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USE OF CREATINEUSE OF CREATINE
�� 16% of high school athletes 16% of high school athletes (Ray et al, ‘01)(Ray et al, ‘01)
�� 14% of high school male athletes 14% of high school male athletes (Smith and(Smith and DahmDahm, ‘00), ‘00)
�� 41% of Division I athletes 41% of Division I athletes (Greenwood et al, ’00)(Greenwood et al, ’00)
�� 48% (M): 4% (F) Division I athletes 48% (M): 4% (F) Division I athletes ((LaBotz LaBotz et al, ‘99)et al, ‘99)
�� 45% of Norwegian power athletes 45% of Norwegian power athletes ((Ronsen Ronsen et al, ’99)et al, ’99)
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WHAT IS CREATINE?WHAT IS CREATINE?

Creatine  is  a  nonCreatine  is  a  non--essential, naturallyessential, naturally--occurring, organic, occurring, organic, 
nitrogennitrogen--containing compound made in the body from amino acids containing compound made in the body from amino acids 
but also obtained in the diet.but also obtained in the diet.

•• Cr is NOT a vitamin or mineralCr is NOT a vitamin or mineral
•• Cr is NOT a steroidCr is NOT a steroid
•• Cr is NOT an amino acid, peptide, or proteinCr is NOT an amino acid, peptide, or protein

PCrPCr + ADP + H+ ADP + H++ <<------(CREATINE KINASE)(CREATINE KINASE)------> Cr + ATP> Cr + ATP

CreatineCreatine is involved in one simple chemical reaction and functions is involved in one simple chemical reaction and functions 
to replenish ATP during periods of RAPID energy turnover to replenish ATP during periods of RAPID energy turnover 
(temporal energy buffer):(temporal energy buffer):

SIMPLE YET COMPLEX!SIMPLE YET COMPLEX!



What can What can creatinecreatine do?do?
PERFORMANCEPERFORMANCE

�� Cycling protocolsCycling protocols
�� Running protocolsRunning protocols
�� Swim protocolsSwim protocols
�� Loaded/unloaded jumpingLoaded/unloaded jumping
�� Bench pressBench press
�� SquatSquat
�� Knee extensionKnee extension
�� Elbow flexionElbow flexion
�� RowingRowing
�� Endurance protocolsEndurance protocols

�� Tennis: No Tennis: No ∆∆∆∆∆∆∆∆ stroke performancestroke performance
�� Soccer: Soccer: ↑↑↑↑↑↑↑↑ sprint performancesprint performance
�� Hockey: Hockey: ↑↑↑↑↑↑↑↑ spring skatingspring skating

++



RESEARCH VARIABLES IN HUMAN STUDIES RESEARCH VARIABLES IN HUMAN STUDIES 
SUBJECTS:SUBJECTS:

AgeAge
GenderGender
NumberNumber
Body compositionBody composition
Training statusTraining status
MotivationMotivation
GeneticsGenetics
Circadian rhythmsCircadian rhythms
IllnessIllness
Learning effectsLearning effects

NUTRIENT PARAMETERS:NUTRIENT PARAMETERS:
DosageDosage
Time of administrationTime of administration
Mode of administrationMode of administration
BioavailabilityBioavailability of nutrientof nutrient
Single or multiple nutrientsSingle or multiple nutrients
Form of nutrientForm of nutrient

DIET:DIET:
Caloric intake/Diet compositionCaloric intake/Diet composition
Hydration statusHydration status

STUDY DESIGN:STUDY DESIGN:
SingleSingle--Blind/DoubleBlind/Double--BlindBlind
PrpoerPrpoer measurement parametersmeasurement parameters
Length of studyLength of study
TimeTime--course measurementscourse measurements
CrossCross--over/matchedover/matched

MEASUREMENTS:MEASUREMENTS:
ReproducibiltyReproducibilty/Precision/Sensitivity/Precision/Sensitivity

EXERCISE:EXERCISE:
Type/Duration/Intensity/FrequencyType/Duration/Intensity/Frequency

RESULTS:RESULTS:
Statistical vs. PracticalStatistical vs. Practical

WHY DOESN’T CREATINE ALWAYS WORK?WHY DOESN’T CREATINE ALWAYS WORK?



WHY DOESN’T CREATINE WHY DOESN’T CREATINE 
ALWAYS WORK?ALWAYS WORK?

�� Inadequate statistical powerInadequate statistical power
�� Variability in initial muscle creatine stores?Variability in initial muscle creatine stores?
�� Performance tests are unreliable?Performance tests are unreliable?
�� Performance tests are the wrong tests?Performance tests are the wrong tests?
�� Creatine effects are too weak to be detected?Creatine effects are too weak to be detected?
�� Failure to increase muscle Failure to increase muscle creatine creatine levelslevels



What canWhat can creatinecreatine do?do?
BODY COMPOSITIONBODY COMPOSITION

(not dependent on training)(not dependent on training)

�� Body mass Body mass (greater in men)(greater in men) ↑↑↑↑↑↑↑↑
�� FatFat--free mass free mass (greater in men)(greater in men) ↑↑↑↑↑↑↑↑
�� Fat massFat mass No No ∆∆∆∆∆∆∆∆
�� Total body waterTotal body water ↑↑↑↑↑↑↑↑
�� Intracellular/extracellular waterIntracellular/extracellular water ??

