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CREATINE SUPPLEMENTATION FOR ATHLETES

INTRODUCTION
Creatine is an amino acid compound that is consumed in the diet 
(exogenously) from animal skeletal muscle such as red meat, 
seafood, pork, and poultry (43). Dietary creatine intake varies, but, 
in meat-eaters, averages 1 – 2 g per day (consumed exogenously) 
(72). Creatine is also synthesized within the body (endogenously) 
in the liver, kidneys, and pancreas from reactions involving the 
amino acids glycine, arginine, and methionine (43,102). Skeletal 
muscle makes up the storage site for most the body’s creatine 
(~95%) with the remaining small amounts found in the brain, 
heart, and testes (6). Skeletal muscle creatine is comprised of 66% 
phosphocreatine (PCr) and the remaining as free creatine (6), 
and the daily creatine produced (endogenously) and taken up by 
muscle amounts to approximately 1 – 2 g (102).

The total creatine pool is assumed to be around 120 g (for an 
average 70-kg adult), with a daily degradation of approximately 
1 – 2% of intramuscular creatine (~2 g) (102). Endogenous 
synthesis and exogenous intake of creatine (from meat sources) 
each contribute to daily creatine replenishment (102). Therefore, 
an adult weighing 70 kg needs ~2 g of creatine a day to restore 
creatine stocks, which equates to 0.5 kg of meat (49).

Humans can potentially increase creatine stores up to 160 g with 
intake of animal skeletal muscle and creatine supplementation 
(37), and it has been found that ingesting creatine in supplement 
form increases whole body creatine to a greater extent than meat 
(44). Creatine initially gained popularity as a performance and 
physique enhancing supplement (43) and has become extremely 
popular with athletes as the use of dietary supplements is now 
common practice among athletes and is associated with athletic 
performance and health (sports nutrition) (32). Among the 
supplements intended for sports nutrition, creatine is one of 
the most popular ergogenic supplements (43). Meta-analysis 
reports creatine use among athletes of various ages and skill 
level is around 20%, with use more common in male strength/
power athletes (51).

Established sporting institutions (the International Olympic 
Committee, the International Society of Sports Nutrition, and the 
American College of Sports Medicine) have published studies, 
reviews, and position stands acknowledging creatine as a 
performance enhancing dietary supplement (13,32,62). There are 
many studies that support the use of creatine to enhance athletic 
and physical performance, but also improve bioenergetics of 
exercise training, improve body composition, attenuate muscular 
atrophy and recovery from injury, attenuate exercise induced 
muscle damage, enhance cognitive function, and function as a 
neuroprotective agent in athletes (9,10,15,20,21,24,46,48,52,53,65,7
9,83,84,86,91,96,97,99,101,103). 

Because of the multitude of proposed benefits creatine can 
provide to athletes, coaches and practitioners should consider 
creatine for their athletes in the right situations and circumstances.

The purpose of this article is to discuss creatine supplementation 
for athletes. It will address the following areas: 1) supplementation 
for athletic performance, 2) supplementation for recovery, 3) 
supplementation for cognition and brain function, and 5) special 
considerations, safety and contraindications to supplementation.

SUPPLEMENTATION FOR ATHLETIC PERFORMANCE 
WHAT THE RESEARCH SAYS
Research shows that creatine supplementation can increase 
creatine content in muscles anywhere from 10-20% in meat 
eaters or those that have high levels to begin with up to 20 
– 40% in those with lower muscle stores, such as vegans and 
vegetarians (13). Enhanced muscle creatine stores can provide a 
benefit to athletes as physical performance may be associated 
with the amount of the muscular creatine in the body (2). 
When phosphocreatine (PCr) is converted into creatine (Cr), 
the energy released by breaking its high-energy phosphate 
bond can be used to add the phosphate group to adenosine 
diphosphate (ADP), thus forming adenosine triphosphate (ATP) 
that can be used immediately for energy purposes (5). There 
are hundreds of studies which have investigated the effects of 
creatine supplementation on resistance training and changes in 
performance with more and more research on the horizon (43). 

