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ABSTRACT

Creatine, widely known as a performance-enhancing supplement for athletes and bodybuilders is increasingly recognized
for its potential neuroprotective properties. Beyond its well-established role in energy metabolism and muscle physiology,
creatine appears to influence brain function by supporting ATP homeostasis, reducing oxidative stress, and stabilizing
neuronal membranes. Recent studies have suggested that creatine supplementation may benefit individuals with
neurodegenerative disorders such as Parkinson’s disease, Huntington’s disease, amyotrophic lateral sclerosis (ALS) and
Alzheimer’s disease. Additionally, preliminary findings indicate a potential role for creatine in mitigating the effects of acute
brain injuries and mood disorders, including major depressive disorder. Despite promising experimental data, the clinical
efficacy of creatine in neurological settings remains under investigation, with inconsistent results across human trials. This
review aims to summarize current knowledge on the neuroprotective effects of creatine and critically assess the quality of
available evidence.
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Introduction

Creatine (N-(aminoiminomethyl)-N-methyl glycine) is a nitrogen-rich compound that occurs naturally
in the body and plays a key role in maintaining cellular energy balance. Although often described as an amino
acid, creatine is a derivative formed from the amino acids arginine and glycine through the action of the enzyme
L-arginine:glycine amidinotransferase (AGAT), which produces guanidinoacetate (GAA). This intermediate
is then methylated by guanidinoacetate N-methyltransferase (GAMT), using S-adenosyl methionine (SAMe)
as a methyl donor, to generate creatine AGAT is expressed in organs such as the kidneys, liver, pancreas, and
certain brain regions. The majority of GAA is synthesized in the kidneys and subsequently converted into
creatine in the liver.[1] The primary function of creatine within the cell is to form phosphocreatine (PCr) by
binding with inorganic phosphate (Pi), thereby acting as a rapid reserve of high-energy phosphate groups that
facilitates the regeneration of adenosine triphosphate (ATP) from adenosine diphosphate (ADP) and Pi,
supporting cellular energy demands during metabolic activity.[2] Approximately 95% of the body's total
creatine content is localized in skeletal muscle, while smaller proportions are distributed across other tissues
such as the heart, brain, and testes. Of this muscular creatine pool, nearly two-thirds exists in the form of
phosphocreatine (PCr), with the remaining one-third present as unbound, free creatine (Cr).[3] Approximately
1-2% of the creatine stored in muscle tissue undergoes non-enzymatic degradation each day, resulting in the
formation of creatinine, a metabolic byproduct that is subsequently eliminated from the body via urinary
excretion.[4] In recent years, creatine has gained significant scientific interest beyond its well-established role
in muscle metabolism, particularly regarding its involvement in the central nervous system. Studies have begun
to explore its potential neuroprotective properties, examining how creatine may support neuronal energy
homeostasis, reduce oxidative stress, and improve mitochondrial function. As a result, creatine is being
investigated as a therapeutic candidate in a range of neurological disorders, including neurodegenerative
diseases or traumatic brain injuries.
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Methodology

This review was conducted using a systematic approach to identify and analyze relevant scientific
literature on the potential neuroprotective effects of creatine. We searched PubMed and Google Scholar
databases. Articles were searched using following words : “creatine”, “neuroprotection”, “brain energy

» i3]

metabolism”, * neurodegenerative diseases”, “Parkinson’s disease”, “Alzheimer’s disease”, “Huntington’s

I TS

disease”, “amyotrophic lateral sclerosis ”, “depression”, “traumatic brain injury”.

