
 1 

Performance Nutrition  
Buyer’s Guide  

February, 2000 

Creatine: State of the Science at the 
Millennium  
 
Richard B. Kreider PhD, FACSM  
Exercise & Sport Nutrition Laboratory 
Human Movement Sciences and Education 
University of Memphis 
Memphis, Tennessee, USA 
 

 
Over the last decade, hundreds of articles have been written about creatine in scientific 
journals, magazines, newspapers, and on the Internet. The reason for this interest is that 
creatine has proven to be one of the most effective nutritional supplements available for 
strength/power athletes and some patient populations. Unfortunately, much of the information 
that has been written about creatine is inaccurate and/or misleading. The result is that people 
are often confused about the potential benefits and risks of creatine supplementation.  The 
purpose of this article is to give you an update of the state of the science regarding creatine 
supplementation as we embark into a new millennium. Additionally, this article will answer some 
common questions about creatine so that you can make an informed decision about whether to 
use creatine to enhance your training.   
 
The Science Behind Creatine  
 
Creatine is a naturally occurring amino acid that is primarily stored in the muscle.  Most of the 
creatine is stored as phosphocreatine (66%) while the remaining creatine is stored as free 
creatine (33%).  The total creatine pool (phosphocreatine + free creatine) in the muscle 
averages about 120 grams for a normal sized person.  About 1 to 2% (2 – 3 grams) of the total 
creatine pool is broken down each day and converted to creatinine in the muscle.  The 
creatinine is then excreted in the urine.  The body replenishes lost creatine in two ways.  First, 
about half of the daily creatine need can be obtained in the diet by eating foods that contain 
creatine. For example, there is about 2 grams of creatine in a pound of uncooked beef and 
salmon. Under normal metabolic conditions, the remaining amount of creatine needed to 
replenish creatine stores is synthesized from the amino acids glycine, arginine, and methionine.   
 
The body has the capacity to store up to 160 grams of creatine. Thus, one can think of the 
normal creatine content in the muscle (about 120 grams) as being a gas tank that is ¾ full.  
Dietary supplementation of creatine has been consistently reported to increase muscle creatine 
and phosphocreatine content by 10 – 40%.  Consequently, creatine supplementation typically 
allows an individual to fill up their creatine storage tank to 150 – 160 grams (i.e., 25 – 30%).  
Some people appear to respond better than others to creatine supplementation.  In this regard, 
creatine supplementation has been reported to increase muscle creatine content as little as 5 – 
15% in some people and 15 – 40% in others.  Typically, individuals with lower initial creatine 
concentrations (e.g., vegetarians or patients with creatine synthesis deficiencies) have the 
largest increase in muscle creatine stores following creatine supplementation.  There is some 
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evidence that the ergogenic benefits of creatine supplementation are related to the magnitude 
of change in muscle creatine stores.  However, research has also indicated that if you follow 
some of the recommendations below, everyone will experience ergogenic increases in creatine 
content.    
 
Although cooking can degrade some creatine, nearly 100% of dietary creatine is absorbed by 
the small intestine into the blood.  The muscle then absorbs creatine from the blood as needed.  
The absorption of creatine in the muscle is influenced by sodium and insulin.  In this regard, 
sodium serves as a co-transporter of creatine into muscle tissue and muscle creatine uptake is 
enhanced when insulin levels are high.  For this reason, it is recommended to ingest creatine 
with a glucose drink or fruit juice containing about 95 g of carbohydrate or a carbohydrate/ 
protein drink (e.g., 50-80 grams of carbohydrate with 30 to 50 grams of protein).  Extra creatine 
that the muscle is unable to absorb is excreted as creatine in the urine. This means creatine is 
not degraded into creatinine in the stomach or the intestinal tract by gastrointestinal acids nor is 
passed through the intestinal tract without absorption by the intestines.  Further, that once your 
creatine tank is full, taking excessive amounts of creatine is simply eliminated in the urine.  
Therefore, it only takes about 3 – 5 grams/day of creatine to maintain elevated muscle stores.   
 
Increasing muscle availability of creatine and phosphocreatine can theoretically affect exercise 
and training adaptations in several ways.  First, increasing the availability of phosphocreatine in 
the muscle may help maintain availability of energy during high intensity exercise like sprinting 
and intense weightlifting.  Second, increasing the availability of phosphocreatine may help 
speed recovery between sprints and/or bouts of intense exercise.  This may allow an athlete to 
do more work over a series of sprints and/or sets of exercise.  Theoretically, this may lead to 
greater gains in strength, muscle mass, and/or performance over time.   
 
