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INTRODUCTION
It is undeniable that nowadays the 

population has considerable interest in 
implementing a healthier lifestyle that involves 
a range of habits that can result in emotional, 
physical and mental balance, with the practice 
of a balanced diet, regular physical activity, 
adequate sleep and stress management. All 
this care is due to the aging population, which 
triggers greater concern about longevity. 
Although aging is a natural process, there are 
ways to promote it in a healthier way.

In this context, the use of dietary 
supplements is also included as a more 
frequent practice nowadays due to the search 
for a more active life, in addition to the fact that 
their use may be associated with nutritional 
deficiencies, increased nutritional demands 
or specific medical conditions. According to 
the Brazilian Association of the Food Industry 
for Special Purposes and Related Purposes 
(ABIAD, 2021), the consumption of dietary 
supplements by Brazilians increased by more 
than 10% in five years.

Among the supplements most consumed by 
those who practice physical activities, creatine 
stands out, due to its safety and effectiveness, 
which has already been scientifically 
proven to support its applicability. Basically, 
creatine is a nitrogenous amine with an 
ergogenic effect and potential applicability in 
clinical morbidities. The most used form in 
supplementation is creatine monohydrate, it is 
a safe and effective isoform and its difference 
lies in the formulation, as its composition 
involves creatine and a small portion of 
water, being tolerated more easily in the body 
(RAWSON ES, 2011).

There is robust evidence that 
supplementation has an ergogenic potential, 
promoting increased strength, improved 
resistance to muscle fatigue, bone density 
and enhanced post-exercise muscle recovery. 
Creatine is characterized by its ability 

to quickly provide energy to muscles in 
situations that require a more intense energy 
supply. In general terms, its physiological 
role is linked to the regeneration of ATP 
(adenosine triphosphate) in situations that 
demand intense energetic activity, involving 
both peripheral and central effects on the 
organism (KAZAK L, 2020; ANTONIO J et 
al., 2021).

Although creatine has its largest reserves in 
skeletal muscles, there is also a small amount 
present in brain tissue. Accordingly, brain 
creatine is associated with other benefits in 
addition to ergogenic potential, as it promotes 
better neuropsychological performance, 
preservation of brain function and improved 
cognitive processing. 

Therefore, it can be concluded that its 
use is interesting in patients diagnosed with 
neurodegenerative diseases (SUMIEN N et 
al., 2018; BONILLA DA et al., 2021).

With the advancement of scientific 
research, many researchers felt encouraged 
to uncover other uses of creatine 
supplementation that go beyond its ergogenic 
potential. Therefore, it has been the subject 
of many studies to investigate its applicability 
in clinical morbidities involving neurological 
and cognitive dysfunctions, mitochondrial 
dysfunctions, metabolic conditions, creatine 
deficiency syndromes and muscular 
dystrophies (HARMON KK et al., 2021).

HISTORICAL CONTEXT OF 
CREATINE
Creatine is one of the most popular organic 

compounds in the field of clinical and sports 
nutrition. Historically, this natural compound 
was discovered in 1835 through the extraction 
of meat by Michel Chevreul, a French scientist 
and physiologist. He first named it “kreas”, 
a term of Greek origin that means “flesh”, 
inspiring many other scientists and chemists 
on the subject. A few years later, German 
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chemist Justus Von Liebig actually assured the 
true existence of this substance, and through 
research confirmed that the accumulation 
of creatine was greater in wild animals than 
in captivity, leading to the conclusion that 
muscular effort is linked to creatine deposit in 
the muscle. Given these findings, subsequent 
studies from the 20th century concluded 
that creatine is a substance associated with 
the process of muscle contraction and that 
its byproducts were also found in urine, in 
addition to unraveling the discovery of other 
isoforms and related enzymes, such as: free 
creatine, phosphorylated creatine and creatine 
kinase (DEMANT RHODES, 1999).

From this, in the last century, many 
researchers felt inspired to know and unveil 
a little more about the physiological action 
of creatine on human metabolism, due to 
the fact that it is not completely discarded in 
the urine. Therefore, a portion was stored in 
muscles and in other organs to a lesser extent, 
such as the brain and liver. Therefore, in 1950, 
synthetic creatine emerged through creation 
in the laboratory and since then has become 
one of the safest and most used supplements 
when seeking muscle optimization and better 
sports performance (BARROS et al., 2019).

In view of the above, the favorable 
role of creatine supplementation in terms 
of improving muscle mass and strength 
parameters is currently well established and 
consolidated. It is worth noting that the most 
commonly used form of supplementation is 
creatine monohydrate. Accordingly, there has 
been significant research interest regarding the 
potential that creatine supplementation can 
exert as a therapeutic target in pathological 
conditions of the human organism.

COMPOSITION AND METABOLISM 
OF CREATINE
Creatine is an organic compound that 

contains carbon, hydrogen and nitrogen in 
its composition, which comes from chemical 
reactions involving specific amino acids, 
such as: arginine, glycine and methionine. 
Although the body has the capacity to carry 
out its own synthesis of this compound, it 
is estimated that half of an individual’s daily 
need comes from food, while the other part is 
replaced by its own production in the organs. 
Therefore, it must not be considered an 
essential nutrient, as its production occurs in 
the pancreas, liver, kidneys and also in brain 
cells. It is worth noting that whether creatine 
is consumed through supplementation or 
food, it is metabolized and absorbed together 
with the portion that is formed endogenously, 
therefore it can be concluded that a pool of 
creatine is generated in the body to be used 
in appropriate situations (KREIDER RB et al., 
2017).

