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ABSTRACT

Introduction: Creatine is a widely used dietary supplement known for its beneficial effects on

physical performance, muscle mass growth, and post-exercise recovery. Its primary mechanism
involves enhancing protein synthesis and supporting muscle hypertrophy. However, some
controversy remains regarding its short-term physiological and metabolic effects.

Objective: This study aims to evaluate the effects of a daily creatine supplementation (5 g/day)
over a four-week period on muscle growth, recovery, and performance, through the analysis of
various physiological biomarkers.

Materials and Methods: Four participants were enrolled and divided into two groups: one
receiving creatine and the other a placebo. Biomarkers were measured before and after
supplementatio including IGF-1, creatine kinase (CK), lactate dehydrogenase (LDH),
myostatin, serum creatinine, blood urea nitrogen (BUN), and body mass.

Results: In the creatine group, IGF-1 increased by an average of 4.5%, myostatin decreased by
approximately 15%, and body mass increased by 18%. CK levels rose by 50%, indicating intense
muscle activity. Serum creatinine showed a slight physiological increase (3%), while BUN levels
remained stable. No significant changes were observed in the placebo group.

Conclusion: Creatine supplementation resulted in significant improvements in muscle growth
and recovery, supported by favorable changes in key biomarkers. These findings reinforce
creatine's anabolic efficacy and help to dispel common misconceptions regarding its adverse
effects. The absence of notable physiological changes in the placebo group further validates the
observed outcomes in the experimental group.

Keywords: Creatine, Supplementation, Muscle growth, Biomarkers
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Résumé

Introduction : La créatine est un complément alimentaire largement utilisé, reconnu pour ses
effets bénéfiques sur la performance physique, la croissance de la masse musculaire et la
récupération aprés 1’exercice. Son principal mécanisme d’action consiste a stimuler la synthése
des protéines et a favoriser I’hypertrophie musculaire. Cependant, certaines controverses
subsistent concernant ses effets physiologiques et métaboliques a court terme.

Obijectif: Cette étude vise a évaluer les effets d’une supplémentation quotidienne en créatine (5
g/jour) pendant une période de quatre semaines sur la croissance musculaire, la récupération et la
performance, a travers 1’analyse de divers biomarqueurs physiologiques.

Matériels et méthodes : Quatre participants ont été recrutés et répartis en deux groupes : ’un
recevant de la créatine, 1’autre un placebo. Les biomarqueurs ont été mesurés avant et apres la
supplémentation, incluant I’IGF-1, la créatine kinase (CK), la lactate déshydrogénase (LDH), la
myostatine, la créatinine sérique, 1’urée sanguine (BUN) et la masse corporelle.

Résultats: Dans le groupe créatine, I’'IGF-1 a augmenté en moyenne de 4,5 %, la myostatine a
diminué d’environ 15 %, et la masse corporelle a augmenté de 2,18 %. Les niveaux de CK ont
augmenté de 50 %, indiquant une activité musculaire intense. La créatinine sérique a montré une
Iégere augmentation physiologique (3 %), tandis que les niveaux de BUN sont restés stables.
Aucun changement significatif n’a été observé dans le groupe placebo.

Conclusion: La supplémentation en créatine a entrainé des améliorations significatives de la

croissance musculaire et de la recupération, soutenues par des changements favorables dans des
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biomarqueurs clés. Ces résultats confirment 1’efficacité anabolique de la créatine et contribuent a
dissiper les idées recues concernant ses effets indésirables. L’absence de changements
physiologiques notables dans le groupe placebo renforce la validité des résultats observés dans le

groupe expérimental.

Mots-clés : Créatine, Supplémentation, Croissance musculaire, Biomarqueurs
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Creatine was identified in 1832 by a French chemist, Michel Eugéne Cheval, who named
it from the Greek word for “flesh” . In the early 20th century, research showed its storage in
muscles and its role in energy. However, creatine has become popular, especially in the 1990s, as
performance-enhancing supplements surged, following its use in the Olympic Games and
professional athletes. Since then, creatine has become a leading and extensively studied aid in
sports and in nutrition.

Manufactured naturally in the liver, kidneys, and pancreas from arginine, glycine, and
methionine (da Silva et al., 2009), creatine is primarily stored in skeletal muscles, where it is
essential for quickly regenerating ATP for cellular energy through the phosphocreatine system.
Many studies have elaborated that creatine supplementation can hugely increase intramuscular
phosphocreatine stores, thereby enhancing muscular strength, power output, and lean body mass
when combined with resistance training (Kreider et al., 2003).

This has made creatine a supplement of interest not only for athletes but also for researchers
studying muscle physiology, metabolism, and even cognitive function, as well as people in
general.

Because of its fundamental role in energy production, creatine has gained attention as a dietary
supplement, particularly in the context of sport, resistance training, and muscle rehabilitation.
Over the past 20 years, a number of research has explored creatine supplementation’s ability to
increase muscle mass, strength and exercise performance; while initial weight gain is often due
to water retention within cells, long term supplementation, especially with resistance training, is
lined in lean muscle and better training adaptation (Kreider et al., 2017).

Henceforth, emerging evidence suggests that creatine may also influence biochemical pathways
such as muscle protein synthesis, hormonal responses, and muscle enzyme activity.

While extensive research confirms creatine's effectiveness in large groups, there's still a need for
smaller, individual studies that look at both physical changes (like weight and muscle mass) and
biochemical markers (such as creatine kinase, IGF-1, and myostatin).

These personalized studies are key to comprehending individual responses to creatine and
uncovering the secrets held in molecular mechanisms behind its effect (Eghbali et al., 2024).

Problem Statement

While creatine supplementation is widely recognized for enhancing muscle growth and

athletic performance, much of the available research focuses on group-level outcomes and of
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long period of consuming it, often overlooking or over- or underestimating their variability. In

this study, we address this gap by examining the physical and biochemical effects of creatine in a

small cohort of 4 individuals in a short period of 8 weeks. By using a detailed, participant-level

approach, we envision capturing inter-individual differences and responses to supplementation.

This design allows for a more nuanced comprehension of how creatine influences both physical

parameters ( such as body mass and muscle increments in a short period of 8 weeks ) and

biochemical markers (including creatine kinase, IGF-1 and myostatin). This small —scale study,

controlled study seeks to contribute to of the growing area of personalized sports nutrition.

Objectives of the Study

General Objective:To investigate the effects of creatine supplementation on muscle mass

and body weight, with an emphasis on the associated biochemical changes of individuals.

Specific Objectives:

To measure changes in body weight and muscle mass after creatine supplementation

To evaluate the effect of creatine on selected bio-markers in blood (Creatine kinase, IGF-
1, Myostatin, LDH and Serum Creatinine)

To assess the impact of creatine when combined with resistance training

To compare pre- and post-supplementation data in a single participant

To compare the biochemical markers of creatine monohydrate versus its placebo

(dextrose)

Research Questions

1.

Does creatine supplementation lead to a measurable increase in muscle and body weight
in individuals

How does creatine affect biochemical markers related to muscle growth and recovery
What are the combined effects of creatine and resistance training in terms of physical and
molecular outcomes

How does creatine supplementation affect muscle growth in a short period
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Significance of the Study

This study contributes to the growing body of research on creatine by providing a detailed
approach that combines physical measurements and biochemical data. It offers an insight into
how an individual may respond to creatine at multiple levels, i.e, physiological and molecular,
which can help guide personalized supplementation strategies. It also serves as a pilot framework
for larger, individualized studies in sports nutrition, biochemistry and exercise physiology
This research significantly enriches the understanding of creatine supplementation by combining
physiological and biochemical analyses to assess individual responses comprehensively. Its
distinctiveness lies in the novel approach of simultaneously monitoring five crucial biomarkers,
which collectively provide clear evidence to dispel myths concerning creatine's effects on kidney
health, including fears of kidney stones and renal failure.

The crossover design involving students makes this study highly practical and replicable,
empowering athletes and bodybuilders to independently conduct similar assessments without
needing additional medical prescriptions or interventions.

Furthermore, this study offers a valuable and quantifiable measure of progress for users of
creatine supplementation, supporting personalized and safe usage tailored to individual

biochemical profiles.
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1. Introduction to Creatine Monohydrate

Creatine, a nitrogen-containing supplement that boosts performance, enhances short, intense
muscle activity. It increases creatine and phosphocreatine in muscles, leading to faster ATP
production, the cell's main energy source, thus delaying fatigue during brief, high-intensity
contractions (Hall & Trojian, 2013)

Creatine is mainly produced in the kidneys, liver, and pancreas before being transported through
the bloodstream to target tissues, especially skeletal muscles (Kreider et al., 2017). Roughly 95%
of the body's total creatine is stored within muscle cells, predominantly as phosphocreatine, with

the rest existing as free creatine.
2. Natural sources of creatine

Whilst dietary intake of the meat and fish represents the principal natural means of obtaining
creatine, supplementations provide a reliable source as an alternative way, particularly relevant
for those individuals with specific dietary requirements (Kreider et al., 2025.)

