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ABSTRACT 

Introduction: In a world of ever-evolving athletic competition and scientific advancement, the 

pursuit of optimal supplement applications to achieve peak performance should come as no 

surprise. One of the most popular and extensively researched supplements is creatine, for which 

numerous studies over many years have supported its positive impact on athletic and strength 

performance, as well as muscle and strength gains. Over time, attention has also shifted toward 

exploring creatine’s potential applications in other areas of medicine, as well as its use across 

various populations and age groups. Currently, the significance and importance of creatine are 

being highlighted not only in the context of its use across various sports disciplines, but also 

for its demonstrated beneficial effects in a range of medical conditions. These include improved 

prognosis in osteoporosis, osteopenia, and age-related sarcopenia, as well as its neuroprotective 

effects—for example, in brain injuries, ischemic diseases, diabetes, and other related 

conditions. Creatine, a compound naturally present in the human body—both endogenously 

synthesized and obtained through dietary intake—can also be effectively consumed as a 
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supplement, exhibiting excellent bioavailability that results in tissue saturation, primarily 

within muscle tissue. Due to its well-documented positive effects, and being recognized as a 

safe supplement with virtually no significant adverse or health-compromising effects, creatine 

continues to grow in popularity. Given its approval for use by organizations such as the 

International Olympic Committee and the endorsement of the International Society of Sports 

Nutrition (ISSN), it is well on its way to becoming a leading supplement on the market. It is 

increasingly used not only by professional and amateur athletes, but also by a wide range of 

other populations across various age groups. Additionally, the concept of lifelong creatine 

supplementation is being increasingly discussed as a potentially beneficial strategy. 

Materials and methods: The analysis is based on a review on studies found in PubMed and 

Scholarship. Keywords used were: „creatine supplementation”, „creatine monohydrate”, 

„creatine supplementation muscle”, creatine neurodegenerative”, „creatine absorption”, 

„creatine kinase”. 

Aim of the study: The aim of this paper is to review the available medical literature and the 

current state of knowledge regarding creatine as a compound, its metabolism, as well as its 

significance as a supplement in enhancing performance and athletic achievements. 

Additionally, the paper explores its non-athletic applications and potential uses, taking into 

account the risks associated with supplementation, possible adverse effects, and optimal 

strategies for selecting appropriate dosages. 

Conclusions: Creatine is a health-safe supplement, with studies demonstrating a near absence 

of significant adverse effects regardless of age group. It undergoes non-enzymatic conversion 

into creatinine, which is excreted in the urine via the kidneys without causing renal damage. 

The positive effects of creatine on athletic performance, endurance, muscle hypertrophy, 

strength gains, improved recovery between training sets, and increases in lean body mass are 

well-established and indisputable based on decades of research. In addition to its applications 

in sports, there is growing literature indicating creatine’s beneficial effects in various medical 

conditions, including diabetes, ischemic heart disease, cerebral ischemia, traumatic brain injury, 

osteopenia, osteoporosis, and age-related sarcopenia (particularly when combined with 

resistance training). It is legal, considered safe by all available evidence, and according to some 

experts—even recommended. 

Keywords: creatine, creatine supplementation, creatine monohydrate, creatine 

supplementation in eldery patients, creatine supplementation in children and adolescents, 

creatine adverse effects, creatine renal failure,  creatine metabolysm, creatine in sport 
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Introduction 

The approach to resistance training has evolved over the years and is still evolving day after 

day. With the new discoveries, scientific knowledge, and the pursuit of maximizing results, 

individuals are increasingly modifying their strength training based on evidence-based sources 

to achieve optimal outcomes. A crucial component of training is often appropriate 

supplementation, which plays a significant role in enhancing post-exercise recovery, promoting 

muscle hypertrophy, and increasing muscular strength. Among the most commonly used 

supplements in resistance training with scientifically proven efficacy are creatine, protein, 

caffeine, beta-alanine, and nitric oxide (NO) precursors (1). In this review paper, we will focus 

exclusively on one of the aforementioned supplements—creatine. Among individuals engaged 

in sports, whether recreational or professional athletes, creatine supplementation has been 

reported by a significant percentage of respondents, ranging from approximately 9% to 46% 

(2). This indicates that, on average, every fourth or third athlete has used this supplement, either 

for a short or extended duration. This observation highlights the necessity and importance of 

systematic, evidence-based knowledge regarding the safety and efficacy of creatine—not only 

in enhancing strength performance and athletic achievements but also in its potential 

applications in various medical conditions. The following review paper discusses the current 

and past state of knowledge regarding the effects of creatine supplementation on the human 

body. It will examine its reported impacts in the literature, including its role in muscle 

hypertrophy, recovery, and strength performance enhancement. Additionally, we will explore 

less frequently addressed but equally relevant topics, such as its effects on brain function and 

memory improvement, its potential applications in neurodegenerative diseases, ischaemia, 

aging and aging-related conditions. 

Metabolic role, synthesis, degradation 

Creatine (α-methyl-guanidine-acetic acid) is a naturally occurring compound in the human 

body, synthesized from the amino acids methionine, arginine, and glycine. This process takes 

place in the kidneys, liver, and pancreas and may be less intensive depending on creatine intake, 

particularly when exogenous supplementation is introduced (3). The amount of creatine 

produced and stored in the human body is also influenced by dietary intake (4). Creatine is 

primarily found in animal-derived foods, such as fish and meat, particularly red meat (5). The 

vast majority of creatine in the human body—approximately 95%—is localized in skeletal 

muscles (6). In addition to skeletal muscles, tissues with the highest levels of creatine and 

creatinine include the heart, sperm cells, and retinal photoreceptor cells. Lower concentrations 
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are found in macrophages, endothelial cells, the brain, adipose tissue, intestines, seminal 

vesicles, spleen, kidneys, liver, lungs, red blood cells, and serum (7–13). Increased oral creatine 

intake, whether through supplementation or dietary sources, leads to a higher accumulation of 

creatine in muscle tissue (4). In tissues where creatine is present, creatine kinase (CK) is also 

found, specifically in the form of tissue-specific isoenzymes, such as MM-CK in muscles and 

BB-CK in the brain. Creatine kinase isoenzymes are composed of dimers of cytosolic enzyme 

subunits that are tissue-, species-, and development-specific. Regardless of the tissue in which 

it is expressed, creatine kinase consistently catalyzes the transfer of the γ-phosphate group from 

ATP to the guanidine group of creatine (Cr), resulting in the formation of phosphocreatine (PCr) 

and ADP (14).  

Approximately two-thirds of the creatine present in muscles is stored in the form of 

phosphocreatine (PCr), while the remaining portion exists as free creatine (Cr) (2). Due to the 

reversible nature of the reaction catalyzed by creatine kinase, phosphocreatine plays a crucial 

role in tissues with high and fluctuating energy demands, where it serves as a key compound in 

maintaining ATP availability by acting as a donor of high-energy phosphate groups, thereby 

supporting rapid ATP regeneration. This mechanism enables ATP regeneration in tissues such 

as fast-twitch skeletal muscles, where ATP is rapidly consumed through hydrolysis during 

short-term, high-intensity exertion. Fast-twitch skeletal muscles contain creatine kinase (CK) 

with significant enzymatic activity, allowing ADP and ATP levels to remain nearly constant. 

In other words, the reaction catalyzed by creatine kinase operates in a state close to enzymatic 

equilibrium. In contrast, cardiac striated muscles, slow-twitch skeletal muscles, sperm cells, 

and other energy-demanding tissues require a continuous supply of high-energy phosphate 

groups, such as those derived from phosphocreatine, to maintain proper function. It is postulated 

that the energy supply to these tissues occurs in a cyclic, shuttle-like manner. Phosphate groups 

from ATP are transferred from the mitochondrial matrix to the intermembrane space via 

mitochondrial creatine kinase (Mi-CK), resulting in the formation of phosphocreatine (PCr) and 

ADP. ADP is then transported back into the mitochondrial matrix, where it undergoes 

rephosphorylation to ATP. Meanwhile, phosphocreatine can diffuse to sites of active ATP 

consumption within the cell. In these locations, tissue-specific cytosolic isoenzymes of creatine 

kinase regenerate ATP from phosphocreatine. The creatine (Cr) produced in this reaction 

subsequently diffuses back into the mitochondria, completing the cycle and ensuring a 

continuous supply of energy in the form of high-energy phosphate groups.(14).  

