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Metabolic Role of Creatine
The primary metabolic role of
creatine (Cr) is to combine with a
phosphoryl group (Pi) to form PCr
through the enzymatic reaction of
creatine kinase (CK).
 As ATP is degraded into ADP and
Pi to provide free energy for
metabolic activity (~7.3 kcal),
the free energy released from the
hydrolysis of PCr into Cr + Pi
(10.3 kcal) can be used to
resynthesize ATP.
 This helps maintain ATP
availability particularly during
maximal effort anaerobic sprinttype exercise.
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Metabolic Role of Creatine
The CK/PCr system also
plays an important role in
shuttling intracellular energy
from the mitochondria into
the cytosol.
 The CK/PCr energy shuttle
connects sites of ATP
production (glycolysis and
mitochondrial oxidative
phosphorylation) with
subcellular sites of ATP
utilization (ATPases).
 ATP and PCr can then
diffuse from mitochondria to
the cytosol to fuel energy
needs.


Proposed creatine kinase / phosphocreatine (CK/PCr) energy shuttle.
CRT = creatine transporter; ANT = adenine nucleotide translocator;
ATP = adenine triphosphate; ADP = adenine diphosphate; OP =
oxidative phosphorylation; mtCK = mitochondrial creatine kinase; G =
glycolysis; CK-g = creatine kinase associated with glycolytic enzymes;
CK-c = cytosolic creatine kinase; CK-a = creatine kinase associated
with subcellular sites of ATP utilization; 1 – 4 sites of CK/ATP
interaction. Adapted from Wallimann et al, 2011.

Metabolic Role of Creatine

Role of mitochondrial creatine kinase (mtCK) in high energy metabolite transport and cellular respiration.
VDAC = voltage-dependent anion channel; ROS = reactive oxygen species; RNS = reactive nitrogen
species; ANT = adenine nucleotide translocator; ATP = adenine triphosphate; ADP = adenine
diphosphate; Cr = creatine; and, PCr = phosphocreatine. Adapted from Wallimann et al, 2011.
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•

It takes 30 to 90 sec (1:4 or 1:5 work:rest ratio) for the majority of PCr stores to be
replenished following sprint exercise.

•

ATP resynthesized from aerobic metabolism is used to replenish PCr stores
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Supplementation Protocols
•

•

•

•

•

High Dose Protocol (Early Studies)
• Ingest 15-25 g/d (0.3 g/kg/d) during
training
Loading/Maintenance Protocol
• Ingest 0.3 g/kg/d (15-25 g/d) for 5-7 d
• Ingest 3-5 g/d to maintain
Low Dose Protocol
• Ingest 3-5 g/d (0.03 g/kg/d) during
training
Cycling Protocol
• Load/maintain during training and
reduce/abstain between training
periods
Takes 4-6 weeks for muscle creatine levels
to return to baseline after loading

Bioavailability
Muscle Total Creatine Stores
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Approximate muscle total creatine levels in mmol/kg dry weight muscle reported in the literature for
vegetarians, individuals following a normal diet, and in response to creatine loading with or without
carbohydrate (CHO) or CHO and protein (PRO). From Kreider & Juhn, JENB, 2011.

Ergogenic Value

Theoretical Benefits











Increased single and repetitive
sprint performance
Increased muscle mass &
strength adaptations during
training
Enhanced glycogen synthesis
Increased anaerobic threshold
Possible enhancement of aerobic
capacity via greater shuttling of
ATP from mitochondria
Increased work capacity
Enhanced recovery
Greater training tolerance

Athletic Events that Creatine May Benefit
•

•

•

•

Increased PCr
• Track sprints: 100, 200 meters
• Swim sprints: 50 meters
• Pursuit cycling
Increased PCr Resynthesis
• Basketball
• Field hockey
• Football (American)
• Ice hockey
• Lacrosse
• Volleyball
Reduced Muscle Acidosis
• Downhill skiing
• Rowing
• Swim events: 100, 200 meters
• Track events: 400, 800 meters
Enhanced Training
• Most sports

•

•

Oxidative Metabolism
• Basketball
• Soccer
• Team handball
• Tennis
• Volleyball
• Interval Training in Endurance
Athletes
Increased Muscle Mass
• American, Australian football
• Bodybuilding
• Heavyweight wrestling
• Power lifting
• Rugby
• Track/Field events
• (Shot put; javelin; discus)
• Weightlifting
Adapted from Williams, Kreider, and Branch, 1998.