In accordance with (Guiterez-Hellin et al.,1999), natural sources of creatine, mainly meat and
fish, provide lower concentrations compared to creatine supplements, which offer a more direct
and concentrated way to increase muscle creatine stores, particularly beneficial for those seeking

to enhance performance (figure 1).

Normal diet

With creatine

supplementation
,}'}" o
Yook

Figure 1. Comparison of normal diet versus creatine diet Gutiérrez-Hellin, et al (2024)

© Circulating creatine

According to (Williams, et al., 1999), daily creatine intakes should be 2 to 5 grams for a human

of mass 70kg, the daily recommended water intake is 2 to 3 liters when taking creatine.
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3. Chemical structure of creatine

Creatine is a compact, nitrogen-containing organic compound featuring a guanidino group
attached to a methylated glycine. This molecular organization gives it the ability to act as an
energy reserve in muscles by storing high-energy phosphate as phosphocreatine (Kreider &
Stout, 2021)

Its structure has the following groups combined (figure 2):

¢ A guanidino group (H,N-C(=NH)-NH-)

¢ A methyl group attached to nitrogen

e A carboxylic acid group (—-COOH)

CH3 QO CH,
, N NH N NH
A A S gL
NH, NH,
® @
Creatine Creatine Monohydrate

Figure 2: Structure of Creatine (Jagim et al., 2021)

4. Mechanisms of action

The mechanism of action of creatine ingestion involves its processing by the enzyme creatine
kinase CK. Once ingested, creatine is absorbed and transported to the skeletal muscles, where
CK catalyzes its conversion into phosphocreatine (PCR) using adenosine triphosphate ATP.PCR
serves as a rapid energy reservoir by facilitating the quick regeneration of ATP during short,
high-intensity efforts (Wallimann et al., 1998).

Some studies suggest that creatine may even reduce CK levels during recovery by
limiting muscle damage, thereby supporting its role in enhancing energy metabolism while

maintaining cellular integrity (Cooke et al., 2009).

PCr + ADP + H[] 2 Creatine + ATP
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5. Forms of Creatine and Their Solubilities and Comparisons

Creatine supplementation comes in various chemical forms, each aiming to improve
characteristics like solubility, stability, and how well it is absorbed by the body. Creatine
monohydrate is considered the gold standard, as it is the most researched and commonly used
form, proven effective for boosting muscle creatine levels and enhancing athletic performance
(Kreider et al., 2017). Its efficacy and safety are well documented, making it the benchmark for
creatine supplementation

Other forms available include creatine ethyl ester, creatine hydrochloride (HCI),
creatine citrate, magnesium creatine chelate, and buffered creatine. While often marketed as
superior in absorption or gentler on the stomach, scientific evidence often does not support these
claims. For instance, (Spillane et al., 2009) demonstrated that CEE was no better than CM for
increasing muscle creatine or improving performance and even led to a higher creatinine level in

the blood, suggesting it breaks down suggesting it is less stable and breaks down more rapidly.

Although creatine HCL shows better solubility, current evidence is insufficient to confirm it
outperforms CM in terms of the muscle uptake and performance benefits (Kreider & Stout,
2021).
Similarly, while creatine citrate and magnesium creatine chelate might offer specific advantages
in certain contexts, strong scientific support for their overall superiority is lacking (Buford et al.,
2007).

6. Effect of Creatine on Muscle Mass and Body Weight

Studies indicate that combining creatine with resistance training leads to notable increases in
lean muscle, muscle size, and overall body weight. These changes are initially driven by driven
by increased water retention within muscle cells and subsequently by the enhanced muscle
protein synthesis (Rawson, 2003)

A comprehensive analysis by Chilibeck et al, (2017) found that creatine supplementation
improves muscle strength and fat-free mass across different age groups, including older
individuals. Weight gain typically ranges from 1-3 kg, primarily due to an increase in muscle

tissue rather than fat accumulation
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7. Biochemical Effects of Creatine

Beyond its effects on muscle mass and performance, creatine supplementation triggers

several biochemical changes that underpin its ergogenic and muscle-building benefits.

7.1.Boosted Phosphocreatine Levels

After ingestion, creatine enters muscle cells and is converted to phosphocreatine PCR This
high-energy rapidly donates a phosphate group to ADP, regeneration of ATP during quick,
intense activities (Wallimann et al., 2011). The enzyme creatine kinase CK, prevalent in muscle,

facilitates this process.

7.2. Creatine and Mitochondrial Function

The significance of creatine in mitochondrial energy metabolism is the improvement of the
phosphocreatine shuttle, leading to the ATP restoration. This process supports the energy needs
of cells, especially during times of high-intensity activities. Wallimann et al/, (2011) concluded
that creatine is necessary for the phosphocreatine shuttle, which facilitates high-end resynthesis

of ATP, important for muscle contractions and mitochondrial dysfunction.

7.3. Creatine's Influence in Inflammation and Oxidation

Creatine supplementation has also been demonstrated to decrease inflammation and help in
oxidative stress, which may be important in recovery and overall health. Santos et al, (2004)
found decreases in post-exercise inflammation and oxidative stress markers in athletes who
consumed creatine, which may play a role in muscle recovery, contributing also to protection

benefits in the muscle

7.4. Creatine and Hormonal Responses

Acute creatine supplementation does not affect hormonal responses, such as testosterone or
cortisol levels in response) to resistance training. According to Kraemer et al, (1998) reported
that, for a period up to 4 days of continuous high-intensity resistance exercise, creatine
supplementation did not alter testosterone, cortisol, or the associated psychological state.
Moreover, it did not induce any changes in the diurnal rhythm of testosterone. However, free
testosterone levels were found to be reduced by approximately 60% after four days of the

maintenance phase of the protocol.

9|Page



8. Synergistic Effects with Other Supplements

The effect of creatine supplementation, along with other supplements like beta-alanine, can
be higher than the effects of two supplements taken alone, and that shows a synergy effect

(Hoffman et al., 2006).

9. Advanced Perspectives on Creatine Use in Health and Performance

Creatine’s health benefits and uses in performance are still under research, and here are some

emerging perspectives:

9.1. Creatine, Hydration, and Exercise Performance

Effects of acute and short-term creatine supplementation on exercise performance in the heat
when hydration status is maintained. Supplementation with creatine increases total body water
by increasing water retention in cells, which may affect hydration status and thermoregulation

during exercise (Kreider ef al., 1998).

9.2. Bioavailability and New Delivery Forms

Despite the array of alternative creatine forms, creatine monohydrate is the most researched

and efficacious form (Cooper et al., 2012).

9.3. Usage: Vegetarian and Vegan Population

Vegetarian and vegan populations gain from creatine supplementation, as their resting
muscle stores are naturally lower, possibly improving performance and cognitive results (Burke

et al.,2009).

9.4. Psychological and Well-Being Effects

A growing body of evidence indicates creatine may well be a mood and cognition-
enhancing supplement, and even possibly a supportive therapy for mental conditions such as
depression (Rocha et al., 2009). There is a tendency to show greater increases in muscle mass
and strength when creatine is consumed post-exercise compared with pre-exercise (Candow et

al., 2022)
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9.5.Sex Differences in Metabolism

Evidence suggests women may metabolize creatine differently, and supplementation may yield

unique health benefits across their lifespan (Smith-Ryan et al., 2014).

10. Cognitive Function and Brain Health

Beyond its established role in muscle performance, creatine supplementation has garnered
increasing attention for its potential benefits on cognitive function and brain health. The brain,
like muscle tissue, relies heavily on ATP, especially during demanding tasks. Since creatine aids
in rapid ATP resynthesis, it may help support brain energy metabolism during periods of

cognitive stress (Rae et al., 2003).
10.1. Memory and Mental Fatigue:

Several studies have shown that creatine can improve working memory and reduce mental
fatigue, particularly in conditions of sleep deprivation or high cognitive load. For example, Rae
et al, (2003) found that creatine supplementation significantly enhanced memory and intelligence
test scores in healthy young adults.

10.2. Neuroprotection

Creatine has shown neuroprotective effects in models of neurological diseases such as
Parkinson’s and Huntington’s disease. Its role in cellular energy buffering and reduction of

oxidative stress may contribute to slowing neurodegeneration (Bender et al., 2016).

10.3. Elderly and Cognitive Decline:

In aging populations, creatine may help mitigate cognitive decline. McMorris et al, (2007)
demonstrated that older adults taking creatine performed better on cognitive tasks involving
short-term memory and processing speed, suggesting a potential role in maintaining cognitive

health with age.
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10.4. Brain Energy Metabolism:

Creatine’s contribution to maintaining brain phosphocreatine levels underlines its potential
in supporting energy-demanding neural activities. This is particularly relevant in tasks requiring

sustained attention, rapid decision-making, or during sleep deprivation (Avgerinos et al., 2018).