Creatine pools (reserves) are maintained 
through a biosynthetic pathway that 
encompasses two essential enzymes, 
glycine amidinotransferase (AGAT) and 
guanidinoacetate N-melthyltransferase 
(GAMT). In general terms, AGAT is 
responsible for catalyzing the amino acids 
glycine and arginine into guanidoacetate. 
The GAMT enzyme plays its role by causing 
guanidoacetate to be methylated into creatine 
in the liver. After the aforementioned process, 
creatine is distributed to tissues through 
SLC6A8 transporters, also called CRT1, CT1, 
CreaT or CRT (ELIDIE BÈARD et al., 2010).

Regarding the isoforms and physiological 
functioning of creatine, its action is directly 
aimed at energy metabolism through the 
immediate supply of energy in situations 
characterized by intense metabolic demand, 
exemplified by moments of “explosion” in 
some sports that require a greater amount 
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of energy. quickly in a short period of time. 
Basically, the mechanism is the transfer of the 
N-phosphoryl group from phosphorylcreatine 
(PCr) to adenosine diphosphate (ADP), 
thus forming a new molecule of adenosine 
triphosphate (ATP). The conversion of 
creatine into its analogue phosphocreatine is 
mediated by the enzyme creatine kinase (CK), 
which is expressed in tissues that have this 
profound energy demand (ROCHEL et al., 
2021).

THE ROLE OF CREATINE IN 
NEURODEGENERATIVE DISEASES: 
IS THERE A RELATIONSHIP?
According to the Brazilian Society of 

Geriatrics and Gerontology (SBGG, 2011), 
neurodegenerative diseases correspond to 
a terminology that characterizes conditions 
associated with the progressive loss of 
neuronal cells in the nervous system. In final 
response, these are dysfunctions that result 
in gradual functional changes in the affected 
brain region and significant cognitive decline. 
According to epidemiological studies, it is a 
group of diseases that has been growing in 
recent years and represents a major public 
health concern, due to the triggering of 
economic and social consequences. According 
to the same scientific society, in Brazil, 55 
thousand new cases of dementia are expected 
each year, the majority of which are diagnosed 
with Alzheimer’s.

The nature of neurodegenerative diseases 
is also linked to aging, and has become one 
of the main causes of disability and lack of 
independence in the elderly population. 
Therefore, they are disorders that generate 
a decline and significant impairment in 
memory, behavior and the ability to carry out 
daily activities, as they lead to motor, sensory 
and also cognitive dysfunctions (CANDOW 
DG et al., 2021).

Of the hundreds of neurodegenerative 
disorders that are currently known, Alzheimer’s 
disease, Parkinson’s disease, Huntington’s 
disease and Amyotrophic Lateral Sclerosis 
are the most dominant. Although there are 
many different diagnoses that encompass 
neurodegenerative diseases, studies by 
Petrovic et.al., (2020) demonstrated that there 
are similar conditions between them both in 
molecular and cellular factors, and therefore 
that they play a critical role in the evolution of 
the disease, specifically the poor aggregation 
of proteins, mitochondrial impairment, high 
production of reactive oxygen species and 
oxidative damage to biomolecules.

Analogous to this, recent studies associate 
the brain as an extremely active organ that 
demands a lot of energy and consumes around 
20% of the energy available at rest, due to its 
activities in cellular processes and synaptic 
functioning.

Therefore, when comparing the weight of 
the brain, which is 2% of total body mass, with 
the need for energy (20%) used by the organ, 
the importance of maintaining a high level 
of energy renewal in brain tissue becomes 
evident (FORBES et al., 2022; TRIGO D et al., 
2022).

Creatine is also found in the brain and 
is essential for maintaining energy levels 
in the nervous system. According to this 
statement, researcher Allen (2012) discusses 
in her studies that the pathophysiological 
trigger of neurodegenerative diseases leads to 
conditions that reduce brain creatine., with 
supplementation being a possible additional 
intervention in the treatment that could help 
combat oxidative damage and help minimize 
mitochondrial impairment, playing a role as a 
neuroprotective agent.
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THE APPLICATION OF CREATINE 
SUPPLEMENTATION IN OTHER 
MORBIDITIES
Studies suggest that there is a current 

robust body of research in recent years that 
addresses the aspects and applicability of long-
term creatine supplementation, as well as its 
precursor, guanidoacetic acid (GAA) as an 
attempt to increase brain creatine content and 
improve the brain bioenergetic mechanism 
(BRAISSANT et al., 2008; BARCELOS RP et 
al., 2016).

According to Brent Kious (2019), creatine 
monohydrate supplementation is interesting 
in many psychiatric disorders, with emphasis 
mainly on mental conditions of stress and 
depression, this is explained because such 
pathologies trigger changes in the brain 
pathway. The most discussed hypothesis is 
that creatine monohydrate is an antioxidant, 
neuromodulator and has a key potential 
for regulating energy metabolism, having a 
probable therapeutic value in pathologies 
involving metabolically compromised brains.