Results

Mechanisms of creatine action in the nervous system

Creatine is commonly associated with muscle energy metabolism, but recent studies have shown its
broader potential in supporting brain function. Within the central nervous system, creatine plays an essential
role in maintaining energy homeostasis, particularly under conditions of metabolic stress such as hypoxia,
oxidative damage, or neurodegenerative processes. In neurons, creatine is enzymatically converted into
phosphocreatine (PCr), which serves as a rapidly accessible energy buffer. This system allows for the
immediate regeneration of ATP from ADP during moments of high energy demand, helping to preserve critical
neuronal functions such as membrane potential maintenance, neurotransmitter release, and ion balance.[5]

The creatine—PCr shuttle becomes especially relevant in cells with high metabolic rates such as
glutamatergic neurons, which are particularly sensitive to energy fluctuations. In pathological states like
ischemia or neurodegenerative diseases, the availability of creatine may delay the onset of energetic failure,
potentially preventing irreversible neuronal damage.[5] Beyond energy buffering, creatine has demonstrated
antioxidant effects. It can directly scavenge reactive oxygen species and indirectly support cellular redox
balance by maintaining mitochondrial efficiency. This contributes to reduced oxidative stress and improved
neuronal survival.[6]

Furthermore, creatine stabilizes cellular membranes, protecting them from structural damage and
preventing pathological ion fluxes that often occur in stressed or injured cells.[6] It also appears to play a
regulatory role in glutamatergic neurotransmission. Excess extracellular glutamate is a well-known contributor
to excitotoxicity, a mechanism of neuronal death observed in both acute brain injury and chronic neurological
disorders. By supporting ATP-dependent glutamate clearance and maintaining mitochondrial integrity,
creatine may reduce excitotoxic damage and improve overall neuronal resilience.[7]

In terms of cognitive functions results are mixed. Studies have shown benefits of creatine
supplementation in certain populations, such as vegetarians and the elderly.[8-9] However, in young, healthy
adults, creatine supplementation has not been found to improve cognitive performance.[10] There was also
no consensus among studies regarding its effects on memory functions. In a head-to-head comparison
between vegetarians and omnivores, there was observed that creatine supplementation (20 g/day for 5 days)
led to greater improvements in memory performance among vegetarians compared to those who consume
meat.[11] However, other studies have not demonstrated any positive impact of creatine on memory-related
outcomes in adults.[12]

Creatine in Neurodegenerative diseases

In recent years, creatine has gained attention as a potential supportive agent in the management of
various neurodegenerative diseases. These disorders, including Parkinson’s disease, Huntington’s disease,
amyotrophic lateral sclerosis (ALS), and Alzheimer’s disease, are characterized by progressive neuronal loss,
impaired energy metabolism, and mitochondrial dysfunction—areas where creatine’s mechanisms of action
may offer some benefit. This section will explore the effects of creatine in these neurological disorders.

Creatine for Parkinson's disease

Parkinson’s disease ranks among the most prevalent neurodegenerative disorders and is clinically
defined by symptoms like muscle rigidity or resting tremor and is linked to a dopamine deficit in the substantia
nigra region of the brain. Additionally, factors like mitochondrial dysfunction, increased oxidative stress, and
abnormal protein processing are believed to significantly contribute to the disease’s underlying
pathophysiology.[13] Given creatine’s ability to support cellular energy metabolism, buffer ATP levels, and
mitigate oxidative stress, it has been proposed as a potential neuroprotective agent in Parkinson’s disease.

In the most comprehensive and recent large-scale study examining creatine supplementation 1,741
participants with early-stage Parkinson’s disease were assigned to receive either creatine monohydrate at a
dose of 10 grams per day or a placebo. The study was discontinued ahead of schedule because interim results
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indicated that creatine supplementation had no meaningful effect on slowing the progression of Parkinson’s
disease compared to placebo. These outcomes imply that, at the administered dose, creatine alone does not
offer therapeutic benefit in modifying the course of the disease.[14]

A randomized controlled trial conducted in 2015 examined the effects of a combined supplementation
regimen involving creatine and coenzyme Q10 (CoQ10) in individuals diagnosed with Parkinson’s disease
and mild cognitive impairment (PD-MCI). Participants were administered 5 grams of creatine monohydrate
twice daily along with 100 mg of CoQ10 three times per day over a period of 18 months. The study
demonstrated that this combination therapy significantly reduced the rate of cognitive decline when compared
to a placebo group, as assessed by the Montreal Cognitive Assessment (MoCA). Additionally, individuals
receiving the supplements showed lower levels of plasma phospholipids, which may point toward underlying
neuroprotective effects. These results suggest that although creatine alone may not yield measurable benefits
in modifying the course of Parkinson’s disease, its synergistic use with CoQ10 could support cognitive
function in patients experiencing early cognitive impairment.[15]

Despite these findings, current evidence does not support the use of creatine monotherapy as an effective
treatment for PD. Further research is needed to explore the potential benefits of creatine in combination with
other therapeutic agents.