10.5. Working Memory

The possibility of augmented working memory as a result of creatine supplementation is
under scrutiny, in particular regarding people with already high (though normal) levels of
creatine. (Rae et al, 2003) performed a six-week, double-blind, placebo-controlled, crossover
study in 45 young adult vegetarians who were given 5 g creatine/day. The authors found a
significant increase in the task of working memory (backward digit span). Consistent with such
explanation, (Benton & Donohoe, 2011) reported that memory is higher in vegetarians than
omnivores, and that creatine supplementation increased memory performance in vegetarians but
not in omnivores, indicating that the effectiveness of supplementation may be affected by

baseline creatine levels.

10.6. Reaction Time

The effects of creatine on reaction time are inconsistent (Benton & Donohoe, 2011) noted
While creatine had no influence upon mean response times in a choice task, it led to a reduction
in the variability of response times. On the other hand, in a systematic review by (Avgerinos et
al.,2018) reported a significant positive effect of creatine supplementation on short-term memory

and intelligence/reasoning, though inconsistent effects for reaction time.

10.7. Verbal Fluency

The study on creatine and verbal fluency has provided mixed results. Ling et al., (2009)
observed no significant effects of verbal fluency across a sample of young, adult females after
creatine supplementation. Yet, the research of McMorris et al, (2007) demonstrated that creatine
supplementation increased performance during a verbal fluency task in sleep-deprived

individuals, indicating that creatine could counteract stress-induced cognitive impairment.
11. Clinical implications

The use of creatine supplementation is becoming more popular not only for ergogenic

purposes, but also for therapy in a variety of clinical settings. Its potential to improve cellular
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energetics, decrease oxidative stress, and protect muscle and neurological cells could be a

promising add-on in a number of diseases.

11.1. Neuromuscular diseases:

Creatine has been tested for its utility in the treatment of neuromuscular diseases, for
example, muscular dystrophies, amyotrophic lateral sclerosis (ALS), and mitochondrial
myopathies. (Tarnopolsky & Parise, 1999) The conclusion was that Creatine could improve
muscle strength and endurance in muscular dystrophy have been done with mixed results,

depending on the population of interest.

11.2. Neurodegenerative Conditions:

Creatine studies investigated the benefit of creatine in Parkinson's and Huntington's.
Although initial studies indicated that it may have neuroprotective effects, subsequent major
trials, including that of Kieburtz et al, (2015), found no evidence supporting long-term
effectiveness in modifying the progression of disease in Huntington’s. Nevertheless, creatine is

still being studied for its role as an adjuvant drug, especially for the early stage.

11.3. Cardiovascular Health and Ischemia:

Creatine as an energy adjunct during cardiac ischaemia. Creatine could potentially assist
myocardial energy metabolism during episodes of cardiac stress or ischaemia. It is used as an
adjunct in the treatment of complete heart block, as a temporary treatment (Balestrino &
Adriano, 2019) to keep ATP levels up, which can help increase cardiac output, and reduce tissue

damage during the recovery process from heart attacks or surgery

11.4. Metabolic Disorders & Type 2 Diabetes

There is emerging evidence that creatine supplementation coupled with exercise is effective
for improving glycemic control and insulin sensitivity in type 2 diabetics. Gualano et al, (2011)
demonstrated that creatine supplementation combined with resistance training resulted in a better

glucose tolerance response compared to training alone.

11.5. Depression and Mental Health
Creatine, Like Some Other anabolic Anicompounds, Has Been Evaluated as an Adjuvant
Treatment In Depression. References have found Creatine beneficial in depression. Creatine can

help SSRI drugs be more effective by increasing energy metabolism in the brain (Roitman et al.,
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2007), however, it has been recorded that there have been benefits to women who were suffering

from major depressive disorder when they added creatine to their nutrition plan
12. Effects on Physical Performance

Creatine supplementation has been investigated extensively with regard to effects on
numerous aspects of physical performance, predominantly in short-term, high intensity
activities. It's main action revolves about increasing the amount of phosphocreatine in the
muscles speeding up ATP regen (thus provide more energy) during intense effort. Its known
mechanism of action has to do with allowing more creatine to reside in your muscles to gain
(more) amount (Kreider et al., 2017).

The ergogenic potential of creatine supplementation has been thoroughly researched with regard
to different aspects of sports performance, notably sports involving high-intensity, short-duration
exercise.

12.1. Strength and Power Performance:

Creatine supplementation has been consistently shown to have a positive effect on increases
in both maximal strength and power production. Meta-analyses indicate very substantial
increases in resistance-trained individuals, particularly in bench press and leg press exercises
(Branch, 2003). These improvements are thought to be a result of greater volumes of training and

increased capacity to produce muscle force.

12.2. Sprint and anaerobic
Creatine improves repeated-sprint performance through delaying the onset of fatigue.
Research demonstrates that short-term creatine loading increases pulses of high-intensity

exercise and provides an ergogenic effect in athletes

12.3.  Endurance Fatigue Resistance

Although the majority of research indicates that creatine supplementation is only beneficial
for anaerobic performance, there is emerging evidence supporting improvements in several
parameters of endurance performance. Athletes can exert maximum effort for longer periods,
which can be beneficial in sports that depend on short bursts of high-power output (Coke et al.,
2009).
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12.4. Neuromuscular Effects:

Creatine can also favor an enhanced neuromuscular function by increasing muscle contractile
ability and motor unit recruitment (Greenhaff et al., 1994). These adaptations allow you to lash
out with your arm faster and generate more force per pound of muscle, both of which come in

handy in sports such as football, basketball, and track and field sprinting, among others.
13. Creatine and women

While the majority of creatine research throughout the decades has been focused on male
athletes, newer studies are beginning to examine its effects in women, with some showing
impressive gains in muscle strength, performance, and even health. Supplementing women with
creatine, particularly during resistance exercise, has been shown to increase lean body mass,
strength, and muscular endurance (Smith-Ryan et al., 2021).

Also, the creatine may simply be more advantageous at specific hormonal periods. For example,
there is some evidence to support that creatine supplementation may mitigate some of the
performance decrement observed in the luteal phase of the menstrual cycle and fluctuation in
cognitive performance (Forbes et al., 2022).

In addition to performance, creatine is also under investigation as a potential intervention for
conditions unique to females. Given that women show a higher risk for the development of
depression and mood disorders as compared with men, it is possible that a potentially protective
effect of these nutrients against melancholic depression and mood disturbances may be mediated
by effects on brain energy metabolism and neurotransmitter balance (Avgerinos et al., 2018).
Creatine is also under exploration for its potential neuroprotective effects on fetal growth during
pregnancy under hypoxia (Ireland et al., 2020). In general, creatine may be considered a safe and
potentially effective supplement for females in various stages of life; however, more trials

specific to females are required to elucidate the optimal dosage protocols and long-term effects.

14. Creatine in youth and the elderly

14.1. Context and Use

Naturally, in meat and fish, and produced by the body if needed, creatine is also available in
powder form. It is a supplement commonly used by teenage athletes to enhance performance and
strength (Kerksick et al., 2018).
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14.2.

Youth Benefits

Enhanced performance: Supplementation with creatine increases the muscle
phosphocreatine stores, enhancing repeated sprint ability and strength in young athletes
(Buford et al., 2007).

Injury prevention & recovery: Some research suggests that the use of creatine may lessen
the damage and time to recover from that damage in youth sports (Jagim et al., 2018).
Cognitive lift: Studies indicate support against the occurrence of cognitive decline during
stress tasks and sleep loss (Avgerinos et al., 2018).

Safety and Warnings Clinical investigations have reported no deleterious side effects to
kidney, liver, or cardiovascular health when recommended doses (3—5g/day) were
consumed by adolescents under supervision (Kreider et al, 2017). But the use of
excessive doses is not advised in an uncontrolled way in children.

Recommendations Professional organizations caution that creatine should be consumed
by adolescents involved in competitive activities with medical or nutritional supervision

or monitoring (AAP, 2005).

15. Creatine in the Elderly

15.1.

Background and Significance

As individuals grow older, they inevitably lose muscle mass and strength, a condition called

sarcopenia. Creatine and resistance training are being investigated for their ability to attenuate

this process (Candow et al., 2014).

15.2.

Elderly Benefits

Muscle strength & hypertrophy, Creatine supplementation in the elderly improves the
condition for resistance training, resulting in increased strength and muscle gains
(Chilibeck et al., 2017).

Cognitive: In geriatric populations, randomized trials have reported enhanced short-term
memory and executive function, especially on tasks with heavy mental loads among
those taking creatine (Avgerinos et al., 2018).

Bone health: Early research indicates that creatine with physical activity might improve

bone mineral density (Candow et al., 2011).
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e Safety There are no relevant adverse effects long-term regarding creatine

supplementation in healthy elderly at appropriate doses (Rawson et al., 2011).

16. Recent Advances and Further Research, and Future Perspectives

Creatine studies have advanced greatly beyond classical sports nutrition into other areas of
scientific and medical research. Things are adding up to the fact that creatine has more systemic

uses and new delivery methods, and is part of individualized supplementation plans.

