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Abstract 

Introduction and Purpose: Creatine is a naturally occurring compound widely used as a 

supplement to enhance high-intensity exercise performance and increase muscle mass. Beyond 

its muscular benefits, creatine plays a key role in cellular energy homeostasis. There is growing 

interest in its potential cognitive and therapeutic applications, but several misconceptions about 

its safety and effects persist. 

Research Objective: The role of this article is to summarize current evidence on creatine 

supplementation in adults, focusing on its efficacy for physical performance, its safety profile 

and emerging roles in cognitive and other health domains. 

Materials and methods: A literature review of studies published from 2019–2024 in the 

PubMed database analyzed clinical trials, meta-analyses, and systematic reviews on the effects 

of PA, using the following keywords: „creatine” ; „performance” ; „aging” ; „cognitive 

function” ; „depression”. 

Conclusions: Creatine monohydrate is recognized as the most effective supplement for 

increasing muscle strength and muscle mass, with consistent benefits observed in both athletes 

and older adults. Long-term use of recommended doses is well-tolerated. Emerging evidence 

suggests creatine may also support cognitive function and brain health. Future research should 

prioritize human studies exploring neurological and mental health applications. 

 

Keywords: creatine; performance; aging; cognitive function; depression 
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1. Introduction 

Creatine is a nitrogen-containing compound that is not part of proteins, which is synthesized in 

the human body from three amino acids: arginine, glycine and methionine. This process occurs 

mainly in the liver and kidneys, and subsequently creatine is transported to target tissues, mainly 

to skeletal muscles [1,2]. An additional source of creatine is the diet – the largest amounts are 

found in red meat and fish, which means that individuals who do not consume animal products 

generally have lower levels of muscle creatine [1]. About 95% of the total creatine pool is 

located in muscles, where it is present in the form of free creatine and phosphocreatine (PCr), 

while the remaining 5% is distributed in the heart, brain, and testes [1,3,4]. 

The primary role of creatine is to rapidly supply energy to cells, especially in situations of 

increased demand, such as intense physical exercise or hypoxia. This occurs through the 

creatine kinase system, which allows for rapid regeneration of ATP from ADP by using the 

phosphate group from PCr [1,3,4]. This system not only facilitates ATP resynthesis but also 

participates in the transport of energy from mitochondria to sites of its consumption in the 

cytoplasm, which is particularly significant in cells with high energy metabolism, such as 

myocytes and neurons [4]. 

Creatine supplementation, most often in the form of creatine monohydrate, can increase 

phosphocreatine content in muscles by as much as 20–40%, which translates into improved 

exercise capacity, increased strength, muscle mass, and accelerated post-exercise recovery [1,5]. 

Importantly, the benefits of supplementation are not limited solely to the muscular system – a 

positive effect of creatine on protecting brain and heart function has also been demonstrated, 

through its involvement in maintaining energy homeostasis and reducing oxidative stress [3,4]. 

2. Misconceptions about creatine 

Although scientific understanding has considerably progressed and many studies have 

demonstrated the effectiveness and safety of creatine supplementation, many unwarranted 

misconceptions about it remain in the public sphere. One of the most frequently repeated myths 

is the alleged nephrotoxic effect of creatine supplementation. In contrast to these concerns, 

current scientific data do not indicate that using creatine at recommended doses (3–5 g/day) 

leads to kidney damage in healthy individuals. An increased serum creatinine level, sometimes 
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observed during supplementation, results from creatine metabolism rather than from impaired 

glomerular filtration [2,6,7]. 

Another common error is equating creatine with anabolic steroids. Creatine is not a hormonal 

substance – it does not affect levels of testosterone or other sex hormones, and its effect is based 

solely on improving ATP availability, which in turn allows for an increase in training intensity 

and volume [2]. Another widespread belief is that creatine causes hair loss. This claim is not 

supported by well-designed clinical studies, and the only source of this hypothesis comes from 

isolated, poorly documented observations [2]. 

Also raising concerns has been the issue of water retention and dehydration. Although short-

term supplementation may lead to a temporary elevated intracellular water volume, no long-

term water retention or increased risk of dehydration has been reported [2]. Research also shows 

that creatine is safe in both women and men, as well as in older individuals and children – of 

course at appropriate doses and under clinical supervision [2,3]. 

3. Forms and bioavailability of creatine 

Creatine as a supplement is available in numerous forms, of which the most widespread and 

best-researched is creatine monohydrate (CrM). Studies have shown that CrM is characterized 

by almost 100% bioavailability, is not degraded to creatinine in the gastrointestinal tract, and 

effectively increases creatine concentration in plasma and in target tissues such as muscle and 

brain [8]. 