Creatine deficiency syndromes are 
cognitive deficits characterized as a group 
of inborn errors in creatine metabolism that 
affect its endogenous synthesis, mainly in the 
AGAT, GAMT and SLC6A8 transporters. 
They can be caused either by situations of acute 
stressful processes (stress, sleep deprivation, 
physical activities) or by chronic illnesses 
(exemplified by stroke, trauma, among 
others). Consequently, these are patients who 
will have greater difficulty in bioenergetic 
activity, mitochondrial abnormalities and 
dysfunctions, in addition to possible brain 
atrophy. 

It is assumed that supplementation with 
creatine monohydrate for prolonged periods 
plays a fundamental role in these clinical 
cases, alleviating mental fatigue (MALHEIRO 
R et al., 2012; (BALESTRINO M et al., 2019).

Other research has evaluated the effects of 

creatine supplementation in individuals who 
are previously diagnosed with type 2 diabetes 
and results are promising in indicating that 
regular doses of creatine monohydrate are 
combined with an indication of better glucose 
tolerance. Based on other previous research, 
this hypothesis is also supported. (ALVES CR 
et al., 2012; KREIDER RB et al., 2021).

Regarding muscular dystrophies, 
Kylie Harmon (2021) reviews research 
that demonstrates that treatment can be 
considered for such conditions. In addition, in 
muscular dystrophies, free creatine stores are 
reduced. Therefore, creatine supplementation 
is of considerable importance in research, 
reporting benefits in the daily activities and 
functions of these patients, and also in the 
ability to articulate improvements in bone 
mineral density and lean mass content in 
children with muscular dystrophy.

Concisely, the function and performance 
of creatine in the human body will depend 
on which morbidity will be discussed. In all 
the diseases mentioned above there is some 
similarity, whether direct or indirect, with the 
production of reactive oxygen species (ROS), 
mitochondrial permeability, cell apoptosis 
or mitochondrial dysfunction. Studies by 
Gualano (2010) demonstrate that even though 
diseases have distinct pathophysiological 
roles, creatine supplementation is capable of 
promoting benefits in terms of antioxidant 
factors, neuromodulatory and neuroprotective 
aspects.

In view of the above, it becomes increasingly 
evident that creatine supplementation can be 
used as a therapeutic and prevention proposal 
for clinical dysfunctions or morbidities, 
demystifying the concept that its action is 
restricted only as an ergogenic agent, based 
on the creatine hypothesis monohydrate has 
applicability in acute or chronic conditions, 
focusing mainly on neurodegenerative 
diseases, in addition to addressing some 
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other morbidities that can benefit from 
supplementation, such as: mitochondrial 
dysfunctions, mental illnesses, muscular 
dystrophies and type 2 diabetes mellitus.

This review becomes relevant when 
discussing and analyzing the most current 
and consolidated research on the efficiency 
and application of creatine supplementation 
in various clinical conditions, both in its 
prevention and in association with drug 
treatment in the course of diseases, as one of 
the supplements most popular in the world, 
used as a strategy in both physiological and 
pathological conditions.

Therefore, the objective of the work 
is to investigate the role of creatine 
supplementation as a therapeutic strategy 
in different clinical morbidities, such as: 
neurodegenerative diseases, mental disorders, 
diabetes, mitochondrial dysfunctions and 
muscular dystrophies.

METHODOLOGY
This is a narrative review regarding 

the applicability of creatine in clinical 
morbidities. The methodological basis used 
for the construction of the work will be a 
narrative review, composed through selective 
bibliographical research of the literature, which 
will have as its database the National Library 
of Medicine (Pubmed), Scientific Electronic 
Library Online (SCIELO), Literature Latino- 
American and Caribbean Health Sciences 
(LILACS), Google Scholar and Periódicos 
Capes. Therefore, articles published between 
2012 and 2022 will be included, covering 
data from scientific literature in English and 
Portuguese.

The key words used in the research 
will be: “creatine,” “neurocognition,” 
“supplementation,” “mitochondrial disease,” 
“applicability of creatine,” “applicability of 
creatine,” parkinson’s disease”, “mitochondrial 
cytopathies”, “alzheimer’s disease”, 

“amyotrophic lateral sclerosis” and “creatine 
and aging”. Different combinations of these 
terms will be used in order to promote greater 
reach and development of the research.

Studies outside the publication period 
between 2012 and 2022, articles due to 
duplication and those that do not address 
creatine as a therapeutic potential for 
pathological conditions, that is, that only 
evaluate the supplement as an ergogenic agent, 
will be excluded. Furthermore, no restrictions 
will be made regarding the age range and 
gender of the groups studied. Meta-analytic 
studies, experimental studies, systematic 
reviews and narrative reviews themselves will 
be included.

Regarding the article screening criteria, the 
possible presence of conflicts of interest in the 
selected research will be carefully evaluated, 
as it is a criterion capable of influencing the 
methodological choice, data analysis and 
interpretation of the results of a scientific 
study. Therefore, by choosing to select articles 
free of conflicts of interest, there is a greater 
guarantee that the results will be obtained 
impartially and based on solid scientific 
evidence.