16.1. New Delivery Systems

Creatine monohydrate is the most studied and effective form, but other variants (like creatine
hydrochloride, creatine ethyl ester, and buffered creatine, etc. have been touted to be more
soluble and absorbable. Yet, chronic outcomes point to no significant benefit compared to

creatine monohydrate in muscle creatine retention or performance (Kreider et al., 2022).

16.2. Precision Nutrition and Individual Responses

Neat New Science New research is concentrating on the thinking that individual responses to
creatine vary and are likely determined but baseline muscle creatine levels, diet, sex, and genes
as contributory factors in individual variance. For example, those who have low baseline creatine
stores (e.g., Vvegetarians) may benefit even more from the supplementation (Antonio et al.,
2021). This opens the door to personalized nutrition interventions informed by biomarkers and

lifestyle characteristics.
17. Creatine and Aging

The study of creatine in healthy aging and sarcopenia (age-related muscle loss) has become a
primary area of research. It has been demonstrated that creatine supplementation alongside
providing resistance training falls can improve physical activity, strength, muscle mass, and
functional performance, such as sit-to-stand, in older adults (Candow et al., 2019), suggesting it

may serve as an alternate non-pharmacological intervention for frailty.
18. Future Clinical Applications:

Interest in creatine’s clinical applications to bone health, post-surgical recovery, and

immunological function is increasing. Furthermore, the study of its role in pregnancy and the
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developing brain in the infant is being studied as it is crucial for high-energy-demand tissues
(Wallimann et al., 2011).

As a result of global demand for creatine, (159) research also focuses on sustainable synthetic
routes to its production, plant-based generation to support ethical sourcing, and to minimize the

environmental footprint.
19. Gaps in current research

Despite the extensive research on creatine supplementation, there remain several gaps | our
understanding, particularly in the context of its effect on muscle mass and body weight.
Identifying these gaps is essential for guiding future studies and refining the application of
creatine supplementation for athletes, bodybuilders, and the general population. The following

areas highlight key limitations and open questions in the current body of research.

19.1. Long-term effect of creatine supplementation

While short-term studies have shown significant benefits of creatine supplementation on muscle
mass and body weight, there is limited research on the long-term effects of continuous use.
Additionally, long-term creatine use might have different effects on individuals in various age
groups, such as the elderly population or those with preexisting health conditions (Rawson &
Volek, 2003; Jager et al,.2011)

19.2. Individual variability in response to creatine

Not all individuals respond to creatine in the same manner, and the factors influencing these
variations remain unclear. Research into the genetic, metabolic, and lifestyle factors that affect
creatine's efficacy would provide valuable insights. Understanding the reason why some

individuals respond better to creatine than others (McDaniel et al.,2017)

19.3. Creatine supplementation and fat loss

While creatine is often associated with gains in muscle mass, its potential effects on fat mass
and body composition are less well comprehended. Some studies have shown that creatine can
reduce fat, particularly in combination with resistance training (Bemben et al,.2010). further
research into how creatine affects these needs additional research.
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19.4. Effectiveness of Creatine in Different Populations

Most investigations on creatine supplementation have been conducted on healthy young male
athletes, there is limited research on its effect on other populations, such as women, older adults,
and individuals with chronic diseases. Since muscle mass metabolism and creatine uptake differ
across age groups and healthy individuals, studies targeting these populations are needed to

determine if the same benefits apply universally (Kreider et al., 2003; Izquierdo et al., 2007)

19.5. Creatine’s Mechanism in Muscle Fiber Types

Research on the specific effects of creatine on different muscle fibers is still lacking. Creatine
supplementation is known to increase phosphocreatine stores, but whether it differentially affects
fast-twitch versus slow-twitch muscle fiber requires further investigation (Harris et al., 1992;
Balsom et al., 1994). Comprehending how its supplementation influences muscle hypertrophy
and performance needs further research.

19.6. Creatine and Cognitive Function

However most studies focus on the physical studies benefits of creatine supplementation,
there is growing interest in its potential cognitive benefits, some studies suggest that it might me
neuroprotective effects and could improve cognitive performance, especially under
circumstances of mental fatigue or sleep deprivation (McMorris et al., 2007), however more

research is needed to put into total light these studies
20. Creatine and Kidney Function: Myths versus Truths

Among dietary supplements, creatine has been one of the most investigated compounds in
sports and health sciences, although some uncertainty still surrounds its long-term effects on
renal function. Most of this is guised as anecdotal and misguided interpretations of soft
biomarkers (such as serum creatinine). This review critically reviews the evidence available in

scientific literature about the safety of creatine regarding renal function.

20.1. Creatinine: A Misinterpreted Indicator of Renal Function

Serum creatinine may be elevated as a result of non-enzymatic conversion following creatine
supplementation, which is not synonymous with renal dysfunction. Serum creatinine is a
downstream indicator of renal injury; it would be more appropriate to measure GFR or cystatin C
(Poortmans et al., 1990).
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20.2. [Evidence on Healthy People

Numerous longer-term studies have found no negative effect of creatine on kidney function
in healthy persons. For example, Candow et al, (2021) evaluated controlled trial data, finding no
alterations in renal markers even in cases of prolonged creatine intake in the doses of standard or

high amounts.

20.3. Patients at High Risk and Specific Situations

Even in special populations (one kidney, renal disease that's already present), short-term
high-dose creatine has not been demonstrated to cause kidney damage (Gualano et al., 2012).
However, because of the absence of large-scale trials of TBI in patients with CKD, clinicians

advise careful and personalized consideration.

20.4. Agreement from the Health Community

The scientific community, professional associations as the International Society of Sports
Nutrition (ISSN) or the European Food Safety Authority (EFSA) have concluded that creatine,
when consumed following the manufacturer’s recommendations, its intake is safe even for renal
health is not at risk in healthy people (Kreider et al., 2017).
While creatine is regarded as safe, its long-term effects, particularly in vulnerable populations,
remain understudied, although rare reports have stated some dehydration and discomfort. further

research needs to be done indeed (Lui et al., 2009; Poortmans & Francaux, 2000).

21. Effect Of Creatine on Depression, Mood Swings, Serotonin Levels, And Stress

21.1. Depression

Some preliminary studies indicate that creatine supplementation could have antidepressant
effects. Consumption of creatine-containing food products is associated with reduced prevalence
of depression in US adults: A cross-sectional study using NHANES. In particular, those who
consumed the most creatine were significantly less depressed than those who consumed the least
(Bakian et al., 2020). Furthermore, a randomized controlled trial showed that creatine.

supplementation improved response to SSRIs in female major depression (Lyoo et al., 2012).

21.2. Mood Swings
Creatine is usually very well-tolerated; there are isolated reports of mood swings associated

with its use. However, the scientific data in this case is scant. A study by Allen et al. (2010)
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found sex-specific responses to creatine on mood in rodents, in which female rats had
antidepressant-like effects and male rats had high depression-like behaviors. These data indicate
that it appears that hormone concentrations can impact the response of mood to creatine

supplementation.

21.3. Influence on Serotonin

It is possible that creatine can influence neurotransmitter systems, such as the serotonergic
one, which may have a key role in mood regulation. Creatine supplementation is shown to
increase brain serotonin levels and have an antidepressant effect (Allen et al., 2010).
Additionally, due to creatine functioning in energy metabolism, this may in turn assist with
serotonin synthesis and function, ultimately manifesting as enhanced mood states (Rambo et al.,
2023).

21.4. Stress

Increased stress resistance has been found to be related to creatine administration. A study by
McMorris et al, (2007) showed that creatine enhanced cognitive performance in situations of
stress, including sleep deprivation. Further, creatine’s potential in facilitating ATP synthesis may
allow for neuronal energy homeostasis under stress, hence preventing stress-induced cognitive

dysfunction (Avgerinos et al., 2018).
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PART 2 : MATERIALS AND METHODS
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1. Study Design

This study followed a single-subject crossover experimental design, allowing for within-
subject comparisons of creatine versus placebo (dextrose) effects over time (Portney & Watkins,
2015). Each participant completed two supplementation phases creatine monohydrate and
dextrose (placebo) separated by a 2-week washout period without creatine intake.

This design was selected to minimize inter-individual variability and to assess individualized

responses to creatine supplementation.
2. Participants

Four healthy young adult males were recruited. Inclusion criteria included the absence of
chronic illness or metabolic disorders and no prior use of ergogenic aids.
Exclusion criteria included previous creatine supplementation, pregnancy or lactation, and
known hepatic or renal disorders. Informed consent was obtained from all participants prior to
inclusion in the study (World Medical Association, 2013).