Alternative forms of creatine are also available on the market, such as creatine hydrochloride 

(CrHCl), creatine citrate, creatine ethyl ester, and creatine free acid. However, there is a lack of 

convincing scientific evidence confirming their superior bioavailability or efficacy compared 

to CrM [9]. In reality, many of these forms have not undergone rigorous clinical trials, and their 

marketing claims of higher effectiveness often find no support in the scientific literature [9]. 

Innovative approaches, such as lipid-based formulations (LMP) aimed at increasing creatine 

bioavailability, have shown initially promising results in preclinical studies, suggesting a 

potential increase in plasma creatine concentration at lower doses [10]. However, further 

clinical studies are needed to confirm their efficacy and safety in humans. 

In summary, despite the availability of various forms of creatine, creatine monohydrate remains 

the most effective and safe supplement option, supported by the largest number of scientific 
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studies. Alternative forms may offer certain advantages in terms of solubility or consumption 

comfort, but their superiority over CrM in terms of bioavailability and efficacy has not been 

clearly confirmed in scientific studies. 

4. Creatine can support cognitive function 

Creatine plays a key role in maintaining energy homeostasis in the central nervous system, 

acting through the phosphocreatine system, which enables rapid ATP resynthesis during sudden 

increases in neuronal energy demand. Energy deficits in the brain can lead to cognitive 

impairment, therefore increasing the availability of creatine may beneficially affect the 

maintenance of mental performance, particularly in situations of metabolic deficit, such as sleep 

deprivation, aging, or oxidative stress [11,12]. 

In one recently published study, it was shown that even a single dose of creatine may help 

counteract certain negative metabolic alterations and impairments in cognitive function 

associated with sleep deprivation, which represents an important and unique observation in the 

context of the neuroprotective properties of this substance. Participants in the study, after taking 

creatine, exhibited increased performance in tasks requiring working memory, executive 

function, and information processing speed. This improvement was correlated with an elevated 

level of phosphocreatine in the brain, suggesting that creatine may support cognitive functions 

by increasing energy availability in neurons. This mechanism relies on the ability of creatine to 

rapidly regenerate ATP from ADP, which is crucial for maintaining an adequate energy level 

in nerve cells, especially during intense mental activity. Additionally, the increased availability 

of phosphocreatine may support the brain’s energy stability, which is crucial for maintaining 

optimal cognitive performance [13]. It should be noted that a high dose of creatine (0.35 g/kg) 

was used in the study, whereas typically 3–5 g is recommended for an adult, and that the 

experiment involved only a small number of participants (15). It is undoubtedly necessary to 

conduct studies on larger populations to draw more conclusive inferences. Nevertheless, the 

results of the discussed study appear to be consistent with observations from other recently 

published work suggesting that creatine supplementation can support cognitive functions. 

However, only studies with larger statistical power will allow for the formulation of more 

definitive clinical recommendations in this area. 
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5. Potential therapeutic support in neurodegenerative diseases 

In the context of neurodegenerative diseases, creatine demonstrates neuroprotective potential 

primarily due to its effect on energy metabolism of neurons and modulation of NMDA receptor 

signaling. In vitro studies conducted on hippocampal cell cultures have shown that creatine 

supplementation increased intracellular levels of adenosine triphosphate (ATP), the major 

source of energy for cellular reactions, and phosphocreatine, which translated to an enhanced 

resistance of the cells to the excitotoxic effects of glutamate. Creatine also prevented excessive 

increases in calcium concentration in the cytoplasm following NMDA receptor stimulation, 

suggesting its direct effect on the excitotoxic cascade [14,15]. Despite earlier assumptions, 

creatine did not exhibit a direct antioxidant effect – it did not neutralize reactive oxygen species 

generated by the xanthine system, and at high H₂O₂ concentrations its presence could even 

exacerbate cytotoxicity [14]. Thus, the protective action of creatine is primarily associated with 

the improvement of neuronal energy balance and the limitation of secondary glutamate release, 

which may constitute a significant therapeutic mechanism in diseases such as Alzheimer’s 

disease. 

An additional neuroprotective mechanism of creatine may be its influence on the functioning 

of mitochondria in nerve cells. Brain tissue, due to its high energy demand, is particularly 

sensitive to disturbances in ATP production, oxidative stress and mitochondrial damage. 

Creatine facilitates the regeneration of ATP during energy deficiency by transporting high-

energy phosphate groups, while also helping to limit intracellular calcium buildup and oxidative 

stress in neuronal cells. Preclinical studies have shown that creatine supplementation reduces 

mitochondrial membrane depolarization, delays the opening of mitochondrial permeability 

transition pores, and limits protein nitration and mitochondrial DNA damage. Moreover, 

creatine may act as a regulator of glutamatergic neurotransmission and exhibits anti-

inflammatory properties, e.g., by inhibiting the expression of adhesion molecules and Toll-like 

receptors. In result, improved survival of nerve cells was observed in models of Alzheimer’s 

disease, Parkinson’s disease, Huntington’s disease, and amyotrophic lateral sclerosis. Although 

most data come from in vitro studies and animal models, and clinical trial results are less 

conclusive, it is suggested that appropriately early supplementation intervention may slow the 

neurodegenerative process in patients from at-risk groups [16,17,18]. 
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6. Creatine and physical activity 

Among various strategies supporting the physical health of older individuals and patients with 

decreased  mobility, creatine supplementation stands out as a safe and effective means of 

promoting both gains in muscle mass and improvements in functional capacity. Multiple studies 

consistently demonstrate that creatine use in individuals aged 50 and above, combined with 

resistance training, leads to increases in lean body mass and muscle strength [19,20,21]. 