Short-Term Supplementation
•

Short-term creatine
supplementation improves:
• body mass by 1-2 kg in first
week of loading;
• maximal power/strength
(5-15%);
• work performed during sets
of maximal effort muscle
contractions (5-15%); and,
• single-effort sprint
performance (1-5%); and,
• work performed during
repetitive sprint performance
(5-15%).
Kreider & Jung, JENB, 2011

Effects on Exercise Performance
Reference

Methods

Volek et al.
MSSE, 1999

25 g/d for 7 days

The amount of work performed ↑ during 5
sets of bench press and jump squats

Wiroth et al.
EJAP, 2001

15 g/d for 5 days

Maximal power and work performed ↑
during 5 X 10 s cycling sprints with 60 s
rest recovery

Mujika et al.
MSSE, 2000

20 g/d for 6 days

Repeated sprint performance ↑ (6 X 15 m
sprints with 30 s recovery)

Mero et al.
JSCR, 2004

20 g/d
+
sodium bicarbonate
0.3 g/kg for 6 days

Preen et al.,
MSSE, 2001

20 g/d for 5 days

Results

2 X 100 m swim performance ↑

Resting and post-exercise creatine and PCr
content ↑
Mean work performed and total work
performed ↑

Long-Term Supplementation
Studies show long-term creatine
supplementation enhances quality
of training generally leading to 515% greater gains in strength and
performance.
 Creatine supplementation during
resistance-training typically
promotes a 1-3 kg greater gain in
FFM in 4 – 12 weeks
 Muscle biopsy studies show gains
are due to greater protein content
in muscle and not water.


Kreider & Jung, JENB, 2011

Effects on Training Adaptations
Author

Methods

Vandenberghe
et al., JAP, 1997

20 g/d X 4 days;
5 g/d X 65 days

Kreider et al.,
MSSE, 1998

15.75 g/d X 28 days

Stone et al.,
IJSN, 1999

Volek et al.,
MSSE, 1999

Willougby et al.,
MSSE, 2001

~10 or 20 g/d
with and without pyruvate for 5 wks

Results
Total creatine & PCr content , maximal
strength (20-25%), maximal intermittent
exercise capacity of the arm flexors (1025%), and FFM by 60 % ↑ during 10 wks
training in women
FFM and repetitive sprint performance ↑
during off-season college football training
Body mass, FFM, 1 RM bench press,
combined 1 RM squat and bench press,
vertical jump power output, and peak rate of
force development ↑ in 42 division college
football player

25 g/d X 7 days;
5 g/d X 77days

Muscle total creatine and PC, FFM, type Ⅰ,
Ⅱa, & Ⅱb muscle fiber diameter, bench
press, squat 1RM, and lifting volume ↑in 19
resistance trained athletes

6 g/d X 12 wks

Total body mass, FFM, and thigh volume, 1
RM strength, myofibrillar protein content,
Type Ⅰ, Ⅱa, & Ⅱx MHC mRNA expression,
and MHC protein expression ↑

Prevalence of Use

Prevalence of Use in Sport
Widespread commercial availability
and supplementation among
athletes began in the early to mid1990’s
 A number of survey studies have
been conducted to assess
supplement usage rates in various
athletic and military populations
 While athletes represent a sizable
segment of creatine users,
individuals interested in enhancing
fitness and physique augmentation
represent the largest segment of
sport and nutritional supplements


Creatine Use in Sport
Author

Methods

LaBotz et al., Clin J
Sport Med, 1999

750 Division I College
Athletes

Greenwood et al., Clin J
Sport Med. 2000
Smith & Dahm. Mayo
Clin Proc. 2000

219 Division I College
Athletes
328 students (182 males
and 146 females) aged 14 18 years
1,349 high school football
players in Wisconsin
(grades 9-12)

McGuine et al., Clin J
Sports Med. 2001

Metzl et al., Pediatrics.
2001

1,103 middle and high
school athletes in New York

McGuine et al., WJM,
2002

4,011 high school football
players in Wisconsin
(grades 9-12)

Results
68% of athletes had heard of creatine and 28% reported
using it (48% of men and 4% of women). Nearly all
men's teams had at least 30% of athletes with history of
creatine use. About 1/3 first used it in high school.
41% use rate of creatine with 89% reporting positive
perceptions of efficacy.
8.2% (27 males and 1 female) reported creatine use with
14 (52%) taking creatine at that time
30% reported using creatine with use lowest in the 9th
grade (10.4%) and highest in the 12th grade (50.5%).
41% of the players at small schools used creatine
compared with 29% at large schools.
5.6% admitted taking creatine with use in all grades with
44% of 12th graders reporting use. Use was more
common in boy (8.8%) than girls (1.8%) and most
prevalent among football players, wrestlers, hockey
players, gymnasts, and lacrosse players.
16.7% of the athletes (25.3% males, 3.9% females)
reported using creatine. Creatine use was lowest in the 9th
grade (8.4%) and highest in the 12th grade (24.6%). The
percentage of participants who used creatine varied from
1.3% (female cross country) to 30.1% (football).