Creatine for Alzheimer’s disease

Alzheimer’s disease (AD) is the most prevalent type of dementia, marked by progressive deterioration
in memory, cognitive function, and the ability to perform daily activities. On a cellular level, the disease is
associated with mitochondrial dysfunction, impaired cerebral glucose metabolism, sustained oxidative stress,
and synaptic loss — all of which represent potential mechanisms through which creatine could exert beneficial
effects.[16]

A 2020 study, McMorris et al. explored the effects of six weeks of creatine supplementation on cognitive
function in a rat model of inflammation-induced cognitive impairment. The findings showed that creatine
reduced the memory deficits caused by lipopolysaccharide (LPS)-induced neuroinflammation, suggesting a
potential neuroprotective role. These results indicate that creatine may be a promising therapeutic candidate
for addressing cognitive decline related to inflammatory processes, such as those observed in mild cognitive
impairment (MCI).[17]

Another recent study explored the impact of creatine supplementation on behavioral outcomes,
molecular markers, and mitochondrial function in 3xTg mice, a widely used transgenic model of Alzheimer’s
disease. The analysis focused on the hippocampus, a brain region particularly vulnerable to AD-related damage.
The results revealed sex-specific effects: spatial memory improvements and increased expression of synaptic
plasticity-related proteins were observed exclusively in female mice. Interestingly, enhanced mitochondrial
bioenergetics were noted in both sexes. These findings suggest that creatine may offer greater cognitive
benefits for females at risk of developing Alzheimer’s disease, although further studies are needed to confirm
its long-term efficacy and evaluate its relevance for male populations.[18]

A clinical trial known as CABA is currently in progress to investigate the safety and potential benefits
of high-dose creatine supplementation (20 g per day over eight weeks) in individuals with Alzheimer’s disease.
The primary focus of the study is to examine whether creatine alters brain creatine concentrations, improves
cognitive function, and enhances mitochondrial activity.[19]

Creatine appears to hold therapeutic potential as an adjunctive intervention in the management of
Alzheimer’s disease, especially during its early phases. Nonetheless, additional clinical studies are required to
validate its efficacy and to determine appropriate dosing regimens and treatment duration.

Creatine for Huntington’s disease

Huntington’s disease (HD) is an autosomal dominant neurodegenerative condition marked by a gradual
worsening of motor function, cognitive abilities, and psychiatric health. Currently, there are no approved
treatments that effectively slow the progression of clinical symptoms. The disease is driven by the mutant
huntingtin protein (mtHtt), which initiates a range of molecular disturbances—among them disrupted cellular
energy metabolism, a pathway that has been explored as a potential target for therapeutic intervention.[20]

Initial studies in animal models of Huntington’s disease demonstrated that creatine supplementation was
able to postpone symptom development, protect against neuronal degeneration, and enhance motor
performance in mice.[21-22]
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A 2006 Phase II trial found that creatine was safe and well-tolerated in patients with early-stage HD.[23]
However the 2017 CREST-E trial remains the most up-to-date and extensive clinical investigation into creatine
use for Huntington’s disease. In this placebo-controlled study, over 550 early-stage HD patients were given up
to 40 grams of creatine per day to evaluate whether it could slow functional deterioration. The trial was halted
prematurely due to interim results showing no therapeutic benefit. Participants receiving creatine actually
showed a slightly faster decline in functional abilities compared to the placebo group, and gastrointestinal side
effects were more frequently reported. Despite promising preclinical data, this high-dose creatine
supplementation did not produce meaningful clinical improvements in patients with HD. [24]