Simultaneously, a reduction in body fat content was observed, which may beneficially affect 

metabolic homeostasis and reduce the risk of sarcopenia. These benefits result not only from 

increased phosphocreatine levels and improved ATP resynthesis capacity in muscle cells, but 

also from creatine’s influence on molecular anabolic pathways, for example, by increasing the 

expression of IGF-1 and activating kinases in the mTOR pathway, which promotes muscle 

protein synthesis [19,20,22]. 

An important aspect of creatine intervention is its beneficial effect on bone health. It has been 

shown that creatine supplementation may help maintenance or even increase bone mineral 

density in older individuals, especially when accompanied by resistance training [19,23]. This 

mechanism is likely related to an improvement in mechanical loading of the bone due to 

increased muscle strength and mass, as well as a reduction in a bone resorption marker, namely 

the excretion of N‑telopeptides [19,22]. Additionally, some studies suggest a potential influence 

of creatine on the functioning of the neuromuscular system, which may translate into improved 

motor coordination and a reduced frequency of falls [19,20,24]. Within this framework, creatine 

constitutes an important link in the prevention of age-related disability, as improvements in 

dynamic balance, lower limb explosive strength, and the ability to perform daily activities can 

significantly increase the independence of patients [19,25]. 

The muscle atrophy mass and deterioration of neuromuscular coordination, which are typical 

phenomena of aging, significantly increase the risk of falls in elderly individuals. An animal 

model has shown that long-term creatine supplementation can modulate the expression of genes 

related to neuroprotection and neuronal growth, resulting in improved motor function, as 

measured by an increase in locomotor activity [26,27]. Among elderly, improvements in motor 

coordination and lower limb strength can play a key role in gait stabilization and reducing the 

frequency of falls. An updated meta-analysis of six interventional studies, involving individuals 
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aged 57–69 undergoing resistance training programs and simultaneously supplemented with 

creatine (at doses of 5 g/day, in some cases with a loading phase of 20 g/day for 5 days), 

demonstrated a significant improvement in the chair stand test, which is one of the established 

predictors of fall risk. This improvement was 23% in the creatine group compared to 16% in 

the placebo group [25]. Earlier analyses have also confirmed that creatine supplementation 

leads to a significant increase in lower limb strength, which further reinforces its role in fall 

prevention [26]. Despite the inclusion of other measures, such as the timed up-and-go, did not 

show significant differences between groups, and the direct number of falls has not yet been 

subject to evaluation, these results nevertheless suggest that creatine can be an effective 

component of interventions aimed at reducing fall risk in older adults. 

In the clinical context, it is also significant that creatine supplementation may improve quality 

of life in patients with frailty and sarcopenia by enhancing their ability to function 

independently [28]. Studies have also observed that creatine can mitigate the molecular 

mechanisms associated with age-related muscle degradation, such as increased oxidative stress, 

mitochondrial dysfunction, and chronic inflammation typical of sarcopenia pathophysiology 

[29]. 

7. Creatine in sports 

Creatine monohydrate is widely used for years to support athletes’ exercise performance – 

particularly in improving adaptation to strength training and performance during short-term, 

high-intensity anaerobic efforts. An increasing amount of data also indicates its beneficial effect 

on aerobic endurance in endurance sports, especially by extending time to exhaustion during 

prolonged high-intensity efforts and improving results in events requiring repeated bursts or 

final sprints [30]. The mechanism of action of creatine is related to the increase of intramuscular 

phosphocreatine stores, which enables faster ATP resynthesis and delays the onset of fatigue 

during intense effort [30,31]. Studies have shown that creatine supplementation leads to 

significant gains in muscle strength and power, as well as increased lean body mass, and 

improves the ability to perform repeated high-intensity efforts. Moreover, this supplement is 

considered safe for long-term use at typical doses (~3–5 g per day) [31]. Benefits from its use 

have been observed in various regularly exercising individuals: in older individuals, the 

addition of creatine to a resistance training program resulted in a greater increase in muscle 

strength than training alone [32], whereas in postmenopausal women, a sustained two-year 

regimen of creatine supplementation during regular exercise caused an improvement in some 
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measures of bone strength and a greater increase in lean body mass compared to placebo [33]. 

