed.
Increase in short-term performance such as sprinting. Increase in body mass (2.4

kg).

Ferguson and Syrotuik (2006)

No improvement in strength or lean body mass.

Becque et al. (2000)

Increase in range of motion in arm flexor. Increase in fat-free muscle mass.

Volek et al. (2004)

Maintained muscular performance during the training.

Izquierdo et al. (2002)

There was no improvement in upper body strength nor in endurance.

B Increase in short-term performance such as sprinting.
Mujika et al. (2000) o ) o o ] )
Improvement in jumping activities after high-intensity exercise.

Tarnopolsky et al. (2001) Increase in strength. Experience greater gains with regard to mass.

Syrotuik et al. (2001) There was no difference in the athletes’ performance.

Table 1 summarizes the effect of creatine on the performance of human beings. It displays the findings of athletes
who were supplemented creatine in controlled doses over a period of time. As shown by the Table 1, creatine is
capable of expediting the amount of time it takes for an individual to gain muscle mass. Creatine allows for faster
gains in mass because creatine supplementation regulates the regeneration process by reduction of muscle
damage-induced inflammation (Vulturar et al., 2021). The finding of (Becque et al., 2000) was that the athletes had
an increase in fat-free muscle mass after being supplemented with creatine. When compared to the athletes who
were given placebo pills, the athletes who supplemented creatine were able to gain muscle mass faster.

Creatine also increases the lean body mass of an individual. According to the study conducted by (Vulturar et al.,
2021), A typical creatine loading period (first 5-7 days) resulted in a 0.6-2.0 kg gain in lean body mass. If creatine
is supplemented for a longer duration (six to eight weeks), the amount of lean muscle mass gained increases to
around 3 kilograms (Vulturar et al., 2021). Gaining lean muscle mass is a goal of many athletes and through the
supplementation of creatine, athletes are able to achieve this goal faster. The study (Chrusch et al., 2001) is an
example of athletes gaining lean muscle mass through creatine supplementation. The athletes who participated in
the study had an increase in lean muscle mass after being supplemented 0.3g of creatine for each kilogram of body
weight for the loading phase (5 days) and 0.07g of creatine for each kilogram of body weight for 11 weeks after the
loading phase as shown in Table 1.

Table 1 also summaries the studies that conclude creatine has the ability to improve strength and endurance in
athletes. In their study (Kreider et al., 1998) reported findings of a significant increase in the amount of weight
athletes could lift during training. Two studies (Kreider et al., 1998; Mujika et al., 2000), found that athletes were
able to improve their endurance. This improvement in endurance was shown by their enhanced sprinting
performance and jumping abilities after performing high intensity exercises. The study (Chrusch et al., 2001)
found that athletes were able to improve both their strength and endurance. Other studies in Table 1 also show that
creatine has been consistently reported to increase muscle creatine content and improve high-intensity ex-ercise
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capacity.
3. Creatine Supplement for Young Athletes

Creatine is a popular and well-researched supplement that is often used by athletes, including young athletes, to
enhance sports performance. It is worth noting that creatine is most beneficial to younger athletes. Numerous
studies have demonstrated the safety and efficacy of creatine supplementation in various populations, including
adolescents. The clinical trials conducted in the article (Wu et al., 2022) show that the beneficial effects of creatine
were prominent in young athletes. Since creatine improves what is already present in the body, it is not uncommon
that creatine provides better results for younger athletes. This is because as one ages, their body naturally loses
strength and power. For this reason, creatine supplementation is frequently effective at increasing muscular
strength and lean body mass in younger athletes (Wu et al., 2022). Similarly, creatine supplements improve
strength and lean muscle mass during high-intensity, short-duration exercises, such as weight lifting for athletes
around 20 years of age (Mount Sinai). With that being said, it is not the case that creatine has no benefits for older
athletes. The participants of the Brose et al study (Brose et al., 2003) were older individuals who gained muscle
strength and saw an increase in total and fat-free mass. Similarly, the participants of the Chrusch et al study
(Chrusch et al., 2001), thirty older men saw an increase in strength, endurance, and lean muscle mass as a result of
creatine supplementation.

Creatine supplementation, when used responsibly and in consultation with healthcare professionals, can be a safe
and effective option for young athletes looking to enhance their performance. It’s important to focus on a
well-rounded approach that includes proper training, nutrition, and recovery in conjunction with any supplement
use. Before starting any supplement regimen, especially for young individuals, it’s advisable to consult with a
healthcare professional, such as a pediatrician or sports medicine doctor.

