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Abstract

Background. Creatine is widely recognized for its role in cellular energy metabolism,
particularly in skeletal muscle. Increasing evidence indicates that its function extends to the
central nervous system, where it may influence cognitive processes, neural stability, and

resistance to fatigue.



Aim. The aim of this review is to examine the effects of creatine on brain function, cognitive
performance, and exercise-related outcomes, with a focus on mechanisms linking neural and
physical performance.

Material and methods. A narrative review of current literature was conducted, including
experimental and clinical studies investigating the role of creatine in brain energetics, cognitive
function, mental fatigue, and exercise performance.

Results. Available evidence indicates that creatine contributes to the maintenance of stable
neural activity under sustained demand. Effects are most evident under conditions of increased
cognitive load, sleep deprivation, or prolonged physical effort. While improvements in strength
and power performance are consistently reported, effects in endurance and cognitive domains
appear more context-dependent and are related to the preservation of signal stability and
reduced variability in performance.

Conclusions. Creatine influences both cognitive and physical performance through
mechanisms related to the consistency of neural function rather than isolated enhancement of
capacity. Its effects are most pronounced in conditions requiring sustained or repeated effort,

supporting a unified perspective linking brain function and exercise performance.

Key words: creatine, supplementation, brain, sport, endurance, strength, mental health.

1. Introduction

Creatine supports rapid ATP resynthesis and is well established as a determinant of high-
intensity physical performance (1). It is also present in the central nervous system, where it
contributes to neuronal energy balance and synaptic function, yet its role in brain processes
remains less clearly defined (2).

Cognitive functions such as attention, working memory, and decision-making depend on
the ability to sustain coordinated neural activity. Under increased demand, prolonged effort,
sleep deprivation, or physical exertion, signaling becomes less consistent, leading to variability
in performance and reduced processing efficiency. These constraints extend beyond cognition
and influence motor output, linking brain function with physical performance (3).

Evidence indicates that creatine influences performance when maintaining consistent
output becomes limiting, rather than through uniform enhancement across conditions (1). This
positions creatine as a factor affecting not only muscle energetics but also the interaction

between cognitive and motor processes (4).



The aim of this review is to examine the effects of creatine on brain function, cognitive
performance, and exercise-related outcomes, with emphasis on mechanisms linking neural

stability with performance under sustained or demanding conditions.

2. Research materials and methods

This study is based on a narrative review of literature examining the effects of creatine on
brain function, cognitive performance, and exercise-related outcomes. Relevant sources were
identified using major scientific databases, including PubMed, Scopus, and Google Scholar.

The selection focused on experimental, clinical, and review studies addressing creatine
metabolism in the central nervous system, its role in cognitive processes, and its influence on
physical performance. Particular attention was given to conditions involving increased
cognitive or energetic demand, such as prolonged effort, fatigue, and sleep deprivation (4).

Sources were selected based on relevance and contribution to the understanding of
mechanisms linking neural function with performance. The analysis was qualitative and aimed

at integrating findings across cognitive and physical domains.

2.1. Al

Al was utilized for two specific purposes in this research. Text analysis of clinical
reasoning narratives to identify linguistic patterns associated with specific logical fallacies.
Assistance in refining the academic English language of the manuscript, ensuring clarity,
consistency, and adherence to scientific writing standards. Al were used for additional linguistic
refinement of the research manuscript, ensuring proper English grammar, style, and clarity in
the presentation of results. It is important to emphasize that all Al tools were used strictly as
assistive instruments under human supervision. The final interpretation of results, classification
of errors, and conclusions were determined by human experts in clinical medicine and formal
logic. The Al tools served primarily to enhance efficiency in data processing, pattern
recognition, and linguistic refinement, rather than replacing human judgment in the analytical

process.