Creatine Use in Sport
Author

Methods

Froiland et al. IJSNEM,
2004

115 male and 88 female varsity
Division I athletes

Morrison et al.
IJSNEM, 2004
Kristiansen et al.
IJSNEM, 2005

Persons exercising regularly at a
New York Fitness Gym
247 university athletes and 204
controls at Canadian university

Scofield & Unruh.
JSCR, 2006

139 high school athletes (99
males, 34 females) in Nebraska

Huang et al., Clin J
Sport Med, 2006

Canadian Olympic athletes
competing in 1996 (271) and
2000 Games (304)

Young & Stephens. Mil
Med. 2009

USMC recruits reporting to basic
training

Results
89% percent of the subjects had or were currently using
nutritional supplements. The most frequently used
supplements overall were energy drinks (73%), calorie
replacement products of all types (61.4%), multivitamin
(47.3%), creatine (37.2%), and vitamin C (32.4%).
84.7% took supplements with creatine more commonly
used in those < 30 years.
Supplements were used by 98.6% of athletes and
94.3% of controls. Varsity men most often reported
using sports drinks, carbohydrate gels, protein powder,
and creatine.
22.3% reported current use of dietary supplements.
There was no relationship found between dietary
supplement use and age but males had higher rates.
69% of the athletes used some form of dietary
supplements at Atlanta Game compared to 74% the
Sydney Games. The most commonly used nutritional
supplement in Atlanta was creatine (14%), but amino
acids (15%) were the most commonly used nutritional
supplement in Sydney.
Half of respondents reported sports supplement use at
some point before boot camp with protein powder (43%),
post-recovery workout drinks (36%), vitamin
supplements (26%), creatine (26%), and nitric oxide
(16%) most common.

Creatine Use in Sport
Author

Methods

Braun et al. IJSNEM.
2009

164 elite young athletes
(16.6 ± 3.0 years of age)

Dascombe et al. J Sci
Med Sport. 2010

72 state-based athletes
training at a sports institute

Tscholl et al. Am J
Sports Med. 2010

3,887 doping control forms
obtained at 12 IAAF World
Championships
1,017 British military
personnel during deployment
to Iraq

Boos et al. J R Army
Med Corps. 2010

Boos et al. J R Army
Med Corps. 2011

87 British serviceman
deployed to Afghanistan

Casey et al. Br J
Nutr. 2014

3,168 British Army SuTs and
soldiers

Results
80% reported using supplements with use higher in older
athletes. Minerals, vitamins, sport drinks, energy drinks, and
carbohydrates were most common. Only a minority reported
using protein/AA, creatine, or other ergogenic aids.
87.5% reported using nutritional supplements, with no
difference between female and males. Minerals (45.8%),
vitamins (43.1%), other (31.9%), iron (30.6%), caffeine
(22.2%), protein (16.7%), protein-carbohydrate mix
(13.9%), creatine (12.5%) and glucosamine (4.2%) were
most common.
6,523 nutritional supplements (1.7 per athlete) and 3,237
medications (0.8 per athlete) were reported. Power and sprint
athletes reported using more NSAIDs, creatine, and AA.
41.0% admitted using supplements (32.0% were current
users and 9.4% were previous users). Most common
supplements were whey protein (18.8%), amino acids
(17.9%), and creatine (13.2%).
56.3% reported taking proteins/amino acids (85.7%),
creatine (34.3%), chromium (31.4%), stimulants (17.1%),
hydroxycut (5.7%), and testosterone boosters (1.2%)
38% reported supplement use with protein bars, powders and
drinks (66%), sports drinks (49%), creatine (38%),
recovery sports drinks (35%), multivitamins (31%) and
vitamin C (25%) most common.

Prevalence of Use in Sport








Prevalence of creatine use among athletes and
military personnel in survey-based studies was
26.5±13% (range 8-44%) with
supplementation more common in male
strength/power athletes.
In 2014, the NCAA reported that creatine was
the most commonly used supplement among
their male baseball (28.1%), football
(27.5%), ice hockey (29.4%), and lacrosse
(25.3%) athletes while female athletes
reported a use rate of only 0.2% to 3.8% in
various sports
Comparatively, these NCAA athletes reported
relatively high alcohol (83%), tobacco (1016%), and marijuana (22%) use with minimal
androgenic anabolic steroid use (0.4%).
American’s use over 4 million kg’s of creatine a
year (WebMD, 2015).

Other Applications
in Sport
Enhanced Recovery

Glycogen Synthesis
Green et al (1996a; 1996b)
demonstrated that co-ingesting
creatine (5 g) with large
amounts of glucose (e.g., 95 g)
enhanced creatine and
carbohydrate storage in
muscle.
 Steenge et al. (2000) found
ingesting creatine (5 g) with
47–97 g of carbohydrate and
50 g of protein also enhanced
creatine retention.
 The researchers suggested that
creatine transport was
mediated in part by glucose
and insulin.