Furthermore, studies indicate potential positive effects observed in premenopausal women – it 

has been shown that a 5-day creatine (20 g/day) during the luteal phase of the menstrual cycle 

reduced the fatigue index during repeated sprints, thus mitigating the performance decline 

characteristic of this phase [34]. Creatine supplementation is also applied during recovery 

periods. It has been demonstrated that taking creatine during immobilization caused by injury 

helps limit skeletal muscle atrophy and maintain muscle mass and metabolic fitness, hence its 

use is recommended as a form of support during the rehabilitation of athletes returning to health 

[35]. Creatine significantly improves the capacity for repeated intense efforts: studies have 

recorded that creatine supplementation enabled the maintenance of higher average power and 

speed during successive treadmill sprints with less decline in speed at the end of the effort, 

despite a slight accompanying increase in body mass [36]. Additionally, a 4-week creatine 

supplementation before an intense eccentric exercise accelerated post-exercise recovery – 

shortening the time to regain muscle strength, reducing swelling, and improving range of 

motion within a few days after exercise compared to placebo [37]. Moreover, even short-term 

creatine “loading” translates into increased strength endurance: it has been shown that 5-day 

supplementation (20 g/day) allowed a significantly greater number of repetitions at 70% of 

maximal weight (1RM) in a set of exercises to muscular failure, thereby increasing the total 

work volume without affecting 1RM or perceived exertion [38]. 

8. Creatine in depression 

While creatine is predominantly recognized and researched for its effects on physical 

performance and muscle development, there is a growing scientific interest in its potential 

applications beyond sports-related contexts, particularly in the management of psychiatric 

conditions such as depression. In an 8-week randomized pilot study involving 100 adult patients 

with depression, it was shown that adding creatine monohydrate (5 g/day) to cognitive-

behavioral therapy (CBT) led to a significantly greater reduction in the severity of depressive 

symptoms than CBT with placebo, with no difference in the incidence of adverse effects [39]. 

At the same time, preclinical studies confirm the antidepressant potential of creatine. In the 

study by Aliomrani et al. on a mouse model, cyclosporin A (CYA) induced depressive 

behaviors, which were effectively prevented by co-administration of creatine with alpha-lipoic 

acid – indicating the involvement of mitochondrial mechanisms in the antidepressant action 

[40]. Another study on an animal model of treatment-resistant depression (high-altitude 
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hypoxia) revealed significant sex-dependent differences: creatine supplementation induced a 

pronounced antidepressant effect in female rats (including a reduction in immobility time in the 

forced swim test and reversal of anhedonia) and normalized energy deficits and brain serotonin 

levels, whereas no significant improvement was observed in males [41]. Clinical data from 

preliminary studies are also promising. In an open-label pilot study by Hellem et al. (2015) 

involving women with depression and coexisting methamphetamine dependence, it was found 

that 8-week creatine supplementation (5 g/day) caused a rapid (as early as 2 weeks) and 

sustained reduction in the severity of depressive and anxiety symptoms, accompanied by an 

increase in brain phosphocreatine levels [42]. In summary, available preclinical and clinical 

evidence indicates that creatine may represent a safe and effective adjunctive treatment for 

depression, which requires confirmation in further, larger-scale studies [39,40,41,42]. 

Conclusion 

Creatine (especially in the form of monohydrate) is a well-studied, safe, and effective 

supplement that improves physical performance, strength, and lean body mass in various groups 

(both in athletes and in older individuals), especially in conjunction with resistance training. 

Long-term supplementation at typical doses (3–5 g/day) is considered safe, and numerous 

studies have debunked persistent myths: no evidence has shown that creatine damages the 

kidneys, has anabolic hormonal effects, accelerates hair loss, or causes chronic excessive water 

retention. Creatine monohydrate remains the gold standard of supplementation due to its highest 

bioavailability and proven efficacy, whereas alternative forms (e.g., hydrochloride, citrate, 

esters) have not yet demonstrated greater effectiveness. Increasing evidence indicates that 

creatine has a beneficial effect not only on the muscular system but also on the central nervous 

system – it can support cognitive functions (e.g., mitigating the effects of sleep deprivation) 

and exert neuroprotective effects by improving neuronal energy metabolism and reducing 

excitotoxicity. For this reason, its potential adjunctive role in neurodegenerative diseases is 

being investigated, although current human results are inconclusive and require further research. 

Moreover, preliminary studies suggest that creatine supplementation may exhibit 

antidepressant effects as an adjunctive therapy, opening a new direction for potential clinical 

applications. Creatine is a versatile supplement with a proven safety profile and a wide spectrum 

of benefits. These include improvements in physical performance and muscle function in people 

of different ages, as well as potential support for neurological and mental health; however, fully 

realizing its therapeutic potential requires further research. 
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