3. Research results

3.1. Creatine Metabolism and Transport
Creatine (N-aminoiminomethyl-N-methylglycine) is a naturally occurring nitrogen-

containing compound classified within the family of guanidine phosphagens (3).
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It is an amino acid derivative synthesized endogenously from glycine and arginine, with the
involvement of S-adenosyl methionine (a derivative of methionine), which provides the methyl
group necessary for the conversion of guanidinoacetate to creatine. The creatine biosynthesis
pathway begins with the formation of guanidinoacetate (GAA) from arginine and glycine,
catalyzed by arginine-glycine amidinotransferase (AGAT). Subsequently, GAA undergoes
methylation by guanidinoacetate N-methyltransferase (GAMT), with the involvement of S-
adenosylmethionine (SAMe), leading to the formation of the final product, creatine (5). The
primary organs whose cells express AGAT are the kidneys, pancreas, and liver, with the
kidneys exhibiting the highest rate of guanidinoacetate (GAA) synthesis.
GAMT expression is highest in the liver, which constitutes the main site of GAA methylation
to creatine (6). GAMT is widely expressed in all major brain cell types (neurons, astrocytes,
and oligodendrocytes), whereas AGAT is predominantly expressed in neurons and
oligodendrocytes within the CNS, indicating that the brain is capable of endogenous creatine
synthesis (7).

The maintenance of adequate creatine levels in tissues depends on both endogenous
synthesis and exogenous intake from the diet, primarily from meat, fish, and dietary
supplements. Approximately 95% of total body creatine is stored in skeletal muscle, while the
remainder is distributed among the brain, heart, kidneys, and testes (8,9). The main form of
creatine stored in tissues is phosphocreatine (PCr), which is formed by its reversible
phosphorylation with inorganic phosphate (Pi). Only a small proportion is stored as free creatine
(Cr) (10,11). In skeletal muscle, total creatine content is approximately 120-140 mmol/kg of
dry muscle mass, with phosphocreatine accounting for about 60-70% of the total pool, resulting
in PCr:.Cr ratio of approximately 2:1 (12,13). In the brain, total creatine content is
approximately 8-10 mmol/kg, and the PCr:Cr ratio is lower (approximately 1-1.5:1), indicating
a more balanced distribution of phosphocreatine (PCr) and free creatine (Cr) compared to
skeletal muscle, reflecting differences in energy metabolism between these tissues.

Phosphocreatine is the product of a reversible reaction involving the transfer of a
phosphate group from ATP to a molecule of free creatine (Cr), catalyzed by creatine kinase
(CK) and occurring primarily in mitochondria. ATP generated during cellular respiration
exhibits lower diffusibility compared to phosphocreatine (PCr), highlighting the key role of
phosphocreatine in efficient energy transfer between mitochondria and sites of ATP utilization.
Phosphocreatine, as a carrier of high-energy phosphate groups, acts as an energy buffer,
enabling the rapid resynthesis of ATP at sites of its increased demand. The transfer of a

phosphate group from phosphocreatine to ADP is also catalyzed by creatine kinase. This
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mechanism, referred to as the creatine kinase system, constitutes an essential component of
cellular energy homeostasis (11,14).

Creatine is transported via the bloodstream to tissues with high energy demands, where it
is taken up by cells. Its cellular uptake is mediated by the creatine transporter SLC6A8, a
sodium- and chloride—dependent symporter driven by the transmembrane sodium gradient
maintained by Na*/K*-ATPase, which is also capable of transporting guanidinoacetate (GAA)
with lower affinity. Inhibition of Na*/K*-ATPase has been shown to significantly reduce
creatine transport, confirming its indirect role in driving creatine uptake (15). The expression
of this protein is high in tissues with elevated energy demands, such as skeletal muscle, heart,
and brain, highlighting the important role of creatine in cellular energy metabolism (16).
Creatine transport into the brain is further restricted by the blood-brain barrier (BBB), limiting
its availability within the central nervous system and resulting in a partial reliance of neural
tissue on local creatine synthesis (2).

Both creatine and phosphocreatine undergo spontaneous, non-enzymatic and irreversible
conversion to creatinine, which is excreted in urine. This process occurs at a relatively constant
rate and results in the degradation of approximately 1-2% of the total creatine pool per day,
highlighting the need for its continuous replenishment through endogenous synthesis or
exogenous intake (17).