3. Supplementation Protocol

During the creatine phase, participants consumed 5 g/day of creatine monohydrate, a dosage
widely recognized for its safety and effectiveness in enhancing muscular performance (Kreider et
al., 2017). Supplements were taken post-exercise, dissolved in the participants' daily 3-liter water
intake, for a duration of 4 weeks. In the placebo phase, an equivalent 5 g/day dose of dextrose

was administered under identical conditions.
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A 2-week washout period between the two phases was implemented to ensure sufficient
clearance of residual creatine (Rawson & Volek, 2003).NB: Supplements were taken daily post-

exercise, dissolved in water, in 3 L of water; this was their daily dose of water.
4. Resistance Training Program

Throughout both supplementation phases, participants followed a consistent resistance
training regimen:

= Frequency: 4 sessions per week

=  Type: Compound movements (e.g., squats, deadlifts, presses, rows)

= Intensity: Moderate to high (70-85% of 12-repetition maximum)

=  Volume: 4 sets of 12 repetitions

= Astrict and same diet was maintained in all the phases

This training approach, when combined with creatine, has been shown to promote improvements

in muscle strength and hypertrophy (Candow et al., 2012).
5. Materials

Description of the materials and methods applied to biomarker analysis in the present study, in
which the influence could be evaluated for CK, IGF-1, Myostatin, LDH, and BUN of a creatine
supplementation. The sampling and analysis of serum and plasma were carried out with the use
of the latest devices available in Algeria.

e Serum Separator Tube (SST)

e Venipuncture needles (sterile, 21-gauge)

e Alcohol swabs

e Centrifuge (with refrigerated capability)

e Roche Cobas C-series clinical chemistry analyzer

e Siemens Dimension clinical chemistry analyzer

¢ Roche Cobas e411/e601 immunoassay systems

e Siemens IMMULITE immunoassay system

e BioTek ELISA reader

e Thermo Fisher Multiskan ELISA reader

e ELISA Kits for IGF-1 and Myostatin
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e Automated pipettes and micropipettes (for serum and plasma aliquoting)

e Ice packs for sample transport

6. Experimental design

This controlled intervention study aimed to evaluate the effects of creatine supplementation
on key biomarkers related to muscle hypertrophy, recovery, and metabolism: creatine kinase
(CK), insulin-like growth factor-1 (IGF-1), myostatin, lactate dehydrogenase (LDH), and blood
urea nitrogen (BUN). Biomarkers were assessed before and after supplementation. The study
complied with institutional protocols and ethical regulations, and all procedures were conducted

in accordance with applicable guidelines.
7. Method

Subjects Inclusion criteria: Younger healthy adult men without a history of chronic disease,
metabolic disorders, or the use of ergogenic aids. Exclusion Criteria: pregnant or breastfeeding
women; known kidney or liver disorder. This study included 4 participants in all. Informed
consent was obtained from all participants.

8. Blood Sample Collection

Blood samples were obtained in the morning following an overnight fast to reduce variability
of the biomarker readout.
Serum collection: Serum Separator Tube (SST) (gold-top).
Procedure:
2-5 mL of venous blood was drawn from each participant into an SST tube.
e The tubes were allowed to clot at room temperature for 30—45 minutes.
e After clotting, the samples were centrifuged at 3000 rpm for 10—15 minutes to separate
the serum.

e The serum was then aliquoted into clean, sterile tubes and stored at —20°C until testing.

9. Biomarker Analysis

We will examine five biomarkers that can help determine whether an individual is likely to

experience muscle hypertrophy.
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9.1.Creatine Kinase (CK) , LDH (Lactate Dehydrogenase) & BUN(Blood Urea Nitrogen)

e Test Method: Enzymatic Colorimetric Assay (Spectrophotometry)

e Equipment Used: Roche Cobas,

e Procedure:
The serum samples were analyzed for CK activity using an enzymatic colorimetric
assay that measures the rate of ATP formation in a coupled reaction. The assay is

automated and measures absorbance at 340 nm.

9.2.Insulin-like Growth Factor-1 (IGF-1) and Myostatin Measurement

e Test Method: ELISA (Enzyme-Linked Immunosorbent Assay)
e Equipment Used: Roche Cobas e411/e601.

Procedure:

The serum samples were subjected to ELISA to quantify IGF-1 and myostatin levels. After
incubation with IGF-1 and myostatin-specific antibodies, a colorimetric reaction was induced,
and the intensity of the color was measured using a plate reader. Pre-treatment to separate IGF

and myostatin-binding proteins was performed in accordance with the protocol.

10. Measurements

10.1. Physical and Anthropometric Data

= Body weight: Monitored weekly using a calibrated digital scale
= Muscle mass: Evaluated using bioelectrical impedance analysis (BIA) (Kyle et al., 2004)
= Biochemical markers: CK, IGF-1, myostatin, and serum creatinine were measured at

baseline and post-intervention to assess muscle response and kidney function.

10.2. Blood Sample Collection and Biochemical Analysis

Blood samples were collected at baseline and post-intervention for both the placebo and
creatine phases. Samples were analyzed for the following markers:
Creatine kinase (CK) — muscle damage indicator
IGF-1 (Insulin-like Growth Factor-1) — involved in muscle hypertrophy
Myostatin — a negative regulator of muscle growth

Serum creatinine — to monitor kidney function during creatine use
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11. Data Analysis
Due to the single-subject design, inferential statistical tests were not applied. Instead,

descriptive statistics (mean differences, percentage changes) were used to compare the creatine
and placebo phases. Graphs were used to visually present trends (Kazdin, 2011).

12. Ethical Considerations

The participant signed a confidential written consent form and was informed of potential
risks, in compliance with the Declaration of Helsinki (World Medical Association, 2013).

PART 3: RESULTS
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Introduction

This chapter presents the results of the experimental study, focusing on the comparative
analysis of biomarkers in participants subjected to creatine supplementation versus dextrose as
the placebo. The results are organized according to each biomarker measured: creatine Kinase(
CK), lactate dehydrogenase (LDH), insulin-like growth factor 1 (IGF-1), myostatin, serum
creatinine, and blood urea nitrogen (BUN)
The data are presented in various graphical formats to illustrate temporal changes over the 5-
week study period. Each section highlights trends observed within and between the creatine and
placebo groups. Statistical analyses are applied, where appropriate, to assess the significance of
the observed variations.
The aim of this chapter is not only to report the numerical outcome but also to interpret its
physiological implications in the context of muscle performance, growth, and recovery.
The results are described for each person, with a brief description
Results for person 1
Results for person 2
Results for person 3

Results for person 4

A A

General conclusion and comparison of the results with another research.
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1. Results for Person 1

» Graph features
o X-axis: Time, weeks 0-4
e Y-axis: Biomarker levels (with appropriate units)
e Legend:For every measured variable (Creatine Kinase [CK], Lactate Dehydrogenase
[LDH], IGF-1, Myostatin, Serum Creatinine, Blood Urea Nitrogen [BUN]) and Mass
(figure 3).
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Lactate Dehydrogenase (LDH) Lactate Dehydrogenase (LDH)
—e— IGF1
Myostatin
—e— Serum Creatinine
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Mass Mass
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Biomarker Levels / Mass
o
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Figure 3: Creatine vs. Placebo Group(P1)

1.1. Creatine group trends

e Creatine kinase CK
Huge spike at week 1(150-400U/L), then gradual decline ( to 290 U/L by week 4). This reflects
small muscle adaptation to resistance training with creatin, then stabilization as the body adapts

e Lactate dehydrogenase /LDH
moderate increase from 180 to 220ng/ml, then a steady decrease, indicating initial muscle stress
followed by an adaptation

o IGF-1
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Steady increase at Week 1 (180-220U/L), suggesting enhanced anabolic signaling and muscle
growth potential with creatine

e Myostatin;
Decline from 112 to 10 ng/ml, consistent with reduced inhibition of muscle growth

e Serum creatinine
Slight rise from 1.0 to 1.3 mg/dL, remaining within normal limits and increased muscle mass

e BUN
Slight increase but stable (14.78 -15.5mg/dL), indicating normal protein metabolism and renal
function

e Mass

Noticeable increase (78-84) kg supporting the effectiveness of creatine for muscle gain

1.2.Placebo group trends
e Creatine kinase CK
smaller change from (200 to 199U/L), indicating no significant muscle stress or adaptation
e Lactate dehydrogenase /LDH
stable (210 -209ng/ml), suggesting no significant anabolic response
o IGF-1
Essential resistant to change (200-199ng/ml), suggesting no significant anabolic response
e Myostatin;
Slight decrease (14.0- 13.9ng/ml), but less pronounced than in the creatine group
e Serum creatinine
Unchanged at 1.3mg/dl, reflecting no supplementation effect
e BUN
Slight decrease (15.5-15.3mg/dl), within the normal physiological fluctuations
e Mass

No significant increase

1.3.Statistical observation

e The creatine group shows a clear upward trend in muscle mass and IGF-1, and a
downward trend in myostatin, all supporting muscle growth

e The placebo group remains largely unchanged across all biomarkers
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e The mean increase in mass for the creatine group is 3kg over 4 weeks, versus 0.2 Kg for
the placebo

1.4.Contextualization and limits
Creatine supplementation is well-supported in sports science for enhancing muscle mass and
promoting anabolic signaling, particularly when combined with resistance training. In contrast,
the placebo group exhibited only minor physiological fluctuations, further underscoring the

efficacy of creatine.