Acute (<7 days):Acute (<7 days):

Chronic (>7 days):Chronic (>7 days):
�� Body mass Body mass ↑↑↑↑↑↑↑↑
�� FatFat--free massfree mass ↑↑↑↑↑↑↑↑
�� Muscle fiber cross sectional area Muscle fiber cross sectional area ↑↑↑↑↑↑↑↑
�� Fat massFat mass No No ∆∆∆∆∆∆∆∆
�� Total body waterTotal body water ↑↑↑↑↑↑↑↑
�� Intracellular/extracellular waterIntracellular/extracellular water ??



LONGLONG--TERM CREATINE AND LBMTERM CREATINE AND LBM
REFERENCEREFERENCE DAYSDAYS METHODMETHOD ∆∆∆∆∆∆∆∆ CRCR ∆∆∆∆∆∆∆∆ PLPL
BecqueBecque et al. ‘00et al. ‘00 4242 HWHW 1.61.6 --0.10.1
Berman et al. ’98Berman et al. ’98 5252 SFSF 0.00.0 0.40.4
Earnest et al. ’95Earnest et al. ’95 2828 HWHW 1.61.6 --0.50.5
Kelly et al. 98Kelly et al. 98 2525 SFSF 2.52.5 ?NS?NS
Kirksey Kirksey et al. ’99et al. ’99 4242 HWHW 2.62.6 1.01.0
Kreider Kreider et al. ’98et al. ’98 2828 DEXADEXA 2.42.4 1.31.3
Noonan et al. ’98Noonan et al. ’98 5656 HWHW 3.23.2 1.51.5
Noonan et al. ’98Noonan et al. ’98 5656 HWHW 2.22.2 1.5 1.5 
Pearson et al. ’99Pearson et al. ’99 7070 SFSF 0.30.3 --1.31.3
Peeters Peeters et al. ’99et al. ’99 4242 SFSF 2.72.7 0.20.2
PeetersPeeters et al. ’99et al. ’99 4242 SFSF 2.22.2 0.20.2
Rawson Rawson et al. ’99et al. ’99 3030 HWHW 0.60.6 0.10.1
Stone et al. ’99Stone et al. ’99 3535 HWHW 5.35.3 1.41.4
Stone et al. ’99Stone et al. ’99 3535 HWHW 2.92.9 1.41.4
Vandenberghe Vandenberghe et al. ’97  et al. ’97  7474 HWHW 2.62.6 1.61.6
Volek Volek et al. ’99et al. ’99 8484 HWHW 4.34.3 2.12.1



What canWhat can creatinecreatine do?do?
METABOLICMETABOLIC

�� Total Total muscle muscle creatine creatine ((↑↑↑↑↑↑↑↑ by exercise and insulin)by exercise and insulin) ↑↑↑↑↑↑↑↑
�� Muscle glycogenMuscle glycogen ↑↑↑↑↑↑↑↑

Muscle with Muscle with ↑↑↑↑↑↑↑↑ creatine creatine levels can store more glycogen levels can store more glycogen 
during a 3during a 3--day glycogen depletion/repletion protocolday glycogen depletion/repletion protocol

�� Muscle/blood lactateMuscle/blood lactate Variable Variable 
�� Whole body/mixed muscle PRO synthesisWhole body/mixed muscle PRO synthesis No No ∆∆∆∆∆∆∆∆
�� Leucine oxidation Leucine oxidation (men only)(men only) ↓↓↓↓↓↓↓↓
�� Phosphocreatine resynthesis ratePhosphocreatine resynthesis rate ↑↑↑↑↑↑↑↑
�� AmoniaAmonia//hypoxanthine hypoxanthine accumulation  accumulation  ↓↓↓↓↓↓↓↓
�� Muscle GLUT 4 Muscle GLUT 4 (insulin sensitivity?)(insulin sensitivity?) ↑↑↑↑↑↑↑↑
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for 6 days followed by 2 g/day or nothing for 6 days followed by 2 g/day or nothing 

Modified from Hultman et al. J. Appl. Physiol. 81(1):232-237, 1996.