3.2. Brain Energy Metabolism and Role of Creatine

Despite accounting for only approximately 2% of total body mass, the brain is responsible
for about 20% of resting energy consumption, reflecting its exceptionally high metabolic
demand and continuous reliance on ATP due to its limited capacity for energy storage (18).
This energy demand is primarily met through the metabolism of glucose via glycolysis and
subsequent oxidative phosphorylation (19,20). The high metabolic requirements of the brain
arise from the need to maintain membrane potential, support synaptic transmission and sustain
the continuous activity of ion pumps, such as Na*/K*-ATPase. Consequently, neuronal function
is critically dependent on mitochondrial activity and efficient ATP production, making the brain
particularly vulnerable to disruptions in energy metabolism, potentially contributing to
neurological and psychiatric dysfunction (21,22).

Under conditions of dynamic fluctuations in energy demand, brain energy homeostasis is
maintained by the creatine—phosphocreatine (Cr—PCr) system. Phosphocreatine supports the
immediate availability of ATP, which is particularly important during synaptic activity and

action potential propagation (23,24). This is crucial in regions of intense neuronal signaling,
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where a rapid energy buffer is required to maintain ion gradients and proper neurotransmission.
Additionally, the creatine—phosphocreatine (Cr—PCr) system plays a key role in the spatial
distribution of energy within the cell, enabling efficient coupling of mitochondrial ATP
production with sites of energy utilization. As a result, it is essential for maintaining neuronal
function and supporting cognitive processes (25). Significantly, the efficiency of this system
depends not only on its biochemical properties but also on its precise cellular and subcellular
localization within the brain.

In this context, both neurons and astrocytes contribute to the maintenance of brain energy
homeostasis, although they differ in their metabolic profiles and functional roles (26). Neurons
are characterized by particularly high and dynamically fluctuating energy demands, primarily
associated with synaptic transmission and the continuous maintenance of ion gradients required
for action potential propagation. Due to their limited glycolytic capacity and strong reliance on
oxidative phosphorylation, neurons are highly dependent on efficient ATP buffering systems,
especially in regions of intense energy utilization such as synapses (20,27).

In contrast, astrocytes primarily perform supportive functions, contributing to the
regulation of extracellular ion balance, neurotransmitter recycling, and the provision of
metabolic substrates. These cells exhibit a more glycolytic phenotype and play a key role in the
astrocyte—neuron lactate shuttle, a mechanism involving the transfer of glycolysis-derived
metabolites, such as L-lactate and L-serine, to neurons (26). This process contributes to meeting
neuronal energy demands, maintaining redox balance, and modulating neurotransmitter
activity.

Although the creatine—phosphocreatine (Cr—PCr) system is present in both cell types,
differences in the expression of enzymes involved in creatine synthesis, such as
arginine:glycine amidinotransferase (AGAT) and guanidinoacetate methyltransferase
(GAMT), as well as in the distribution of the creatine transporter (SLC6A8), indicate cell-type-
specific roles and highlight the importance of intercellular cooperation in maintaining brain
energy homeostasis (2,28).

3.3. Creatine, Mitochondrial Function, and Neuroprotection

In addition to its function in cellular energy buffering, the creatine—phosphocreatine (Cr—
PCr) system is vital within mitochondria. Mitochondrial creatine kinase (mtCK), localized in
the intermembrane space, catalyzes the reversible transfer of a phosphate group from ATP to
creatine, generating phosphocreatine (29). Tight coupling of this reaction to adenine nucleotide

translocase (ANT) and the voltage-dependent anion channel (VDAC) creates a functional
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microcompartment that enables efficient energy channeling between mitochondria and sites of
cytosolic ATP use, highlitghting the role of the creatine—phosphocreatine system in
mitochondrial support via ATP/ADP buffering and maintenance of the mitochondrial
membrane potential (Aym) (30,31).

Adequate phosphocreatine availability limits the accumulation of ADP and inorganic
phosphate (Pi), thereby reducing the risk of mitochondrial depolarization. This is particularly
important under conditions of metabolic stress, where disruptions in AWYm can impair ATP
synthesis and trigger apoptotic signaling pathways (10). Such dysfunction can impair electron
transport chain function, leading to increased electron leakage and subsequent reactive oxygen
species (ROS) production (32). By supporting oxidative phosphorylation and stabilizing
intracellular energy metabolism, the creatine—phosphocreatine system may reduce electron
leakage and limit ROS generation. As a result, improved mitochondrial bioenergetic efficiency
reduces oxidative damage to cellular components, including lipids, proteins and mitochondrial
DNA, ultimately contributing to the preservation of cellular integrity (33).

