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Summary

As an endogenous compound essential for energy homeostasis, creatine holds a fundamental
role in the bioenergetics of the brain, an organ with high metabolic requirements. This review
provides a synthesis of current knowledge on the impact of creatine on the functions of the
central nervous system (CNS). The brain, which is capable of de novo creatine synthesis,
demonstrates an increase in its internal concentrations following supplementation; however,
this effect is less significant than in muscle tissue and is constrained by the blood-brain barrier,
among other factors. The development of effective CNS-targeted dosing strategies remains
a subject of ongoing research. An overview of the literature suggests that creatine supple-
mentation may beneficially influence cognitive performance, particularly under conditions
of elevated metabolic demand like stress or sleep deprivation, with the potential to enhance
memory and mitigate fatigue. Nonetheless, findings from the cited research are inconsistent due
to methodological heterogeneity and a common failure to directly measure brain creatine levels.
Reports on creatine’s antidepressant properties are particularly encouraging, with preclinical
and initial clinical studies pointing to its potential utility (e.g., via the mMTORCI1 pathway) in
augmenting mood disorder treatments. Moreover, the authors examine the use of creatine in
chronic fatigue syndrome, where evidence supports improvements in physical performance
and reductions in pain intensity, although its effect on generalized fatigue remains ambiguous.
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Introduction

Creatine, chemically identified as 2-[carbamimidoyl(methyl)amino]acetic acid or
methyl guanidoacetic acid, is a naturally occurring nitrogenous organic acid present
in animal tissues. Its initial discovery is credited to Michel Chevreul in 1832, with its
chemical structure being detailed by Justus von Liebig in 1847. The name “creatine”
is derived from the Greek kreas (meat), a reference to its original source, muscle tis-
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sue, from which it was isolated through alkalization. Notably, Justus von Liebig, also
regarded as a foundational figure in biochemistry, funded a significant portion of his
research by manufacturing and selling a popular meat extract containing approximately
8% creatine [1]. This demonstrates that its potential as a dietary supplement was rec-
ognized even by its earliest investigators.

For several decades, the consequences of creatine monohydrate intake, including
its effect on muscle concentrations and subsequent impact on physical performance,
have been thoroughly studied. It was first noted in the 1990s that consuming creatine
monohydrate results in about a 20% increase in its intramuscular content [2].

The primary biological function of creatine is to facilitate the rapid regeneration
of adenosine triphosphate (ATP) when its consumption is high. This occurs via the
transfer of a phosphoryl group from phosphocreatine to adenosine diphosphate (ADP),
a reaction catalyzed by creatine kinase (CK). The creatine-phosphocreatine system
thereby serves as a crucial ‘energy buffer,” playing a key role in maintaining ATP
homeostasis in tissues with high metabolic rates [3].

In a manner analogous to its role in muscle, elevating creatine levels in the brain
may also yield certain advantages. The brain contains a minor fraction of the body’s
total creatine, estimated at under 5%, while muscle tissue constitutes the main reservoir,
holding as much as 95% [4]. Despite this, the brain exhibits an exceptionally high
metabolic rate, and creatine is vital for its energy metabolism processes, similar to
its function in skeletal muscle. Evidence supporting this notion includes the presence
of creatine kinase isoforms within the CNS, as well as the occurrence of psychiatric
disorders resulting from creatine deficiency in the brain. Such deficiency may arise
from rare, inherited disorders of creatine synthesis or transport, including creatine
transporter deficiency caused by mutations in the SLC648 gene, which leads to severe
neurodevelopmental impairments and does not respond to creatine supplementation.
In certain acquired psychiatric conditions, including depression, a secondary reduc-
tion in brain creatine levels has also been reported, and supplementation with creatine
monohydrate has been investigated as a potential approach for partially alleviating
some symptoms [5].

The impact of creatine supplementation on brain function is governed by multiple
potential mechanisms. As an organ with substantial metabolic activity, the brain ac-
counts for roughly 20% of the body’s basal energy expenditure, despite comprising
only 2% of total body mass. Its proper functioning — including maintaining membrane
potentials, conducting action potentials, and ensuring signal transmission — is therefore
contingent upon a constant energy supply [6]. In circumstances of accelerated brain
ATP turnover (e.g., during complex cognitive processing) or disrupted bioenergetics
(e.g., hypoxia, sleep deprivation, or various neurological diseases), an external supply
of creatine helps to preserve stable brain ATP levels [7].