Creatine for Amyotrophic lateral sclerosis (ALS)

Amyotrophic lateral sclerosis (ALS) is a complex neurodegenerative disorder marked by the progressive
loss of both upper motor neurons—extending from the cerebral cortex to the brainstem and spinal cord—and
lower motor neurons, which connect the brainstem or spinal cord to muscles. This widespread neuronal
degeneration results in a combination of motor dysfunction and non-motor symptoms.[25] Several hypotheses
propose that factors such as infections, glutamate-induced excitotoxicity, oxidative damage,
neuroinflammation, protein misfolding, mitochondrial impairment, and disruptions in cytoskeletal structure
may all contribute to the disease process.[26]

In animal models of ALS, creatine supplementation produced encouraging outcomes, including
extended survival and preservation of motor function.[27]

In 2004 clinical studies involving ALS patients, creatine supplementation was well tolerated but did not
lead to any measurable improvement across assessed outcomes. Confidence interval analysis indicated that,
although the study was designed to detect a 50% or greater reduction in the rate of muscle strength decline,
even a 23% effect size appeared unlikely. Additionally, the study confirmed that motor unit number estimation
(MUNE) was both reproducible and well tolerated, suggesting its potential utility as a reliable outcome
measure in future ALS trials. [28]

A 2012 Cochrane meta-analysis, which reviewed three clinical trials involving a total of 386 participants,
found no statistically significant effect of creatine supplementation on survival or disease progression in ALS
patients. However, the supplement was generally well tolerated across studies.[29]

Currently, no active clinical trials are investigating creatine as a treatment for ALS. Although previous
studies have not demonstrated significant therapeutic benefits, creatine continues to be of scientific interest
due to its bioenergetic and neuroprotective properties.

Creatine and depression

In recent years, growing attention has been directed toward the relationship between cerebral energy
metabolism and mental health, particularly in the context of mood disorders like depression. Major depressive
disorder (MDD) is expected to become the foremost contributor to the global burden of disease by the year
2030.[30]

Animal research has shown that creatine may help alleviate depressive symptoms by acting on several
biological systems—most notably by influencing serotonin levels, activating adenosine receptors, and
promoting brain cell growth and adaptability.[31-35]

Kondo et al. investigated how creatine affects brain energy metabolism in adolescents with depression
unresponsive to SSRIs, using phosphorus-31 magnetic resonance spectroscopy. They found that higher levels
of phosphocreatine in the brain were associated with improved mood.[36]

Toniolo et al. studied creatine’s potential as an adjunct therapy by administering a higher dose of 6
grams per day over a six-week period in patients diagnosed with bipolar depression. The study found a
significant reduction in depressive symptoms following supplementation, suggesting that creatine may offer
therapeutic benefits in bipolar depression.[37]

An open-label pilot study explored the effects of combining creatine monohydrate and 5-
hydroxytryptophan (5-HTP) as an add-on therapy for women with major depressive disorder who had not
responded adequately to treatment with SSRIs or SNRIs. Participants received a daily dose of 5 grams of
creatine and 100 mg of 5-HTP twice daily over an 8-week period.

By the end of the intervention, participants showed a significant reduction in depressive symptoms—
approximately 60%—as measured by the Hamilton Depression Rating Scale, and no serious adverse events
were reported.
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These preliminary findings point to the potential of creatine and 5-HTP as a combined therapeutic
strategy for treatment-resistant depression in women. Nonetheless, due to the study’s limited sample size and
open-label design, further randomized, placebo-controlled trials are necessary to confirm the efficacy and
safety of this approach.[38]

Another studies have also explored creatine's biochemical and neuroimaging characteristics, revealing
changes in brain energy metabolism and neurotransmitter activity that could help explain its potential
antidepressant properties.[39-41]

While further studies—particularly those with larger cohorts and extended follow-up periods—are
necessary, existing data suggest that creatine may serve as a promising add-on therapy for depression,
especially in patients with metabolic impairments or inadequate response to conventional antidepressants.

