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ABSTRACT 

Creatine (methylguanidine-acetic acid) is an organic compound formed from reactions involving the amino acids arginine, 
glycine and methionine. Synthesized endogenously in the kidneys and liver, it is concentrated in skeletal muscle and tendons, 
as well as in the brain, liver, kidneys and testes. Since the 1990s, creatine has been a widely used sports supplement, known 
to enhance muscle strength, endurance and recovery.  It is one of the most extensively researched supplements in the world, 
and its efficacy and safety profile have been confirmed in thousands of peer-reviewed publications. With an increasing 
number of publications highlighting the effects of creatine on the central nervous system (CNS), this article aims to review 
the most recent literature.  
Objective: This review evaluates scientific evidence concerning creatine’s effects on cognitive function and neuroprotection 
in healthy adults while analyzing the underlying neurobiological mechanisms.  
Methodology: A literature review was performed using PubMed, Scopus, and Google Scholar, encompassing meta-
analyses, randomized controlled trials, and neuroimaging data.  
Results: Analysis of the current literature indicates that creatine supplementation can increase brain phosphocreatine levels, 
thereby enhancing cellular bioenergetics. In healthy adults, improvements in short-term memory, fluid intelligence, and 
reduced mental fatigue represent the most pronounced cognitive benefits observed primarily under conditions of metabolic 
stress, including sleep deprivation or demanding cognitive tasks.  
Conclusions: Creatine represents a promising, safe intervention for supporting CNS function. Especially since its safety and 
effectiveness have been extensively studied. However, further research must establish definitive dosing protocols to optimize 
cognitive outcomes. 
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I. Introduction 
Creatine is a substance produced from the amino acids arginine, glycine, and methionine. This 

endogenous production takes place primarily in the kidneys and liver. It can also be supplied to the body 
exogenously through our diet. The richest natural sources are red meat and fish, though dietary supplements 
have become an increasingly common way to boost intake. Once synthesized or absorbed, it is transported to 
tissues with high energy requirements, such as the brain, skeletal muscle, and the testes [Almeida et al., 2006]. 

Today, creatine holds the title of the most extensively researched dietary supplement and in recent years 
its popularity has been growing not only among professional athletes but also among amateurs. It has evolved 
from a specialized tool for elite performance into a mainstream staple for anyone looking to improve their 
physical resilience and cognitive longevity. 

 
1.1 Molecular and metabolic foundations of creatine action 
At the molecular level, creatine binds with phosphate molecules to form phosphocreatine (PCr), which 

serves as the primary energy substrate for ATP resynthesis during intense physical exertion. Through the action 
of creatine kinase (CK), a phosphate group is transferred from phosphocreatine to ADP, leading to the 
regeneration of ATP [Avgerinos et al., 2018]. Creatine mechanisms of action involves also spatial energy 
buffering and transferring energy from the mitochondria to the cytosol. This is a key mechanism for 
maintaining ATP homeostasis at the cellular level and preparing the body for physical exertion. [Sahlin & 
Harris, 2011]. 

Additionally, creatine exhibits an antioxidant effect by scavenging reactive oxygen species (ROS) in an 
acellular environment [Sestili et al., 2011]. 
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II. Methodology 

This study conducted a literature review to synthesize the latest biochemical and clinical data, as well 

as neuroimaging findings, regarding the effects of creatine supplementation on brain function. The review 

includes reports from peer-reviewed clinical trials, meta-analyses, and also proton magnetic resonance 

spectroscopy (¹H-MRS) studies, capturing recent advancements in the field up to the years 2004–2025. Data 

were extracted based on their relevance to CNS bioenergetics and cognitive performance. When selecting the 

relevant literature, the focus was on studies involving healthy adult populations. Moreover, the work aims to 

isolate the mechanisms by which creatine improves brain function and to summarize clinical trial results on 

improvements in working memory, reasoning, and performance maintenance under metabolic stress. The 

review also included research evaluating how specific dietary habits (e.g., plant-based vs. omnivorous diets) 

influence the efficacy of supplementation. Because the primary objective is to assess cognitive optimization 

in healthy individuals, any studies focusing on the therapeutic treatment of diagnosed neurological diseases or 

psychiatric disorders were excluded from this analysis. 