In order to establish a prior organization 
among the selected articles, a first data 
collection will be assigned that includes 
the title of the article, year of publication, 
abstract and methodological characteristics, 
in accordance with all the exclusion criteria 
mentioned above. The guiding question that 
will be used throughout the construction of 
the project will be “What is the applicability 
of creatine in clinical conditions, in addition 
to its ergogenic potential in sports nutrition?”.
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RESULTS
The bibliographic survey was carried out 

from January to June 2023, in the different 
databases described previously, in which the 
following descriptors were used: “creatine,” 
“neurocognition,” “supplementation,” 
“mitochondrial dysfunction”, “applicability 
of creatine”, “parkinson disease”, 
“mitochondrial cytopathies”, “alzheimer’s 
disease”, “amyotrophic lateral sclerosis” 
and “creatine and aging”. A combination of 
controlled descriptors was used to ensure a 
comprehensive and accurate search. The initial 
search resulted in a broad set of potentially 
relevant studies.

In the first search, 182 scientific articles 
were found by reading the titles, abstracts 
and analysis of the year of publication, 115 of 
these were excluded, as they only addressed 
creatine supplementation as an ergogenic 
agent and were not focused on the therapeutic 
potential in clinical morbidities. In this 
screening phase, a data collection method 
was developed, including the following 
variables: year of publication, article title, 
general objective, methodological basis, study 
model and conclusion. Of the remaining 67 
studies, their full texts were read and 51 were 
excluded for not meeting the pre-established 
inclusion criteria. It is worth noting that the 
searches were discarded due to duplication, 
and ultimately resulted in 16 articles chosen.

In this final screening, the high number of 
exclusions is explained due to the thorough 
analysis regarding the presence or absence of 
conflicts of interest between the authors and 
private institutions. This rigorous selection is 
essential in scientific research that will form 
a narrative review, with the aim of including 
the most robust and relevant articles in this 
analysis. This guarantees the validity of the 
results and a critical evaluation that involves 
the technical quality and reliability of previous 
studies.

DISCUSSION

MITOCHONDRIAL DYSFUNCTIONS
Mitochondrial dysfunction is a biological 

condition characterized when mitochondria, 
structures present in cells responsible for 
energy production, do not function correctly. 
Although a clear definition for this condition 
is not consolidated, basically the current 
literature refers to the scenario in which the 
organelle’s ability to produce energy in the 
form of adenosine triphosphate (ATP) is 
reduced, so that any change in the normal 
function of the organelle can be treated as 
a “mitochondrial dysfunction”. The cause 
of this variation in mitochondria may arise 
from a genetic change in mitochondrial 
DNA due to external factors, aging itself or 
exposure to harmful factors. Its cause may be 
secondary and correlated with the inheritance 
of pathological mitochondrial DNA. 
Furthermore, most DNA repair mechanisms 
decrease considerably with age, making it 
possible to relate an increase in these lesions 
to aging (SORRENTINO V et. al, 2018; 
JOHNSON J et.al, 2021).

Figure 1: (KALISZEWSKA et al., 2021). 

The figure above addresses the association 
of aging with the mitochondrial theory, so 
that mitochondria continue to be a key part 
in terms of disorders related to advancing age, 
increasing reactive oxygen species, mutations 
in DNA and in final response the triggering of 
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mitochondrial dysfunctions (KALISZEWSKA 
et al., 2021). According to research by 
Marshall RP (2022), the morbidities most 
related to the development of mitochondrial 
dysfunctions are: mitochondrial disease, 
acute myocardial infarction, chronic fatigue 
syndrome, long COVID, ischemia, hypoxia, 
stroke, neurodegenerative diseases, oxidative 
stress, as well as other non-communicable 
diseases.

There is evidence and indirect correlations 
between mitochondrial dysfunction and 
traumatic brain injuries, as well as the role 
that creatine supplementation may provide 
in this condition. In these injuries, cerebral 
oxidative respiration is affected by reduced 
blood flow (ischemia), so mitochondrial 
function is also impaired by increased 
intracellular calcium. This mechanism causes 
a cascade of reactions that are harmful to the 
body, as the mitochondria lose the ability to 
carry out oxidative respiration effectively 
and the production of ROS occurs. It is in 
this scenario that there is an energy issue in 
mild traumatic brain injuries, as an energy 
crisis and a demand for ATP are generated 
in an environment that has a low oxygen 
supply and ischemia. Given these conditions, 
creatine has an additional role in therapies for 
traumatic brain injuries (TBI), as it increases 
the availability of high-energy phosphate, and 
therefore increases mitochondrial efficiency 
and cell survival (AINSLEY DEAN PJ et al., 
2017).

In a comprehensive analysis carried out 
by Marshall RP (2022), it was found that 
oral creatine monohydrate supplementation 
can be used as an additional therapy in the 
treatment of acute traumatic mitochondrial 
dysfunction. Physiologically, acute traumatic 
brain injury can cause an imbalance of ions 
such as calcium, potassium and sodium, and 
results in reduced mitochondrial functions. 
Furthermore, a state of ischemia is formed, 

in which there is a decrease in oxygen supply 
and interruption of the respiratory chain, in 
such a way that it impacts the mitochondria’s 
ability to generate energy. This conclusion 
was based on randomized studies carried 
out in humans, in which patients with head 
trauma received a daily dose of 0.4 g/kg of 
creatine for 6 months, considered as a creatine 
monohydrate saturation protocol.