The neuroprotective effects of creatine arise from the integration of bioenergetic support
and mitochondrial stabilization. By ensuring rapid ATP regeneration, the Cr—PCr system
supports the maintenance of ion gradients, thereby reducing the risk of excitotoxic damage
associated with excessive glutamate signaling (34). In addition, sustaining cellular energy status
limits intracellular calcium overload, a key trigger of mitochondrial dysfunction and opening
of the mitochondrial permeability transition pore (mPTP). Through the prevention of mPTP
opening and maintenance of mitochondrial integrity, creatine may decrease the release of pro-
apoptotic factors, such as cytochrome c, and modulate the activation of apoptotic signaling
pathways (35). These mechanisms, together with the regulation of oxidative stress and energy
homeostasis, contribute to enhanced neuronal survival and resilience under conditions of
metabolic and oxidative challenge.

In vitro studies indicate that creatine supplementation promotes cellular viability during
hypoxia (36), primarily by maintaining intracellular ATP-dependent processes, as reflected in
decreased mitochondrial depolarization, reduced reactive oxygen species (ROS) formation, and
suppression of apoptosis-related signaling pathways. In vivo models further show that creatine
administration attenuates neuronal loss and improves functional outcomes following
neurological injury and during neurodegenerative processes (37). These effects coincide with
sustained mitochondrial integrity, tighter control of intracellular calcium dynamics, and
restraint of apoptotic signaling cascades. Collectively, these observations position creatine as a

regulator of mitochondrial resilience and neuronal vulnerability in experimental systems.
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This becomes especially relevant in Parkinson's disease where mitochondrial dysfunction
underlies progressive neuronal loss. By stabilizing ATP availability and modulating oxidative

stress, creatine supplementation represents a potential neuroprotective strategy (38).

3.4. Creatine and Mental Health Disorders

Emerging evidence suggests that several psychiatric disorders are associated with
disrupted integration of neuronal activity within cortico-limbic circuits, which coordinate
emotional processing with executive control. Dysregulation of these networks has been shown
to involve altered patterns of synaptic transmission and impaired stability of neuronal signaling
across functionally connected regions (39,40). These network-level disturbances reflect
underlying bioenergetic constraints.

In this context, the creatine—phosphocreatine (Cr—PCr) system has gained attention as a
modulator of synaptic signaling integrity and neuronal network dynamics. By shaping the
reliability and temporal precision of neuronal activity, creatine may influence
neurotransmission, network excitability, and cognitive function, thereby linking cellular

processes with behavioral outcomes.

3.4.1. Depression

Major depressive disorder involves impaired coordination of neuronal activity within
cortico-limbic circuits, particularly in the prefrontal cortex and hippocampus. Neuroimaging
studies indicate region-specific changes in phosphocreatine levels in these areas, consistent
with local bioenergetic limitations affecting neuronal signaling relevant to mood regulation and
cognitive processing (41,42). At the synaptic level, depression is characterized by dysregulation
of glutamatergic and monoaminergic signaling, accompanied by reduced efficiency of
excitatory—inhibitory balance. These alterations may compromise the fidelity and temporal
precision of neuronal communication, reducing the ability of neural circuits to sustain coherent
patterns of activity (43).

Such disruptions in synaptic signaling place increased demands on processes that sustain
rapid neurotransmitter turnover and restoration of ionic gradients during ongoing neuronal
activity. Under these conditions, insufficient buffering of local energy fluctuations can amplify
variability in synaptic transmission and exacerbate instability of neuronal excitability.

The creatine—phosphocreatine (Cr—PCr) system maintains the efficiency of presynaptic
and ion transport mechanisms, where high-frequency turnover is required during repeated

firing, enabling more consistent vesicle cycling and faster recovery of ion gradients between
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successive action potentials. Clinical studies indicate that creatine supplementation may
improve treatment response in major depressive disorder, particularly when used as an adjunct
to standard antidepressant therapy. Notably, reported effects include accelerated symptom
improvement and greater reduction in depressive severity, although findings remain variable
across studies (44,45). These outcomes point to a role of creatine in regulating synaptic

processes rather than direct neurotransmitter modulation.