The potential benefits of creatine supplementation on athletic 
performance include increases or improvement of:

• lean mass and improvement in body 
composition (52,53,91,99)

• muscle strength (30,52,91,99)

• weightlifting performance (training volume) (15,99,101)

• growth factor/gene expression (14,25,105)

• muscle fiber size (hypertrophy) (4,100)

• glycogen synthesis and storage capability (67,82)

• satellite cell number (69)

• intramuscular and intracellular water (26)

• a variety of sports-related field activities (20,21,83,86) 

• sprint performance (1,22,77)

WHAT KIND OF CREATINE TO SUPPLEMENT WITH?
There are several different forms of creatine that claim to improve 
physical and chemical properties, bioavailability, and effectiveness. 
Most have not been investigated as thoroughly as creatine 
monohydrate nor have they been shown to be more effective than 
creatine monohydrate, which has been well investigated and has a 
wide body of evidence to support its use (2,13). For all intents and 
purposes, whenever creatine supplementation is addressed in this 
paper it is referring to the monohydrate form.
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SUPPLEMENTATION PROTOCOLS
A traditional “loading phase” of 20 g/day or 0.3 g/kg split up 
between 4 different doses (~5 g each dose) for 5 to 7 days is 
recommended followed by a “maintenance phase” of 3 – 5g/day 
or 0.03 g/kg (45,47). 

A loading phase is not always needed to increase muscle creatine 
stores over baseline as supplementing with creatine at a rate 
of 3 g/d over a minimum of 4 weeks will adequately increase 
the total creatine pool in the same manner as loading with 20 
g/d for 6 days (47). A more consistent maintenance phase will 
result in a slower increase in muscle creatine content compared 
to the traditional rapid loading phase. Improvements to exercise 
performance and/or training adaptations might not be maximally 
exhibited until creatine stores are fully saturated (54). 

The time frame needed to increase muscle creatine stores to 
potentially acquire the ergogenic benefits can be thought out by 
coaches and practitioners regarding the best way to supplement 
(with or without the loading phase). If time allows then the 
maintenance dose will suffice, especially if athletes have issues 
with compliance with the loading phase protocol. 

Once an athlete is in the maintenance phase, ingestion should take 
place after training as opposed to prior. Ingesting creatine post 
training is potentially superior to ingesting it pre-training with 
regards to improving body composition and/or performance (4). 
Creatine supplementation should also occur with a combination 
of carbohydrates and protein (~50 g carbohydrates and 50 g 
protein) as that may enhance muscle creatine uptake via insulin 
stimulation (best taken with a meal or separate food supplement) 
(90). Co-ingestion with carbohydrates also increases muscle total 
creatine 9% more than creatine supplementation alone (76). It 
should also be recommended that co-ingestion should also include 
electrolytes (sodium, chloride, calcium, magnesium) as creatine 
uptake and the ergogenic effect is increased in the presence of 
electrolytes (22).

SUPPLEMENTATION FOR RECOVERY
CREATINE SUPPLEMENTATION AS AN ANTI-INFLAMMATORY (TO 
ATTENUATE EXERCISE-INDUCED MUSCLE DAMAGE)
In addition to its role as an energy substrate, creatine has 
been shown to possess antioxidant and anti-inflammatory 
properties, and to reduce exercise-induced oxidative stress to 
mitochondria (7,27,87).

There have been several studies that have looked at the effects of 
creatine supplementation on systemic inflammatory markers and 
reducing inflammation and chemical markers of muscle damage 
(9,10,84). These results have been shown mainly in endurance 
athletes competing in marathons, half-ironman triathlon, and 
full-ironman triathlon. Using a protocol of pre-exercise creatine 
loading 20 g/day for five days these runners (compared to control 
or placebo) attenuated the rise in (9,10,84):

• Prostaglandin-E2 (PGE2)

• Tumor necrosis factor-alpha (TNF-α)

• Serum levels of creatine kinase (CK)

• Interferon-a (IFN- α)

• Interleukin-1B (IL-1β)

• Lactate

• Glutamic-pyruvic transaminase (GPT)

While limited, results demonstrating the anti-inflammatory 
effect from creatine supplementation have mainly been shown 
to exert its positive effect in response to aerobic exercise (not 
on resistance training), but may also play a role with some team 
sports (16). Creatine supplementation (0.3 g/kg) for one week 