Green et al. Am J Physiol. 271:E821-6, 1996



Steenge et al. JAP. 89:1165-71, 2001

Muscle glycogen supercompensation is enhanced by prior creatine
supplementation
Nelson et al. Med Sci Sports Exerc. 33(7):1,096-1,100, 2001.
•

•
•

•

•

•

12 men performed two standard glycogen loading
protocols interspersed with a standard creatine load of 20
g/d for 5 d.
The initial glycogen loading protocol increased muscle
glycogen by 4% with no change in total muscle creatine.
Creatine loading showed significant increases in total
muscle creatine levels in both the left leg (+ 41.1±31.1
mmol/kg DM) and the right leg (+36.6±19.8 mmol/kg DM
with no change in either leg's muscle glycogen content.
After the final glycogen loading, a significant 53% increase
in muscle glycogen (+241±150 mmol/kg DM) was
detected.
The postcreatine load total glycogen content (694±156
mmol/kg DM) was significantly greater than the
precreatine load total glycogen content (597±142
mmol/kg DM).
Results reveal that a muscle's glycogen loading capacity
is influenced by its initial levels of creatine and the
accompanying alterations in cell volume.

Creatine supplementation enhances muscle force recovery after
eccentrically-induced muscle damage in healthy individuals
Cooke et al. J Int Soc Sports Nutri. 6:13, 2008.
•

•

•
•

•

•

14 untrained males were randomly assigned to
ingest 0.3 g/kg/d of CM with CHO for 5-d and 0.1
g/kg/d of CM with CHO for 14 days or a CHO
placebo.
After 5-d of supplementation, performed 4 x 10
eccentric-only repetitions at 120% of their 1RM max on the leg press, leg extension and leg
flexion exercise machine.
Plasma CK and LDH activity were assessed as
relevant blood markers of muscle damage.
The Cr-supplemented group had significantly
greater isokinetic (10% higher) and isometric
(21% higher) knee extension strength during
recovery from exercise-induced muscle damage.
Plasma CK activity was significantly lower (by
an average of 84%) after 48 hrs, 72 hrs, 96
hrs, and 7 days recovery in the Cr group.
Creatine improved the rate of recovery of knee
extensor muscle function after injury.

The effect of creatine supplementation upon inflammatory and muscle
soreness markers after a 30km race
Santos et al. Life Sci. 75(16):1917-24, 2004.
•

•
•

•

•

34 experienced marathon runners were supplemented
for 5 days prior to the 30km race with 4 x 5g of creatine
and 15g/d of maltodextrin while the control group
received the same amount of maltodextrin.
Pre-race and 24-hour post blood samples were
collected
Athletes from the control group presented an increase
in plasma CK (4.4-fold), LDH (43%), PGE2 6.6-fold) and
TNF-alpha (2.34-fold) concentrations
Creatine attenuated the changes observed for CK (by
19%), PGE2 and TNF-alpha (by 60.9% and 33.7%,
respectively) and abolished the increase in LDH
plasma concentration observed after running 30km.
The athletes did not present any side effects such as
cramping, dehydration or diarrhea, neither during the
period of supplementation, nor during the 30km race.

The effects of creatine supplementation on muscular performance and body
composition responses to short-term resistance training overreaching
Volek et al. Eur J Appl Physiol. 91(5-6):628-37, 2004.
•

•
•

•
•

•

17 men were randomly assigned to supplement with 0.3
g/kg per day of CM (n=9) or placebo (n=8) while
performing resistance exercise (5 days/week for 4
weeks) followed by a 2-week taper phase.
1RM squat and BP and explosive power in the BP were
reduced during training in P but not CM.
Explosive power in the BP, body mass, and LBM in the
legs were augmented to a greater extent in CM by the
end of the 6-week period.
A tendency for greater 1-RM squat improvement
(P=0.09) was also observed in CM.
Changes were not related to changes in circulating
hormone concentrations obtained in the resting,
postabsorptive state.
CM was effective for maintaining muscular
performance during the initial phase of high-volume
resistance training overreaching that otherwise results
in small performance decrements.

Other Applications in Sport
Enhanced Recovery

Creatine supplementation
appears to help athletes
enhance glycogen loading;
experience less inflammation
and/or muscle enzyme efflux
following intense exercise;
and, tolerate high volumes of
training and/or
overreaching.

Other Applications
in Sport
Injury Prevention

Influence on Injuries
The only consistently reported side
effect in the literature has been
weight gain.
 Some anecdotal and media reports
have suggested that creatine
supplementation may increase the
incidence of musculoskeletal
injuries, dehydration, muscle
cramping, GI upset, renal
dysfunction, etc.
 Therefore, there has been interest in
determining if creatine actually
causes these types of problems as
well as long-term side effects.


Effects of nutritional supplementation during off-season
college football training on body composition and strength
Kreider et al. JEP. 2(2):24-39, 1999.