1.5. Limitation
e No direct measures of strength or encouragement included
e Biomarker variability in bigger populations may be greater

e many confidentiality of paperwork

1.6.Comparison
Creatine supplementation, as demonstrated in this study, leads to a significant improvement in
muscle mass and favorable biomarker alterations when compared to the placebo group. These
results can be compared to (Buford et al 2007; Kreider et al.,2017)

2. Results for person 2

» Graph Features

e X-axis: Time (Weeks 0-4)

e Y-axis: Biomarker levels: mass (with appropriate units)

e Legend: For every measured variable (Creatine Kinase [CK], Lactate Dehydrogenase
[LDH], IGF-1, Myostatin, Serum Creatinine, Blood Urea Nitrogen [BUN]) and Mass
(figure 4).
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Figure 4. Placebo Group vs Creatine Group (P2)

2.1. Creatine group trends

e Creatine Kinase
Creatine kinase levels rise sharply from 150U/L at a baseline to a peak of 400U/L at week 1,
then gradually decrease to 290U/l by week 4

e Lactate dehydrogenase /LDH
It increases from 180U/L to 240U/L at week 1, then steadily decreases to 200U/L by week 4,
indicating no physiological range (140-280U/L) or tissue breakdown

o IGF-1
It rises consistently from 180ng/ml to 220ng/ml over the weeks. This trend suggests enhanced
anabolic signaling, supporting muscle growth. All values are within the normal range (116-
358ng/ml)

e Myostatin;
Its levels decrease from 12 ng/mL to 10.0 ng/mL, lower myostatin is associated with reduced
inhibition of muscle growth, aligning with the expected anabolic effects of creatine and
resistance

e Serum Creatinine
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Levels increase slightly from 1.0 mg/dL to 1.3 mg/dL, reaching the upper limit of the normal
range for men (0.7-1.3 mg/dL). This mild indication is not indicative of kidney dysfunction

e BUN
BUN rises modestly from 14.78 mg/dL to 15.5 mg/dL, remaining well within the normal range
(7-20mg/dl); these values indicate normal protein metabolism and kidney function

e Mass
A steady increase in mass, indicating the effect of creatine

2.2.Placebo group trends
e Creatine kinase CK

minimal change (200 — 199 U/L), indicating no significant muscle stress or adaptation
e Lactate dehydrogenase /LDH

stable(210 — 209 U/L), further supporting a lack of muscle adaptation
e IGF-1

unchanged (200- 199ng/ml), suggesting no significant anabolic response
e Myostatin;

slight decrease (14.0 — 13.9 ng/mL), but less pronounced than in the creatine group
e Serum Creatinine

unchanged at 1.3mg/dl, reflecting no supplementation effect
e BUN

slight decrease (15.5 — 15.3 mg/dL), within the normal physiological fluctuations
e Mass

A steady, small increase in mass, indicating the effect of creatine

2.3.Statistical observations

The creatine group shows a clear upward trend in muscle mass and IGF-1 levels, along with a
downward trend in myostatin—collectively supporting muscle growth. In contrast, the placebo
group remains unchanged across all biomarkers.

¢ Contextualization and Limitation

Creatine supplementation is well supported in sports science for enhancing muscle mass and
anabolic signaling, especially when combined with resistance training

The placebo group exhibits only minor physiological fluctuations, highlighting the efficacy of
creatine
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2.4 Limitation
e No direct measures of strength or endurance included
e Biomarker variability in bigger populations may be greater

e one-sided study

2.5. Comparison
Creatine stands as a well-established ergogenic aid that enhances high-intensity exercise by
increasing intramuscular phosphocreatine and ATP availability (Hall & Troijian, 2013; Williman
et al., 2011). While naturally found in meat and fish (Kreider et al., 2017), supplementation
offers a more concentrated and effective means to robust muscle stores, leading to improved
strength, power, and muscle mass, particularly when combined with resistance training (Rawson
& Volek, 2003; Kreider et al., 2017)

3. Results of person 3

» Graph Features

e X-axis: Time (Weeks 0-4)

e Y-axis: Biomarker levels: mass (with appropriate units)

e Legend: For every measured variable (Creatine Kinase [CK], Lactate Dehydrogenase
[LDH], IGF-1, Myostatin, Serum Creatinine, Blood Urea Nitrogen [BUN]) and Mass
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Figure 5: Placebo vs Creatine (P3)

3.1. Creatine group trends CK
e Creatine kinase CK
Showed a sharp spike in week 1, indicating acute muscle adaptation, then declined as adaptation
occurred
o IGF-1
increased constantly, signaling anabolic muscle-building effects
e Myostatin;
decreased, showing reduced inhibition of muscle growth
e Serum Creatinine
rose slightly, consistent with normal creatine intake and increased muscle mass
e BUN
remained within the normal range, showing no renal stress
e Mass increased significantly (~3.75 kg), demonstrating the effectiveness of creatine in

promoting muscle gain
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3.2. Placebo group trends

e CK, IGF-1, and Myostatin remained mostly stable, indicating a lack of major muscular
or anabolic adaptation

e Serum creatinine and BUN remained unchanged

e Mass had an increase of 0.2 KG, highlighting the minimal effect of the placebo

3.3. Comparison of results

Creatine supplementation led to a noticeable physiological and muscular adaptation
compared to the placebo group. The findings align with existing literature supporting creatine's
role in enhancing muscle growth and biomarker responses to resistance training (Kreider et al.,
2017; Gleeson et al., 2011).

4. Results of person 4 (combined placebo and creatine group results)

» Graph Features

e X-axis: Time (Weeks 0-4)

e Y-axis: Biomarker levels: mass (with appropriate units)

e Legend: For every measured variable (Creatine Kinase [CK], Lactate Dehydrogenase
[LDH], IGF-1, Myostatin, Serum Creatinine, Blood Urea Nitrogen [BUN]) and Mass
(figure 5).
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Figure 6: Placebo vs Creatine (Person 3)

Creatine group trends

e Creatine kinase

The creatine group showed a substantial increase in CK levels, reflecting muscle stress and
adaptation. CK increased by 65%, which is typical for those undergoing intensive resistance
training with creatine supplementation. On the other side, the placebo group showed only
variations in CK levels, indicating no significant muscle adaptation

e Lactate dehydrogenase /LDH

The same behavior as that of CK, there has been a moderate increase in LDH levels, a
marker of stress of muscle stress, which suggests that the creatine group was undergoing more
breakdown and repair, while the placebo group showed stable LDH levels

o IGF-1

The creatine group saw a steady increase in IGF-1, which plays a crucial role in muscle
growth and repair. This indicates enhanced anabolic signaling in the creatine group. The placebo
group showed no such increase, further highlighting the effect of creatine on muscle growth

e Myostatin;

a negative regulator of muscle growth, decreased in the creatine group, suggesting that
creatine supplementation may help reduce this inhibitory factor and promote hypertrophy. The

placebo group experienced a minimal decrease in myostatin levels.
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Serum Creatinine

A slight increase in creatinine in the creatine group is normal, Creatine supplementation can

lead to a rise in serum creatinine due to increased muscle mass, which was not accompanied by

any negative health effects, as creatinine levels remained within the normal limits.

For the creatine group, there was an increase in body mass (18% increase), suggesting that

creatine supplementation effectively supports muscle mass gain. The placebo group, in contrast,

showed a minimal change in mass, reinforcing the muscle-building potential

5. Summary of Results

5.1.The table that concludes and summarizes the experiment in all 4 persons

This table presents a comparison of key biological markers between the creatine and placebo
groups. It shows the physiological changes linked to creatine supplementation (table 1).

Table 1: The Summary Table of Results

Variable Creatine Group Placebo Group Interpretation

CK Large spike, then drop Stable Acute muscle adaptation with

LDH Moderate spike, then  Stable R/ITJCgclnéa stress/adaptation with
IGF-1 gEggdy increase Stable Aﬁ%aﬂc effect of creatine
Myostatin Decreases Minimal decrease Enhanced muscle growth potential
Serum Slight increase Stable Expected with creatine, not harmful
gUﬁ;n;nn Stable Slight decrease No adverse renal effect

Mass Increases Stable Muscle gain with creatine
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5.2.The bar chart summarizes the mass gain between the creatine group and the

placebo group

Creatine supplementation consistently led to higher mass gains compared to the placebo
in all four individuals (figure 7). These results support findings by Kreider et al. (2017);
Rawson & Volek , (2003), who showed that creatine improves lean muscle and training

outcomes.

Week 4 Mass Comparison: Creatine vs Placebo (P1-P4)
104.00
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Figure 7: Mass Bar Graph

5.3.Week Creatine Kinase Comparison: Creatine vs Placebo
Creatine Kinase, this graph tells us that creatine users had significantly higher levels of
creatine kinase than those taking the placebo (figure 08). This rise correlates with higher levels

of muscle activity/training in resistance training.
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Week 4 Creatine Kinase Comparison: Creatine vs Placebo (P1-P4)
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Figure 8: Creatine Kinase Comparison

5.4.Week 4 BUN Comparison: Creatine vs Placebo
BUN levels of creatine users were significantly higher than the placebo group. This may
be due to the increased protein metabolism or the muscle turnover associated with intense

training and supplementation (figure 9).