The pool of creatine and phosphocreatine in the body is not constant. According to in 

vitro studies, the daily turnover of creatine and phosphocreatine represents a nearly fixed 
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fraction of the total stored in the body. Specifically, approximately 1.1% of creatine and 2.6% 

of phosphocreatine undergo transformation per day. As a model example to illustrate this 

process, a 70 kg male with a total body creatine pool of approximately 120 g would undergo a 

daily conversion of around 2 grams of creatine into creatinine (Crn) (5,15). Since both the 

hydrolytic breakdown of phosphocreatine and the cyclization of creatine into creatinine occur 

through non-enzymatic processes, and their common end product is creatinine (Crn), these 

transformations can be considered as a combined pool undergoing conversion and subsequent 

excretion in the urine (4,16,17). As a result of these non-enzymatic transformations leading to 

the excretion of creatinine in the urine, the body's creatine levels would gradually decrease 

without dietary intake and endogenous synthesis, which occurs primarily in the liver and 

kidneys. The synthesis of creatine involves the conversion of arginine and glycine into 

guanidinoacetate (GAA) by the enzyme arginine:glycine amidinotransferase (AGAT), which 

subsequently undergoes methylation with the use of S-adenosylmethionine (SAM) by 

guanidinoacetate N-methyltransferase (GAMT) to form creatine (18).  

Since the most common dietary sources of creatine are animal-derived products, such 

as meat—particularly red meat—and fish, and the average diet of a meat-consuming individual 

provides approximately 1 g of creatine per day (5), it is not surprising that individuals following 

a vegetarian or vegan diet tend to have lower intramuscular creatine stores. Vegetarians and 

vegans also exhibit greater increases in intramuscular creatine concentrations in response to 

exogenous creatine supplementation (19–21). Exogenous creatine supplementation reduces the 

body's endogenous creatine synthesis; however, after discontinuation of supplementation, 

endogenous synthesis returns to its baseline level observed prior to supplementation (3). Since 

the rate of the non-enzymatic conversion of creatine to creatinine is nearly constant, and more 

than 90% of the body's creatine pool is located in muscle tissue, the measurement of daily 

urinary creatinine (Crn) excretion can be used as an indicator of total muscle mass in humans 

(22,23). For this reason, athletes and individuals who exercise regularly, possessing greater 

muscle mass—and consequently higher creatine concentrations in muscle tissue—also 

experience a higher absolute rate of creatine breakdown and conversion (approximately 2% per 

day, a nearly constant fraction). As a result, they may require a higher dietary intake or 

supplementation of creatine, ranging from 5 to 10 grams per day, to maintain optimal and 

adequate creatine stores in the body (24). 
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The role in sport 

In the context of global sports competition, success or failure is increasingly determined by 

fractions of a second, daily physical condition, overall athlete well-being, as well as endurance 

and physiological capabilities. It is therefore unsurprising that athletes seeking peak 

performance focus on enhancing endurance and maximizing physical potential through all 

available and legal means. Currently, creatine supplementation enjoys widespread enthusiasm 

among athletes. This section of the review aims to evaluate the impact of creatine 

supplementation on athletic performance, its various aspects, and the outcomes achieved.  

During high-intensity exercise, particularly of short duration, the muscle's demand for 

ATP is met by two primary energy sources: first, phosphocreatine, and second, the process of 

glycolysis. Phosphocreatine serves as the primary source of ATP during exertion lasting 

approximately the first 10 seconds or less and is subsequently replaced by anaerobic glycolysis, 

which generates ATP for efforts lasting between approximately 10 and 30 seconds (25). Since 

prolonged, aerobic physical activities, such as long-distance running, primarily rely on 

oxidative phosphorylation as the dominant energy-producing process—one that does not 

directly utilize creatine—no significant improvements in endurance or performance have been 

observed in such disciplines with creatine supplementation. It appears that the benefits of 

creatine supplementation diminish as the duration of physical activity increases. (26,27). It is 

therefore unsurprising that the greatest benefits of creatine supplementation have been observed 

in athletes engaged in sports that primarily, or at least partially, rely on short, explosive physical 

efforts, including those performed repeatedly over time or in series—such as intermittent sprints 

or exertion followed by periods of rest, examples of such disciplines include bodybuilding, 

basketball, soccer, ski jumping, tennis (studies have shown performance improvements 

specifically in sprints, which are an integral part of this sport, but not in strength or power output 

related to racket strokes (28–30)., American football (31) (32), baseball, weightlifting, cycling 

(studies have demonstrated performance improvements and enhanced outcomes in sprints and 

acceleration phases.(33,34))  sprinting.and more (35,36). Due to the increase in creatine 

concentration resulting from supplementation and the subsequent rise in phosphocreatine 

availability—serving as a source of high-energy phosphate groups for ATP regeneration—there 

is a reduced reliance on glycolysis during physical exertion.(26) Creatine supplementation 

enhances performance and power output in repeated sprinting efforts by approximately 5–15%, 

as well as in single sprint efforts by 1–5%. It also increases power output, total work performed, 

and muscle contraction strength by approximately 5–15% during resistance training. 
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Additionally, it promotes strength gains, particularly in high-intensity exercises, and contributes 

to the increase in lean body mass.(37).  

Creatine (Cr) supplementation, leading to an increase in phosphocreatine (PCr) 

concentration and availability in muscles, may enhance strength performance and athletic 

achievements across different age groups, including adults, adolescents, and older 

individuals.(38–40) The benefits of creatine supplementation are observed in both men and 

women. However, since most available studies on this topic have been conducted 

predominantly or exclusively on male participants, the precise quantitative and statistical effects 

of creatine supplementation in women remain an area for further research. Nonetheless, existing 

studies suggest that, compared to the benefits observed in men, the increase in muscle mass, 

strength, and hypertrophy in women is not as pronounced.(41–43) One of the proposed reasons 

for this difference may be that the majority of muscle creatine in the human body is stored in 

type 2 muscle fibers. Since individuals with a greater proportion (or mass) of these fast-twitch 

fibers are likely to experience more significant benefits from creatine supplementation—such 

as improved strength gains and training performance—men, who generally have a higher 

muscle mass than women, may derive greater benefits from creatine use.(44,45) 

Regarding the impact of creatine supplementation on the efficacy of resistance training, 

available studies indicate that its use in conjunction with strength training results in significantly 

greater increases in strength parameters and muscle mass compared to training without 

additional creatine intake (placebo). For example, a meta-analysis conducted by Chilibeck et 

al. demonstrated that creatine supplementation led to a statistically significant increase in lean 

body mass and enhanced muscular strength in both the lower and upper limbs, as assessed by 

leg press and bench press performance tests. (46) Already in 1998, Kreider et al. published a 

study demonstrating that creatine supplementation (specifically in this 28-day study) resulted 

in an increase in lean body mass, training volume, and the total weight lifted during bench press, 

squats, and power cleans.(38)  

A similar effect and conclusions were reported in a 2023 systematic review with meta-

analysis published by Burke et al. This study also demonstrated superior muscle hypertrophy 

outcomes (measured using imaging techniques such as magnetic resonance imaging, computed 

tomography, or ultrasound) in comparison to the placebo group. (47) The aforementioned meta-

analysis also highlights that the effects of creatine supplementation are more pronounced in 

young adults compared to older individuals.(47). This is consistent with the review of 

randomized trials from 2012 to 2021 published by Shih-Hao Wu et al. Based on an analysis of 

16 randomized controlled trials, they concluded that creatine supplementation is most effective 
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for muscle growth in the population of young adults. However, it is essential to emphasize the 

fundamental role of training in achieving this goal.(48) Creatine supplementation combined 

with resistance training enhances lean muscle mass growth regardless of the supplementation 

protocol. Specifically, lean mass gains were greater in the creatine-supplemented groups 

compared to placebo groups, regardless of whether supplementation was implemented only on 

training days or as a daily regimen with either lower doses (<5 g/day) or higher doses (>5 

g/day). The benefits were observed both with and without a creatine loading phase. The loading 

phase refers to the short-term intake of high doses of creatine (e.g., >20 g/day for approximately 