 

III. Effect on The Central Nervous System 

3.1. Neurological foundations of the brain as a high-energy system 

In addition to its effects on physical performance, the central nervous system also has a high metabolic 
demand. Although it accounts for only a small percentage of the body's mass, it consumes approximately 20% 

of the body's glucose and oxygen [Rae et al., 2003]. A continuous supply of ATP is necessary for optimal brain 

function. This supply is vital for maintaining the integrity of neuronal membranes, for ion transport, for 

neurotransmitter synthesis, and for cognitive processes such as memory and learning. 

Consistent with skeletal muscle, neurons and glial cells actively utilize the CK/PCr system [Wyss & 

Kaddurah-Daouk, 2000]. The primary form of creatine kinase present in the brain is the CK-BB type. This 

localized energy-buffering system is indispensable for efficient synaptic energy management, as rapid ATP 

replenishment is essential for neurotransmitter reuptake and the maintenance of postsynaptic potentials. Given 

that synaptic activity—the very foundation of cognitive function—relies on near-instantaneous energy access, 

the phosphocreatine (PCr) pool serves as the primary metabolic guarantor for these processes [Hemmer & 

Wallimann, 1993]. Beyond mere energy supply, the CK/PCr system plays a critical role in preventing 

depletion. By stabilizing the ATP/ADP ratio and preserving mitochondrial membrane potential during periods 

of heightened neuronal firing, it effectively shields neurons from energetic exhaustion and subsequent cellular 

stress [O’Gorman et al., 1997]. 

Therefore, optimizing CNS creatine concentrations, especially through supplementation, may enhance 

neuronal function and synaptic plasticity [Bürli et al., 2013]. This connection between creatine supply and 

energetic stability in key brain structures, such as the hippocampus, provides the neurobiological basis for its 

potential as a cognitive-enhancing agent in healthy individuals. 

 

3.2. Transport of creatine to the central nervous system 

Research indicates that the adult CNS possesses a limited capacity for creatine uptake from circulation 

[Schultze A., 2003], with the creatine transporter CT1 (SLC6A8) at the blood-brain barrier (BBB) playing a 

critical role in regulating brain creatine levels as the primary transport pathway [Dechent et al., 1999]. 

Additionally, brain cells express the two enzymes necessary for creatine synthesis—arginine:glycine 

amidinotransferase (AGAT) and guanidinoacetate N-methyltransferase (GAMT)—during both development 

and adulthood. This suggests that brain creatine levels may be partially independent of exogenous sources, 

including dietary intake [Braissant et al., 2011]. However, in instances where brain creatine levels are low or 

restricted, supplementation can positively influence concentrations across a range of neurological conditions 

[Snow et al., 2024]. 

Over 95% of the body's creatine is stored in skeletal muscle, but it is also synthesized in the liver, 

pancreas, and kidneys, entering circulation and muscle via the SLC6A8 transporter. Dietary and supplemental 

creatine use the same pathway. The brain's ability to synthesize creatine endogenously [Rochel et al., 2021] 

makes it less responsive to external sources. The lack of SLC6A8 in astrocytes may further limit brain uptake 

of exogenous creatine [Braissant et al., 2011]. The brain likely relies on endogenous synthesis unless 

availability is disrupted, either acutely (e.g., sleep deprivation, intense exertion) or chronically (e.g., aging, 

brain injury, depression, Alzheimer’s disease). Low brain creatine levels also accompany several 

neurodegenerative diseases, where the magnitude of the deficit often correlates with the severity of the disorder 

[Balestrino M., 2021]. 
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3.3. The mechanism of action of creatine on a neuron 

The physiological mechanism of creatine in neurons involves optimizing energy management and 

stabilizing cellular structures, where the CK/PCr system plays a critical role as a buffer and transporter of high-

energy phosphates [Wallimann et al., 1992]. Through immediate rephosphorylation of ADP, creatine ensures 

a continuous supply of ATP for the Na+/K+-ATPase enzyme, which is essential for maintaining resting 

membrane potential, efficient restoration of ionic gradients, and preservation of calcium (Ca2+) homeostasis, 

thereby protecting the cell from excitotoxicity [Wallimann et al., 1992]. Furthermore, the CK system governs 

the proper migration of neuronal growth cones and the elongation of axons and dendrites, thereby directly 

influencing the efficacy of synaptic plasticity and long-term potentiation (LTP) [Perasso et al., 2013]. 