Both studies cited demonstrated that 
patients who received creatine supplementation 
had improvements in final clinical results, 
compared to the control group that did not 
receive supplementation. Such improvements 
in clinical parameters are attributed to the 
fact that creatine increases the ADP transport 
capacity for oxidative phosphorylation and the 
formation of phosphocreatine (Pcr), therefore 
compensating for short-term energy deficits. It 
is discussed that creatine demonstrates benefits 
by inhibiting the mitochondrial nucleotide 
translocator-creatine-adenine kinase (Mi-
Cr-ANT) complex, since mitochondrial 
permeability is also associated with ischemia. 
It must be noted that in acute traumatic 
mitochondrial dysfunctions, reactive oxygen 
species are generated, causing oxidative stress 
and subsequently cellular damage. Therefore, 
creatine is beneficial in helping to combat 
free radicals given its antioxidant properties 
(MARSHALL RP et al., 2022; RABINOWITZ 
AR et al., 2014).

Already in a study with an experimental 
protocol in animals, it is worth mentioning 
the research by the author Saraiva AL (2012) 
who analyzed creatine supplementation in 
TBI in adult male Wistar rats. In general, it 
was concluded that creatine supplementation 
before TBI was able to reduce cortical damage 
and generated protection of mitochondrial 
function, as well as relevant protection from 
oxidative stress generated during the course 
of the pathology. It is necessary to mention 
that a reduction in markers of oxidative stress 



 9
International Journal of Health Science ISSN 2764-0159 DOI https://doi.org/10.22533/at.ed.1594302422036

caused by creatine supplementation was seen, 
but there were no improvements regarding 
susceptibility to seizures after acute traumatic 
brain injury due to supplementation. Despite 
its potential, experimental data on humans 
is still scarce, however the results of the few 
available studies are promising.

The premise of the correlation 
between mitochondrial dysfunctions and 
neurodegenerative diseases is based on the 
assumption that a deficiency in energy balance, 
as well as oxidative stress, leads to programmed 
cell death, and culminates in neuronal 
degeneration, especially in clinical conditions 
in which there is cognitive impairment of the 
individual. These pathologies are: Alzheimer’s 
disease, amyotrophic lateral sclerosis, multiple 
lateral sclerosis, Huntington’s disease and 
Parkinson’s disease (SONG T et al., 2021; 
RIJPMA A et al., 2018).

NEURODEGENERATIVE DISEASES 
In turn, the meta-analysis by Song T 

(2021) had the central idea of investigating 
and validating the model of oxidative stress 
and neuroinflammation, associated with 
mitochondrial dysfunction in patients 
with neurodegenerative morbidities. The 
article highlights research conducted in an 
experimental model with rodent animals 
with important findings, as it showed that 
with creatine supplementation there was a 
significant increase in phosphocreatine and 
inorganic phosphate in Alzheimer’s disease, 
in which the author links mitochondrial 
dysfunction and oxidative stress which is 
found in pathology. Thus, the authors indicate 
that targeting abnormal bioenergetic processes 
associated with neurodegenerative diseases is 
a promising therapeutic intervention.

Accumulating evidence suggests that one 
of the therapeutic targets must be intervention 
in increasing brain energy metabolism, 
together with reducing free radicals and 

neural inflammation in neurodegenerative 
diseases. The studies conducted support 
energy deficit and mitochondrial dysfunction 
as aspects that play critical roles in the 
aging process and in the pathophysiology of 
diseases such as Alzheimer’s and Parkinson’s 
(BONKOWSKI and SINCLAIR DA, 2016; 
IMAI S and GUARENTE L, 2014; SONNTAG 
KC et al., 2014).

Among emerging therapeutic strategies, 
creatine monohydrate, a well-known dietary 
supplement, has attracted considerable 
interest for its additional role in mitigating 
the devastating effects of neurological 
conditions. Creatine is widely known for 
its association with physical and muscular 
performance and has been the subject of 
scientific studies that suggest a possible 
neuroprotective and modulating role in 
neurodegenerative diseases. The system that 
involves adenosine triphosphate, creatine 
kinase and phosphocreatine is recognized 
for maintaining bioenergetic balance in 
the central nervous system. Therefore, it 
is assumed that increasing brain creatine 
concentration is potentially beneficial for 
different clinical morbidities, with emphasis 
on neurodegenerative diseases in this section 
(AVEGERINOS KI et al., 2018).

The enzyme apparatus necessary for 
endogenous creatine synthesis is also 
found in the brain. This statement supports 
foundations regarding the possibility of using 
creatine in morbidities that affect cognition. 
According to Dolan (2019), there are twelve 
robust studies regarding the impact that 
creatine monohydrate supplementation has 
on brain creatine concentrations. Among 
the selected studies, nine showed a result in 
increasing brain creatine by around 5-10%. 
It is worth emphasizing that the increase is 
much smaller when compared to the increase 
in muscle, when there is supplementation in 
the same doses and criteria. This difference 
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can be explained by two factors: firstly, by 
the fact that brain tissue is more resistant to 
exogenous creatine, therefore a high dosage 
protocol is necessary over a longer period of 
analysis and the second factor is the limited 
permeability to creatine in the barrier. 
hematoencephalic disease (SOLIS MY et al., 
2013; MEREGE-FILHO CAA et al., 2017).