5–7 days) to rapidly saturate muscle tissue with creatine. A similar supplementation protocol, 

based on a creatine loading phase followed by maintenance dosing of 0.03–0.06 g/kg/day, was 

utilized in scientific studies, which observed that the addition of creatine to resistance training 

resulted in greater improvements in muscle strength, lean body mass, and muscle 

hypertrophy.(49) Furthermore, they reported a higher increase in intramuscular IGF-1 levels 

and muscle protein synthesis in the creatine-supplemented group compared to the placebo 

group. (50) Further details on the most optimal creatine supplementation strategies, including 

loading phases, will be discussed in later sections of this work. (51) Furthermore, the medical 

literature includes studies suggesting that creatine not only enhances athletic performance but 

also reduces muscle damage during training. Chia-Chi Wang et al. published findings indicating 

that creatine supplementation significantly increased one-repetition maximum (1RM) strength 

compared to the placebo group (p < 0.05). Additionally, post-exercise creatine kinase (CK) 

activity was significantly lower in the creatine-supplemented group compared to the placebo 

group (p < 0.05), suggesting a protective effect against muscle damage.(52) A study conducted 

by Volek et al. yielded similar conclusions. Muscle strength and the number of repetitions were 

greater in the creatine-supplemented group compared to the placebo group, as demonstrated in 

two exercises: bench press (assessing upper-body muscle strength) and squat jumps (assessing 

lower-body muscle strength). Additionally, an increase in body mass was observed, with an 

average gain of 1.4 kg. Furthermore, post-exercise lactate levels were elevated in the creatine-

supplemented group, suggesting an enhanced anaerobic metabolic response to training.(53) 

Creatine supplementation leads to an increase in the total creatine pool, which facilitates the 

maintenance of high-intensity training by enabling faster ATP regeneration between sets. This, 

in turn, contributes to improvements in lean body mass, muscular strength, and muscle 

hypertrophy.(27,54)  It is also worth mentioning the findings reported by Saremi et al. in their 

published study regarding the impact of resistance training combined with creatine 

supplementation on the levels of myostatin and Growth and Differentiation Factor-Associated 
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Serum Protein-1 (GASP-1), a regulator that promotes muscle growth. Resistance training alone 

resulted in an increase in GASP-1 levels and a significant decrease in circulating myostatin. 

However, when creatine supplementation was combined with training, the reduction in serum 

myostatin levels was even more pronounced (p < 0.05), though no further significant increase 

in GASP-1 levels was observed.(55) The conclusions drawn in this study, in conjunction with 

the current understanding of creatine’s effects on performance, resistance training quality, and 

hypertrophy, open avenues for exploring additional mechanisms through which creatine 

contributes to muscle growth beyond merely enhancing ATP regeneration. The observed effect 

of creatine supplementation in reducing myostatin levels – a protein responsible for limiting 

muscle growth—suggests a potential additional pathway by which creatine facilitates greater 

muscle mass accrual. Confirming this alternative mechanism could further solidify creatine’s 

role as a potent ergogenic aid in muscle hypertrophy. 

Bioavailability, absorption, effect on body composition and selection of the most optimal 

supplementation strategy 

When considering the optimal method of creatine supplementation, it is essential to examine 

the most commonly used supplementation protocols. The loading-phase protocol involves 

supplementing with 20–25 g of creatine per day for 5–7 days (approximately 0.3 g/kg/day), 

typically divided into several smaller doses, such as 5 g per serving. (4) A study conducted by 

Sale et al. concluded that consuming 20 g of creatine daily in smaller doses of 1 g per serving, 

taken 20 times a day at 30-minute intervals, resulted in lower urinary excretion of creatinine 

and its metabolites compared to the traditional loading method (e.g., four doses of 5 g per 

serving). This led to better creatine absorption, greater muscle saturation, and consequently, 

enhanced supplementation effects. (56) On the other hand, the supplementation protocol 

without an initial loading phase, involving daily intake of 3-5 g/day, has also been proven 

effective in studies. However, it should be noted that to achieve similar tissue saturation of 

creatine as in the loading protocol, a longer supplementation period (over 4 weeks) is required 

compared to the loading phase. (2,16,57) The choice of an appropriate supplementation strategy 

may depend on personal preferences, training goals, the time frame for achieving those goals, 

convenience, or potential side effects associated with each strategy. After discontinuing 

supplementation, creatine levels return to baseline within approximately 4–6 weeks. (16,58) 

However, no evidence suggests that they drop below pre-supplementation levels, indicating that 

creatine supplementation does not irreversibly disrupt endogenous creatine synthesis. (24) 
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After ingestion, creatine is absorbed from the gastrointestinal tract into the bloodstream 

and then taken up by tissues, with the largest amount being absorbed by muscle tissue.(59) The 

peak plasma creatine concentration following oral supplementation occurs approximately 60 

minutes after intake.(16) The absorption process into the bloodstream is highly efficient, with 

an absorption rate of nearly 100%.(4,60,61) Due to creatine's greater stability in environments 

with a pH lower than 2.5, the gastrointestinal tract provides favorable conditions for 

maintaining creatine in its unchanged form, ensuring efficient absorption. (59) Creatine is 

removed from the bloodstream either through its transport to organs or via glomerular filtration 

in the kidneys.(62) The transport and uptake of creatine into organs are mediated by the creatine 

transporter type 1 (T1), a protein whose activity is dependent on creatine levels—its activity 

increases as intracellular creatine concentration decreases. (63)  

When it comes to choosing a form of creatine for supplementation, several options are 

available. The most popular and well-researched form is creatine monohydrate (CM). Other 

forms include creatine salts such as citrate, phosphate, malate, pyruvate, magnesium creatine, 

creatine with sodium bicarbonate, anhydrous creatine, effervescent creatine, and ester forms 

like creatine ethyl ester. (27) Comparative studies of creatine monohydrate, creatine citrate, and 

creatine pyruvate have shown that pyruvate induces a higher peak creatine concentration than 

monohydrate and citrate, while maintaining the same absorption rate, elimination time, and 

time to peak serum concentration. However, this finding is not conclusive, as it remains 

uncertain whether the observed differences translate into greater muscle creatine saturation and, 

consequently, enhanced supplementation effects.(64) Additionally, it is worth noting that 

creatine monohydrate exhibits greater stability compared to its salt forms. (59) Creatine 

monohydrate, while highly stable in its solid powder form, loses stability in aqueous solutions 

due to an increased rate of cyclization, converting creatine into creatinine. However, current 

evidence does not support the notion that other forms of creatine, despite their improved 

solubility and stability in solutions, provide better tissue saturation, efficiency, or overall 

effectiveness.(59,65)  

Changes in body composition during creatine supplementation most commonly involve 

an increase in lean body mass and overall body mass.(26) As previously discussed, the increase 

in lean body mass may be linked to creatine supplementation through several mechanisms. In 

contrast, the increase in overall body mass may as well be attributed to creatine’s hydrophilic 

nature and osmotic properties, which can lead to an increase in water content, specifically 

intracellular water. This may explain the observed rise in total body mass during 

supplementation. (16) However, the medical literature presents varying findings on this matter. 
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Some studies conclude that creatine increases both total body mass and intracellular water 

content,(66) while others suggest that it does not significantly affect total body water. (67,68) 

Additionally, some research indicates that although creatine increases total body water, it does 

not alter its distribution between intracellular and extracellular compartments. (69) Given these 

conflicting results, drawing a definitive conclusion remains challenging. However, there is 

evidence suggesting that creatine supplementation may contribute to an increase in total body 

mass, overall body water content, and intracellular fluid volume. 