TABLE 1. LOADING PHASE PROTOCOL RECOMMENDATIONS 
FOR 70-KG ATHLETE

20 g/day divided into 4 doses equaling 
5 g for 5 – 7 consecutive days

If athlete is larger than 70 kg, use 
bodyweight * 0.3 g/kg for total

per day loading recommendation (e.g., 100-
kg athlete: 100*0.3 = 30, 30 g/day divided into 

4 doses equaling 7.5 g creatine per dose)

Initial Dose

5 g with breakfast (e.g., eggs, oatmeal, fruit, and milk)

 

Second Dose

5 g with pre-training carbohydrate and protein 
snack (e.g., banana, Greek yogurt)

 

Third Dose

5 g post-training in recovery shake or smoothie (e.g., milk, 
protein powder, oats, blueberries, banana, peanut butter)

 

Fourth Dose

5 g with dinner or late-night snack (e.g., steak, 
mashed sweet potatoes, grilled asparagus, milk)

TABLE 2. MAINTENANCE PHASE PROTOCOL RECOMMENDATIONS 
FOR 70-KG ATHLETE

3 – 5 g/day maintenance dose taken once daily

Post-training

3 – 5 g in recovery shake or smoothie (e.g., milk, 
protein powder, strawberries, bananas)
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(prior to 12 maximal effort sprints) blunted the rise in levels of 
CRP, TNF-α, and lactate dehydrogenase (LDH) and was lower 
relative to placebo in trained soccer players (26).

These findings can be useful for athletes and coaches alike 
when strategizing plans leading up to competitions in terms of 
training and nutrition supplemental periodization. Endurance 
athletes competing in multiple events with short turnaround 
times might benefit from creatine loading protocols or athletes 
with a history of soft tissue/overuse injuries would benefit from 
attenuating the exercise-induced muscle damage that is known to 
occur during competition and events. The same thought process 
can apply with athletes competing in team sports depending 
on the nature of the training involved and/or if there is a short 
turnaround time between intense competition days. Athletes, 
coaches, and practitioners alike are all trying to find ways to 
decrease muscle damage and improve recovery to take advantage 
of training adaptations, maintain health and performance, and 
to decrease the downtime between training and scheduled 
competitions. Creatine supplementation poses a way to assist 
athletes with acclimating to increases in training volumes and to 
adequately recover (54).

CREATINE SUPPLEMENTATION AND GLYCOGEN RESTORATION
It has been shown that creatine supplementation enhances 
glycogen synthesis and storage (36,67,82,90). Co-ingesting 
creatine (5 g) with glucose (95 g) enhanced both creatine and 
carbohydrate storage in muscle (36). Ingesting creatine with 
carbohydrates and protein enhances muscle creatine uptake (90); 
it also promotes greater glycogen restoration post training than 
just loading carbohydrate alone during the creatine loading phase 
(67). Creatine supplementation may help athletes who deplete 
large amounts of glycogen during training and competition to 
replenish and maintain optimal glycogen levels. 

CREATINE SUPPLEMENTATION FOR ENHANCED RECOVERY 
FROM DISUSE, IMMOBILIZATION, OR EXTREME INACTIVITY
Serious injury, surgery, or immobilization can pose a significant 
issue for an athlete beyond just the inability to participate and 
compete in their respective sport. Loss of muscle mass, strength, 
and power can derail the time it takes for an athlete to return to 
play and mitigating these factors can play a positive role in the 
time frame of recovery for an injured athlete.

DURING IMMOBILIZATION
Immobilization can change the structure and function of the 
damaged muscular area including decreases in muscle creatine 
(24%), decreases in muscle proteins (GLUT4), and loss of muscle 
tissue size, strength, and endurance. These changes can happen in 
as little as one week of immobilization (48,59,70).

Supplementing with creatine at this time can pose the following 
benefits (28,34,46,48,70,80):

• Better maintenance of muscle mass/cross-sectional area, 
strength, and muscle endurance

• Maintenance of or increase in muscle creatine

• Maintenance of or increased GLUT4

• Increased muscle glycogen  

• Increased growth factor (MRF4) expression

• Decreases in leucine oxidation and urinary 3-methlyhistidine 

Creatine supplementation may have a greater effect on 
maintaining mass in the upper-body compared to the lower-body 
muscle groups. One research study showed that supplementing 
with creatine (20 g/day) during seven days of upper arm 
immobilization attenuated the loss of muscle mass and strength 
(48). Lower-body muscle groups could be more greatly affected 
with immobilization during periods of inactivity than upper-body 
muscle groups, which suggests that arm and leg muscles respond 
differently to creatine supplementation during immobility (48,94).