As of this writing, there have been over 250 studies on creatine supplementation.  Of these, 
about 180 have evaluated the ergogenic value of creatine supplementation in untrained 
subjects, athletes, and patient populations.  The majority of these studies (about 65%) indicate 
that creatine supplementation promotes a statistically significant improvement in exercise 
capacity.  This means that 95 times out of 100, if you take creatine as described in the study, 
you will experience an improvement in the type of exercise evaluated.  The average gain in 
performance from studies reporting ergogenic benefit ranges between 10 to 15%. Short-term 
creatine supplementation (4 to 7-days) appears to be more effective when performing high 
intensity exercise lasting less than 30-seconds (e.g., short sprints, repetitive sprinting, 
weightlifting, etc). However, about half of the studies that have looked at intense exercise bouts 
ranging from 30-seconds to 10-minutes have also reported statistically significant improvements 
in exercise capacity. Short-term creatine supplementation does not appear to enhance 
endurance exercise capacity.  However, endurance athletes who incorporate interval sprint 
conditioning as part of their training may theoretically benefit. Long-term creatine 
supplementation (e.g., 1 – 12 weeks) appears to enhance the quality of training generally 
leading to 5 – 15% greater gains in strength and performance.   
 
Nearly all studies indicate that creatine supplementation increases body mass by 1 – 3 pounds 
in the first week of loading.  In training studies, subjects taking creatine typically gain twice as 
much body mass and/or fat-free mass than subjects taking a placebo. This is equivalent to an 
extra 2 – 4 pounds of body mass and/or fat-free mass during 4 – 12 weeks of training.  In our 
research and training of athletes, we have frequently seen subjects gain 5 – 15 pounds of 
muscle mass during 4 – 12 weeks of training without gaining fat.  The increased fat-free mass 
has been suggested to be due to either water retention, a creatine stimulated protein synthesis, 
and/or an enhance quality of training leading to greater gains in muscle mass over time.  Most 
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creatine researchers feel that the initial gain in body weight during the first several days of 
creatine supplementation is an increase in intracellular water. The increased cell volume is 
believed to be one stimulus to increase protein synthesis.  Recent research suggests that long-
term gains in body mass appear to be due to a training stimulated increase in muscle 
hypertrophy.   
 
I am not aware of any study that reports that creatine supplementation significantly decreases 
exercise capacity although two studies reported non-significantly slower performance times in 
distance running and swimming.  If fact, nearly all of the studies reporting non-significant results 
following creatine supplementation report a 1 to 10% gain in performance.  In most instances, 
the lack of statistical significance appears to be due to small sample size that decreases 
statistical power, the relatively high variability in conducting performance tests (i.e., 3 – 4%), 
and/or methodological difficulties. Interestingly, as our understanding about the ergogenic value 
of creatine supplementation has grown, the percentage of studies reporting statistically 
significant results has increased to nearly 80% over the last year. Although not all studies report 
significant results, I am aware of no other nutritional ergogenic aid (including carbohydrate) that 
has consistently reported such ergogenic benefit.  Consequently, in my view, creatine is the 
most effective nutritional supplement for high intensity/anaerobic athletes.     
 
The only reported side effect from creatine supplementation in studies lasting up to 5-years in 
duration in healthy and diseased populations has been weight gain.  Yet, I have been amazed 
at all of the supposed side effects attributed to creatine supplementation in the popular media. 
Simply stated, there is no evidence that creatine supplementation causes dehydration, 
cramping, muscle strains/pulls, gastrointestinal distress, kidney damage, muscle damage, liver 
damage, cancer, or death as has been “anecdotally reported” in the popular media.  In fact, over 
the last several years, researchers have conducted a number of studies to determine whether 
there is any validity to these anecdotal concerns.  So far, none of these studies has been able 
to uncover any of these supposed side effects from creatine supplementation.  Moreover, 
several studies indicate that in creatine supplementation may actually lessen the incidence of 
some of these problems (e.g., dehydration, cramping, muscle strains/pulls, etc).  People who 
take creatine may experience some of these problems, however, the incidence does not appear 
to be any greater than subjects who take placebos or who serve as control subjects.  
 
Conversely, research has demonstrated a number of potentially helpful clinical uses of creatine 
for heart failure patients, infants and patients with creatine synthesis deficiencies, patients 
suffering orthopedic injury, and patients with various neuromuscular diseases (e.g., muscular 
dystrophies, Parkinson’s Disease, etc). There are even several studies indicating that creatine 
supplementation may improve blood lipid profiles, which is associated with a reduction in risk to 
heart disease as well as slow progression of certain cancers.  Consequently, all available 
evidence suggests that short and long-term creatine supplementation appears to be safe when 
taken within recommended guidelines.   
 