Effects, Potential Applications, and Safety of Supplementation in Less Frequently Studied 

Age Groups: Children, Adolescents, and Older Adults 

With the passage of time, an increasing number of scientific studies have examined the effects 

of creatine supplementation in adolescents. A significant portion of these studies supports its 

efficacy in this population, reporting minimal or no adverse effects.(70) Tarnopolsky et al. 

demonstrated that creatine supplementation led to increased lean body mass and grip strength 

in patients with Duchenne muscular dystrophy.(71) Additionally, Sakellaris et al. found that 

creatine improved prognosis in pediatric and adolescent patients with traumatic brain 

injury.(72) It is important to note that all these studies involved rigorous monitoring of 

participants for potential organ dysfunction, including liver and kidney function and 

inflammatory markers. No adverse effects of supplementation were reported, nor was there a 

need to discontinue supplementation due to creatine-related complications. These findings 

support the safety of creatine use in children and adolescents, particularly those engaged in 

high-level sports to enhance performance. (65)  

In the older adult population, the most promising condition in which creatine 

supplementation may have a beneficial impact is age-related sarcopenia. This condition 

increases the risk of falls, injuries, and even mortality.(73) Creatine supplementation may have 

a beneficial effect in limiting the reduce of muscle mass and improving muscle function and 

daily performance in older adults. However, it is crucial to emphasize that these effects are not 

solely due to creatine supplementation but rather its combination with resistance training, which 

remains the fundamental factor in achieving these outcomes.(74–76) The validity of this theory 

is supported by research findings. For example, Candow et al. demonstrated that creatine 

supplementation combined with resistance training reduces muscle and bone mass loss as well 

as bone mineral resorption.(77) Similarly, studies by Chilibeck et al. indicate that creatine, 

when paired with resistance training, improves bone mineral density (78); also it decreases bone 

resorption, and strengthens bones in postmenopausal women (79). A positive effect on 
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increasing lean body mass was not observed in postmenopausal women supplementing with 

creatine who did not engage in resistance training. Therefore, it cannot be concluded that 

creatine supplementation alone leads to lean mass gains; rather, its combination with exercise 

provides the potential for greater increases in lean body mass.(80) As a general conclusion on 

this matter, it can be stated that, similar to the adult population, older individuals also experience 

positive effects of creatine supplementation on muscle hypertrophy, increased muscle strength, 

and lean body mass when combined with regular resistance training. (26,81) There are also 

studies in the literature suggesting that creatine supplementation may enhance fatigue 

resistance, neuropsychological performance, and cognitive abilities. (82) A conclusion that can 

surely be drawn is that the topic of creatine supplementation in younger individuals, including 

children and adolescents, and older adults, warrants further investigation. Moreover, 

supplementation itself is at least worth considering in these populations, depending on our 

targets. 

Non-Muscular and Non-Sports Applications and Effects on Other Organs 

One of the frequently discussed topics regarding creatine supplementation—beyond its effects 

on training efficiency, performance, muscle hypertrophy, athletic results etc.—is its impact on 

brain function. While creatine presence in the brain is primarily determined by its endogenous 

synthesis, supplementation can increase its storage in this region. (83) However, brain creatine 

uptake is lower compared to muscle tissue. Studies have reported an average increase of 8.7% 

in brain creatine levels after four weeks of supplementation with 20 g/day, whereas in muscle 

tissue, creatine concentrations can rise by approximately 20–40% within 5–7 days with a similar 

supplementation regimen. (4,84,85) It therefore appears that achieving a significant increase in 

brain creatine concentration requires a longer supplementation period and/or a higher dosage 

compared to muscle tissue. (86) Regarding its effects on the nervous system, studies have 

reported that creatine may help reduce feelings of fatigue (87), including mental fatigue , even 

in conditions of sleep deprivation (88). Additionally, it has been suggested that creatine 

supplementation can improve memory (21) and cognitive function (89).  

Evidence suggests that traumatic brain injuries (TBI) lead to a decrease in creatine 

concentration in brain (90), prompting the hypothesis that creatine supplementation may have 

beneficial effects in rehabilitation and recovery following such injuries. This theory is 

supported by animal studies demonstrating creatine’s neuroprotective properties and reduced 

neurological deficits post-injury.(91,92) Additionally, findings from Sakellaris et al. indicate 

positive effects in this context, showing improvements in headache, dizziness, and fatigue in 
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children with TBI who supplemented with creatine for six months post-injury. Improvements 

were also observed in the duration of post-traumatic amnesia, the length of intubation and stay 

in the intensive care unit, the rate of recovery, and cognitive functions.(72,93) These results 

further support its potential neuroprotective role.  

Regarding the use of creatine in neurodegenerative and neuromuscular diseases such as 

Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis (ALS), and Duchenne 

muscular dystrophy, the current literature primarily highlights its known benefits, such as 

improved muscle performance when combined with exercise. However, the only notable 

finding beyond these effects is a slight slowing of brain atrophy in pre-symptomatic individuals 

with Huntington’s disease. No significant impact of creatine supplementation on disease 

progression or prognosis has been demonstrated in these conditions. (71,94,95) 

With the increasing number of studies on creatine and its demonstrated benefits 

primarily in energy-demanding processes, conditions associated with energy deficits, or 

hypoxic environments, interest has also shifted toward its potential application in ischemic heart 

disease and stroke. (96–98) In their research, Balestrino et al. suggest that creatine 

supplementation may have beneficial effects in ischemic stroke, myocardial ischemia, and 

arrhythmia prevention. (96) However, further studies are needed to draw definitive conclusions 

on this matter.  

In the elderly population, creatine supplementation has also been proposed to influence 

various health issues. Some of these, such as improvements in cognitive function and memory, 

as well as its role in sarcopenia and osteopenia, have already been discussed in previous 

sections. Therefore, they will only be left mentioned again here without further elaboration. In 

addition to the previously mentioned effects, other existing research suggest potential benefits 

affecting not only eldery groups, but the whole population, especially adults, including a 

possible role in reducing liver steatosis, lowering triglyceride and cholesterol levels 

(38,99,100), potential applications in depression (101,102) and diabetes management. In their 

study, Gualano et al. (103) observed a reduction in glycated hemoglobin levels and an increase 

in GLUT-4 translocation, suggesting that creatine supplementation (when combined with 

exercise) may have an additional positive effect on better glycemic control in individuals with 

diabetes. 

Safety of Supplementation and Related Adverse Effects 

One of the most frequently discussed topics regarding the side effects of creatine 

supplementation is it’s potential impact on kidney function. Most cases of kidney damage 
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reported in studies during supplementation involved massively excessive doses taken over 

prolonged periods, coexisting kidney disease or pre-existing renal insufficiency, and concurrent 

use of other nephrotoxic compounds or medications. (104,105) However, there is no confirmed 

evidence that creatine supplementation has a negative effect on kidney function (106,107), even 

in extreme age populations, such as children and the elderly. (3,108,109), and also in 

populations with higher risk of kidney problems or failure such as diabetic patients (DM2) (110) 

No negative effects have been demonstrated for long-term supplementation (studies have 

included individuals with a supplementation history of up to five years). (111,112) It should 

also be noted that plasma creatinine levels can be used to assess renal filtration function; 

however, its concentration may depend on various factors such as muscle mass, gender, and 

dietary creatine intake—whether from supplementation or sources like meat. (16) This leads to 

several conclusions. Firstly, serum creatinine levels may be elevated, even above the normal 

range, during creatine supplementation.(113) Secondly, serum creatinine measurement is not a 

reliable method for assessing renal filtration function during the creatine supplementation 

period, as elevated creatinine levels in this context may not be associated with kidney damage 

at all.  

Creatine is rarely reported as a cause of adverse effects (114), and the only consistently 

observed effect that could be considered a side effect is weight gain, (37,115,116) which can 

also be regarded as a natural consequence of its structure and mechanism of action. It also does 

not cause an increased frequency of injuries and muscle cramps (24,117,118), dehydration 

(119,120), or gastrointestinal disturbances (24,117,118). However, there have been reports 

suggesting that the intake of large amounts (10 grams or more in a single dose) may increase 

the risk of diarrhea. (57) In light of the vast body of research demonstrating the potential 

benefits of creatine use, as well as numerous studies indicating minimal adverse effects and 

good tolerance of supplementation, recommendations and proposals have emerged supporting 

the potential benefits of lifelong chronic creatine supplementation at a low daily dose (3 g per 

day). (121) 

In summary, regarding the safety of creatine supplementation, it is worth noting that 

creatine is not prohibited by the International Olympic Committee (IOC), the World Anti-

Doping Agency (WADA), or the National Collegiate Athletic Association (NCAA). (122–124) 

According to the position of the International Society of Sports Nutrition (ISSN), creatine 

monohydrate—the most extensively and thoroughly researched form of creatine—is the most 

effective legal supplement for increasing lean body mass and enhancing performance during 

physical training. It has not been demonstrated that creatine use, even at higher doses and over 



17 

extended periods, including many years, causes significant adverse effects. It is considered safe 

even for children and older adults. (2)  