DURING REHABILITATION
Creatine can also provide a benefit to an athlete once they are 
cleared to start the rehabilitation process. Supplementing with 
creatine at this time can pose the following benefits:

• Reduced muscle tissue changes related to atrophy (48)

• Increase GLUT4 content to a greater extent than placebo 
during rehabilitation (70)

• Increased rate of muscle growth and strength gains compared 
to placebo (46)

• Improve muscle tissue efficiency in preventing fatigue and 
creating energy (93)

• Greater increase in changes in cross-sectional area of muscle 
fiber and peak strength (46) 

SUPPLEMENTAL PROTOCOL
During Immobilization: 20 g/day (in 4 different doses ~5 g each) 
for 7 – 14 days (48) 
During Rehabilitation: 5 g/day (46) 

Creatine supplementation is an effective strategy in minimizing 
muscle mass loss and assisting with the rehabilitation process. 
It is important for coaches, practitioners, and the medical staff 
to be on the same page in terms of the injury, treatment, and 
recovery to be able to provide optimal care for the athlete to help 
minimizing muscle mass and performance losses and speed up 
return to play.

SUPPLEMENTATION FOR COGNITION 
AND BRAIN FUNCTION
BRAIN CREATINE
As stated above, ~90% of total body creatine resides in muscle 
with the remaining stored in the brain, testes, and heart (106). 
About (~< 5%) of total body creatine is in the brain (2). Although 
the brain only accounts for just 2% of body mass it is responsible 
for 20% of basal metabolism (highly metabolically active) and 
brain creatine is essential for energy production, as it is in skeletal 
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muscle (41). Researchers in a wide variety of fields, including 
elite sports performance, have become interested in the effects 
of creatine supplementation on brain creatine and cognitive 
processing (29) as increasing brain creatine may produce benefits 
to athletes as with muscle creatine (42,78).

WHY SUPPLEMENT?
A constant energy supply is necessary for the brain to fulfill its 
functions (maintenance of electrical membrane potentials, action 
potential propagation, and PNS and CNS signaling) (41). 

Unlike muscle, the brain is less reliant on exogenous creatine 
ingestion as its cells can synthesize its own creatine (66). 

In the event there is an imbalance between available energy and 
energy requirements the Cr/PCr system can intervene in brain 
cells in the same way it does in muscle. A mismatch of energy in 
the brain occurs because of decreased energy production (in the 
brain) or an increase in energy needs (5).

During times of increased brain energy requirements and ATP 
turnover (completing complex cognitive functions), or interrupted 
ATP regeneration (sleep deprivation and/or hypoxia), creatine 
supplementation allows for increased ATP turnover in the brain 
which in turn can enhance the ability to perform cognitive 
functions (29).

Loading creatine does appear to increase brain creatine stores 
(where it can be used for ATP production) as creatine can readily 
cross the blood brain barrier (58). Brain creatine appears to 
increase in response to supplementation and loading, similarly 
as what is seen within skeletal muscle, but the increase is not as 
pronounced (~10% vs. ~20%) (24,89,97).

CREATINE AND COGNITIVE PROCESSING
Maintaining mental acuity and cognitive function are essential for 
athletes to compete at their best. Being able to do so consistently 
can be challenging for athletes given the intense demands and 
stresses imposed on their bodies both mentally and physically 
from training, competition, and scholastic obligations for student 
(60). Creatine supplementation can influence the brain and 
cognitive processing (65,79,103). When used as a nootropic, 
creatine has been shown to improve cognition in a variety of 
different ways (memory, focus, attention) which can be useful for 
those seeking to optimize mental faculties (11,64,65). 

The beneficial effects of creatine supplementation on brain 
function and cognition appear to be elevated in populations 
facing stressful conditions that lead to acute degradations of 
brain creatine (e.g., mental fatigue, exhaustive exercise) (65). 
Mental fatigue brought about by exercise further increases 
physical fatigue (61,88), but detriments in sports-specific 
performance and mental fatigue are attenuated by creatine 
supplementation (64,65).