Recent studies show that creatine also acts as a neuromodulator and co-transmitter, modulating 

postsynaptic GABA receptors and helping control the activity of brain networks [Bürli et al., 2013]. Creatine 

also affects appetite and body weight by acting on certain parts of the hypothalamus [Galbraith et al., 2006]. 

In mitochondria, creatine helps stabilize the mPTP (mitochondrial permeability transition pore), making 

neurons more resistant to stress [O’Gorman et al., 1997]. 

The CK/PCr system acts as a "phosphocreatine shuttle" in the CNS, connecting mitochondrial energy 

production with sites of high consumption, such as ion pumps and synaptic vesicles [Wallimann et al., 1992]. 

Because neurons have long distances between the cell body and axon terminals, phosphocreatine, which 
diffuses faster than ATP, serves as the main carrier of high-energy phosphates needed for synaptic transmission 

[Wallimann et al., 1992]. During intense cognitive load, rapid ATP depletion is countered by creatine kinase, 

which instantly rephosphorylates ADP using the phosphocreatine pool, stabilizing the ATP/ADP ratio. This 

prevents ADP accumulation that would otherwise inhibit ATPases and reduce neuronal firing efficiency [Rae 

et al., 2003]. 

 

3.4. Mitochondrial impact and neuroprotection 

Creatine, through its mitochondrial isoform (mtCK), stabilizes the mPTP in an octameric state, 

preventing cytochrome c release and protecting neurons from apoptosis [O’Gorman et al., 1997]. It also 

provides direct and indirect antioxidant effects in mitochondria, reducing superoxide production and protecting 

mitochondrial DNA (mtDNA) from oxidative damage. This antioxidant capacity is essential for maintaining 

the mitochondrial respiratory chain in high-energy-demand tissues such as the brain [Guidi et al., 2008]. 

 

3.5. Creatine as a neuromodulator 

To formally meet the strict criteria of a neuromodulator, a molecule must be concentrated in synaptic 

terminals and released into the synaptic cleft upon neuronal depolarization. Recent studies have demonstrated 

that creatine fulfills these exact parameters; it is actively concentrated and stored within synaptic vesicles and 

undergoes stimulus-evoked, calcium (Ca2+)-dependent exocytosis during action potentials [Bürli et al., 2013]. 

Once released into the synaptic cleft, creatine exerts direct allosteric modulatory effects on key 

neurotransmitter receptors, bridging the gap between cellular bioenergetics and electrical signaling. 

Specifically, it has been shown to interact with both major inhibitory and excitatory networks by modulating 

the activity of γ-aminobutyric acid (GABA) and N-methyl-D-aspartate (NMDA) receptors. By fine-tuning the 

postsynaptic responsiveness of these receptors, extracellular creatine directly influences synaptic plasticity—

facilitating processes such as long-term potentiation (LTP) and long-term depression (LTD)—which form the 

foundational neurochemical basis for memory consolidation and cognitive adaptability [Bürli et al., 2013]. 

Furthermore, creatine’s role extends to glial cells, particularly astrocytes, which are responsible for managing 

the brain's glutamate levels. While glutamate is an essential neurotransmitter for brain signaling, it becomes 

highly toxic if it accumulates in the synaptic cleft. Astrocytes constantly clear this excess glutamate, but this 

process requires massive amounts of energy. The creatine system (CK/PCr) within astrocytes acts as a rapid 

energy provider, supplying the ATP necessary to keep this pathway running efficiently [Almeida et al., 2006]. 

By fueling astrocytes, creatine acts as a protective shield against excitotoxicity. If energy runs low and 

astrocytes fail to clear glutamate, neurons become severely overstimulated. This causes a massive, 

uncontrolled influx of calcium into the cell, which damages mitochondria and ultimately leads to cell death. 