Conclusions 

The scientific community is continuously evolving, and new research studies are constantly 

emerging. In light of current scientific evidence, creatine is gaining increasing recognition due 

to its wide range of effects. Its applications and well-documented benefits are particularly 

relevant in high-intensity sports, sprinting, and other, mostly short-duration activities that 

require substantial energy output. According to current research, regular creatine use combined 

with resistance training yields benefits such as improved gains in lean body mass, strength, and 

muscle hypertrophy. Moreover, it has been shown to positively influence prognosis and disease 

progression in conditions such as sarcopenia, osteopenia, and osteoporosis. Increasing attention 

is being given to its potential protective role against severe complications of myocardial or 

cerebral ischemia, particularly in traumatic contexts, as well as its neuroprotective effects, its 

role in enhancing memory and cognitive function, and in glycemic control among patients with 

diabetes. The medical literature already contains studies supporting the validity of these 

beneficial effects. While there have been high hopes regarding its potential positive impact on 

the prognosis of neurodegenerative and neuromuscular diseases, no conclusive evidence has 

yet demonstrated any relevant effect of creatine on outcomes in these conditions.  Regardless 

of the chosen supplementation protocol—whether it includes a loading phase (20–25 g of 

creatine daily for the first 5–7 days followed by a maintenance dose of 3–5 g per day), or omits 

the loading phase (e.g., approximately 5 g daily, which is ultimately equally effective but 

achieves similar muscle creatine saturation more gradually, after about four weeks)—creatine 

appears, in light of current research, to be a health-safe supplement across all age groups, 

including children and older adults, with virtually no significant adverse effects. It is one of the 

most thoroughly studied supplements with proven efficacy and, moreover, is not prohibited by 

the International Olympic Committee, the World Anti-Doping Agency, or the National 

Collegiate Athletic Association 

 

Authors’ contribution 

Conceptualization – Szymon Szypulski and Jakub Skiba; methodology – Sebastian Iwaniuk; 

software- Kinga Kowalik and Maria Michalska; check –Kinga Tylczyńska, Jakub Skiba and 

Zuzanna Skiba; formal analysis Aleksandra Zielińska and Sebastian Iwaniuk; investigation – 

Kinga Tylczyńska; resources – Szymon Szypulski; data curation – Zuzanna Skiba and Natalia 



18 

Tylczyńska; writing- Szymon Szypulski - rough preparation – Ignacy Maciejewski and 

Aleksandra Zielińska; - review and editing, Kinga Kowalik and Natalia Tylczyńska; 

visualization- Ignacy Maciejewski and Maria Michalska ; supervision – Aleksandra Zielińska; 

project administration – Szymon Szypulski; receiving funding not applicable.  All authors have 

read and agreed with the published version of the manuscript. 

Financing Statement: 

This research received no external funding. 

Institutional Review Board Statement: 

Not applicable. 

Informed Consent Statement: 

Not applicable. 

Data Availability Statement: 

The authors confirm that the data supporting the findings of this study are available within the 

article’s bibliography. 

Conflict of Interest: 

Authors declare no conflict of interest. 

 

References: 

1. Antonio J, Pereira F, Curtis J, Rojas J, Evans C. The Top 5 Can’t-Miss Sport Supplements. 

Nutrients. 2024 Sep 26;16(19):3247.  

2. Kreider RB, Kalman DS, Antonio J, Ziegenfuss TN, Wildman R, Collins R, et al. 

International Society of Sports Nutrition position stand: safety and efficacy of creatine 

supplementation in exercise, sport, and medicine. J Int Soc Sports Nutr. 2017 Jun 

13;14(1):18.  

3.Persky AM, Rawson ES. Safety of creatine supplementation. Subcell Biochem. 2007;46:275–

89.  

4. Harris RC, Söderlund K, Hultman E. Elevation of creatine in resting and exercised muscle 

of normal subjects by creatine supplementation. Clin Sci Lond Engl 1979. 1992 

Sep;83(3):367–74.  

5. Walker JB. Creatine: biosynthesis, regulation, and function. Adv Enzymol Relat Areas Mol 

Biol. 1979;50:177–242.  

6. Greenhaff PL. The nutritional biochemistry of creatine. J Nutr Biochem. 1997 Nov 

1;8(11):610–8.  



19 

7. Christensen M, Hartmund T, Gesser H. Creatine kinase, energy-rich phosphates and energy 

metabolism in heart muscle of different vertebrates. J Comp Physiol [B]. 

1994;164(2):118–23.  

8. Lee HJ, Fillers WS, Iyengar MR. Phosphocreatine, an intracellular high-energy compound, 

is found in the extracellular fluid of the seminal vesicles in mice and rats. Proc Natl 

Acad Sci U S A. 1988 Oct;85(19):7265–9.  

9. Kushmerick MJ, Moerland TS, Wiseman RW. Mammalian skeletal muscle fibers 

distinguished by contents of phosphocreatine, ATP, and Pi. Proc Natl Acad Sci U S A. 

1992 Aug 15;89(16):7521–5.  

10. Delanghe J, De Slypere JP, De Buyzere M, Robbrecht J, Wieme R, Vermeulen A. Normal 

reference values for creatine, creatinine, and carnitine are lower in vegetarians. Clin 

Chem. 1989 Aug;35(8):1802–3.  

11. Berlet HH, Bonsmann I, Birringer H. Occurrence of free creatine, phosphocreatine and 

creatine phosphokinase in adipose tissue. Biochim Biophys Acta. 1976 Jun 

23;437(1):166–74.  

12. Wallimann T, Wegmann G, Moser H, Huber R, Eppenberger HM. High content of creatine 

kinase in chicken retina: compartmentalized localization of creatine kinase isoenzymes 

in photoreceptor cells. Proc Natl Acad Sci U S A. 1986 Jun;83(11):3816–9.  

13. Wallimann T, Moser H, Zurbriggen B, Wegmann G, Eppenberger HM. Creatine kinase 

isoenzymes in spermatozoa. J Muscle Res Cell Motil. 1986 Feb;7(1):25–34.  

14. Wyss M, Kaddurah-Daouk R. Creatine and Creatinine Metabolism. Physiol Rev. 2000 

Jul;80(3):1107–213.  

15. Walser M. Creatinine Excretion as a Measure of Protein Nutrition in Adults of Varying 

Age. J Parenter Enter Nutr. 1987;11(5S):73S-78S.  

16. Hultman E, Söderlund K, Timmons JA, Cederblad G, Greenhaff PL. Muscle creatine 

loading in men. J Appl Physiol Bethesda Md 1985. 1996 Jul;81(1):232–7.  

17. Balsom PD, Söderlund K, Ekblom B. Creatine in humans with special reference to creatine 

supplementation. Sports Med Auckl NZ. 1994 Oct;18(4):268–80.  

18. Paddon-Jones D, Børsheim E, Wolfe RR. Potential ergogenic effects of arginine and 

creatine supplementation. J Nutr. 2004 Oct;134(10 Suppl):2888S-2894S; discussion 

2895S.  

19. Brosnan ME, Brosnan JT. The role of dietary creatine. Amino Acids. 2016 Aug;48(8):1785–

91.  



20 

20. Burke DG, Chilibeck PD, Parise G, Candow DG, Mahoney D, Tarnopolsky M. Effect of 

creatine and weight training on muscle creatine and performance in vegetarians. Med 

Sci Sports Exerc. 2003 Nov;35(11):1946–55.  

21. Benton D, Donohoe R. The influence of creatine supplementation on the cognitive 

functioning of vegetarians and omnivores. Br J Nutr. 2011 Apr;105(7):1100–5.  

22. Pirlich M, Selberg O, Böker K, Schwarze M, Müller MJ. The creatinine approach to 

estimate skeletal muscle mass in patients with cirrhosis. Hepatol Baltim Md. 1996 

Dec;24(6):1422–7.  

23. Virgili F, Maiani G, Zahoor ZH, Ciarapica D, Raguzzini A, Ferro-Luzzi A. Relationship 

between fat-free mass and urinary excretion of creatinine and 3-methylhistidine in 

adult humans. J Appl Physiol. 1994 May;76(5):1946–50.  

24. Kreider RB, Melton C, Rasmussen CJ, Greenwood M, Lancaster S, Cantler EC, et al. Long-

term creatine supplementation does not significantly affect clinical markers of health 

in athletes. Mol Cell Biochem. 2003 Feb;244(1–2):95–104.  