The future of creatine research is very promising.  Researchers are attempting to determine 
ways to maximize creatine storage in the muscle, which types of exercise may obtain the 
greatest benefit from creatine supplementation, the potential medical uses of creatine, and the 
long-term safety and efficacy of creatine supplementation.  Among these, the most promising 
area of research is determining the potential medical uses of creatine particularly in patients 
with creatine synthesis deficiencies and neuromuscular diseases.  Nevertheless, in regards to 
athletes, creatine has continually proved itself to be one of the most effective and safe 
nutritional supplements to increase strength, muscle mass, and performance.  This is despite all 
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of the inaccurate and misleading information that has been written about creatine over the last 
several years.   
 
Common Questions about Creatine 
 
Over the years, I have received many questions about creatine supplementation from athletes, 
parents, coaches and scientists.  Many of these questions reflect the types of things that are 
most confusing for people who take creatine. The following answers some of the most common 
questions I am asked about creatine supplementation.   
 
What is the best type of creatine? 
 
Nearly all studies on creatine have used pharmacological grade 100% pure creatine 
monohydrate powder.  However, a number of different forms of creatine have recently been 
marketed (e.g., creatine candy/bars, liquid creatine, creatine gum, creatine citrate, effervescent 
creatine, etc).  Many of these types of creatine claim to be better than creatine monohydrate. 
However, I am aware of no data that indicates that any of these forms of creatine increases 
creatine uptake to the muscle better than creatine monohydrate. In fact, the effects of ingesting 
many of these types of creatine on muscle creatine content have never been determined. A few 
studies have compared different forms of creatine on performance.  These studies generally 
indicate that they are effective forms of creatine but that they do not work any better than 
creatine monohydrate.  The greatest advantage of some of these types of creatine is that they 
may be viewed as more convenient, a change of pace, and/or better tasting than creatine 
monohydrate. However, there is no evidence that they are more effective than creatine 
monohydrate powder. Additionally, there is no published evidence that you can take less of 
some of these forms of creatine (e.g., liquid or effervescent creatine) and still get the same 
benefits as ingesting higher amounts of creatine monohydrate due to less degradation in the 
stomach, greater intestinal absorption, faster absorption in the blood, and/or greater muscle 
uptake.     
 
Is all creatine the same quality? 
 
As stated above, creatine monohydrate is the most common form of creatine in nutritional 
supplements. Creatine monohydrate can be obtained from manufacturers in the United States, 
Germany, and China.  The U.S. and German sources represent the purest and highest quality 
of creatine monohydrate currently available. They also follow federal guidelines and use 
pharmacological standards in processing creatine. Most research studies and quality 
supplement companies use creatine made in the U.S. or Germany. However, over the last 
several years, a number of supplement companies used creatine from China as their primary 
source.  The reason for this was that China dumped a large amount of inexpensive creatine into 
the U.S. in an attempt to gain market share.  This served to drive significantly decrease the cost 
of creatine.  However, it was later learned that some of this creatine might have contained 
potentially harmful impurities. Consequently, the Federal Trade Commission successfully 
prosecuted the Chinese government for illegally dumping poor quality creatine. Because of this, 
when people ask me about sources of creatine, I suggest they purchase creatine from 
companies who use the U.S. or German sources of creatine. Additionally, I suggest obtaining 
quality assurance test results from the lot number of the supplement they purchased that shows 
purity and content.  Many creatine products now include a creatine purity seal on the label (e.g., 
Creapure from SKW in Germany) that guarantees that the creatine is 100% pharmacological 
grade creatine. This is a convenient way to make sure you are purchasing quality creatine 
monohydrate.   
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What is the best dosage?   
 
I recommend taking 0.3 grams/kg/day of creatine monohydrate (about 15 – 30 grams/day 
depending on body weight) divided into three to four daily equal doses for 5 to 7 days.  Then, 
take 5 grams/day of creatine to maintain elevated creatine stores.    
 
Do I need to load with creatine? 
 
The most rapid way to increase muscle creatine stores is to follow the loading method 
described above. Most of the creatine is taken up by muscle during the first 2 – 3 days of the 
loading period.  While there is one study that suggests that taking lower doses of creatine over 
time (3 grams/day for 28 days) increased muscle creatine content, it is less clear whether this 
low dose protocol enhances exercise capacity. Consequently, I recommend that people follow 
the creatine loading technique and then use lower doses to maintain creatine stores.   
 