What canWhat can creatinecreatine do?do?
CARDIOVASCULARCARDIOVASCULAR

�� Blood pressureBlood pressure No No ∆∆∆∆∆∆∆∆
�� Heart rateHeart rate No No ∆∆∆∆∆∆∆∆
�� Oxygen consumptionOxygen consumption No No ∆∆∆∆∆∆∆∆
�� CholesterolCholesterol ↓↓↓↓↓↓↓↓ or No or No ∆∆∆∆∆∆∆∆
�� TriglyceridesTriglycerides ↓↓↓↓↓↓↓↓ or No or No ∆∆∆∆∆∆∆∆



What canWhat can creatinecreatine do?do?
HORMONALHORMONAL

�� Growth hormoneGrowth hormone ↑↑↑↑↑↑↑↑ ? ? 
�� TestosteroneTestosterone No No ∆∆∆∆∆∆∆∆
�� CortisolCortisol No No ∆∆∆∆∆∆∆∆
�� Others:Others:

AldosteroneAldosterone ↑↑↑↑↑↑↑↑ ? ? 
ReninRenin No No ∆∆∆∆∆∆∆∆
AngiotensinAngiotensin No No ∆∆∆∆∆∆∆∆
Atrial Atrial peptidepeptide No No ∆∆∆∆∆∆∆∆
InsulinInsulin No No ∆∆∆∆∆∆∆∆



PROPOSED MECHANISMSPROPOSED MECHANISMS

�� Energy metabolismEnergy metabolism
�� Protein metabolism Protein metabolism 

�� ↓↓↓↓↓↓↓↓ whole body whole body protreinprotrein catabolismcatabolism
�� ↑↑↑↑↑↑↑↑ actinactin & myosin synthesis & myosin synthesis in vitroin vitro

�� ↑↑↑↑↑↑↑↑ Cell swellingCell swelling
�� ↑↑↑↑↑↑↑↑ Satellite cell mitotic activity in rodentsSatellite cell mitotic activity in rodents
�� ↑↑↑↑↑↑↑↑ Membrane Integrity Membrane Integrity ((intramuscular intramuscular or intravenous or intravenous PCrPCr))

�� ↓↓↓↓↓↓↓↓ Muscle relaxation timeMuscle relaxation time



SAFETY ISSUESSAFETY ISSUES

�� Kidney/Liver Kidney/Liver 
�� Blood LipidsBlood Lipids
�� GIGI
�� Muscle CrampingMuscle Cramping
�� CardiovascularCardiovascular

�� ↑↑↑↑↑↑↑↑ Anterior compartment pressure during/after exerciseAnterior compartment pressure during/after exercise

No scientific evidenceNo scientific evidence
but anecdotal but anecdotal 
claims persistclaims persist



SPECIFIC POPULATIONSSPECIFIC POPULATIONS

�� Adolescents Adolescents (few data)(few data)
�� Elderly Elderly (mixed results)(mixed results)
�� Women Women ((↑↑↑↑↑↑↑↑ performance and LBM)performance and LBM)
�� Vegetarians Vegetarians ((↑↑↑↑↑↑↑↑ performance and LBM)performance and LBM)
�� Disease StatesDisease States



THERAPEUTIC USE OF THERAPEUTIC USE OF 
CREATINE IN DISEASECREATINE IN DISEASE

�� MyopathiesMyopathies & neuromuscular disorders associated w/ & neuromuscular disorders associated w/ 
↓↓↓↓↓↓↓↓ muscle muscle creatine creatine (gyrate atrophy, (gyrate atrophy, mitochondrial mitochondrial 
pathologies, muscular dystrophy, etc.)pathologies, muscular dystrophy, etc.)

�� Animal models of Parkinson’s and Huntington’s Animal models of Parkinson’s and Huntington’s 
diseasedisease

�� Neuroprotective Neuroprotective affects from hypoxia and energyaffects from hypoxia and energy--
related brain pathologies in animal modelsrelated brain pathologies in animal models

�� Guanidinoacetate methyltransferase Guanidinoacetate methyltransferase deficiency deficiency 
�� Heart diseaseHeart disease
�� Rehabilitation after disuse atrophyRehabilitation after disuse atrophy

�� ↑↑↑↑↑↑↑↑ myogenicmyogenic transcription factortranscription factor
�� ↑↑↑↑↑↑↑↑ GLUT 4GLUT 4



FUTURE RESEARCHFUTURE RESEARCH

�� PharmacokineticPharmacokinetic research in order to optimize dosing regimensresearch in order to optimize dosing regimens
�� Clinical trials in individuals w/  neuromuscular disordersClinical trials in individuals w/  neuromuscular disorders
�� Interaction with other nutrientsInteraction with other nutrients
�� Characteristics of “Characteristics of “nonrespondersnonresponders””
�� Matrix of delivery, timing of intake, & variability in Cr accumMatrix of delivery, timing of intake, & variability in Cr accumulationulation
�� LongLong--term safety term safety 
�� Responses in different populations Responses in different populations 
�� Mechanistic research: Mechanistic research: 

�� Specific Specific myosonmyoson && actinactin--specific fractional synthetic & specific fractional synthetic & 
breakdown rates and breakdown rates and isoformisoform--specific mRNA contentspecific mRNA content

�� Cellular hydrationCellular hydration




