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Creatine Use in Sports

Jessica Butts, MD,T Bret Jacobs, DO,* and Matthew Silvis, MD*t

Context: The use of creatine as a dietary supplement has become increasingly popular over the past several decades.
Despite the popularity of creatine, questions remain with regard to dosing, effects on sports performance, and safety.

Evidence Acquisition: PubMed was searched for articles published between 1980 and January 2017 using the terms
creatine, creatine supplementation, sports performance, and dietary supplements. An additional Google search was
performed to capture National Collegiate Athletic Association-specific creatine usage data and US dietary supplement and

creatine sales.
Study Design: Clinical review.

Level of Evidence: Level 4.

Results: Short-term use of creatine is considered safe and without significant adverse effects, although caution should be
advised as the number of long-term studies is limited. Suggested dosing is variable, with many different regimens showing
benefits. The safety of creatine supplementation has not been studied in children and adolescents. Currently, the scientific
literature best supports creatine supplementation for increased performance in short-duration, maximal-intensity resistance

training.

Conclusion: While creatine appears to be safe and effective for particular settings, whether creatine supplementation leads
to improved performance on the field of play remains unknown.

Keywords: creatine; sports; performance; dietary supplements; ergogenic aids

n the United States, sales of dietary supplements exceeded

$38.8 billion in 2015, with sports supplements accounting for

14% of total sales.” In a recent systematic review and meta-
analysis, dietary supplements were more commonly used by
athletes compared with the general population and by elite
versus nonelite athletes.”

Creatine is a nitrogenous organic compound found in muscle
and is available in the diet through consumption of milk, red
and white meat, fish, and mollusks, with meat and fish serving
as the main supply. A typical carnivorous diet supplies 1 to 2 g
of creatine per day, although cooking time, type of meat, and
muscle site all influence creatine values after ingestion.” An
average 70-kg young man has a creatine pool between 120 and
140 g, varying by muscle fiber type and muscle bulk."

Creatine supplementation gained mainstream popularity after
the 1992 Olympic Games in Barcelona.” Creatine was first
discovered in 1832 and can be traced back to the mid-1800s.”

Creatine is now widely used among recreational, collegiate, and
professional athletes."” Creatine is one of the most popular
sports dietary supplements on the market, with more than $400
million in annual sales.”"

Creatine as a dietary supplement is a tasteless, crystalline
powder that readily dissolves in liquids and is marketed as
creatine monohydrate or as a combination with phosphorous.
The majority of creatine (95%) is stored in skeletal muscle (fast
twitch, type ID: two-thirds in a phosphorylated form and
one-third as free creatine. Creatine serves as an energy substrate
for the contraction of skeletal muscle. The intention of creatine
supplementation is to increase resting phosphocreatine levels in
muscles, as well as free creatine, with the goal of postponing
fatigue, even briefly, for sports-enhancing results.

Creatine use is widespread but difficult to quantify as the data
to date are limited to self-report surveys (limited by response
error).” The National Collegiate Athletic Association (NCAA)
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National Study of Substance Use Habits of College Student
Athletes survey reported that 14% of athletes used creatine in the
12 months prior to the survey, and users were more commonly
men than women.*® The National Health Interview survey found
creatine use among children and adolescents to be 34.1%, with
the purpose of enhancing sports performance.” In the military,
creatine is highly popular, with an average use of 27%."

MECHANISM OF ACTION

Creatine is produced endogenously in the liver, kidneys, and to
a lesser degree, the pancreas, at 1 gram per day."’ The remainder
of available creatine is consumed through the diet, synthesized
from essential (arginine, methionine) and nonessential (glycine)
amino acids.” Creatine is tightly regulated, with a balance
between synthesis by liver enzymes responsible for the final step
in creatine synthesis (methylation) and creatinine (anhydro
products) levels in the blood stream, which regulate excretion
rates.”® Cells with high energy requirements use creatine in the
form of phosphocreatine." Phosphocreatine serves as a source
of phosphate to produce adenosine triphosphate (ATP) from
adenosine diphosphate (ADP). Skeletal muscle cells store
enough ATP and phosphocreatine for approximately 10 seconds
of high-intensity activity; short-term creatine supplementation
leads to a total creatine increase of 10% to 30%, with
phosphocreatine stores increasing by 10% to 40%.**'