4. Potential Effect of Creatine Supplementation on Kidney

A concern regarding creatine is that it may negatively impact the kidneys. It is known that athletes tend to have a
high-protein diet and since too much protein can add strain to an individual’s kidneys, there is concern that the
combination of creatine and a high-protein diet could be harmful for the kidneys. There is some truth to this
statement because while creatine itself is not harmful, the presence of creatine in athletes who have pre-existing
kidney problems is dangerous (Mount Sinai). To investigate this concern, Lugaresi et al (Lugaresi et al., 2013)
conducted an experiment to determine the effects of creatine on the kidneys of athletes who have a high protein
diet. The participants were supplemented with creatine and the results showed that the combination of creatine
supplements and a high-protein diet was safe for healthy athletes. It was found that the results agree with other
investigations that have demonstrated the safety of creatine supplementation on kidney function in distinct
populations, and that Creatinine clearance, serum and urinary urea, electrolytes, proteinuria, and albuminuria
remained virtually unchanged. Additionally, after studying different indexes of kidney functions, Davani et al
(Davani-Davari et al., 2018) found that there are no major concerns regarding both short-term to long term use (5
days to 5 years) of creatine with supplementation ranging from 5 grams a day to 30 grams a day. As long as an
individual has not had previous problems with their kidney, creatine is safe for them.

Similarly, the study of Poortmans et al (Poortmans et al., 1997) found that there was no significant change in the
amount of serum and urine creatinine in healthy men who consumed creatine short term. While the study of
Hultmen et al (Hultman et al., 1996) showed an increase in serum and urinary creatinine excretion in men, it should
be noted that the men were not examined prior to the experiment to ensure healthiness. For long term usage, the
study (Poortmans et al., 1997) found no significant effect on creatinine clearance, urea clearance, and albumin
excretion rate. If there were to be an increase in serum creatinine concentrations in healthy individuals, the study of
Robinson et al (Robinson et al., 2000) found that it was not related to renal dysfunction.

5. Some Negative Potential Effect of Creatine Supplementation

A few other negative potential results of creatine that may result if taken improperly or if taken by individuals with
previously existing conditions are, weight gain, muscle cramps, muscle strains and pulls, upset stomach, diarrhea,
dizziness, high blood pressure, liver dysfunction, and kidney damage (Mount Sinai), (Almeida et al., 2022;
Brudnak, 2004; Francaux & Poortmans, 2006; Juhn & Tarnopolsky, 1998; Kreider, 2003; Schilling et al., 2001). In
order for creatine to be beneficial, it is important that individuals ensure that they have no preexisting medical
conditions, stay hydrated, and only take the recommended doses. When taken properly and under the right
conditions, most studies have not found any side effects for long-term use. Lastly, those with high blood pressure
or liver disease should not take creatine. Individuals who consume significant amounts of caffeine, take diuretics,
or are on medications that affect kidney function should proceed with caution (Mount Sinai), (Barcelos et al., 2016;
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Bizzarini & De Angelis, 2004; Brewster et al., 2006; Poortmans & Francaux, 2000). It is recommended that an
individual consult with their health care provider before supplementing creatine into their diets.

6. Conclusion

Creatine is a natural substance consumed in the diet and synthesized in the body and widely utilized as an
ergogenic aid for strength and performance gains. Creatine stands as a well-established and safe supplement,
offering athletes, including young individuals, a valuable tool to enhance various aspects of physical performance.
Its ability to support energy production, improve strength, and expedite recovery is supported by a wealth of
scientific evidence. There is a large body of compelling evidence demonstrating improved high-intensity exercise
capacity and lean body mass with creatine supplementation, conferring the most benefit in explosive physical
activities that require short to moderate-duration bursts of high-intensity exertion. Debunking concerns about
growth stunting, creatine emerges as a reliable ally in the pursuit of athletic excellence. When taken properly by
healthy athletes, supplementing creatine provides several benefits that are incredibly beneficial. These benefits
include more energy during training, increased strength, better endurance, and increased lean muscle mass.
Creatine, particularly in its monohydrate form, exemplifies a versatile and effective supplement that is an
inexpensive and excellent way for an individual to better themselves as an athlete. Given the safety and
effectiveness of creatine supplementation, all healthy athletes may consider making it a part of their protein-rich
diet.
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