Large decreases in brain creatine was associated with more 
intense fatigue in those attempting mentally fatiguing tasks 
(50). A decrease in brain creatine is evidence of a mismatch 
between available and required energy which requires the brain 
to use creatine as an energy reserve. When this increased energy 
demand is unable to be matched by available or reserved energy, 
fatigue sets in. Low levels of creatine were seen at the onset of 
severe fatigue (56), and increasing brain creatine through creatine 
supplementation may reduce or delay mental fatigue, in the 
same regards as with muscular fatigue. Creatine supplementation 
may be very useful to athletes involved in tasks involving mental 
cognition and focus and learning that can lead to significant 
mental fatigue (such as film study or learning the playbook, 
especially when coupled with the PCr reducing physical activities 
of lifts and practice) (5). 

SUPPLEMENTAL PROTOCOL
To increase brain creatine stores up to 9.3% above baseline values, 
20 g/day should be loaded for a minimum of seven days (58) and 
can be maintained at a dose of 20 g/day for four weeks (24). An 
alternative protocol utilizing a 7-day (0.3 g/kg body mass per 
day) creatine loading and subsequent 7-day (0.03 g/kg body 
mass per day) maintenance dose produced increase in brain 
creatine of 9.2% (96). 

HYPOXIA
Training or competing at altitude poses a risk for athletes as 
they are exposed to an environment with decreased oxygen. A 
hypoxic environment can be detrimental as there is decreased 
energy availability and a brain energy shortage of ATP which could 
potentially affect cognition (5).

When creatine administration (20 g/day for 7 days, increasing 
brain creatine by ~9%) preceded hypoxia, cognitive performance 
was improved and decrements of measures of attention and 
function were decreased (31,96). 

Creatine supplementation may pose a mental and potentially 
physical ergogenic benefit for athletes training at altitude. Coaches 
can integrate specific recommendations for certain athletes based 
on training schedule, nutrition periodization, and competitions 
when facing them at altitude. For example, supplementing with 
20 g/day for seven days leading up to time spent at altitude 
or hypoxic environment. If the subsequent duration at altitude 
exceeds one week, then a maintenance dose of 5 g/day may be 
warranted to assist with maintaining elevated brain creatine stores 
for the duration of time spent at altitude (96). 

SLEEP DEPRIVATION
Creatine supplementation can also be considered for other 
stressful situations where reductions in energy are likely to occur 
(64,65). Creatine may offset the negative cognitive effects of sleep 
deprivation, a condition facing athletes of all ages due to intensive 
schedules, travel requirements, poor sleep habits, multi-day 
tournaments, and short turnaround times between competitions 
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(29). It is crucial for athletes to maintain optimal cognitive 
function to navigate these challenges that they continually face 
and creatine supplementation may enhance or maintain cognition. 
Similarly, sleep deprivation and anxiety are common among 
student athletes during exam periods, a time when optimal 
cognitive function is paramount (29). As stated above, creatine 
supplementation is most likely to exert its maximal ergogenic 
effect in times when cognition is stressed (e.g., time-constraints or 
sleep deprivation) (18). 

Sleep deprivation is accompanied by decreased brain metabolic 
activity (35) and a reduction in brain creatine, which can be 
alleviated acutely with creatine supplementation (18). Creatine 
has been shown to effective in enhancing athletic performance 
in the presence of fatigue secondary to sleep deprivation (64,65) 
and also to improve certain aspects of cognitive performance 
associated with sleep deprivation (18). Sleep deprived 
subjects treated with creatine (20 g/day for seven days before 
experimentation) attenuated the decreases in psychomotor 
activity, random movement generation, reaction time, balance, 
and mood compared to baseline (65). Acute ingestion of 3.5 – 7 g 
creatine significantly improved the performance of sleep-deprived 
athletes performing rugby passing drills; sleep deprivation was 
shown to increase the number of mistakes committed by the 
control (non-creatine supplementation) group (18).