25. Smith JC, Hill DW. Contribution of energy systems during a Wingate power test. Br J Sports 

Med. 1991 Dec;25(4):196–9.  

26. Branch JD. Effect of Creatine Supplementation on Body Composition and Performance: A 

Meta-analysis. 2003 Jun 1 [cited 2025 Mar 20]; Available from: 

https://journals.humankinetics.com/view/journals/ijsnem/13/2/article-p198.xml 

27. Cooper R, Naclerio ,Fernando, Allgrove ,Judith, and Jimenez A. Creatine supplementation 

with specific view to exercise/sports performance: an update. J Int Soc Sports Nutr. 

2012 Jul 20;9(1):33.  

28. Vicente-Salar N, Santos-Sánchez G, Roche E. Nutritional Ergogenic Aids in Racquet 

Sports: A Systematic Review. Nutrients. 2020 Sep;12(9):2842.  

29. Pluim BM, Ferrauti A, Broekhof F, Deutekom M, Gotzmann A, Kuipers H, et al. The effects 

of creatine supplementation on selected factors of tennis specific training. Br J Sports 

Med. 2006 Jun;40(6):507–11; discussion 511-512.  

30. Eijnde BO ’t, Vergauwen L, Hespel P. Creatine Loading does not Impact on Stroke 

Performance in Tennis. Int J Sports Med. 2001 Dec 31;22:76–80.  

31. Stone MH, Sanborn K, Smith LL, O’Bryant HS, Hoke T, Utter AC, et al. Effects of in-

season (5 weeks) creatine and pyruvate supplementation on anaerobic performance 

and body composition in American football players. Int J Sport Nutr. 1999 

Jun;9(2):146–65.  



21 

32. Bemben MG, Bemben DA, Loftiss DD, Knehans AW. Creatine supplementation during 

resistance training in college football athletes. Med Sci Sports Exerc. 2001 

Oct;33(10):1667–73.  

33. Crisafulli DL, Buddhadev ,Harsh H., Brilla ,Lorrie R., Chalmers ,Gordon R., Suprak ,David 

N., and San Juan JG. Creatine-electrolyte supplementation improves repeated sprint 

cycling performance: A double blind randomized control study. J Int Soc Sports Nutr. 

2018 May 2;15(1):21.  

34. Tomcik KA, Camera DM, Bone JL, Ross ML, Jeacocke NA, Tachtsis B, et al. Effects of 

Creatine and Carbohydrate Loading on Cycling Time Trial Performance. Med Sci 

Sports Exerc. 2018 Jan;50(1):141–50.  

35. Hultman E, Greenhaff PL. Skeletal muscle energy metabolism and fatigue during intense 

exercise in man. Sci Prog. 1991;75(298 Pt 3-4):361–70.  

36. Hirvonen J, Rehunen S, Rusko H, Härkönen M. Breakdown of high-energy phosphate 

compounds and lactate accumulation during short supramaximal exercise. Eur J Appl 

Physiol. 1987 May 1;56(3):253–9.  

37. Kreider RB. Effects of creatine supplementation on performance and training adaptations. 

Mol Cell Biochem. 2003 Feb;244(1–2):89–94.  

38. Kreider RB, Ferreira M, Wilson M, Grindstaff P, Plisk S, Reinardy J, et al. Effects of 

creatine supplementation on body composition, strength, and sprint performance. Med 

Sci Sports Exerc. 1998 Jan;30(1):73–82.  

39. Kerksick CM, Wilborn CD, Campbell WI, Harvey TM, Marcello BM, Roberts MD, et al. 

The effects of creatine monohydrate supplementation with and without D-pinitol on 

resistance training adaptations. J Strength Cond Res. 2009 Dec;23(9):2673–82.  

40. Claudino JG, Mezêncio B, Amaral S, Zanetti V, Benatti F, Roschel H, et al. Creatine 

monohydrate supplementation on lower-limb muscle power in Brazilian elite soccer 

players. J Int Soc Sports Nutr. 2014;11:32.  

41. Ramírez-Campillo R, González-Jurado JA, Martínez C, Nakamura FY, Peñailillo L, Meylan 

CMP, et al. Effects of plyometric training and creatine supplementation on maximal-

intensity exercise and endurance in female soccer players. J Sci Med Sport. 2016 

Aug;19(8):682–7.  

42. Tarnopolsky MA, MacLennan DP. Creatine monohydrate supplementation enhances high-

intensity exercise performance in males and females. Int J Sport Nutr Exerc Metab. 

2000 Dec;10(4):452–63.  



22 

43. Ayoama R, Hiruma E, Sasaki H. Effects of creatine loading on muscular strength and 

endurance of female softball players. J Sports Med Phys Fitness. 2003 Dec;43(4):481–

7.  

44. Syrotuik DG, Bell GJ. Acute creatine monohydrate supplementation: a descriptive 

physiological profile of responders vs. nonresponders. J Strength Cond Res. 2004 

Aug;18(3):610–7.  

45. Gualano B, Rawson ES, Candow DG, Chilibeck PD. Creatine supplementation in the aging 

population: effects on skeletal muscle, bone and brain. Amino Acids. 2016 Aug 

1;48(8):1793–805.  

46. Chilibeck PD, Kaviani ,Mojtaba, Candow ,Darren G, and Zello GA. Effect of creatine 

supplementation during resistance training on lean tissue mass and muscular strength 

in older adults: a meta-analysis. Open Access J Sports Med. 2017 Nov 2;8:213–26.  

47. Burke R, Piñero A, Coleman M, Mohan A, Sapuppo M, Augustin F, et al. The Effects of 

Creatine Supplementation Combined with Resistance Training on Regional Measures 

of Muscle Hypertrophy: A Systematic Review with Meta-Analysis. Nutrients. 2023 

Apr 28;15(9):2116.  

48. Wu SH, Chen KL, Hsu C, Chen HC, Chen JY, Yu SY, et al. Creatine Supplementation for 

Muscle Growth: A Scoping Review of Randomized Clinical Trials from 2012 to 2021. 

Nutrients. 2022 Mar 16;14(6):1255.  

49. Cribb PJ, Williams AD, Hayes A. A creatine-protein-carbohydrate supplement enhances 

responses to resistance training. Med Sci Sports Exerc. 2007 Nov;39(11):1960–8.  

50. Burke DG, Candow DG, Chilibeck PD, MacNeil LG, Roy BD, Tarnopolsky MA, et al. 

Effect of creatine supplementation and resistance-exercise training on muscle insulin-

like growth factor in young adults. Int J Sport Nutr Exerc Metab. 2008 Aug;18(4):389–

98.  

51. Forbes SC, Candow DG, Ostojic SM, Roberts MD, Chilibeck PD. Meta-Analysis 

Examining the Importance of Creatine Ingestion Strategies on Lean Tissue Mass and 

Strength in Older Adults. Nutrients. 2021 Jun 2;13(6):1912.  

52. Wang CC, Fang CC, Lee YH, Yang MT, Chan KH. Effects of 4-Week Creatine 

Supplementation Combined with Complex Training on Muscle Damage and Sport 

Performance. Nutrients. 2018 Nov 2;10(11):1640.  

53. Volek JS, Kraemer WJ, Bush JA, Boetes M, Incledon T, Clark KL, et al. Creatine 

Supplementation Enhances Muscular Performance During High-Intensity Resistance 

Exercise. J Am Diet Assoc. 1997 Jul 1;97(7):765–70.  



23 

54. Volek JS, Duncan ND, Mazzetti SA, Staron RS, Putukian M, Gómez AL, et al. Performance 

and muscle fiber adaptations to creatine supplementation and heavy resistance 

training. Med Sci Sports Exerc. 1999 Aug;31(8):1147–56.  

55. Saremi A, Gharakhanloo R, Sharghi S, Gharaati MR, Larijani B, Omidfar K. Effects of oral 

creatine and resistance training on serum myostatin and GASP-1. Mol Cell Endocrinol. 

2010 Apr 12;317(1–2):25–30.  

56. Sale C, Harris RC, Florance J, Kumps A, Sanvura R, Poortmans JR. Urinary creatine and 

methylamine excretion following 4 x 5 g x day(-1) or 20 x 1 g x day(-1) of creatine 

monohydrate for 5 days. J Sports Sci. 2009 May;27(7):759–66.  