Therefore, creatine is not just a performance enhancer; it is a vital metabolic safeguard that protects neurons 

from structural damage during periods of high stress or overstimulation [Royes et al., 2006]. 
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IV. Results 

4.1. Brain Creatine Saturation and Bioenergetics 

Clinical neuroimaging studies, specifically using proton magnetic resonance spectroscopy (¹H-MRS), 

confirm that oral creatine monohydrate supplementation successfully penetrates the blood-brain barrier, 

although it exhibits different uptake kinetics compared to skeletal muscle. Dechent et al. [1999] demonstrated 

that a high-dose protocol (e.g., 20 g/day for 4 weeks) results in a measurable, average increase of 8.7% in total 

creatine concentrations across key brain regions, including both gray and white matter. However, this 

accumulation is subject to a physiological ceiling effect, plateauing after an approximate 10% increase, which 

prevents over-saturation. More recent investigations into brain energetics corroborate that this elevation in 

central nervous system (CNS) creatine directly correlates with measurable enhancements in cognitive function, 

reflecting a more robust intracellular energy buffer [Gordji-Nejad et al. 2024] 

 

4.2. Cognitive Enhancements and Dietary Influence 

Systematic reviews and meta-analyses of randomized controlled trials consistently report that creatine 

supplementation yields significant improvements in specific cognitive domains, most notably short-term 

memory and executive function [Avgerinos et al., 2018]. The magnitude of these results is highly dependent 

on baseline dietary intake, supporting the "energy gap" hypothesis. In a standard omnivorous diet, 
approximately half of the daily creatine requirement (1–2 g) is obtained exogenously from meat and fish, while 

the rest is synthesized endogenously. In contrast, individuals adhering to vegan and vegetarian diets consume 

virtually no dietary creatine. While the brain expresses its own synthesis enzymes (AGAT and GAMT) to 

compensate for this lack of dietary intake, clinical evidence suggests that endogenous production alone may 

not achieve maximal central nervous system (CNS) saturation. Consequently, plant-based dieters often exhibit 

a subtle baseline bioenergetic gap compared to omnivores [Forbes et al., 2022]. A landmark double-blind, 

placebo-controlled trial by Rae et al. [2003] revealed highly significant improvements (p < 0.01) in both 

working memory and fluid intelligence (assessed via Raven's Advanced Progressive Matrices) among 

vegetarians following a 6-week supplementation protocol. These findings are supported by broader reviews 

indicating that populations with inherently lower baseline CNS creatine stores—such as those on plant-based 

diets—exhibit the most pronounced cognitive and metabolic responses to supplementation. Mechanistically, 

it is hypothesized that the chronic absence of dietary creatine in plant-based individuals may upregulate the 

sensitivity or expression of the SLC6A8 transporters at the blood-brain barrier, allowing for a highly efficient 

uptake and a more pronounced bioenergetic shift when high-dose exogenous creatine is finally introduced 

[Snow et al., 2024]. 

 

4.3. Efficacy Under Acute Metabolic Stress 

The most robust clinical results regarding creatine's cognitive benefits emerge under conditions of acute 

metabolic stress, where neuronal ATP depletion is accelerated. Sleep deprivation serves as a primary clinical 

model for central metabolic stress, significantly affecting the prefrontal cortex, which governs executive 

function. McMorris et al. [2007] conducted pivotal studies demonstrating that following 24 hours of sleep 

deprivation, supplemented individuals exhibited a profound neuroprotective effect against cognitive decline. 

While the placebo group experienced severe drops in performance and mood, the creatine cohort maintained 

baseline-level executive function. Specifically, supplemented subjects demonstrated significantly shorter 

choice reaction times, sustained working memory capacity, and greater accuracy in tasks requiring selective 

attention and rapid decision-making under time pressure. Furthermore, creatine was shown to significantly 

attenuate the deterioration of mood and subjective states of fatigue that typically accompany prolonged 

wakefulness [McMorris et al., 2007]. 

Beyond sleep loss, severe metabolic stress can be induced by systemic hypoxia (oxygen deprivation). 

Under hypoxic conditions, mitochondrial oxidative phosphorylation is severely compromised, forcing the 

brain to rely almost exclusively on anaerobic metabolism and the CK/PCr system to survive the energy deficit. 

Prophylactic creatine supplementation effectively preserves central cognitive processing, complex attention, 

and fine motor control during experimental hypoxia. By saturating the neuronal PCr stores beforehand, the 

brain gains a temporary but highly effective metabolic bridge that sustains synaptic transmission even when 

oxygen availability is below optimal levels [Turner et al., 2015]. 

 

 

 



2(50) (2026): International Journal of Innovative Technologies in Social Science  

 

e-ISSN: 2544-9435 6 

 

4.4. Sex-Specific Outcomes and Women's Health 

Recent clinical data highlight distinct, sex-specific outcomes regarding creatine metabolism, 

establishing supplementation as a critical, targeted intervention for women's neurocognitive health. 