3.4.2. Anxiety Disorders

Anxiety disorders feature a shift in cortico-limbic processing toward heightened threat
sensitivity, driven by increased responsiveness of the amygdala and insufficient regulatory
input from the prefrontal cortex. The imbalance between limbic drive and prefrontal control
lowers the threshold for neuronal activation, allowing otherwise transient responses to persist

and propagate across interconnected circuits (46-48). This state is reflected in facilitated excitatory
transmission and reduced inhibitory gating, which together prolong neuronal firing and impair the termination of
stimulus-driven activity. Rather than discrete signaling events, neural responses become temporally extended,
increasing the likelihood of recurrent activation within limbic pathways. Such prolongation of neuronal activity
places strain on processes responsible for resetting synaptic conditions between successive firing events, including
neurotransmitter clearance and restoration of ionic gradients. When these mechanisms fail to keep pace with
ongoing activity, residual signaling accumulates, blurring the temporal separation of successive neuronal responses
(49,50).

At this stage, the creatine—phosphocreatine (Cr—PCr) system facilitates rapid restoration
of synaptic conditions following repeated firing, particularly at presynaptic terminals and ion
transport sites. This shortens the duration of individual signaling events and limits the carry-
over of residual activity between successive signaling cycles (10). Evidence for creatine
supplementation in anxiety disorders remains limited, but available data suggest that its effects

in anxiety may involve normalization of activation thresholds and neuronal reactivity.

3.4.3. Schizophrenia and Bipolar Disorder

Schizophrenia and bipolar disorder represent distinct clinical entities that share disruptions
in coordination between large-scale brain networks involved in salience detection, cognitive
control, and internal mentation. Impaired integration between the prefrontal cortex and
subcortical structures, including the striatum, leads to aberrant assignment of salience to
internal and external stimuli, contributing to disorganized thought processes in schizophrenia
and dysregulated mood states in bipolar disorder (51,52). In schizophrenia, dysregulated
dopaminergic signaling and altered interactions between excitatory and inhibitory pathways
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lead to inappropriate amplification of internally generated signals and reduced discrimination
between relevant and irrelevant stimuli. In contrast, bipolar disorder is characterized by
fluctuations in synaptic activity across mood states, reflecting impaired regulation of network
excitability and instability in transitions between internally and externally oriented processing
(53,54).

As a consequence, the fidelity of information processing across distributed networks
becomes compromised. In schizophrenia, internally generated representations gain
disproportionate influence over perception and cognition, weakening the alignment between
sensory input and interpretative frameworks. A different pattern is observed in bipolar disorder,
where variability in network engagement, disrupts the consistency of cognitive and emotional
responses and leads to fluctuations in how stimuli are evaluated and acted upon (53).

Efficient coordination across distributed networks requires rapid adjustments in synaptic
activity during changing cognitive demands. The creatine—phosphocreatine (Cr—PCr) system
supports these mechanisms in circuits undergoing frequent transitions between functional
states, particularly those linking prefrontal and subcortical regions. This enables more precise
alignment of activity across interconnected networks and reduces inappropriate persistence or
disengagement of circuit-level responses.

Available studies on creatine supplementation in schizophrenia and bipolar disorder
remain limited and heterogeneous (55,56). Reported effects vary across studies and clinical
contexts, with no consistent impact on core symptoms. This variability likely reflects the
complexity of network-level disturbances underlying these conditions and the absence of a
single dominant mechanism that can be uniformly targeted.

3.5. Creatine Supplementation and Brain Function

The effectiveness of creatine intake in the central nervous system is constrained by its
transport into the brain. Unlike skeletal muscle, where creatine uptake is relatively efficient,
brain availability depends on passage across the blood—brain barrier via the creatine transporter
(SLC6AS8). Transport across this barrier is slow and tightly regulated, resulting in gradual and
often modest increases in brain creatine levels following supplementation. Changes in neural
function are therefore less immediate and may depend on sustained intake, particularly under
conditions of limited endogenous creatine availability or increased metabolic demand (57,58).