Do other nutrients enhance creatine uptake into the muscle?  
 
Ingesting creatine with carbohydrate or carbohydrate/protein has been reported to enhance 
muscle creatine uptake.  Therefore, I recommend that individuals ingest creatine using the 
guidelines described above.  Many commercial creatine supplements claim to have advanced 
creatine transport formulations that enhance creatine uptake.  Yet, many of these supplements 
only have 20 to 40 grams of carbohydrate.  I am not aware of any data that indicates that 
muscle creatine uptake can be enhanced with this amount of carbohydrate or other nutrients 
contained in some of these supplements (e.g., taurine, sodium, potassium, etc).  I am also not 
aware of any published data that shows that liquid or effervescent creatine increases muscle 
creatine content to a greater degree than creatine monohydrate.    
 
Should I cycle on and off creatine? 
 
At present, we don’t know whether cycling on and off creatine is more or less effective than 
loading and maintaining creatine intake.  It takes about 4 – 6 weeks after cessation of creatine 
supplementation for muscle creatine stores to return to normal. Additionally, the greatest 
benefits of creatine supplementation appear to be to enhance training adaptations.  Therefore, if 
an athlete wants to cycle creatine, I suggest that they take creatine during training and/or take 
loading doses of creatine for several days at least once every 2 – 3 weeks.   
 
When is the best time to take creatine?   
 
Once an athlete has loaded with creatine, I suggest that they take creatine with a carbohydrate 
and protein following their workout in order to promote glycogen resynthesis, protein synthesis, 
and creatine uptake.   
 
Does caffeine affect creatine? 
 
Two studies indicate that co-ingesting creatine with large amounts of caffeine may negate some 
of the performance enhancing effects of creatine supplementation.  For this reason, some have 
suggested that creatine should not be taken with caffeine. However, many initial studies on 
creatine that reported ergogenic benefit mixed creatine in hot coffee or tea to help dissolve the 
creatine. Additionally, muscle creatine content was increased in these studies despite the 
presence of caffeine.  Consequently, it is my view that this concern is somewhat overstated.   
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Do acidic drinks degrade creatine?   
 
Some have warned that mixing creatine in acidic solutions (e.g., juices) may degrade creatine to 
creatinine. However, the acid level (pH) of coffee (about 4.5), grape juice (about 3), and orange 
juice (about 2.8) is less than that found in the gastrointestinal tract (1 – 1.5). It is well 
established that creatine is not degraded into creatinine through the digestive processes despite 
very low pH levels.  One recent study indicates that creatine is not degraded into creatinine 
throughout the first six hours of digestion.  Therefore, it is unlikely that mixing creatine in fruit 
juice would degrade creatine unless you mix it in juice and let it sit for several days.   
 
Do men and women respond differently to creatine supplementation? 
 
Several short-term studies on females have revealed limited ergogenic value.  This has led 
some researchers to question whether women respond to creatine differently than men.   
However, several recent well-controlled studies in women have reported that creatine 
supplementation significantly improved exercise capacity and fat-free mass in a similar manner 
as men.  Therefore, it appears that women respond well to creatine supplementation.   
 
Should children or teenagers take creatine? 
 
Most creatine studies have been conducted in male and female athletes ranging between 18 
and 24 years of age.  Although, no study has indicated that creatine supplementation may be 
harmful, less is known about the effects of creatine supplementation in younger individuals.  
Consequently, it is my view that children and adolescent athletes should not take creatine 
unless creatine is medically prescribed or the child is past puberty; eating a well-balance diet; 
involved in serious training that may potentially benefit from creatine supplementation; well 
informed about creatine; and, that the supplementation program is supervised by the child’s 
parents, coach, athletic trainer, and/or physician to make sure they take quality supplements in 
the proper manner.  Under these conditions, I feel that creatine can serve as an effective and 
safe nutritional supplement for serious adolescent athletes. 
 
References 
 
Green A, Simpson E, Littlewood J, Macdonald I, Greenhaff P.  Carbohydrate ingestion augments creatine retention 
during creatine feedings in humans. Acta Physiologica Scandinavica.  158:195-202, 1996. 
 
Harris R, Soderlund K, Hultman E. Elevation of creatine in resting and exercised muscle of normal subjects by 
creatine supplementation. Clinical Science.  83:367-374, 1992. 
 
Hultman E, Soderlund K, Timmons J, Cederblad G, Greenhaff P.  Muscle creatine loading in man. Journal of 
Applied Physiology.  81:232-237, 1996. 
 