Physiologically, females generally exhibit 70–80% lower endogenous creatine stores compared to males. 

While this is partially due to differences in skeletal muscle mass and traditionally lower dietary intakes of 

creatine-rich foods, it is fundamentally driven by the complex hormonal regulation of endogenous synthesis 

enzymes (AGAT and GAMT) [Smith-Ryan et al., 2021]. 

The defining variable in female brain bioenergetics is the fluctuation of estrogen. Estrogen is not merely 

a reproductive hormone; it is also a master regulator of brain energy metabolism. Specifically, estrogen 

upregulates the expression and activity of brain-type creatine kinase (CK-BB) [Brinton et al., 2015]. 

Consequently, during phases of the female lifespan characterized by declining or wildly fluctuating estrogen 

levels, for example the luteal phase of the menstrual cycle, the postpartum period, and the perimenopausal 

transition, brain CK activity is decreased. This estrogen-driven downregulation compromises the rapid 

resynthesis of ATP, leaving the brain vulnerable to acute energy deficits under stress [Ellery ey al., 2016]. 

During the luteal phase of the menstrual cycle (when estrogen levels drop and progesterone level is the 

highest), the decline in CK activity correlates with reports of cognitive fatigue, reduced processing speed, and 

mood destabilization. 
Prophylactic creatine supplementation effectively saturates the central nervous system (CNS) with 

phosphocreatine, bypassing the estrogen-dependent downregulation of the CK enzyme. By providing an 

overwhelming abundance of substrate (PCr), the remaining CK enzymes can efficiently maintain the 

ATP/ADP ratio, thereby stabilizing executive function and mitigating cycle-induced cognitive fatigue [Smith-

Ryan et al., 2021]. The most profound clinical applications for women are observed during perimenopause and 

menopause. The perimenopausal transition is effectively a "neurological transition state" characterized by a 

bioenergetic crisis. As systemic estrogen level is falling down, the female brain experiences temporary glucose 

hypometabolism—an inability to efficiently utilize glucose for ATP production. This metabolic starvation is 

the primary physiological driver behind the colloquial "brain fog," memory lapses, disrupted sleep architecture, 

and executive dysfunction frequently reported by perimenopausal women [Brinton et al., 2015]. In this context, 

creatine acts as an alternative, glucose-independent energy currency. By elevating brain phosphocreatine 

reserves via high-dose supplementation (e.g., 10-15 g/day), the CNS can compensate for the impaired 

glycolytic pathway. Clinical reports demonstrate that exogenous creatine successfully restores synaptic energy 

transmission during this hormonal transition, serving as a neuroprotective barrier that significantly improves 

mental clarity, processing speed, and stabilizes mood networks against the metabolic shock of estrogen 

withdrawal [Ellery et al., 2016]. Ultimately, creatine supplementation in women goes beyond sports 

performance; it acts as a critical neuroendocrine buffer, preserving cognitive resilience and emotional well-

being across the fluctuating bioenergetic demands of the female lifespan. 

 

4.5. Translational Markers of Neuroprotection 

In addition to immediate cognitive output, translational and clinical data reveal significant markers of 

neuroprotection. Increased intracellular creatine concentrations have been shown to stabilize the mitochondrial 

permeability transition pore (mPTP), a critical factor in preventing cellular apoptosis under stress [O’Gorman 

et al., 1997]. Furthermore, studies demonstrate that creatine supplementation significantly prevents oxidative 

DNA damage in cells exposed to reactive oxygen species (ROS), confirming its role as a targeted antioxidant 

in tissues with high energy demands [Guidi et al., 2008]. On a synaptic level, enhanced creatine availability 

supports the efficient, energy-dependent reuptake of glutamate by astrocytes, thereby providing a measurable 

biochemical buffer against glutamate-induced excitotoxicity [Almeida et al., 2006]. 
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V. Discussion 
The findings of this review consolidate that creatine monohydrate is not only an ergogenic aid for 

skeletal muscle, but also a profound modulator of central nervous system. Current evidence suggests that 
creatine is not a universal brain stimulant. Instead, it works to prevent energy depletion during periods of high 
cognitive demand. Its true neurological value is unmasked primarily when the brain’s endogenous energy 
buffers are compromised by acute stressors or underlying metabolic deficits. 