Typical supplementation strategies involve either a loading phase of approximately 20
g/day for 5-7 days followed by a maintenance dose of 3-5 g/day, or continuous

supplementation at 3-5 g/day without loading. Higher initial dosing accelerates creatine
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accumulation in peripheral tissues, but its impact on brain creatine levels appears less
pronounced (59). Continuous supplementation at moderate doses results in slower but more
stable increases, which may be more relevant for central nervous system effects. The time
required to achieve measurable changes in brain creatine content is longer than in skeletal
muscle, often extending over several weeks of consistent intake.

Creatine-related changes in brain function vary depending on baseline creatine availability
and individual physiological characteristics. Individuals with lower endogenous creatine levels,
particularly those adhering to vegetarian or vegan diets, may exhibit more pronounced effects
(60). Sex, age, metabolic status, and overall physiological stress also influence outcomes, with
greater reactions often observed under conditions of increased cognitive or energetic demand.
These factors contribute to variability in response and may explain inconsistencies across
studies examining cognitive and neuropsychiatric effects.

Creatine supplementation is generally well tolerated across a wide range of doses and
durations. Reported adverse effects are typically mild and most often include gastrointestinal
discomfort and transient peripheral fluid retention (61). Current evidence does not support an
increased risk of renal dysfunction in healthy individuals, although caution is warranted in those
with pre-existing kidney disease. Long-term studies indicate a favorable safety profile, with no
consistent evidence of clinically significant adverse outcomes under standard supplementation
protocols (62,63).

3.6. Creatine and Exercise Performance

Creatine is widely recognized for its role in enhancing exercise performance, particularly
in high-intensity, short-duration activities. While its effects on skeletal muscle are well
established, increasing attention has been directed toward its influence on central processes
contributing to performance under conditions of fatigue. Physical exertion depends not only on
muscular output but also on sustained neural drive and cognitive control, which may be affected
by changes in brain energetics and signaling stability. Peripheral effects of creatine support
force production and repeated high-intensity efforts, whereas central effects relate to the
maintenance of neural activation during prolonged or demanding activity. Performance decline
therefore reflects not only limitations within muscle but also reduced efficiency of central motor
drive, highlighting a potential role for creatine in sustaining neural output during demanding
conditions (64,65).
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3.6.1. Peripheral vs Central Effects

Exercise performance requires the integration of peripheral muscle function and central
neural drive. Peripheral mechanisms determine force production capacity and energy turnover
within muscle, whereas central processes regulate motor unit recruitment, coordination, and the
maintenance of voluntary effort. During sustained or high-intensity activity, the capacity of the
central nervous system to generate consistent output declines, leading to reductions in motor
drive that are not fully explained by muscular limitations alone (64,66).

The effects of creatine are most apparent in high-intensity, repeated efforts, where rapid
energy turnover limits force output. Less attention has been given to its influence on central
processes, despite their contribution to performance under sustained or demanding conditions.
As exertion continues, neural output becomes less consistent, and variability in motor signaling
begins to affect coordination and voluntary drive. Under these conditions, creatine may help
stabilize activity within motor pathways, supporting more reliable motor unit recruitment and

preserving coordination as central drive declines (8).

3.6.2. Creatine and Central Fatigue

Central fatigue limits the ability to sustain voluntary drive during ongoing physical effort.
The decline does not arise solely from peripheral constraints but reflects reduced precision and
stability of signaling within motor pathways (67). With increasing effort, motor output becomes
less consistent, coordination deteriorates, and effort must be reinforced to maintain
performance. Force production alone no longer determines performance; its continuity and
control become limiting factors. Under these conditions, stability of neural output becomes
critical. Reduced variability in motor signaling supports more consistent recruitment patterns
and limits fluctuations in performance when effort is sustained or repeatedly reinitiated. This
provides a mechanistic basis for performance effects that extend beyond peripheral muscle
function.