Aim, material, and methods

This paper is a review aimed at organizing the current knowledge regarding the
impact of creatine supplementation on brain function, based on studies published be-
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tween 2002 and 2025 and indexed in the PubMed database. The PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses) protocol was used to
present the data selection and analysis process. Data collection was conducted from
April to June 2025, limited to publications in the English language. The time frame
covered the years 2002-2025, which allowed for the inclusion of current 21%-century
scientific findings in the discussed area. Both review and original research articles were
included, focusing on the effects of creatine supplementation on: brain creatine/phos-
phocreatine levels, cognitive functions, depressive symptoms, and symptoms of chronic
fatigue syndrome. The literature search in the PubMed database yielded 2,807 articles
using the following phrases: “brain creatine,” “creatine and depression,” “creatine and
cognitive function,” and “creatine and Chronic Fatigue Syndrome.” After a thorough
analysis of the articles, 34 papers were ultimately qualified for inclusion (Figure 1).

99 ¢

Publications identified in the database | Publications excluded before further selection:
(n=2,807) g Duplicate publications
(n=1,067)
A
Publications screened by title and abstract - Publications excluded based on titles
(n=1,740) g and abstracts (n = 1,627)

y

Publications subjected to full-text analysis | Publications excluded based on full-text analysis
(n=113) i’ (n=79)

}

Publications included in the review (n = 34)

Figure 1. The diagram illustrates the selection of publications utilized in this review

The impact of exogenous creatine on brain creatine levels

Creatine is made available to the body through both dietary intake and endogenous
synthesis in organs like the liver, pancreas, and kidneys. Daily creatine consumption
from food is variable but is estimated to be 1 to 4 grams for individuals who regularly
consume meat. The primary dietary sources are meat and fish, containing an average of
3 to 5 grams of creatine per kilogram of raw tissue. Skeletal muscle cannot synthesize
creatine de novo and thus readily uptakes it from both internal production and external
dietary sources. The brain, conversely, can produce its own creatine and does not seem
to depend on synthesis from other organs or on dietary intake [8].
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It has been suggested that muscle creatine levels might decline with advancing age,
though this could be a consequence of reduced physical activity rather than the aging
process itself. Similarly, brain creatine levels may also fall with age, but this could
be attributed to decreased neuronal activity or specific pathological states. Moreover,
recent research indicates that healthy young and older adults can possess comparable
brain phosphocreatine concentrations [9].

It has been shown that while a vegetarian diet, which is low in creatine, leads to
a decrease in muscle creatine content [10], no significant differences in brain phospho-
creatine levels have been observed between vegetarians and omnivores [11].

In contrast to the well-defined supplementation protocols for increasing skeletal
muscle creatine, an optimal dosing regimen for effectively elevating its levels in the
brain remains largely unestablished. This is due to a scarcity of data from studies directly
measuring the influence of supplementation on creatine content within brain tissue.

Although the direct measurement of muscle creatine is feasible through biopsy
analysis, its assessment in the brain is more complex. Techniques like proton (‘H-MRS)
and phosphorus (*’P-MRS) magnetic resonance spectroscopy are utilized for this pur-
pose [12]. The limited accessibility and high expense of this methodology, however,
have constrained the number of studies conducted. Furthermore, creatine content ap-
pears to be highly region-specific within the brain, complicating direct comparisons
between studies that have measured it in different areas [12]. Nevertheless, available
data indicate that supplementation leads to an increase in brain creatine/phosphocre-
atine concentrations; however, the relative magnitude of this increase is smaller than
that typically observed in skeletal muscle. It is estimated that brain creatine levels rise
by approximately 10%, whereas increases of up to around 20% may be observed in
skeletal muscle. This disparity represents one of the factors contributing to the lack of
a clear consensus regarding optimal creatine dosing strategies in the context of effects
on the CNS [2].

Several factors may explain the different uptake dynamics of creatine in muscle
versus brain tissue. The brain may engage in a compensatory response to creatine inges-
tion by downregulating its endogenous synthesis, thereby maintaining a homeostatic
level despite supplementation [13]. Additionally, the permeability of the blood-brain
barrier to circulating creatine is thought to be restricted, likely due to a low expression
of the creatine transporter on the astrocytes that form the barrier [14]. It is therefore
theorized that higher doses or longer durations of supplementation might be required to
increase brain creatine levels. Interestingly, some reports suggest that guanidinoacetic
acid (GAA), a natural precursor to creatine, might be more effective at raising brain
creatine content than an equivalent dose of creatine itself [15]. Accordingly, GAA
may represent a promising pharmacological approach for modulating creatine levels
in the central nervous system, potentially exceeding the effectiveness of creatine sup-
plementation alone.
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The influence of creatine on cognitive functions

Despite numerous reports of positive outcomes, direct comparisons across studies of
creatine supplementation are hindered by significant methodological variations. These
differences involve study populations, cognitive assessment tools, and the specifics
of dosing regimens and duration. Still, the collective body of evidence suggests that
creatine supplementation can exert a beneficial influence on select cognitive domains
in various research contexts.