DIRECTIONS FOR USE
Creatine Dosing

The recommendations regarding dosing of creatine
supplementation as an ergogenic aid are varied." While many
studies have reported promising results with building lean
muscle mass or improvements in “quick burst” athletic
performance, there are no firm guidelines regarding a
supplementation regimen. A recent meta-analysis of creatine
doses ranging from 0.07 g per kg body weight per day to 5 g/d
revealed favorable outcomes for creatine with resistance training
for increasing lean muscle mass.”” When comparing studies, it
does not appear that these outcomes were dose-dependent.
Hall and Trojialn16 advise 0.03 g per kg per day as a
maintenance dose, for 4 to 6 weeks on average, based on
multiple reviewed studies." However, maintenance use of
creatine has ranged from 28 days to 10 weeks. Most
commercially available creatine supplements are packaged to
contain between 4 and 5 grams of creatine per dose. While
some of these supplements recommend once-daily dosing,
many appear intentionally vague regarding recommended
frequency or duration of dosing. These products are not
regulated by the US Food and Drug Administration, and thus,
individual products often contain unreliable or variable
quantities of the desired supplement and may contain
unintended ingredients such as banned substances.*

A loading dose of creatine is often used prior to
implementation of a daily maintenance dose. Some studies have
indicated that creatine stores can be increased without a loading

dose, albeit over longer periods of time.® A commonly accepted
loading dose regimen is 20 to 25 grams per day, divided 4 times
daily for 5 to 7 days," with variability between recommended
loading doses." The International Society of Sports Nutrition
supports a loading dose of approximately 0.3 g per kg per day
for at least 3 days.6 However, there is no consistency in loading
dose recommendations in strength, frequency, or duration."

EFFECTS ON EXERCISE AND
PERFORMANCE

Harris et al"” were the first to document increased muscle
creatine concentrations of 20% with creatine supplementation in
the form of creatine monohydrate. Creatine supplementation
increases lean body mass as well as strength, power, and
efficacy in short-duration, high-intensity exercises.” These
ergogenic effects have been studied extensively in the weight
room and laboratory, with limited studies in active game play
scenarios. A meta-analysis from 2003 including 100 studies
demonstrated significant improvements in laboratory-based
exercise but did not show improvements in sports-specific
activities after short-term creatine supplementation.” Other
studies have shown no improvement with sports-specific
activities related to simulated soccer participation,m6 simulated
wrestling,1 tennis,” or swimming.58

One of the ergogenic effects of creatine supplementation is
increased body mass. A meta-analysis showed that
approximately 64% of studies measuring body mass and/or
body composition noted a statistically significant increase in
lean body mass due to creatine supplementation.’ The increases
in body mass were thought to be the result of increased
intracellular water related to fluid shifts due to the osmotic
properties of creatine."** Increased body mass has been noted
in those using a creatine supplement without participation in an
associated exercise program. However, taking creatine in
conjunction with a resistance training program yielded greater
increases in body mass."’

Studies on creatine supplementation demonstrate increases in
performance and strength in short-duration, maximal-intensity
exercises, as measured by 1-repetition maximum, muscular
power, number of repetitions, muscular endurance, speed, and
total force."**47% Strength gains after 28 days between
groups taking creating alone, creatine plus resistance training,
and placebo plus resistance training showed all groups
significantly increased (P < 0.01) bench and leg press muscular
strength, with the creatine plus resistance training group
improving significantly more than the group taking creatine
alone.” In meta-analyses of creatine supplementation on upper
and lower extremity performance, increased strength
performance related to creatine supplementation was noted for
both the upper and lower extremity.””* There was improved
performance with creatine supplementation in conjunction with
a resistance training program, especially evident in those with no
previous training history (defined as exercising less than 3 h/wk).*
Changes in performance were independent of age, sex,
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supplement dosage, and supplement duration. The meta-
analysis focusing on upper extremity response to
supplementation displayed the most significant strength
increases, mainly at the pectoralis muscles (major and minor),
with performances in bench press increasing by approximately
5.3% with creatine supplementation.% Other studies have
demonstrated similar improvements in bench-press
performance.” 4%

Most team sports require a combination of aerobic and
anaerobic activities, which necessitates a combination of
strength and endurance. Peripheral fatigue as a result of aerobic
training may potentially decrease strength and performance.
Creatine supplementation may prevent loss of strength as a
result of aerobic activity when combined with anaerobic
activities in recreational athletes.""

Results have been inconsistent overall with regard to an
individual athlete’s response to creatine supplementation.” This
may in fact be due to preloading of creatine. Athletes with a
higher baseline level of creatine before supplementation are less
likely to derive benefit than an athlete with a low baseline level
of creatine. This likely explains why some athletes appear to be
“responders” to creatine supplementation while others are
“nonresponders.””

Currently, the scientific literature best supports creatine
supplementation for increased performance in short-duration,
maximal-intensity resistance training with a noted effect on lean
body mass. Whether these effects of creatine supplementation
lead to improved performance on the field of play remains
unknown.