57. Ostojic SM, Ahmetovic Z. Gastrointestinal distress after creatine supplementation in 

athletes: are side effects dose dependent? Res Sports Med Print. 2008;16(1):15–22.  

58. Greenhaff PL, Casey A, Short AH, Harris R, Soderlund K, Hultman E. Influence of oral 

creatine supplementation of muscle torque during repeated bouts of maximal voluntary 

exercise in man. Clin Sci Lond Engl 1979. 1993 May;84(5):565–71.  

59. Jäger R, Purpura M, Shao A, Inoue T, Kreider RB. Analysis of the efficacy, safety, and 

regulatory status of novel forms of creatine. Amino Acids. 2011 May;40(5):1369–83.  

60. Deldicque L, Décombaz J, Zbinden Foncea H, Vuichoud J, Poortmans JR, Francaux M. 

Kinetics of creatine ingested as a food ingredient. Eur J Appl Physiol. 2008 

Jan;102(2):133–43.  

61. Persky AM, Brazeau GA, Hochhaus G. Pharmacokinetics of the dietary supplement 

creatine. Clin Pharmacokinet. 2003;42(6):557–74.  

62. Persky AM, Brazeau GA. Clinical pharmacology of the dietary supplement creatine 

monohydrate. Pharmacol Rev. 2001 Jun;53(2):161–76.  

63. Snow RJ, Murphy RM. Creatine and the creatine transporter: a review. Mol Cell Biochem. 

2001 Aug;224(1–2):169–81.  

64. Jäger R, Harris RC, Purpura M, Francaux M. Comparison of new forms of creatine in raising 

plasma creatine levels. J Int Soc Sports Nutr. 2007 Nov 12;4:17.  

65. Antonio J, Candow DG, Forbes SC, Gualano B, Jagim AR, Kreider RB, et al. Common 

questions and misconceptions about creatine supplementation: what does the scientific 

evidence really show? J Int Soc Sports Nutr. 2021 Feb 8;18(1):13.  

66. Ribeiro AS, Avelar A, Kassiano W, Nunes JP, Schoenfeld BJ, Aguiar AF, et al. Creatine 

Supplementation Does Not Influence the Ratio Between Intracellular Water and 

Skeletal Muscle Mass in Resistance-Trained Men. Int J Sport Nutr Exerc Metab. 2020 

Nov 1;30(6):405–11.  



24 

67. Spillane M, Schoch R, Cooke M, Harvey T, Greenwood M, Kreider R, et al. The effects of 

creatine ethyl ester supplementation combined with heavy resistance training on body 

composition, muscle performance, and serum and muscle creatine levels. J Int Soc 

Sports Nutr. 2009 Feb 19;6:6.  

68. Rawson ES, Stec MJ, Frederickson SJ, Miles MP. Low-dose creatine supplementation 

enhances fatigue resistance in the absence of weight gain. Nutr Burbank Los Angel 

Cty Calif. 2011 Apr;27(4):451–5.  

69. Powers ME, Arnold BL, Weltman AL, Perrin DH, Mistry D, Kahler DM, et al. Creatine 

Supplementation Increases Total Body Water Without Altering Fluid Distribution. J 

Athl Train. 2003;38(1):44–50.  

70. Jagim AR, Stecker RA, Harty PS, Erickson JL, Kerksick CM. Safety of Creatine 

Supplementation in Active Adolescents and Youth: A Brief Review. Front Nutr. 2018 

Nov 28;5:115.  

71. Tarnopolsky MA, Mahoney DJ, Vajsar J, Rodriguez C, Doherty TJ, Roy BD, et al. Creatine 

monohydrate enhances strength and body composition in Duchenne muscular 

dystrophy. Neurology. 2004 May 25;62(10):1771–7.  

72. Sakellaris G, Kotsiou M, Tamiolaki M, Kalostos G, Tsapaki E, Spanaki M, et al. Prevention 

of complications related to traumatic brain injury in children and adolescents with 

creatine administration: an open label randomized pilot study. J Trauma. 2006 

Aug;61(2):322–9.  

73. Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, et al. Sarcopenia: 

revised European consensus on definition and diagnosis. Age Ageing. 2019 Jul 

1;48(4):601.  

74. Bermon S, Venembre P, Sachet C, Valour S, Dolisi C. Effects of creatine monohydrate 

ingestion in sedentary and weight-trained older adults. Acta Physiol Scand. 1998 

Oct;164(2):147–55.  

75. Chami J, Candow DG. Effect of Creatine Supplementation Dosing Strategies on Aging 

Muscle Performance. J Nutr Health Aging. 2019;23(3):281–5.  

76. Baker TP, Candow DG, Farthing JP. Effect of Preexercise Creatine Ingestion on Muscle 

Performance in Healthy Aging Males. J Strength Cond Res. 2016 Jun;30(6):1763–6.  

77. Candow DG, Little JP, Chilibeck PD, Abeysekara S, Zello GA, Kazachkov M, et al. Low-

dose creatine combined with protein during resistance training in older men. Med Sci 

Sports Exerc. 2008 Sep;40(9):1645–52.  



25 

78. Chilibeck PD, Chrusch MJ, Chad KE, Shawn Davison K, Burke DG. Creatine monohydrate 

and resistance training increase bone mineral content and density in older men. J Nutr 

Health Aging. 2005;9(5):352–3.  

79. Chilibeck PD, Candow DG, Landeryou T, Kaviani M, Paus-Jenssen L. Effects of Creatine 

and Resistance Training on Bone Health in Postmenopausal Women. Med Sci Sports 

Exerc. 2015 Aug;47(8):1587–95.  

80. Sales LP, Pinto AJ, Rodrigues SF, Alvarenga JC, Gonçalves N, Sampaio-Barros MM, et al. 

Creatine Supplementation (3 g/d) and Bone Health in Older Women: A 2-Year, 

Randomized, Placebo-Controlled Trial. J Gerontol A Biol Sci Med Sci. 2020 Apr 

17;75(5):931–8.  

81. Devries MC, Phillips SM. Creatine supplementation during resistance training in older 

adults-a meta-analysis. Med Sci Sports Exerc. 2014 Jun;46(6):1194–203.  

82. Rawson ES, Venezia AC. Use of creatine in the elderly and evidence for effects on cognitive 

function in young and old. Amino Acids. 2011 May;40(5):1349–62.  

83. Dechent P, Pouwels PJW, Wilken B, Hanefeld F, Frahm J. Increase of total creatine in 

human brain after  oral supplementation of creatine-monohydrate. Am J Physiol-Regul 

Integr Comp Physiol. 1999 Sep;277(3):R698–704.  

84. Ipsiroglu OS, Stromberger C, Ilas J, Höger H, Mühl A, Stöckler-Ipsiroglu S. Changes of 

tissue creatine concentrations upon oral supplementation of creatine-monohydrate in 

various animal species. Life Sci. 2001 Aug 31;69(15):1805–15.  

85. Greenhaff PL, Bodin K, Soderlund K, Hultman E. Effect of oral creatine supplementation 

on skeletal muscle phosphocreatine resynthesis. Am J Physiol. 1994 May;266(5 Pt 

1):E725-730.  

86. Dolan E, Gualano ,Bruno, and Rawson ES. Beyond muscle: the effects of creatine 

supplementation on brain creatine, cognitive processing, and traumatic brain injury. 

Eur J Sport Sci. 2019 Jan 2;19(1):1–14.  

87. Watanabe A, Kato N, Kato T. Effects of creatine on mental fatigue and cerebral hemoglobin 

oxygenation. Neurosci Res. 2002 Apr 1;42(4):279–85.  

88. Cook CJ, Crewther BT, Kilduff LP, Drawer S, Gaviglio CM. Skill execution and sleep 

deprivation: effects of acute caffeine or creatine supplementation - a randomized 

placebo-controlled trial. J Int Soc Sports Nutr. 2011 Feb 16;8(1):2.  

89. McMorris T, Mielcarz ,Gregorsz, Harris ,Roger C., Swain, Jonathan P., and Howard A. 

Creatine Supplementation and Cognitive Performance in Elderly Individuals. Aging 

Neuropsychol Cogn. 2007 Sep 10;14(5):517–28.  



26 

90. Vagnozzi R, Signoretti S, Floris R, Marziali S, Manara M, Amorini AM, et al. Decrease in 

N-acetylaspartate following concussion may be coupled to decrease in creatine. J Head 

Trauma Rehabil. 2013;28(4):284–92.  