Basically, brain creatine helps in 
situations where there is energy depletion, 
mitochondrial damage and oxidative stress, 
both conditions found in neurodegenerative 
diseases. A body of evidence summarizes that 
its results are more promising in cognition 
when individuals are subjected to stressors, 
such as: sleep deprivation and hypoxia 
(TURNER CE et al., 2015; FORBES et al., 
2021). Particularly, the research carried out 
by Turner (2015) shows relevant findings as it 
represents one of the few experimental studies 
carried out on humans. Fifteen participants, 
aged between 21 and 55, were recruited to 
undergo a controlled state of hypoxia in order 
to investigate the potential positive impact of 
creatine monohydrate supplementation. This 
study adopted a randomized, double-blind 
model, in which participants received a daily 
supplement of 20g of creatine monohydrate or 
a placebo for a period of 5 weeks. The results 
revealed that the administration of creatine 
was able to alleviate cognitive impairments 
under hypoxic conditions, demonstrating 
a significant difference of 21% compared to 
the placebo group. It was found that creatine 
also promoted an increase in corticomotor 
excitability during oxygen deprivation. 
Therefore, it suggests a potential cognitive 
and neuromotor benefit of supplementation 
in hypoxic contexts.

A study conducted by Xiao (2014), 
randomized clinical trials were investigated 
that evaluated the effects of creatine compared 
to placebo in the treatment of Parkinson’s 
disease, either as isolated supplementation 

or as a complementary treatment. Within 
this context, two clinical trials involving a 
total of 194 individuals with Parkinson’s were 
analyzed. The supplementation protocol 
consisted of 20g of creatine daily for two years, 
followed by 2g daily for another six months 
and then 4g daily as a maintenance dose. The 
results showed no significant differences in 
relation to the improvement in the patients’ 
motor function, and no positive aspect was 
seen in relation to the Parkinson’s Disease 
Rating Scale (UPDRS) scores. The authors 
highlighted the need for more research 
dedicated to this topic, especially studies with 
a larger number of participants, as the sample 
used in the trials was considered small and 
the duration of the trials was relatively short, 
which could harm the evaluation of the results 
obtained.

Consolidating the hypothesis presented, 
another researcher Mo JJ (2017) conducted 
a meta-analysis by selecting five randomized 
clinical trials, encompassing a broad analysis 
of 1339 participants. Selection criteria covered 
the need for both trials to be randomized, 
controlled and double-blind, as well as patients 
needing to meet the clinical diagnostic 
criteria of the UK Parkinson’s Disease Society 
Brain Bank, and finally, interventions must 
include creatine supplementation. Despite 
the considerable sample used in this study, no 
significant differences were identified between 
the control groups and patients who received 
placebo. In line with the previous study by 
Xiao (2014), this also did not demonstrate 
improvements in UPDRS scores with creatine 
supplementation.

Huntington’s disease is a hereditary and 
progressive disease that affects the central 
nervous system and manifests itself through 
motor, cognitive and psychiatric disorders. 
Its evolution considerably compromises 
cognitive function and presents few 
therapeutic options. In order to investigate 
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whether creatine supplementation could 
contribute to delaying the decline in cognitive 
functions, Hersch (2017) conducted research 
whose methodology included characteristics 
of a multicenter, double-blind, randomized 
and placebo-controlled study. The study 
covered a group of 553 individuals, of which 
275 received 40g of creatine monohydrate 
daily and 278 received a placebo over 48 
months. Assessment of results was based on 
the rate of change in total functional capacity, 
variations in clinical scores, tolerability and 
quality of life. No significant differences were 
identified between men and women, and the 
rate of change in functional capacity was 0.82 
points per year in the group that received 
creatine supplementation, and 0.70 points in 
participants in the placebo group (with an 
interval of nominal 95% confidence interval 
between -0.11 and 0.35), with the primary 
outcome measure being the rate of change 
in total functional capacity (TFC) between 
baseline and end of follow-up. However, 
no improvements were observed in other 
secondary parameters listed, leading to the 
conclusion that creatine supplementation 
did not prove to be a beneficial strategy in 
reducing symptoms in patients with early-
stage Huntington’s disease.

According to the World Health Organization 
(WHO, 2019), Alzheimer’s disease has a 
prevalence of 60-70% of all cases of dementia 
and represents the most common cause of 
cognitive decline. As already mentioned in 
the section on mitochondrial dysfunctions, 
the main evidence regarding the potential of 
creatine supplementation in the therapeutic 
treatment of Alzheimer’s is based on the 
concept of creatine exerting a neuroprotective 
effect and being related to correcting the 
parameters of mitochondrial dysfunctions 
and oxidative stress generated. (SMITH et 
al., 2014; ANDRES et al., 2019). In a study by 
Murray (2014), it was found that patients with 

Alzheimer’s disease present hypometabolism 
in the regions that are most affected by the 
disease, as well as the expression and decreased 
activity of mitochondrial enzymes important 
for mitochondrial biogenesis. Therefore, it is 
suggested that creatine supplementation may 
have relevant therapeutic value in helping to 
combat mitochondrial dysfunctions.