Week 4 BUN Comparison: Creatine vs Placebo (P1-P4)
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Figure 9: Blood Urea Nitrogen Graph (BUN)
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5.5. Week 4 Serum Creatinine Comparison: Creatine vs Placebo

Serum Creatinine The concentrations of serum creatinine in the creatine group were
significantly higher than those in the placebo group (figure 10). This is a well-known effect of
creatine supplementation ( and perfectly normal in healthy people); it does not mean your

kidneys are going ( Kreinder et al., 2017).

Week 4 Serum Creatinine Comparison: Creatine vs Placeboi(#1-P4)
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Figure 10: Serum Creatinine Bar Graph

5.6. Myostatin Comparison: Creatinine vs Placebo

Myostatin was higher in the placebo vs. creatine groups. As myostatin opposes muscle

Week 4 Myostatin Comparison: Creatine vs Placebo (P1-P4)
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accumulation, this decline supports the notion that creatine could have benefits for the
formation of muscle (figure 11).

Figure 11: Myostatin Bar Graph

6. COMPARISON OF RESULTS

The comparison between the creatine and the placebo(dextrose) reveals a clear distinction in
muscle adaptation and performance-related biomarkers. Participants receiving creatine
supplementation demonstrated significant increases in muscle mass, as well as elevated levels of
markers such as CK (creatine kinase) and insulin-like growth factor 1(IGF-1), which are
associated with muscle stress and growth. In contrast, the placebo group exhibited only marginal
changes. These results can be compared to training (Kreider et al., 2017), (Candow et al., 2014;
Branch, 2003). While slight changes in CK and IGF-1 were noted in the placebo group, they
were considerably less pronounced, further highlighting creatine role as a potent ergogenic aid.

PART 4: DISCUSSION
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The findings of this study contribute meaningfully to the growing body of evidence

supporting the anabolic and recovery-enhancing effects of creatine supplementation.
Administering 5 grams of creatine monohydrate daily over a 4-week period significantly
improved biomarkers associated with muscle growth and regeneration. Notably, IGF-1 levels
increased by an average of 4.5%, with one participant exhibiting a particularly marked response.
These results align with previous research linking creatine to enhanced anabolic signaling
pathways and skeletal muscle adaptation (Kreider et al., 2017).
Importantly, the observed 15% reduction in myostatin, a negative regulator of muscle growth,
reinforces the role of creatine in promoting muscle hypertrophy. Reduced myostatin expression
is known to facilitate muscle development by removing inhibitory signaling pathways, and this
effect, as documented in this study, provides compelling biochemical validation for creatine’s
mechanism of action.

Creatine kinase (CK) levels rose significantly, particularly in one participant. While CK
is typically considered a marker of muscle damage, it may also reflect normal adaptive responses

to training, especially in the context of muscle remodeling. Thus, the elevated CK in creatine
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users may be interpreted as an indication of intensified training adaptation rather than injury.
Furthermore, consistent with Rawson and Volek (2003), the absence of renal or metabolic
complications supports the safety of creatine use in healthy individuals.

Emerging evidence also supports creatine’s efficacy beyond younger athletic populations.
Studies have shown that older adults experience increases in lean muscle mass and strength,
extending creatine’s applicability to aging and rehabilitative contexts. This reinforces the broader
relevance of creatine as a muscle-supportive supplement not confined to elite or young athletes.
Mechanistically, creatine’s ability to regenerate ATP via the phosphocreatine system provides
the energetic substrate required for sustained high-intensity training. This ATP buffering
capacity not only improves immediate performance but also contributes to downstream anabolic
effects and cellular hydration that further stimulate protein synthesis.

However, the current study’s limitations must be acknowledged. A small sample size of
four participants reduces the generalizability of findings and introduces variability in biomarker
responses. Some participants responded more strongly than others, highlighting the importance
of individualized supplementation protocols. Additionally, while this study spanned four weeks,
longer-term interventions are necessary to determine if these benefits are sustained or amplified
over time.

Future research should therefore explore chronic supplementation outcomes, the role of
training status, and age-specific responses to creatine intake. Investigating various dosing
strategies, as well as comparing different creatine formulations, could also shed light on
optimizing supplementation for both performance and therapeutic benefits.

In summary, this study strengthens the argument for creatine’s effectiveness in enhancing muscle
hypertrophy and recovery. It validates the use of creatine from a biochemical standpoint and
calls for further, broader research to expand these promising findings into more diverse

populations and exercise modalities.
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CONCLUSION

This study investigated the effect of creatine on muscle hypertrophy and mass from a
biochemical perspective, focusing on changes in specific physiological biomarkers following 5
grams of daily creatine monohydrate supplementation over four weeks. The results provide
strong evidence that creatine significantly enhances muscle hypertrophy and recovery through
measurable biochemical mechanisms.

Participants receiving creatine demonstrated a clear anabolic response, marked by a 18%
increase in body mass (compared to 0.1% in the placebo group) and a mean IGF-1 elevation of
4.5%, indicating increased anabolic signaling and muscle protein synthesis. Additionally,
creatine supplementation led to a 15% reduction in myostatin, a known negative regulator of
muscle growth, which further supports its role in promoting muscle development. The observed
50% increase in creatine kinase (CK) suggests greater muscle workload and post-exercise
recovery, a typical outcome of enhanced training capacity and repair.

Serum creatinine rose slightly (3%) in the creatine group, reflecting increased muscle
mass rather than renal impairment, as blood urea nitrogen (BUN) levels remained stable. These
biochemical markers collectively validate creatine's efficacy in stimulating muscle hypertrophy
via enhanced protein turnover, cellular hydration, and anabolic hormone modulation.
Importantly, no meaningful physiological changes occurred in the placebo group, strengthening
the conclusion that creatine alone drove the improvements. These results align with existing
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research and confirm that creatine is a safe and potent supplement for muscle growth and
performance enhancement.

In summary, from a biochemical standpoint, creatine supplementation significantly
improves muscle hypertrophy by altering key biomarkers involved in muscle protein synthesis,
hormonal regulation, and muscle cell volume. While limited by sample size and duration, this
study provides compelling evidence that creatine effectively supports muscle mass development
and recovery. Future research should focus on longer-term studies, various dosages and delivery
forms, and specific population groups to refine supplementation strategies and ensure continued
safety and efficacy.
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APPENDIX

The following appendices provide additional material that supports the findings and

methodology of this study. These include raw data:

e supplementation logs,

e biochemical test results,
Other relevant documents are referenced throughout the thesis. The appendices are intended to
offer transparency, allow for replication of the study, and provide further context for the data
presented in the main chapters

RAW DATA
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PERSON 1 (CREATINE RESULTS)
Biomarker Trends During Creatine
Supplementation

This document summarizes hypothatical biomarker trends during creatine supplemeantation
with resistance training ocwer 4 weeks. The table includes reference ranges for each biomarker tc
evaluate the normal values within the physiclogical context.

Biomarker Week 0 Weekl Week?2 ‘Week3 Weekd  Normal Units
Range
Creatine Kinase 150 400 B0 30 280 30=200 UL
[CK) [resting),
up to
10040+ in
trained
individuals
Lactate 180 240 220 210 200 140280 UL
Dehydrogenase
[LOH]
IGF-1 180 180 200 210 220 116=358 ng/mi
[age 18-
35)
Myestatin 120 11.0 10.5 10.2 10.0 ~10=25 ng/mi
Serum 1.0 1.2 1.3 1.3 1.3 0.¥=1.3 me/dlL
Creatinine [men)
Blood Urea 14 15 15.5 15.¥ 15.5 =20 mgf Dl

Nitrogen [BUN]

MASS
i Te.2 Fp] 80.2 81
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Enhanced®lacebofGroup@E@Biomarker?
Trends@orPersonl(@Placebol

This@ocument@resentsbiomarker@rends@ver@Bveeksfor@farticipant@eceiving@lacebo
(dextrose)@Bupplementation,Bhowing@hangesfiin@nuscle-related@nd&enafunction
biomarkers.[

Biomarkerf Week®@ | Week@ @ | Week2E | WeekBE | Week@Z | Normal@
Range@
Creatinel 200@ 2021 201m@ 200@ 1990 30-2000
Kinase{CK)[ (resting),®
up@oll
1000+(
(trained)@
Lactateld 210@ 211@ 211@ 210@ 209 140-280@
Dehydrogenasef}
(LDH)R
IGF-1@ 200@ 201@ 201m@ 200m@ 1990 116-3580[
(age@ 8-
35)@
Myostatinf 14.01 140 13.90 13.90 13.90 ~10-250
Serum@ 1.3@ 1.3@ 1.3@ 1.3@ 1.38 0.7-1.30@
Creatininef (men)Q
BUNPM 15.50 15.50 15.41 15.31@ 15.30@ 7-200
MASSER mB1E 81M@ 81M@ 81M@ 81.20
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Biomarker Trends During Creatine
Supplementation for P2(Person 2)

This document summarizes the trends in biomarkers during creatine supplementation combined

with resistance training over a 4-week period. The table includes reference ranges for each

biomarker to evaluate the normal values within the physiological context.