The decline in central drive does not follow a purely linear trajectory. Periods of stable
output are interrupted by brief drops in force and coordination, requiring repeated re-
engagement of effort to maintain performance. This variability becomes more pronounced over
time, reflecting an increasing mismatch between intended and executed motor output. In this
context, even small fluctuations in neural signaling can translate into measurable changes in

performance, particularly when precision and timing are critical (68).
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3.6.3. Cognitive Performance During Exercise

Cognitive demands do not diminish during physical exertion; in many settings they
intensify. Decision-making, attentional focus, and response selection must be maintained
despite progressive strain on neural systems. As a result, performance errors often arise not
from insufficient force but from delayed or inaccurate execution of otherwise appropriate
actions. Small disruptions in timing or attentional control can alter outcomes, particularly in
tasks requiring rapid adjustments to changing sensory input (69,70). Reaction speed slows, but
variability between responses becomes equally relevant, increasing the likelihood of
misjudgment or mistimed actions. Maintaining stable neural output under sustained effort
therefore influences not only physical execution but also the precision and reliability of

behavior in time-sensitive contexts.

3.6.4. Endurance vs Strength Context

Creatine shows consistent benefits in strength and power tasks, where repeated high-
intensity output is required. In contrast, effects in endurance settings are less predictable.
Performance in these contexts relies on pacing and efficiency rather than peak force, making
outcomes less directly tied to short-term output capacity (71). Limitations develop
progressively and reflect interacting central and peripheral constraints. Instead of clear
increases in output, changes are more often expressed as improved stability across prolonged
effort and reduced variability in performance. This becomes relevant in tasks requiring
continuous adjustment, where small inconsistencies can accumulate into measurable

performance differences.

3.7. Bridging Mental Health and Exercise Performance

Mental health and exercise performance are typically considered separately, yet both rely
on the capacity to sustain coordinated neural activity under ongoing demand. In psychiatric
conditions, instability of signaling disrupts cognitive and emotional regulation; in physical
performance, similar instability reduces motor drive, degrades coordination, and increases
variability of output. The manifestations differ, but the underlying constraint remains the same:
maintaining consistent neural output over time (72).

This overlap shifts attention away from isolated neurotransmitter systems or single
performance metrics toward the reliability of neural signaling itself. Effects observed across

domains may therefore reflect improved continuity of neural activity rather than direct
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modulation of specific pathways. Such a perspective provides a functional link between mental
health and performance.

Prolonged cognitive effort, physical exertion, or their combination expose limitations in
the consistency of signaling, leading to variability in both behavioral and motor responses. In
such contexts, performance is shaped less by maximal capacity and more by the ability to
preserve reliable output despite accumulating strain, which places greater emphasis on
mechanisms that support continuity of function across time rather than peak efficiency at a
single point. Creatine illustrates an intervention that influences the reliability of neural function
under sustained demand. Effects emerge when maintaining consistent output becomes limiting,
rather than as isolated gains in strength or cognition (4).

Viewing mental health and exercise performance through a shared functional lens
highlights the importance of maintaining stable neural activity over time. Rather than focusing
on separate domains, this perspective underlines common constraints that shape both behavior
and performance. Approaches that improve the consistency of neural function can extend across

contexts where cognitive and physical demands intersect.

4. Discussion

The findings converge on the role of stable neural function as a limiting factor in both
cognitive and physical performance under increased demand. Performance decline reflects not
only reduced capacity but also growing variability in neural signaling, affecting both behavior
and motor output (73,74).

Within this framework, creatine appears to influence performance when maintaining
consistent output becomes challenging, rather than producing uniform improvements across
conditions. This may account for more pronounced effects under prolonged effort, sleep
deprivation, or repeated high-intensity activity (75).

Variability in outcomes across studies likely reflects differences in baseline physiology,
task demands, and study design, particularly in cognitive and endurance contexts where effects

are less consistent than in strength-based performance.

5. Conclusions
Creatine affects both cognitive and physical performance through mechanisms linked to
the stability of neural function under demanding conditions. Effects emerge when maintaining

consistent output becomes limiting, rather than as uniform improvements across contexts (76).
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This links brain function and exercise performance through shared constraints on neural
activity, emphasizing reliability and coordination over time. Further work should define the

conditions and populations in which these effects are most relevant.
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