Athletes that present in a sleep deprived state can potentially 
maintain cognition, mental function, and attenuate potential 
decrements in skill performance with acute creatine 
supplementation (5 g/day) (18). Coaches and practitioners that 
monitor and assess sleep can come up with quick interventions in 
the event an athlete shows up in a sleep deprived state or use it in 
an anticipatory fashion with an understanding that the athlete will 
be encountering a situation that would potentially interfere with 
sleep (travel, finals, etc.) or during times when cognition is known 
to be stressed. 

CONCUSSION
Concussions pose a serious health risk to athletes participating in 
a wide variety of contact sports, so much so that it has become 
an international concern among sports organizations and the 
public (54). At this time, there is no food or supplement that can 
prevent a concussion, but there are ways to help alleviate some 
of the symptoms exhibited by a concussion and assist athletes in 
return to play. 

Days after presenting with a sports-related concussion, athletes 
have shown to exhibit lower brain energy levels due to significant 
decreases in brain creatine (98). Following a concussion, the brain 
is in a hypermetabolic state and brain creatine decreases (8,23). 
Creatine supplementation could alleviate the increase in energy 
demands caused by concussions (92). This is also supported by 
research findings that say “multiple other changes, including 
membrane disruption, calcium influx, nerve damage, mitochondrial 
dysfunction, oxidative stress, and inflammation, that could make 

the brain vulnerable to further injury, could potentially be offset 
with creatine supplementation” (80). 

Loading with creatine to increase brain creatine stores prior to a 
concussion, in theory, could assist with the increased demands of 
energy brought on by a concussion and assist with maintaining 
energy homeostasis (68). This could pose a significant benefit 
for athletes competing in contact sports where incidence 
of concussions is high, for athletes with a prior history of 
concussions, and for those that already supplement with creatine 
for muscular or athletic performance because they would receive 
the added brain benefits as well (62). 

SUPPLEMENTAL PROTOCOL
Larger and more consistent doses of creatine seem to be required 
to increase brain creatine content (29). A dose of 20 g of creatine 
has been shown to increase creatine brain levels and continue to 
do so when supplementation is extended (24). Doses of 20 g/day 
for a minimum of one day are needed to increase brain creatine 
levels significantly above baseline (24,96,97). Athletes presenting 
with a concussion would likely benefit from supplementing with 20 
g/day of creatine during the entirety of the concussion protocol.

SPECIAL CONSIDERATIONS, SAFETY, AND 
CONTRAINDICATIONS TO SUPPLEMENTATION
Creatine supplementation has been widely accepted and not 
harmful when supplementation is administered appropriately 
by qualified and knowledgeable professionals. In light of this, 
it is important to understand that creatine supplementation 
does not affect all subject equally. There are a variety of factors 
involved (non-responders, improper dosing or timing protocols, 
and use of alternative creatine forms) which can produce 
ineffective results (19).

Up to 30% of the subjects who have taken creatine do not 
respond to supplementation or receive the benefit from ingestion 
due to being classified as a non-responder (one with at or near 
maximal muscle creatine stores) (17). Understanding this special 
consideration is crucial for coaches and practitioners alike as 
supplementation is not always warranted for every athlete 
and could potentially be ergolytic or harmful to health and/or 
performance. If supplementation is warranted based on individual 
athlete needs, it is paramount that coaches and practitioners 
only provide recommendations for third-party tested creatine 
supplements (National Sanitation Foundation- NSF Certified 
for Sport, Informed Choice, or Banned Substances Controlled 
Group- BSCG), especially if that athlete’s governing body conducts 
random performance enhancing drug tests.

SPECIAL CONSIDERATIONS
Vegetarian and vegan athletes
Athletes that consume a non-meat diet (vegetarians and vegans) 
must synthesize all their creatine endogenously as there are 
no non-meat sources of creatine available for consumption 
through food. Synthesizing creatine endogenously causes 
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a significant amount of metabolic stress (12). Vitamin B12 
deficiency, a condition common among vegans, has also shown 
to impair creatine synthesis (71). It has been well established that 
vegetarians and vegans have lower levels of creatine than meat 
eaters and these people with low levels of creatine are more 
responsive to supplementation (15).

Those following a vegetarian or vegan diet were effective in 
normalizing their creatine content in blood and muscle and 
also improve memory after supplementing with 20 g for five 
days (11). It has also been shown that healthy, unstressed 
vegetarians and vegans improved cognitive performance after 
supplementing with 5 g/day for six weeks (79). Athletes following 
a vegetarian or vegan diet should look to supplement with ~5 g 
creatine per day to normalize blood and muscle creatine content 
and to assist with reducing the metabolic stress caused by 
endogenous synthesis (5).