Biomarker

Creatine Kinase
(CK)

Lactate
Dehydrogenase
(LDH)

IGF-1

Myostatin

Serum
Creatinine

Blood Urea
Nitrogen (BUN)

MASSE

Week 0

160

185

185

12.5

1.1

14.5

64.5

Week 1

450

250

200

12.0

1.3

15

64.9

Week 2

420

230

210

11.5

1.4

15.5

65.1

Week 3

350

220

220

11.0

1.4

16.0

66.2

Week 4

310

210

230

10.5

14

16.5

73

Normal
Range

30-200
(resting),
up to
1000+ in
trained
individuals

140-280

116-358
(age 18—
35)

~10-25

0.7-1.3
(men)

7-20

Units

u/L

u/L

ng/mL

ng/mL

mg/dL

mg/DI
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Enhanced Placebo Group- Biomarker

Trends for Person 2( Placebo )

This document presents biomarker trends over 4 weeks for a participant receiving destrose

supplementation, showing changes in muscle-related and renal function biomarkers.

Biomarker Week 0 Week 1 Week 2 Week 3 Week 4 Normal
Range
Creatine Kinase | 190 191 190 189 188 30-200
(CK) (resting),
up to
1000+
(trained)
Lactate 205 206 205 205 204 140-280
Dehydrogenase
(LDH)
IGF-1 195 195 194 193 193 116-358
(age 18—
35)
Myostatin 13.5 13.4 13.3 13.3 13.2 ~10-25
Serum 1.2 1.2 1.2 1.2 1.2 0.7-1.3
Creatinine (men)
BUN 15.0 15.0 14.9 14.9 14.9 7-20
MASSE 66.80 66.81 66.81 66.81 66.81
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Biomarker Trends During Creatine

Supplementation for Person 3

This document summarizes the trends in biomarkers during creatine supplementation combined

with resistance training over a 4-week period. The table includes reference ranges for each

biomarker to evaluate the normal values within the physiological context.

Biomarker

Creatine Kinase
(CK)

Lactate
Dehydrogenase
(LDH)

IGF-1

Myostatin

Serum
Creatinine

Blood Urea
Nitrogen (BUN)

MASSE

Week 0

180

190

190

13.0

1.2

15

90.05

Week 1

410

220

200

125

1.3

15.5

90.31

Week 2

400

210

210

12.0

1.4

16

91.02

Week 3

340

200

220

11.5

1.4

16.5

92

Week 4

300

190

230

11.0

14

16

95

Normal
Range

30-200
(resting),
up to
1000+ in
trained
individuals

140-280

116-358
(age 18—
35)

~10-25

0.7-1.3
(men)

7-20

Units

u/L

u/L

ng/mL

ng/mL

mg/dL

mg/dL

f|Page



Enhanced PlaceboGroup- Biomarker

Trends for Person 3( Placebo )

This document presents biomarker trends over 4 weeks for a participant receiving dextrose

supplementation, showing changes in muscle-related and renal function biomarkers.

Biomarker Week 0 Week 1 Week 2 Week 3 Week 4 Normal
Range
Creatine Kinase | 210 211 210 209 208 30-200
(CK) (resting),
up to
1000+
(trained)
Lactate 215 216 215 214 213 140-280
Dehydrogenase
(LDH)
IGF-1 205 204 203 202 201 116-358
(age 18-
35)
Myostatin 14.2 14.1 14.0 14.5 13.9 ~10-25
Serum 1.2 1.2 1.2 1.2 1.2 0.7-1.3
Creatinine (men)
BUN 15.2 15.2 15.1 15.1 15.0 7-20
MASSE 93.8 93.9 93.9 93.9 94
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Biomarker Trends During Creatine

Supplementation for P4(personne 4)

This document summarizes biomarker trends during creatine supplementation with resistance

training over 4 weeks. The table includes reference ranges for each biomarker to evaluate the

normal values within the physiological context.

Biomarker Week 0

Creatine Kinase 200
(CK)

Lactate 210
Dehydrogenase

(LDH)

IGF-1 200
Myostatin 14.0
Serum 1.3

Creatinine

Blood Urea 15.5

Nitrogen (BUN)

100.7
MASSE

Week 1

480

260

210

13.5

1.4

16

101.3

Week 2

450

240

220

13.0

1.5

16.5

101.9

Week 3

360

230

230

12.5

1.5

17.0

102.3

Week 4

330

220

240

12.0

15

16.5

104

Normal
Range

30-200
(resting),
up to
1000+ in
trained
individuals

140-280

116-358
(age 18—
35)

~10-25

0.7-1.3
(men)

7-20

Units

u/L

u/L

ng/mL

ng/mL

mg/dL

mg/DlI
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Enhanced Placebo Group- Biomarker

Trends for Person 4( Placebo )

This document presents biomarker trends over 4 weeks for a participant receiving dextrose

supplementation, showing changes in muscle-related and renal function biomarkers.

Biomarker Week 0 Week 1 Week 2 Week 3 Week 4 Normal
Range
Creatine Kinase | 198 196 195 194 193 30-200
(CK) (resting),
up to
1000+
(trained)
Lactate 208 209 208 207 206 140-280
Dehydrogenase
(LDH)
IGF-1 198 198 197 196 195 116-358
(age 18—
35)
Myostatin 13.8 13.7 13.6 13.6 135 ~10-25
Serum 1.1 1.1 1.1 1.1 1.1 0.7-1.3
Creatinine (men)
BUN 15.0 15.0 14.9 14.9 14.8 7-20
MASSE 102.9 102.9 102.9 103.01 103.01
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PROTOCOLE (1CaRUS Stroke Trial In Nutritions , 2024)

Objective
Surveiller les réponses biochimiques & une supplémentation en créatine combinée a un

entrainement en résistance sur une période de 4 semaines, en utilisant des mesures
hebdomadaires standardisées des biomarqueurs. Ce protocole est congu dans le cadre d’une
¢tude croisée (crossover), afin de réduire la variabilité interindividuelle et d’augmenter la
puissance statistique malgré un échantillon limite.

Conception de I’étude

Type : étude longitudinal (croisée), intra-sujet
dure :4 semaines

frequency de measures : hebdomadaire (incluant le point de depart)

Quantifier : Hebdomadaire (inclut la ligne de base)

Dans un essai croisé, chaque sujet recoit a la fois de la supplémentation et du placebo dans un

ordre aléatoire, avec une période de “Wash-out®, le cas échéant. Cela permet une comparaison

directe a I’intérieur du méme individu.

Biomarquers measures chaque semain

Catégorie

Fommage musculaire

Croigsance musoulaire

Fanction rénale

Biomargqueur

Créatine Kinase (CE)

Lactate Deshydragénase
[LDH)

1GF-1 [Facteur de
croissance analogue a

I'tnsuline 1]

Myostatine

Créalinine sérigue

Azgte uréigue sanguin
[BLIN]

But

Marguewr de stress
muscelaire et

microtraumatismeas

Indicateur complémentaire

de doammage musculaire

Marguewr anaboligue
indiguant le patentiel de

Crgissance musculaire

Régulateur négatil de la
masse musculaire

Evalue la fonction rénale
pendant la supplémentation

Indicateur complémentaire
de la lonction rénale
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Calendrier de mesure

Semaine LCH LI¥H 1:F-1 Myosratine Creatinine I3L|:‘-I|
Semaine O w L L L L L
[Imitiale]

Semaine I ¢ ¥ ¥ ¥ ¥ ¥

Semaine 2 v

S rnaine

I linale)

Remargues
Pour ce faire,

e Les prélevements sanguins doivent étre réalisés dans des conditions standardisées par

exemple & jeun le matin.

e L’intensité de I’entralnement et le régime alimentaire doivent étre standardisées ou

documentées précisément.

e De plus, ’approbation éthique doit étre rendue et le consentement des participants doit

étre obtenu.

e Enfin, I’approche croisée favorise la meilleure comparaison intra-sujet et réduit 1’effet de

la variabilité interindividuelle.
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7. Appendix : Participant Questionnaire
— Creatine Supplementation Study

Section 1: General Information
1. Age:

2. Sex: [ IMale [JFemale [1Other
3. Height (cm):
4. Weight (kg) before supplementation:

5. Current weight (kg):

Section 2: Physical Activity & Training

6. How many days per week do you typically engage in resistance training? [11-2 [13-4 [
5 or more

7. 0n average, how long is each training session? [JLess than 30 min [130-60 min [JMore
than 60 min

8. Did you change your workout routine during the study period? [1Yes [INo

If yes, briefly explain:

Section 3: Supplementation Experience

9. Did you consistently take the supplement as instructed? [1Yes [ INo

If no, explain why:

10. Did you notice any side effects from the supplementation? [IYes [INo

If yes, please describe:

11. On a scale from 1 to 5, how would you rate your energy levels during the study?
[J1 (Very low) [J2 (3 [J4 [I5 (Very high)

12.On a scale from 1 to 5, how would you rate your recovery between workouts?
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