In another study, researcher Smolarek 
(2020) conducted an analysis with elderly 
people of both sexes, whose physical and 
mental capabilities were preserved, and were 
subjected to a 5g creatine supplementation 
for 16 weeks, it is essential to emphasize that 
these elderly people were not diagnosed with 
Alzheimer’s. During the study, a significant 
improvement in handgrip strength was 
observed, as well as an improvement in 
cognitive performance. Although the research 
was carried out in elderly people without 
cognitive decline, it is important to highlight 
that more research in humans must be 
carried out in order to analyze the therapeutic 
potential of supplementation in elderly people 
with larger samples, to evaluate cognitive 
function with larger samples and over a period 
of time. longer analysis period.

DIABETES MELLITUS 
Diabetes mellitus is a chronic metabolic 

disease characterized by dysfunction in blood 
glucose regulation. Studies seek therapeutic 
strategies that help in the management of 
comorbidity, so creatine is indicated as a 
possible ally to treatment. Gualano (2011) 
carried out research to investigate whether 
creatine has a beneficial effect on glycemic 
control in type 2 diabetic patients undergoing 
physical training. The study was double-blind, 
randomized and placebo-controlled for 12 
weeks. The sample included 25 individuals, 
half of whom received a dose of 5g of creatine 
daily and the other group received a placebo. 
As criteria, the curve of glucose, insulin, 
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C-peptide, insulin sensitivity index, physical 
capacity, lipid profile and expression and 
translocation of the GLUT-4 protein were 
analyzed.

This study addresses the premise that the 
potential of creatine to control diabetes is based 
on the increase in insulin secretion induced by 
supplementation, changes in osmoregulation, 
as well as the increase in glucose absorption 
induced by the translocation of glucose 
translocator 4 (GLUT-4). The study is 
correlated with physical activity and indicates 
that both interventions have a synergistic 
effect, when combined they promote greater 
benefits in glycemic control. The benefits with 
the group that supplemented with creatine 
were: reduction in glycated hemoblobin, 
area under the glucose concentration curve 
was significantly smaller, increased GLUT-4 
translocation and decreased blood glucose (at 
times 0, 30 and 60 minutes). The parameters of 
C peptide, lipid profile and physical capacity 
were similar between the groups (GUALANO 
et al., 2011).

Supporting this finding, a very recent 
review by Marshall (2022) states that there is 
an intimate relationship between chronic non-
communicable diseases and mitochondrial 
dysfunction. More specifically, it correlates that 
reduced levels of mitochondrial dysfunction 
were detected in diabetic patients with creatine 
supplementation. As a result, they report little 
mitochondrial dysfunction in diabetic patients 
when undergoing creatine supplementation. 
However, the author emphasizes the need 
for more recent experimental studies, both 
in animal models and in humans, to fully 
evaluate the therapeutic potential of creatine 
in this specific condition.

MENTAL DISORDERS 
More than three decades ago, Agren and 

Niklasson (1984, 1988) began exploring the 
possible relationship between dysfunctional 
creatine metabolism and the pathophysiology 
of depression, identifying evidence supporting 
a connection between cerebral creatine 
metabolism and this psychiatric condition. 
More recent studies, such as the article by 
Allen (2012), suggest that reduced creatine 
metabolism may be associated with a less 
favorable clinical course for depression. In 
this study, positive correlations were observed 
between dopamine levels in cerebrospinal 
fluid, serotonin metabolites and creatine and 
creatinine levels in patients with depression.

These findings raise the possibility that 
changes in the creatine circuit may serve as 
a compensatory mechanism to combat the 
general metabolic deficits found in individuals 
with psychiatric illnesses, such that effective 
neurotransmission depends on adequate 
intracellular metabolism, which can be 
influenced by the creatine-phosphocreatine 
system. This complex interaction between 
creatine and depression offers interesting 
perspectives for the development of 
innovative therapeutic approaches, aiming to 
balance brain metabolism for a better clinical 
prognosis in affected patients (ALLEN PJ et 
al., 2012; LYOO IK et al., 2012).

In research conducted by Kondo (2011), 
the potential of creatine supplementation in 
female adolescents diagnosed with depression 
was evaluated. During the 8-week period, the 
teenagers received a daily supplement of 4g of 
creatine, and their results were compared with 
healthy teenagers who also underwent brain 
scans. The results revealed that the average 
Children’s Rating Scale (CDRS-R) score 
dropped significantly from 69 to 30.6 after 
creatine supplementation. Although current 
research is limited, the authors suggest that 
the existence of mitochondrial dysfunction 
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and changes in bioenergetics may be related 
to depressive illness. Although inconclusive, 
the topic still arouses interest and requires 
further analysis, aiming to clarify the role of 
creatine in the treatment and management of 
this psychiatric condition.

Finally, the experimental study conducted 
by Toniolo (2018) addresses the topic with a 
larger sample in a double-blind study involving 
35 patients diagnosed with bipolar disorder in 
depressive episodes, according to the criteria 
of the diagnostic and statistical system for 
classifying mental disorders. (DSM-IV). 
Participants were selected randomly, half of 
the group was assigned to receive placebo and 
the other half supplemented with creatine at 
a dose of 6g per day for 6 weeks. Outcomes 
were assessed using the Montgomery-
Åsberg Depression Rating Scale (MADRS). 
No significant changes in the scale were 
observed between the two groups. However, 
an improvement was noted in patients who 
completed the study, with higher remission 
rates after 6 weeks. In the group that received 
creatine supplementation, eight patients 
(66.7%) achieved remission, compared to 
only two patients (18.2%) in the placebo 
group. These results, although promising, are 
not conclusive regarding the effectiveness of 
creatine supplementation in the treatment 
of bipolar depression, but suggest that this 
compound may play a relevant role as an 
additional treatment for morbidity.