Caffeine and creatine
Along with creatine, caffeine is another popular ergogenic aid 
that is commonly consumed by athletes for its potential benefit 
to athletic performance and cognitive enhancement. However, 
caffeine and creatine are antagonists when it comes to calcium 
clearance and muscle relaxation time (60). When consumed 
together, caffeine impacts the effect of creatine loading, especially 
when chronically consumed and could potentially mitigate the 
benefit of supplementing with creatine (95). Athletes consuming 
both substances for their ergogenic benefits will need to make 
sure they are aware of the potential of the blunting effects if taken 
together. To receive the benefits of both caffeine and creatine 
would need to be ingested separately, especially in the loading 
phase. In the maintenance phase caffeine should be taken prior 
to training and creatine after training. It is also crucial to take into 
consideration the reason for supplementing with both (cognitive 
enhancement or for improvements to physical performance). If the 
aim is the latter, then both should be taken separately, if it is the 
former, then an athlete could potentially consume both together 
and still received the desired beneficial effect.

SAFETY AND CONTRAINDICATIONS
While there may be some conflicting views about the safety 
of creatine supplementation from athletes, coaches, and 
practitioners alike, the general overwhelming consensus is 
that creatine monohydrate supplementation is not only safe, 
but beneficial as an ergogenic aid, including preventing injury 
(13). Although studies report that creatine is safe, there are still 
many unsubstantiated claims from the media and rare case 
reports describing adverse effects that show otherwise (54). It is 
important as coaches and practitioners to be well educated on the 
potential contraindications for creatine supplementation to ensure 
that athletes are supplementing correctly and to ensure that if 
there is a specific condition or reason that an athlete should not 
supplement then they should refrain from ever doing so.

The following anecdotal claims of adverse events have been 
purported following creatine administration:

• Dehydration

• Muscle cramps

• Kidney damage

• GI issues

• Longitudinal supplementation

• Increased body weight

• Youth athlete supplementation

• Compartment syndrome

Dehydration
Contrary to what many may believe about creatine 
supplementation and dehydration, there are no studies pointing 
to creatine intake being a cause of dehydration. If fact, creatine 
supplementation may act against dehydration because it has 
been shown to provide an increase in intracellular water, which in 
turn can assist with thermoregulation in athletes (104). Athletes 
supplementing with creatine should drink adequate fluids to be 
properly hydrated, especially during the loading phase and/or if 
they are participating in intense training and exercise (17).

Muscle cramps
There is currently no evidence suggesting that creatine 
supplementation causes muscle cramping in athletes (38,39). In 
fact, over the course of a full American college football season 
the incidence of cramping, dehydration, and total injuries was 
less in players that supplemented with creatine than those that 
did not (38,39).

Kidney damage
There is no evidence that short-term or long-term creatine 
supplementation harms renal function in healthy populations 
or athletes (57,73). Athletes that present with a history of renal 
disease, renal impairment, or in those who take nephrotoxic drugs, 
might be associated to an increased risk of renal dysfunction with 
creatine supplementation and should not supplement (107) unless 
guided carefully with physician supervision and oversight (54).

GI issues
Gastrointestinal (GI) issues such as nausea and diarrhea have been 
reported in those supplementing with creatine longitudinally, 
but the number of actual reported cases were not significantly 
different for GI issues, nausea, or diarrhea when compared to 
control groups (40). There is a possibility that GI issues arise due 
to mistimed or improper dosing of the creatine protocol.

Longitudinal supplementation
Longitudinal supplementation at doses equal to or greater than 
20g/d from 5 days upwards of 2 years have not reported any 
serious side effects from creatine supplementation (5).
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This has also been shown when looking at changes to blood 
biomarkers with continuous supplementation.

5 g/day for three consecutive competitive seasons (three 
periods of 10 months each, with 2 months of an interval between 
each period) reported no variation in total cholesterol values, 
LDL-cholesterol, high-density lipoprotein-cholesterol, lactate 
dehydrogenase; serum glutamic-oxaloacetic transaminase, serum 
GPT, gamma-glutamyl transpeptidase (GGT), alkaline phosphatase, 
CK, creatinine, urea, potassium, calcium, and serum uric acid (85).