62 DI football players participating
in off-season training/spring
practice
In a DB-PC-R manner, assigned to
supplement diet for 84-d with:
◦
◦
◦
◦
◦




Non-Supplemented Control
Maltodextrin Placebo
MetRx
Phosphagain I (20 g/d CM)
Phosphagain II (25 g/d CM)

Greater gains in FFM & strength in
CrM groups
No evidence of adverse health
effects or side effects
Kreider et al. JEP. 2(2):24-39, 1999.

Long-term creatine supplementation does not significantly
affect clinical markers of health in athletes
Kreider et al. J Mol Cellular Biochem. 244:95-104, 2003.
•
•

•

•

•

100 NCAA division IA football
players volunteered to participate
Subjects elect to ingest creatine
containing supplements or noncreatine supplements.
Creatine supplementation:
• 15.75 g/d for 5-d
• Average of 5 g/d for 21 months
Supplements administered
following workouts/practices and
documented
Blood/urine samples collected at 0,
1.5, 2, 4, 6, 9, 12, 15, & 21
months.

Kreider et al. J Mol Cellular Biochem. 244:95-104,
2003.

Long-term creatine supplementation does not significantly
affect clinical markers of health in athletes
Kreider et al. J Mol Cellular Biochem. 244:95-104, 2003.

MANOVA revealed no significant differences
(p=0.51) in a 55-item panel of blood and urine
markers.
 RM ANOVA revealed no clinically significant
differences among creatine users and controls
in markers of renal function, muscle & liver
enzymes, markers of catabolism, electrolytes,
blood lipids, red cell status, lymphocytes, urine
volume, clinical urinalysis, or urine specific
gravity.
 No perception of greater incidence of side
effects
 Some evidence of greater training tolerance


Kreider et al. J Mol Cellular
Biochem. 244:95-104,
2003.

Creatine supplementation during college football training does not
increase the incidence of cramping or injury
Greenwood et al. J Mol Cellular Biochem. 244:83-88, 2003.

•

Creatine users (45-54% use rate)
experienced:
•
•
•
•
•
•
•
•
•
•

Cramping (37/96, 39%)
Heat/dehydration (8/28, 36%)
Muscle tightness (18/42, 43%)
Muscle strains/pulls (25/51, 49%)
Non-contact joint injuries (44/132, 33%)
Contact injuries (39/104, 44%)
Illness (12/27, 44%)
Missed practices due to injury (19/41, 46%)
Players lost for season (3/8, 38%)
Total injuries/missed practices (205/529, 39%)

Cramping and Injury Incidence in Collegiate Football Players Are Reduced
by Creatine Supplementation
Greenwood et al. J Athl Train. 38:216-219, 2003.
•
•
•

•

•

•

72 NCAA division IA football players
volunteered to participate
Subjects elected to ingest creatine containing
supplements or non-creatine supplements.
Creatine supplementation:
• 0.3 g/kg/d for 5-d
• 0.03 g/kg/d for ~4 months
Environmental conditions ranged from 15 °C to
37 °C (mean = 27.3±11 °C) and 46.% to 91 RH
(mean = 54.2±10%).
Injuries treated by the athletic training staff
were recorded and categorized as cramping,
heat illness or dehydration, muscle tightness,
muscle strains, noncontact joint injuries, contact
injuries, and illness.
The number of missed practices due to injury
and illness was also recorded.

Cramping and Injury Incidence in Collegiate Football Players Are Reduced
by Creatine Supplementation
Greenwood et al. J Athl Train. 38:216-219, 2003.
•

Creatine users experienced significantly less:
•
•
•
•
•

•

There were no significant differences
between groups regarding:
•
•
•
•
•

•

Cramping
heat illness or dehydration
muscle tightness
muscle strains
total injuries

noncontact joint injuries
contact injuries
illness
missed practices due to injury
players lost for the season

Incidence of cramping or injury in Division IA
football players was significantly lower or
proportional for creatine users compared
with nonusers.

Creatine supplementation does not affect clinical health
markers in football players
Cancela et al. Br J Sports Med. 42(9):731-5, 2008.
•

•
•
•
•

•
•

14 football players were randomly assigned to
ingest in a double-blinded manner CrM or P (15
g/day x 7-d, 3 g/day x 49-d) during training.
Total body mass and blood and urine samples
were obtained before and after supplementation.
Subjects taking CrM gained weight.
There were no significant changes in renal and
hepatic markers after CrM intake.
Total creatine kinase (CK) activity significantly
increased, and uric acid level tended to decrease
after CrM use.
Serum glucose decreased in the CrM group with
no differences seen in urine parameters.
8-wks of CrM supplementation had no
negative effects on blood and urinary
clinical health markers in football players.