For instance, creatine supplementation has been shown to improve cerebral
oxygen utilization and reduce mental fatigue during repetitive computational tasks
[16]. Notably, the effects of creatine often become more apparent under conditions
of heightened physiological stress, such as during hypoxia or sleep deprivation com-
bined with physical exercise. It is also hypothesized that more cognitively demanding
processes, due to their greater energy needs, might be more responsive to increased
creatine availability [17].

The data on the effects of creatine supplementation on cognitive function in older
adults are inconsistent. While some studies have reported improvements [ 18], others
have failed to confirm its efficacy, either as a standalone intervention or when com-
bined with exercise training [19]. A major limitation of many of these studies is the
lack of brain creatine measurements. This makes it difficult to determine whether the
observed age-related cognitive decline results from neurodegenerative processes or
if the supplementation protocol was simply inadequate to significantly elevate brain
phosphocreatine levels. This issue warrants further investigation.

A prevailing hypothesis is that vegetarians may respond differently to creatine
supplementation than meat-eaters [20]. In some studies, a stronger effect of supple-
mentation on memory performance has been observed in vegetarians compared with
individuals consuming a mixed diet [21]. However, it should be emphasized that the
observed differences may have resulted not from improvements in the vegetarian group
but rather from a deterioration of the assessed parameters in the control group, which
substantially limits the possibility of unambiguous interpretation of these findings.
Moreover, available neurochemical data indicate comparable baseline brain creatine
concentrations in individuals consuming meat and in vegetarians, which challenges the
assumption of differential responsiveness of these groups to creatine supplementation
[22]. Consequently, current evidence does not provide strong support for the hypothesis
of diet-dependent differences in cognitive responses to creatine supplementation, and
this issue requires further, methodologically rigorous investigation.

The enhancement of cognitive processes is also highly relevant for athletes. Per-
formance in many sports relies on motor control, decision-making, coordination, and
reaction time, all of which can be adversely affected by fatigue. In this setting, creatine
might serve an ergogenic function by theoretically mitigating fatigue and thereby sup-
porting performance. Indeed, creatine has been demonstrated to effectively buffer the
adverse effects of sleep deprivation on throwing accuracy among rugby players [23].
In contrast, no effect on passing accuracy was noted in non-stressed soccer players [24].
This may suggest that creatine supplementation is most beneficial under conditions of
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cognitive strain, such as sleep deprivation. Unfortunately, these studies also did not
analyze brain creatine levels, making it impossible to definitively link the observed
effects to biochemical changes in brain tissue.

Antidepressant properties of creatine

Population-level research has identified a link between dietary creatine consump-
tion and depression risk in adults [25]. Furthermore, direct clinical investigations
using proton magnetic resonance spectroscopy ('"H-MRS) have shown that reduced
creatine levels in the prefrontal cortex are associated with depressed mood and greater
symptom severity [26].

Animal studies point to a possible sex-dependent effect of creatine on depressive
symptoms, with greater efficacy observed in female rats compared to males [27].
However, creatine, when used in conjunction with other antidepressant drugs, appears
to offer benefits in male rodents as well [28]. Creatine has also been examined in other
clinical models where depression is a frequent secondary outcome of a primary disease
or its treatment. For example, in a murine model of epilepsy, dietary creatine not only
lessened seizure severity but also reduced depressive-like behaviors [29]. Antide-
pressant effects have also been shown in mice treated with amyloid f1-40, a model
for Alzheimer’s disease-related depression [30]. Moreover, chronic corticosterone
administration, linked to behavioral changes that lead to depressive disorders, can be
counteracted by even a single dose of creatine, which can induce morphological changes
that ameliorate these symptoms [31]. It has been suggested that the antidepressant ef-
fects of creatine in animal models are associated with the activation of the mTORC1
signaling pathway (mechanistic Target of Rapamycin Complex 1), which plays a key
role in the regulation of synaptic neuroplasticity, similarly to the mechanisms observed
with fast-acting antidepressant agents such as ketamine [32].