No significant differences in serum values of albumin, 
alkaline phosphatase, alanine aminotransferase, aspartate 
aminotransferase, bilirubin, urea, and creatinine with athletes 
supplementing 5 – 20 g/day for 0.25 – 5.6 years (63). 

Creatinine clearance, serum and urinary urea, electrolytes, 
proteinuria and albuminuria remained virtually unchanged 
with a dose of 20 g/day for five days followed by 5 g/day for 
12 weeks (107). 

Increased bodyweight
One important factor for athletes to consider prior to 
supplementing with creatine is the potential weight gain. Research 
has shown that creatine supplementation can cause weight gain of 
up to 2.7 kg of body mass during the initial or loading phase which 
is partly due to the transport process and increase in intracellular 
fluid (101). Athletes should also be aware that increases in muscle 
creatine content, and resulting body mass, can stay elevated 
for weeks after cessation of supplementation (81). This increase 
in body mass could pose to be detrimental to the performance 
of athletes that rely on a very specific body size and weight to 
perform or in sports that categorize athletes based on weight 
classes; unnecessary or unwarranted increases in body mass may 
decrease performance (62).

Youth athlete supplementation
There is currently no published study that has shown creatine 
supplementation to be detrimental to youth (13). Although 
creatine supplementation in youth athletes appears to be safe, it 
is paramount that supplementation occur only under the following 
conditions (13,55):

• The athlete is past adolescence and participating in exercise 
training that may benefit from supplementation with creatine

• The athlete is eating a nutritious, well-balanced diet

• The athlete and their parents understand the effects of 
creatine supplementation and approve of it

• Supplementation is supervised by the athlete’s parents, 
trainers, coaches, and physician and they are well versed in 
the appropriate dosing and timing protocol

• A high quality third-party tested supplement is used

• The athlete abides by the appropriate supplemental 
protocol and dose

Compartment syndrome
As stated above, creating supplementation increases intracellular 
water and when transferred into the muscle fiber can also 
stimulate swelling of the muscle fiber. Due to the structure of 
the anterior compartment of the lower leg, this increase in water 
content can results in higher anterior compartment pressures at 
rest and after exercise (74). If this compartment pressure lasts, 
the potential side effects could be a burning sensation, tightness, 
cramping, or aching over the affected area (74). Although creatine 
may contribute to an increase in anterior compartment pressure, 
the literature suggests that athletes have no greater risk of these 
symptoms as increases in compartment pressure have been 
exhibited without creatine supplementation (54).

Although the risk of elevated anterior compartment pressure 
from creatine supplementation is minimal, it could still warrant 
contraindication of supplementation is some athletes. It is crucial 
for all medical personnel and the performance team to be aware 
of this potential side effect with creatine supplementation.  Prior 
knowledge of this information is important when either identifying 
or diagnosing individual potentially more susceptible to lower 
extremity injury or issues and should enable the identification of 
preventable adverse medical conditions (74). 

It is crucial that athletes adhere to recommended supplementation 
protocols. Strategically, coaches can guide athletes on when 
to begin supplementation based on training periodization and 
time of year. Appropriate exercise progressions or alterations 
to programming can be made if there is a potential for any 
adverse effects from creatine supplementation, such as anterior 
compartment syndrome. Introducing supplementation at a 
time when the athlete has not had the opportunity to adjust 
to increases in weight and body mass, fluid retention, and the 
potential for compartment syndrome can prove to be a major 
health issue. Coaches, practitioners, and medical staffs should be 
on the same page in terms of when to initiate supplementation, 
who is supplementing, are there any potential contraindications 
to supplementation, and how long it should last to prevent any 
adverse effects to health and/or performance.

CONCLUSION
Creatine has become one of the most extensively studied and 
scientifically validated nutritional ergogenic aids for athletes (13). 
Creatine has the potential to play a role in improving athletic 
performance, assisting with recovery, and improving cognition 
and brain function. Because supplementation can be utilized in a 
variety of different ways and it is not always warranted for every 
athlete, coaches should make their athletes aware of who could 
benefit from supplementation and protocols for use.
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