Risk assessment of the potential side effects of long-term creatine
supplementation in team sport athletes
Schroder et al. Eur J Nutr. 44(4):255-61, 2005.
•

•
•
•
•
•

•

18 professional basketball players of the first Spanish
Basketball League participated in the present
longitudinal study.
The subjects were ingesting 5 g creatine
monohydrate daily during 3 competition seasons.
Fasting blood was collected 5 times during each of
the three official competition seasons
Standard clinical examination was performed for 16
blood chemistries
Plasma concentrations of all clinical parameters did
not alter significantly
All parameters were, with the exception of creatinine
and creatine kinase, within their respective clinical
ranges at all time points.
Low-dose supplementation with creatine
monohydrate did not produce laboratory
abnormalities for the majority of the parameters
tested.

Other Applications in Sport
Injury Prevention
There is no evidence that creatine
supplementation increases the anecdotally
reported incidence of musculoskeletal
injuries, dehydration, muscle cramping,
GI upset, renal dysfunction, etc.
 There is no evidence that long-term
creatine supplementation results in any
clinically significant side effects among
athletes during training or competition for
up to 3 years
 If anything, there is evidence that athletes
who take creatine during training and
competition experience a lower incidence
of injuries compared to those who don’t.


Other Applications
in Sport
Rehabilitation

Oral creatine supplementation facilitates the rehabilitation of disuse
atrophy and alters the expression of muscle myogenic factors in humans
Hespel et al. J Physiol. 536:625-33, 2001.
•
•
•

•

22 young healthy volunteers had their right leg
casted to immobilize for 2 weeks.
Subjects participated in a knee-extension
rehabilitation program (3 sessions/wk x 10 wks).
Half of the subjects received CM (from 20 g
down to 5 g daily) while other ingested a
maltodextrin placebo
Before and after immobilization, and after 3 and
10 weeks of rehabilitation training, the crosssectional area (CSA) of the quadriceps muscle
was assessed by NMR imaging and isokinetic
maximal knee-extension power (Wmax), and
muscle biopsies from the vastus lateralis were
examined to asses expression of the myogenic
transcription factors MyoD, myogenin, Myf5, and
MRF4, and muscle fibre diameters.

Oral creatine supplementation facilitates the rehabilitation of disuse
atrophy and alters the expression of muscle myogenic factors in humans
Hespel et al. J Physiol. 536:625-33, 2001.
•

•
•
•

•

•

Immobilization decreased quadriceps muscle
CSA (approximately 10 %) and Wmax
(approximately 25 %) similarly in both groups.
During rehabilitation, CSA and Wmax recovered
at a faster rate in CR than in P.
Immobilization did not change myogenic factor
protein expression in either P or CR.
After rehabilitation, myogenin protein expression
was increased in P but not in CR (P < 0.05),
while MRF4 protein expression was increased in
CR but not in P (P < 0.05).
The change in MRF4 expression was correlated
with the change in mean muscle fibre diameter
(r = 0.73, P < 0.05).
Oral creatine supplementation stimulates
muscle hypertrophy during rehabilitative
strength training possibly due to a creatineinduced change in MRF4 and myogenin
expression.

Effect of oral creatine supplementation on human muscle GLUT4 protein
content after immobilization
Op’t Eijnde et al. Diabetes. 50(1):18-23, 2001.
•

•
•

•

•

Immobilization decreased GLUT4 in the placebo
group (-20%, but not in the creatine group (+9%
NS).
Glycogen and total creatine were unchanged in
both groups during the immobilization period.
In the placebo group, during training, GLUT4 was
normalized, and glycogen and total creatine were
stable. Conversely, in the creatine group, GLUT4
increased by approximately 40% during
rehabilitation.
Muscle glycogen and total creatine levels were
higher in the creatine group after 3 weeks of
rehabilitation (P < 0.05), but not after 10 weeks of
rehabilitation.
Oral creatine supplementation offsets the
decline in muscle GLUT4 protein content that
occurs during immobilization and increases
GLUT4 protein content during subsequent
rehabilitation training in healthy subjects.

Oral creatine supplementation enhances upper extremity work capacity
in persons with cervical-level spinal cord injury
Jacobs et al. Arch Phys Med Rehabil. 83(1):19-23, 2002.
•

•

•

•

In a randomized, double blind and
crossover manner, 16 men with complete
cervical-level SCI (C5-7) were randomly
assigned to received either 20g/d of CM or
placebo during treatment 1 with alternate
supplement in treatment 2 after a 21-d
washout.
Incremental peak arm ergometry tests were
performed immediately before and after
each treatment phase.
Results revealed that participants had
higher VO2, VCO2, and VT at peak effort
after creatine supplementation
Creatine supplementation enhances
the exercise capacity in persons with
complete cervical-level SCI and may
promote greater exercise training
benefits.