Creatine for traumatic brain injury (TBI)

A growing body of evidence indicates that creatine not only enhances cognitive performance under
stress but may also offer direct neuroprotective effects following traumatic brain injury. One key observation
is the post-injury depletion of brain creatine stores. [42-44] Animal studies have shown that pre-injury creatine
supplementation can substantially reduce the severity of brain damage—by up to half in some models.[45]

Creatine supplementation shows neuroprotective potential both before and after mild traumatic brain
injury (mTBI). Studies suggest that pre-injury supplementation can reduce cellular damage and metabolic
disruption, while post-injury use may alleviate symptoms and improve recovery. However, research
specifically examining creatine use following mTBI remains limited.[46]

Clinical evidence on the effectiveness of creatine supplementation in humans after severe traumatic
brain injury (TBI) is limited to a single pilot study involving children and adolescents (aged 1-18 years) with
severe TBI (Glasgow Coma Scale scores between 3 and 9). [47-49] This open-label randomized study found
that daily supplementation with 0.4 g/kg of creatine, administered orally or via nasogastric tube, was associated
with shorter durations of post-traumatic amnesia, intubation, and hospitalization. Participants also showed
improvements in neurological function, cognition, behavior, social interaction, and self-care within 3 to 6
months of treatment. [47] Follow-up reports from the same patient group noted additional benefits, including
reduced incidence of headaches, dizziness, fatigue [48], improved speech and language comprehension.[49]

In the context of post-traumatic epilepsy (PTE), findings from animal studies are mixed. Some research
in rat models has shown that creatine supplementation, initiated one week after TBI, can delay the onset of
myoclonic and tonic-clonic seizures, reduce seizure duration and intensity, and offer continued neuroprotection
even after supplementation is stopped. Creatine also appears to protect hippocampal neurons and preserve
GABAergic signaling, which is critical, as long-term damage following TBI is often driven by
excitotoxicity.[50]

However, other studies have reported less favorable outcomes. While creatine reduced oxidative stress
markers such as protein carbonylation and lipid peroxidation, it did not reverse reductions in Na*/K*-ATPase
activity. In some cases, creatine supplementation even led to shorter latency before seizures and prolonged
seizure episodes.[51]

Although current results are promising, creatine still isn’t part of routine clinical treatment for TBI. More
extensive and better-designed studies are needed to figure out the right dose, timing, and how long the
supplementation should last. Still, because it’s safe, affordable, and has a solid biological rationale, creatine is
seen as a potentially useful supportive option—especially in the early stages after injury.

Discussion

Although creatine is most widely known for its role in supporting muscle function, an increasing number
of studies point to its potential benefits in the nervous system. This review has explored recent evidence on its
application in neurological and neuropsychiatric conditions. In animal studies, creatine has repeatedly
demonstrated neuroprotective effects, such as enhancing cellular energy production, stabilizing mitochondrial
function, and lowering oxidative stress. These actions may be particularly beneficial in diseases like
Parkinson’s, Huntington’s, Alzheimer’s, ALS, depression, and traumatic brain injury.

However, despite encouraging results from preclinical models, outcomes from human clinical trials have
been inconsistent. For example, in Huntington’s disease and ALS, creatine was generally safe and well
tolerated but failed to significantly alter disease progression in larger trials. On the other hand, studies
involving patients with depression or traumatic brain injury showed more promising results, especially when
creatine was combined with standard therapies. These differences may be due to factors such as inconsistent
study designs, varying treatment durations, disease stages at enrollment, or differences in the types and doses
of creatine used.

e-ISSN: 2544-9435 6



3(47) (2025): International Journal of Innovative Technologies in Social Science

Conclusions
Creatine is a well-tolerated, accessible, and biologically active compound with growing evidence

supporting its potential in neurological health. While its clinical effectiveness remains uncertain in several
areas, preclinical findings and selected human studies suggest that it may play a valuable role as a supportive
therapy, particularly when introduced early or used in combination with standard treatments. Further well-
designed clinical trials are needed to establish its efficacy, determine optimal treatment parameters, and
identify target populations.
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