Thus far, only a handful of human clinical trials have evaluated creatine supple-
mentation for the treatment of recurrent depressive disorders, bipolar disorder, and
depression co-occurring with methamphetamine use disorder [33]. With few exceptions,
most of these trials have yielded promising outcomes. They have investigated both
creatine as a monotherapy and as an adjunctive treatment with appropriate pharmaco-
therapy. Significant improvements in mood-related measures were observed, assessed
using scales such as the HDRS (Hamilton Rating Scale for Depression), MADRS
(Montgomery—Asberg Depression Rating Scale), and the Young Mania Rating Scale,
which correlated with increases in brain creatine/phosphocreatine levels, particularly
in the frontal lobe, as measured by magnetic resonance spectroscopy (‘H-MRS or 3'P-
MRS) [34]. This relationship indicates a link between the brain pharmacokinetics of
creatine in the central nervous system and the clinical outcome.

An analysis of both preclinical findings and the limited small-scale human studies
suggests that creatine supplementation may play a role in the management of various
forms of depressive disorders. Nonetheless, there is a well-founded need for more
numerous, larger-scale studies with more participants.
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Creatine in chronic fatigue syndrome

Chronic fatigue syndrome (CFS) is a condition of unknown etiology that presents
with persistent fatigue for over six months, alongside a cluster of symptoms including
muscle and joint pain, cognitive difficulties, sleep disturbances, and anxiety. The po-
tential of creatine supplementation to improve the functioning of individuals with CFS
has recently come under investigation.

It is hypothesized that disordered creatine metabolism or a deficiency may be
a significant factor in the pathogenesis of this condition. Studies have linked urinary
creatine concentration to the severity of pain and fatigue in patients with fibromyalgia
— a pain syndrome that frequently co-occurs with CFS [35]. Additionally, differences
in creatine levels across various brain regions have been noted in CFS patients com-
pared to healthy controls [36]. While the precise role of these findings in the disease’s
pathogenesis is not yet fully understood, it has been proposed that supplementation
with creatine or its precursor (GAA) could lessen CFS symptoms by increasing cre-
atine content in the brain.

Following this premise, several studies have assessed the effect of creatine supple-
mentation on patients with CFS. Initial research reported improvements in depressive
symptoms, pain scores, sleep quality, and overall quality of life following creatine sup-
plementation, although it was also noted that these effects might wane after discontinuing
the supplement [37]. Numerous studies indicate that creatine may have a beneficial effect
on physical performance and reduce pain, which are common co-occurring symptoms in
CFS, however, it does not appear to exert a significant impact on the primary symptom
of the disorder, namely generalized, centrally perceived fatigue [38, 39].

Recapitulation

Creatine is a compound of considerable potential for optimal brain function,
stemming from its essential role in cerebral bioenergetics. While the brain possesses
the capacity for endogenous synthesis, supplementation can increase phosphocreatine
levels in the CNS; this effect is, however, limited, which brings up questions about the
most effective dosing strategies.

Potential cognitive advantages, particularly noted under conditions of metabolic
stress, are marked by inconsistent results, making it difficult to draw uniform conclu-
sions. As a result, formulating consistent conclusions and determining an optimal
dosing regimen for the central nervous system is challenging. This is primarily due to
the considerable heterogeneity of the available studies and the frequent lack of direct
measurements of brain creatine levels. In studies that did not employ magnetic reso-
nance spectroscopy, the assessment of cognitive function does not allow for a defini-
tive determination of whether the administered creatine dose effectively increased its
availability in the central nervous system, which substantially limits the interpretation
and comparability of the findings.

Initial data on creatine’s antidepressant properties appear promising, as preclinical
and a few clinical trials indicate a beneficial effect in reducing the intensity of depres-
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sive symptoms, partly through the mTORC1 pathway; however, these findings require
much deeper validation. There is also preliminary interest in the use of creatine for
chronic fatigue syndrome. Available research points to improvements in some symp-
toms accompanying CFS, but its effect on the key aspect — the generalized feeling of
fatigue — remains ambiguous.

The key conclusion arising from the analysis of the material presented by the au-
thors of this review is that, despite multiple indications suggesting a potentially benefi-
cial effect of creatine on brain function, there is currently a lack of strong and conclusive
scientific evidence supporting its efficacy in the treatment of central nervous system
disorders. Most of the available data are derived from studies with small sample sizes,
animal models, or indirect observations, which substantially limits the ability to draw
definitive clinical conclusions. Consequently, creatine cannot currently be considered
a therapy of established efficacy. The current state of knowledge regarding the effects
of creatine on brain function remains at the stage of intensive investigation, and the
available evidence is limited and associated with a considerable degree of uncertainty.
Methodological hurdles and an incomplete understanding of the involved mechanisms
restrict the ability to formulate definitive conclusions and recommendations. Further
rigorous research, especially randomized controlled trials that incorporate neuroimag-
ing, is imperative to fully assess the clinical potential of creatine.
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