Beneficial effect of creatine supplementation in knee osteoarthritis
Neves et al. Med Sci Sports Exerc. 43(8):1538-43, 2011
•

•

•

•

•

•

24 postmenopausal women with knee OA were
allocated to receive either CR (20 g/d for 1 wk and 5
g/d thereafter) or placebo (PL) for 12-wks while
participating in a lower limb resistance training
program.
Physical function was significantly improved only in
the CR group (P=0.006) with a significant interaction
seen (CR: PRE 15.7±1.4; POST 18.1±1.8; PL: PRE
15.0±1.8, POST 15.2±1.2; P=0.004).
The CR group also presented improvements in
physical function and stiffness subscales whereas the
PL group did not show any significant changes.
The CR group presented a significant improvement in
lower limb lean mass (P=0.04) as well as in quality
of life (P=0.01).
Both CR and PL groups demonstrated significant
reductions in pain and improvements in 1RM leg
press.
CR supplementation improves physical function,
lower limb lean mass, and quality of life in
postmenopausal women with knee OA
undergoing strengthening exercises.

Other Applications in Sport
Rehabilitation

While not all studies show
benefit, creatine
supplementation may help
lessen muscle atrophy
following immobilization and
promote recovery during
exercise-related rehabilitation
in some populations.

Other Applications
in Sport
Neuroprotection

Dietary supplement creatine protects against traumatic brain injury
Sullivan et al. Ann Neurol. 48(5):723-9, 2000
•

•
•
•
•

•
•

Adult ICR mice (40) and adult Sprague-Dawley rats
(24) underwent controlled cortical contusions that
results in severe behavioral deficits, loss of cortical
tissue, blood-brain barrier disruption and loss of
hippocampal neurons mimicking human closed-head
injury.
Animals received daily injections of CM or olive oil for
1, 3, and 5-days before injury.
CM ameliorated the extent of cortical damage by as
much as 36% in mice and 50% in rats.
Protection seems to be related to creatine-induced
maintenance of mitochondrial bioenergetics.
Mitochondrial membrane potential was significantly
increased, intramitochondrial levels of reactive oxygen
species and calcium were significantly decreased, and
adenosine triphosphate levels were maintained.
Induction of mitochondrial permeability transition was
significantly inhibited in animals fed creatine.
Creatine may provide clues to the mechanisms
responsible for neuronal loss after traumatic brain
injury and may be useful as a neuroprotective
agent against acute and delayed
neurodegenerative processes.

Neuroprotection of creatine supplementation in neonatal rats with transient
cerebral hypoxia-ischemia
Adcock et al. Dev Neurosci. 24(5):382-8, 2002
•

•

•

•

•

Six-day-old (P6) rats received subcutaneous CM injections
for 3 consecutive days (3 g/kg body weight/day), followed
by 31P-magnetic resonance spectroscopy (MRS) at P9.
In a second group, P4 rats received the same Cr dose as
above for 3 days prior to unilateral common carotid artery
ligation followed 1 h later by 100 min of hypoxia (8% O2)
at P7.
Cr supplementation for 3 days significantly increased the
energy potential, i.e. the ratio of phosphocreatine to betanucleotide triphosphate (PCr/betaNTP) and PCr/inorganic
phosphate (PCr/Pi) as measured by 31P-MRS.
Rats with hemispheric cerebral hypoxic-ischemic insult that
had received Cr showed a significant reduction (25%) of
the volume of edemic brain tissue compared with controls
as calculated from diffusion-weighted images (DWI).
Prophylactic Cr supplementation demonstrated a
significant neuroprotective effect 24 h after
transient cerebral hypoxic ischemia.

Protective effects of oral creatine supplementation on spinal cord injury in rats
Hausmann et al. Spinal Cord. 40(9):382-8, 2002
•

•
•

•

•
•
•

•

20 adult rats were fed for 4 weeks with or without
creatine (5 g CM / 100 g dry food) before undergoing
a moderate spinal cord contusion.
Following an initial complete hindlimb paralysis, rats
of both groups substantially recovered within 1 week.
CM fed animals scored 2.8 points better than the
controls in the BBB open field locomotor score (11.9
and 9.1 points respectively after 1 week; P=0.035,
and 13 points compared to 11.4 after 2 weeks).
The histological examination 2 weeks after SCI
revealed that in all rats a cavity had developed which
was comparable in size between the groups.
In creatine fed rats, a significantly smaller amount of
scar tissue surrounding the cavity was found.
Creatine treatment seems to reduce the spread of
secondary injury.
Our results favor a pretreatment of patients
with creatine for neuroprotection in cases of
elective intramedullary spinal surgery.
Further studies are needed to evaluate the benefit of
immediate creatine administration in case of acute
spinal cord or brain injury.