A critical aspect of evaluating creatine’s cognitive efficacy is recognizing that its benefits are highly 
dependent on baseline metabolic status, which explains the variance observed across some clinical trials. This 
variance is best explained by the "energy gap" hypothesis [Forbes et al., 2022]. Because the brain expresses 
its own synthesis enzymes (AGAT and GAMT) and strictly regulates creatine uptake via the blood-brain 
barrier, it is naturally resistant to excessive saturation, exhibiting a clear ceiling effect at approximately a 10% 
increase [Dechent et al., 1999]. Consequently, individuals with naturally optimized baseline levels often 
demonstrate negligible cognitive improvements under normal conditions. Populations with a chronic lack of 
dietary creatine, like vegetarians or vegans, exhibit highly significant improvements in fluid intelligence and 
working memory [Rae et al., 2003]. This suggests that the chronic absence of dietary creatine may upregulate 
the sensitivity of SLC6A8 transporters at the BBB, allowing for a highly efficient bioenergetic shift when 
creatine is supplemented [Snow et al., 2024]. 

The cognitive resilience observed during acute metabolic stress highlights the vital temporal and spatial 
buffering capacity of the CK/PCr system. Under these high-load scenarios, accelerated ATP depletion and the 
subsequent accumulation of ADP normally inhibit neuronal firing and compromise the Na+/K+-ATPase 
pumps. Exogenous creatine essentially widens the intracellular phosphocreatine pool, providing a rapid, 
glucose-independent energy bridge that maintains the ATP/ADP ratio. Furthermore, this bioenergetic support 
is critical for astrocytes. Creatine provides the energy needed to clear out glutamate before it can damage 
neurons, effectively guarding the brain against mitochondrial collapse and cell death.[Almeida et al., 2006; 
O'Gorman et al., 1997]. 

Another subject for discussion is the profound sex-specific response to creatine supplementation. The 
female brain is uniquely vulnerable to bioenergetic fluctuations due to the estrogen-dependent regulation of 
brain-type creatine kinase (CK-BB) [Brinton et al., 2015]. During periods of estrogen withdrawal, like the 
luteal phase or perimenopause, creatine kinase (CK) activity tends to slow down. This biological shift is often 
at the root of the cognitive fatigue and 'brain fog' many women experience. Creatine supplementation 
successfully bypasses this hormonal deficit. By overwhelming the remaining CK enzymes with an abundance 
of substrate (PCr), it restores synaptic energy transmission [Smith-Ryan et al., 2021; Ellery et al., 2016]. This 
establishes creatine as a highly targeted, safe neuroendocrine buffer for women navigating hormonal 
transitions. 

Finally, this review underscores a necessary paradigm shift regarding dosing protocols. The blood-brain 
barrier presents a significant physiological obstacle to creatine uptake compared to skeletal muscle. Standard 
sports-oriented doses (3–5 g/day) are largely insufficient to produce meaningful changes in CNS 
concentrations. Current neuroimaging and clinical data suggest that achieving the critical ~10% increase in 
brain creatine requires higher, sustained dosing protocols (e.g., 10–20 g/day for several weeks) [Dechent et al., 
1999; Gordji-Nejad et al., 2024]. Recognizing this physiological barrier is essential for designing future clinical 
trials and formulating evidence-based recommendations for cognitive support. 

 
VI. Conclusions 
In conclusion, creatine supplementation represents a safe, viable, and highly effective nutritional 

intervention for optimizing cognitive function and enhancing neuroprotection in healthy adults. Its primary 
mechanism relies on the bioenergetic optimization of the CK/PCr system, which acts as an intracellular energy 
buffer during periods of high metabolic demand. 

The evidence demonstrates that creatine does not uniformly enhance all cognitive domains but acts 
specifically as a "metabolic resilience enhancer." Its benefits are most pronounced during complex, cognitively 
demanding tasks, acute metabolic stress, or in populations with inherently lower baseline creatine stores. 
Furthermore, its potential to counteract hormone-related cognitive decline marks it as a promising tool for 
supporting women's brain health. 

Future research should focus on establishing standardized, brain-specific dosing protocols, as current data 
strongly suggest that achieving meaningful CNS saturation requires significantly higher daily intakes than those 
traditionally used for physical performance. Longitudinal studies are also warranted to fully elucidate creatine's 
long-term neuroprotective capabilities and its role in delaying age-related metabolic decline in the brain. 
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