91. Sullivan PG, Geiger JD, Mattson MP, Scheff SW. Dietary supplement creatine protects 

against traumatic brain injury. Ann Neurol. 2000;48(5):723–9.  

92. Scheff SW, Dhillon HS. Creatine-enhanced diet alters levels of lactate and free fatty acids 

after experimental brain injury. Neurochem Res. 2004 Feb;29(2):469–79.  

93. Sakellaris G, Nasis G, Kotsiou M, Tamiolaki M, Charissis G, Evangeliou A. Prevention of 

traumatic headache, dizziness and fatigue with creatine administration. A pilot study. 

Acta Paediatr Oslo Nor 1992. 2008 Jan;97(1):31–4.  

94. Adhihetty PJ, Beal MF. Creatine and its potential therapeutic value for targeting cellular 

energy impairment in neurodegenerative diseases. Neuromolecular Med. 

2008;10(4):275–90.  

95. Bender A, Klopstock T. Creatine for neuroprotection in neurodegenerative disease: end of 

story? Amino Acids. 2016 Aug;48(8):1929–40.  

96. Balestrino M, Sarocchi M, Adriano E, Spallarossa P. Potential of creatine or 

phosphocreatine supplementation in cerebrovascular disease and in ischemic heart 

disease. Amino Acids. 2016 Aug;48(8):1955–67.  

97. Sharov VG, Saks VA, Kupriyanov VV, Lakomkin VL, Kapelko VI, Steinschneider AYa  

null, et al. Protection of ischemic myocardium by exogenous phosphocreatine. I. 

Morphologic and phosphorus 31-nuclear magnetic resonance studies. J Thorac 

Cardiovasc Surg. 1987 Nov;94(5):749–61.  

98. Sharov VG, Afonskaya NI, Ruda MY, Cherpachenko NM, Pozin EYa  null, Markosyan 

RA, et al. Protection of ischemic myocardium by exogenous phosphocreatine 

(neoton): pharmacokinetics of phosphocreatine, reduction of infarct size, stabilization 

of sarcolemma of ischemic cardiomyocytes, and antithrombotic action. Biochem Med 

Metab Biol. 1986 Feb;35(1):101–14.  

99. Deminice R, de Castro GSF, Francisco LV, da Silva LECM, Cardoso JFR, Frajacomo FTT, 

et al. Creatine supplementation prevents fatty liver in rats fed choline-deficient diet: a 

burden of one-carbon and fatty acid metabolism. J Nutr Biochem. 2015 

Apr;26(4):391–7.  

100. Earnest CP, Almada AL, Mitchell TL. High-performance capillary electrophoresis-pure 

creatine monohydrate reduces blood lipids in men and women. Clin Sci Lond Engl 

1979. 1996 Jul;91(1):113–8.  



27 

101. Roitman S, Green T, Osher Y, Karni N, Levine J. Creatine monohydrate in resistant 

depression: a preliminary study. Bipolar Disord. 2007 Nov;9(7):754–8.  

102. Toniolo RA, Fernandes F de BF, Silva M, Dias R da S, Lafer B. Cognitive effects of 

creatine monohydrate adjunctive therapy in patients with bipolar depression: Results 

from a randomized, double-blind, placebo-controlled trial. J Affect Disord. 2017 Dec 

15;224:69–75.  

103. Gualano B, DE Salles Painneli V, Roschel H, Artioli GG, Neves M, De Sá Pinto AL, et 

al. Creatine in type 2 diabetes: a randomized, double-blind, placebo-controlled trial. 

Med Sci Sports Exerc. 2011 May;43(5):770–8.  

104. Thorsteinsdottir B, Grande JP, Garovic VD. Acute renal failure in a young weight lifter 

taking multiple food supplements, including creatine monohydrate. J Ren Nutr Off J 

Counc Ren Nutr Natl Kidney Found. 2006 Oct;16(4):341–5.  

105. Yoshizumi WM, Tsourounis C. Effects of creatine supplementation on renal function. J 

Herb Pharmacother. 2004;4(1):1–7.  

106. Pline KA, Smith CL. The effect of creatine intake on renal function. Ann Pharmacother. 

2005 Jun;39(6):1093–6.  

107. Poortmans JR, Auquier H, Renaut V, Durussel A, Saugy M, Brisson GR. Effect of short-

term creatine supplementation on renal responses in men. Eur J Appl Physiol. 

1997;76(6):566–7.  

108. Sipilä I, Rapola J, Simell O, Vannas A. Supplementary creatine as a treatment for gyrate 

atrophy of the choroid and retina. N Engl J Med. 1981 Apr 9;304(15):867–70.  

109. Bender A, Samtleben W, Elstner M, Klopstock T. Long-term creatine supplementation is 

safe in aged patients with Parkinson disease. Nutr Res N Y N. 2008 Mar;28(3):172–8.  

110. Gualano B, de Salles Painelli V, Roschel H, Lugaresi R, Dorea E, Artioli GG, et al. 

Creatine supplementation does not impair kidney function in type 2 diabetic patients: 

a randomized, double-blind, placebo-controlled, clinical trial. Eur J Appl Physiol. 

2011 May;111(5):749–56.  

111. Poortmans JR, Francaux M. Long-term oral creatine supplementation does not impair renal 

function in healthy athletes. Med Sci Sports Exerc. 1999 Aug;31(8):1108–10.  

112. Schilling BK, Stone MH, Utter A, Kearney JT, Johnson M, Coglianese R, et al. Creatine 

supplementation and health variables: a retrospective study. Med Sci Sports Exerc. 

2001 Feb;33(2):183–8.  



28 

113. Rawson ES, Clarkson PM, Price TB, Miles MP. Differential response of muscle 

phosphocreatine to creatine supplementation in young and old subjects. Acta Physiol 

Scand. 2002 Jan;174(1):57–65.  

114. Geller AI, Shehab N, Weidle NJ, Lovegrove MC, Wolpert BJ, Timbo BB, et al. Emergency 

Department Visits for Adverse Events Related to Dietary Supplements. N Engl J Med. 

2015 Oct 15;373(16):1531–40.  

115. Buford TW, Kreider RB, Stout JR, Greenwood M, Campbell B, Spano M, et al. 

International Society of Sports Nutrition position stand: creatine supplementation and 

exercise. J Int Soc Sports Nutr. 2007 Aug 30;4:6.  

116. Rodriguez NR, DiMarco NM, Langley S, American Dietetic Association, Dietitians of 

Canada, American College of Sports Medicine: Nutrition and Athletic Performance. 

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 Mar;109(3):509–27.  

117. Greenwood M, Kreider RB, Melton C, Rasmussen C, Lancaster S, Cantler E, et al. 

Creatine supplementation during college football training does not increase the 

incidence of cramping or injury. Mol Cell Biochem. 2003 Feb;244(1–2):83–8.  

118. Greenwood M, Kreider RB, Greenwood L, Byars A. Cramping and Injury Incidence in 

Collegiate Football Players Are Reduced by Creatine Supplementation. J Athl Train. 

2003 Sep;38(3):216–9.  

119. Watson G, Casa DJ, Fiala KA, Hile A, Roti MW, Healey JC, et al. Creatine use and 

exercise heat tolerance in dehydrated men. J Athl Train. 2006;41(1):18–29.  

120. Dalbo VJ, Roberts MD, Stout JR, Kerksick CM. Putting to rest the myth of creatine 

supplementation leading to muscle cramps and dehydration. Br J Sports Med. 2008 

Jul;42(7):567–73.  

121. Wallimann T, Tokarska-Schlattner M, Schlattner U. The creatine kinase system and 

pleiotropic effects of creatine. Amino Acids. 2011 May;40(5):1271–96.  

122. Hall M, Manetta E, Tupper K. Creatine Supplementation: An Update. Curr Sports Med 

Rep. 2021 Jul 1;20(7):338–44.  

123. Maughan RJ. Quality Assurance Issues in the Use of Dietary Supplements, with Special 

Reference to Protein Supplements. J Nutr. 2013 Nov 1;143(11):1843S-1847S.  

124. Maughan R. Contamination of dietary supplements and positive drug tests in sport. J 

Sports Sci. 2005 Sep 1;23(9):883–9.  

 