Creatine diet supplement for spinal cord injury: influences on functional recovery
and tissue sparing in rats
Rabchevsky et al. J Neurotrama. 20(7):659-69, 2003
•

•

•

•

•

•

Spinal cord injury (SCI) instruments (NYU and
Infinite Horizon [IH] methods) were used to assess
the efficacy of creatine-supplemented diets on hind limb
functional recovery and tissue sparing in adult rats.
Rats were fed control versus 2% creatine-supplemented
chow for 4-5 weeks prior to SCI (pre-fed), after which
most resumed a control diet while some remained on a
2% creatine diet (pre & post-fed).
Following long-term behavioral analysis (BBB), the
amount of spared spinal cord tissue among the dietary
regimen groups was assessed using stereology.
Relative to the control fed groups injured with either
method, none of the creatine fed animals showed
improvements in hind limb function or white matter tissue
sparing.
Although creatine did not attenuate gray matter loss in
the NYU cohort, it significantly spared gray matter in
the IH cohort with pre-fed and pre & post-fed
regimens.
Such selective sparing of injured spinal cord gray matter
with a dietary supplement yields a promising strategy to
promote neuroprotection after SCI.

Prophylactic creatine administration mediates neuroprotection in cerebral ischemia
in mice Zhu et al. J Neurosci. 24(26):5909-12, 2004
•
•

•

•
•

•

•

Evaluated the effect of creatine supplementation on an
experimental stroke model.
Oral creatine administration resulted in a remarkable
reduction in ischemic brain infarction and
neuroprotection after cerebral ischemia in mice.
Postischemic caspase-3 activation and cytochrome c
release were significantly reduced in creatine-treated
mice.
Creatine administration buffered ischemia-mediated
cerebral ATP depletion.
These data provide the first direct correlation between
the preservation of bioenergetic cellular status and the
inhibition of activation of caspase cell-death pathways in
vivo.
An alternative explanation to our findings is that creatine
is neuroprotective through other mechanisms that are
independent of mitochondrial cell-death pathways, and
therefore postischemic ATP preservation is the result of
tissue sparing.
Creatine might be considered as a novel
therapeutic agent for inhibition of ischemic brain
injury in humans.

Other Applications in Sport
Neuroprotection
Given concerns over the impact of
concussions on brain function among
athletes involved in contact sports and
TBI in the military, a strong case could
be made that creatine supplementation
should be used as a prophylactic means
of reducing the potential negative
effects of neurological injury in sports /
combat with potential for head trauma
and/or spinal cord injury.

Creatine in Sport
Creatine intimately involved in energy
metabolism
 Strong evidence of ergogenic value
 A high percentage of athletes have
been using creatine for over 20-years
 Evidence that creatine:


promotes glycogen synthesis;
reduces exercise-induced trauma;
may reduce injury rates of athletes;
reduces atrophy from immobilization
and may enhance exercise-related
rehabilitation in some populations; and,
◦ May provides neurological protection
and/or reduce the severity of
neurological and/or brain ischemia.
◦
◦
◦
◦

Creatine in Sport
Since creatine supplementation has
many known beneficial effects for
athletes, government legislatures and
sport organizations who restrict
and/or discourage use of creatine
may be placing athletes at greater
risk particularly in contact sports
that have risk to head trauma and/or
neurological injury thereby opening
themselves up to legal liability.

Unfounded Concerns






“Commonly reported side effects include muscle
cramping, GI disturbances, and renal dysfunction,
but creatine's effect on the heart, brain, reproductive
organs, and other organs has yet to be determined.”
– Juhn. Phys Sportsmed. 1999.
“More or less documented side effects induced by
creatine monohydrate are weight gain; influence on
insulin production; feedback inhibition of
endogenous creatine synthesis; long-term damages
on renal function.” Benzi. J Sports Med Phys Fitness.
2001.
“There is currently no conclusive evidence that
creatine supplements improve performance for
sports activities. There is also not enough research
on the long-term health effects of taking creatine
supplements, especially in adolescents and children
who are still growing. Because of these unknown
risks, children and adolescents should not take
creatine supplements.” American Orthopaedic
Society for Sports Medicine - 2011

WebMD - 2015
Creatine is LIKELY SAFE when
taken by mouth appropriately
for up to 5 years.
When taken by mouth in high
doses, creatine is POSSIBLY
UNSAFE. There is some
concern that it could harm the
kidney, liver, or heart function.
However, a connection between
high doses and these negative
effects has not been proven.
Creatine can also cause stomach
pain, nausea, diarrhea, and
muscle cramping.

Moving Forward









Important that creatine researchers
participate in the peer-review process and
respond to poor science, policy, and marketing
claims.
Recommend providing guidance on product
purchases
Care must be taken to ensure that a highquality creatine source is used (e.g.,
Creapure)
Wise to only use third party tested
supplements with no history of supplement
contamination when engaged in national /
international competition with drug testing.
Care should be taken to make sure other
nutrients in creatine containing formulations
are not on banned substance lists or
adulterated
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