Kreider RB. Creatine supplementation: Analysis of ergogenic value, medical safety, and concerns. Journal of 
Exercise PhysiologyOnline 1(1), 1998. available: http://www.css.edu/users/tboone2/asep/jan.htm   
 
Kreider RB, Ferreira M, Wilson M, Plisk S, Reinardy J, Almada AL. Effects of creatine supplementation on body 
composition, strength and sprint performance. Medicine and Science in Sports and Exercise. 30:73-82, 1998. 
 
Kreider RB. Dietary supplements and the promotion of muscle growth. Sports Medicine. 27:97-110, 1999. 
 



 7 

Kreider RB. Effects of protein and amino acid supplementation on athletic performance.  Sportscience 3(1), 1999. 
available:  http://www.sportsci.org/jour/9901/rbk.html 
 
Kreider RB. Creatine Supplementation in Exercise and Sport. In Energy-Yielding Macronutrients and Energy 
Metabolism in Sports Nutrition. J. Driskell and I. Wolinsky (Eds.) CRC Press LLC, Boca Raton, FL. 1999.  pp 
213-42. 
 
Kreider RB, Klesges R, Harmon K, Grindstaff P, Ramsey L, Bullen D, Wood L, Li Y, Almada A.  Effects of 
ingesting supplements designed to promote lean tissue accretion on body composition during resistance training. 
International Journal of Sport Nutrition. 6:234-246, 1996. 
 
Kreider RB, Klesges R, Lotz D, Davis M, Cantler E, Harmon-Clayton K, Dudley R, Grindstaff P, Ramsey L, Bullen 
D, Wood L, Almada A. Effects of Nutritional Supplementation During Off-Season College Football Training on 
Body Composition and Strength. Journal of Exercise PhysiologyOnline. 2(2), 1999. available: 
http://www.css.edu/users/tboone2/asep/aprilr.htm 
 
Plisk SS, Kreider RB. Creatine controversy? Strength and Conditioning Journal. 21:14-23, 1999.  
 
Schedel JM, Tanaka H, Kiyonaga A, Shindo M, Schutz Y.  Acute creatine ingestion in human: consequences on 
serum creatine and creatinine concentrations. Life Science.  65:2463-70, 1999.  
 
Vandenberghe K, Gillis N, Van Leemputte M, Van Hecke P, Vanstapel F, Hespel, P.  Caffeine counteracts the 
ergogenic action of muscle creatine loading. Journal of Applied Physiology.  80:452-457, 1996. 
 
Vandenberghe K, Goris M, Van Hecke P, Van Leemputte M, Vangerven L, Hespel P.  Long-term creatine 
intake is beneficial to muscle performance during resistance training. Journal of Applied Physiology. 83:2055-63, 
1997.  
 
Volek JS, Duncan ND, Mazzetti SA, Staron RS, Putukian M, G*mez AL, Pearson DR, Fink W, Kraemer WJ.  
Performance and muscle fiber adaptations to creatine supplementation.  Medicine & Science in Sports & 
Exercise.  31:1147-56, 1999.  
 
Williams, M.H., Kreider, R.B. and Branch, JD Creatine: The Power Supplement. Human Kinetics Publishers, 
Champaign, IL, 1999.  Available:  http://www.humankinetics.com or http://www.amazon.com  
 
 
About the Author: 
 
Dr. Kreider serves as Professor, Assistant Chair, and Director of the Exercise & Sport Nutrition 
Laboratory in the Department of Human Movement Sciences & Education at The University of 
Memphis.  Dr. Kreider has conducted numerous studies on nutrition and exercise including 
studies on carbohydrate, amino acids/protein, sodium phosphate, creatine, calcium HMB, 
conjugated linoleic acids (CLA), pyruvate, and various nutritional formulations.  Dr. Kreider has 
published more than 150 research articles/abstracts in scientific journals, is lead editor of 
Overtraining in Sport (Human Kinetics, 1998), and is coauthor of Creatine: The Power 
Supplement (Human Kinetics, 1999). Dr. Kreider serves as Research Digest editor for the 
International Journal of Sport Nutrition and member of the editorial board of the Journal of 
Strength and Conditioning Research. Dr. Kreider is a Fellow of the American College of Sport 
Medicine (ACSM), is ACSM certified as an Exercise Specialist and Health/Fitness Director, and 
is an active member of the National Strength and Conditioning Association (NSCA).  Dr. Kreider 
is a contributing author to numerous fitness magazines and serves as a scientific consultant for 
the media and nutrition industry.    
 