More research is needed to more 
comprehensively understand the effects of 
creatine in bipolar disorder and to elucidate 
its true potential as a complementary therapy 
in this clinical context. Still, the findings 
represent an advance and encourage continued 
investigations into the use of creatine as a 
possible therapeutic tool in the management 
of bipolar depression.

MUSCULAR DYSTROPHIES 
Muscular dystrophies constitute a diverse 

set of inherited degenerative genetic diseases 
that affect skeletal muscles. They are caused 
by approximately thirty known genes and 
proteins that result in different forms of 
muscular dystrophy. Such conditions share a 
common characteristic: the progressive and 
irreversible deterioration of muscle function, 
which leads to weakness, loss of muscle mass 
and impairment of mobility and quality of 
life in affected individuals. The essence of 
these dystrophies lies in the genetic alteration 
that affects the production of the dystrophin 
protein, leading to its deficiency or absence 
in the muscles. This results in fragility and 
progressive degeneration of muscle cells, 
consequently weakness and functional 
limitations. Unfortunately, there is currently 
no cure for these diseases, and available 
treatments focus on alleviating symptoms, 
improving quality of life and slowing the 
progression of the disease (MERCURI E et al., 
2019; SHIEH PB, 2013).

In a study conducted by researcher 
Kley RA (2013), 14 randomized placebo-
controlled clinical trials were analyzed, 
with a total sample of 364 participants. The 
hypothesis is that people with neuromuscular 
disorders have lower levels of creatine and 
phosphocreatine in skeletal muscles compared 
to healthy individuals, so the objective is to 
evaluate whether creatine supplementation 
could be an effective treatment. The results 
demonstrated a significant improvement 
in maximum voluntary contraction after 
supplementation, the average difference 
observed between the groups was 8.47%. The 
pooled analysis of four clinical trials with 115 
participants revealed that a greater number 
of patients showed improvement in clinical 
status during creatine treatment compared 
to the placebo group. Such evidence suggests 
that short- and medium-term creatine 
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supplementation can increase muscle 
strength in patients with muscular dystrophy 
and influence the regulation of muscle 
protein metabolism. However, more studies 
are needed to consolidate these findings and 
further investigate the therapeutic potential of 
creatine for this neuromuscular condition.

FINAL CONSIDERATIONS
From the studies, the potential of creatine 

as a promising intervention in various clinical 
morbidities was observed. From critical 
analysis of a wide range of scientific evidence, 
it becomes clear that creatine has physiological 
and therapeutic properties that go beyond 
its traditional role in athletic performance. 
When investigating its impact on clinical 
problems such as neurodegenerative diseases, 
muscular dystrophies, psychiatric and 
metabolic disorders, it is evident that it plays 
an additional role in therapeutic bias, in a way 
that guarantees advantages with regard to cell 
defense, mitochondrial functioning, cognitive 
processes and neural protection.

The results show that supplementation can 
increase the availability of cellular energy, and 
thus appears to guarantee a substantial energy 
supply in situations characterized by energy 
deficiencies and mitochondrial dysfunction. 
The supplementation also has potential neural 
protection characteristics and antioxidant 
action, suggesting improvements in brain 
health and mental well-being. Regarding 
the impact on neurodegenerative diseases, 
although there is promising research, there are 
still divergent results in specific morbidities.

Finally, it is concluded that supplementation 
increases the concentration of creatine in the 
brain and ensures greater energy availability 
during unfavorable events and provides 
neuroprotection against traumatic brain 
injuries. However, it is essential to highlight 
that, although the results are encouraging, 
there are many gaps to be investigated. In this 

context, more robust studies are crucial, with 
larger samples so that an ideal protocol for 
supplementation in each condition mentioned 
can be defined.

When examining the therapeutic potential 
of creatine, it is important to recognize that 
certain limitations impact the interpretation 
of the results and the robustness of the study. 
One of the criticisms is the possibility of 
conflicts of interest between the authors and 
the supplement industry, making thorough 
investigation essential to guarantee the 
impartiality and integrity of the results. 

Another point is the limited sample size, 
which compromises the representativeness 
and generalization of the results to a wider 
population. Due to the nature of the clinical 
diseases addressed, the heterogeneity of the 
patients studied is a crucial aspect. Age, stage 
of the disease, presence of comorbidities 
and genetic characteristics are points to be 
considered. Especially when investigating 
degenerative diseases, it is essential to note 
that the timeline and severity of declines 
in function vary between patients, and the 
presence of other adjunctive treatments makes 
it difficult to assess the specific contribution of 
creatine supplementation.

Another problem associated with the use 
of creatine in specific clinical morbidities 
is the lack of a standardized dose. Although 
research has investigated its beneficial 
potential in certain health conditions, the 
lack of clear guidelines regarding the exact 
amount to ingest raises concerns. Although 
research on the role of creatine in various 
diseases is promising, it is essential to 
recognize the limitations to guide future more 
comprehensive and well-designed studies. 
The applicability of these questions provides 
a deeper understanding of the topic and 
contributes to significant advances.
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