SAFETY CONCERNS

Short-term use of creatine is considered safe and without
significant adverse effects, although caution should be advised
as the number of long-term studies is limited.” The International
Society of Sports Nutrition notes that “there is no scientific
evidence that the short- or long-term use of creatine
monohydrate has any detrimental effects on otherwise healthy
individuals.”® They go on to say that “supplementation in young
athletes is acceptable and may provide a nutritional alternative
to potentially dangerous anabolic drugs.”

Many theories regarding adverse effects of creatine have been
proposed, including potential for renal damage, hepatic injury,
and difficulty maintaining hydration.** There have been
theoretical concerns regarding potential effects of creatine
supplementation on renal function. Multiple studies have
examined serum creatinine levels, while none has indicated
any evidence of increased serum creatinine in young, healthy
individuals.”** There have been isolated case reports of
athletes sustaining hepatic injury with creatine use.” However,
each of these cases involved excessive or inappropriate
creatine use or multiple ergogenic aids and supplements.’
These adverse reactions have not been identified in larger,
healthy populations taking creatine in appropriate therapeutic
doses.”

Creatine is known to cause mild water retention and
decreased urinary volume due to its osmotic effect. This may
result in temporary weight gain, particularly during the loading
phase. Because of the increased intracellular water volume,
there is an increased risk of compartment syndrome, muscle
cramps, dehydration, or heat illness.” However, none of these
potential adverse reactions have been supported."*”**® The
safety of creatine supplementation is unknown in children and
adolescents.

TESTING

Creatine is available over the counter and in various forms. It is
not screened for or banned by the World Anti-Doping Agency
(WADA), the International Olympic Committee (IOC), or the
NCAA. However, these products are not regulated by the US
Food and Drug Administration and may contain contaminants
or variable quantities of the desired supplement.

CONCLUSION

Short-term use of creatine is considered safe and without
significant adverse effects, although caution should be advised
as the number of long-term studies is limited. The safety of
creatine supplementation has not been studied in children and
adolescents. Currently, the scientific literature supports creatine
supplementation for increased performance in short-duration,
maximal-intensity resistance training. Whether these effects of
creatine supplementation lead to improved performance on the
field of play remains unknown.

REFERENCES

1. Aedma M, Timpmann S, Litt E, O6pik V. Short-term creatine supplementation
has no impact on upper-body anaerobic power in trained wrestlers. / Int Soc
Sports Nutr. 2015;12:45.

2. Arciero PJ, Hannibal NS 3rd, Nindl BC, Gentile CL, Hamed J, Vukovich MD.
Comparison of creatine ingestion and resistance training on energy expenditure
and limb blood flow. Metabolism. 2001;50:1429-1434.

3. Avelar-Escobar G, Méndez-Navarro ], Ortiz-Olivera NX, et al. Hepatotoxicity
associated with dietary energy supplements: use and abuse by young athletes.
Ann Hepatol. 2012;11:564-569.

4. Becque MD, Lochmann JD, Melrose DR. Effects of oral creatine supplementation

on muscular strength and body composition. Med Sci Sports Exerc. 2000;32:654-

058.

Branch JD. Effect of creatine supplementation on body composition and

performance: a meta-analysis. Int ] Sport Nutr Exerc Metab. 2003;13:198-226.
6. Buford TW, Kreider RB, Stout JR, et al. International Society of Sports Nutrition
position stand: creatine supplementation and exercise. J Int Soc Sports Nutr.
2007;4:6.
7. Camic CL, Housh TJ, Zuniga JM, et al. The effects of polyethylene glycosylated
creatine supplementation on anaerobic performance measures and body
composition. J Strength Cond Res. 2014;28:825-833.
8. Claudino JG, Mezéncio B, Amaral S et al. Creatine monohydrate
supplementation on lower-limb power in Brazilian elite soccer players. J Int Soc
Sports Nutr. 2014;11:32.
9. Close GL, Hamilton DL, Philp A, Burke LM, Morton JP. New strategies in sport
nutrition to increase exercise performance. Free Radic Biol Med. 2016;98:144-158.
10.  Cooper R, Naclerio F, Allgrove J, Jimenez A. Creatine supplementation with
specific view to exercise/sports performance: an update. J Int Soc Sports Nutr.
2012;9:33.

11. de Salles Painelli V, Alves VT, Ugrinowitsch C, et al. Creatine supplementation
prevents acute strength loss induced by concurrent exercise. Eur | Appl Physiol.
2014;114:1749-1755.

wn

33



34

Butts et al

Jan « Feb 2018

12.

13.

14.

16.
17.

18.

19.

21

22.

23.

24,

26.

27.

28.

29.

30.

Devries M, Phillips S. Creatine supplementation during resistance training in
older adults—a meta-analysis. Med Sci Sports Exerc. 2014;46:1194-1203.

Evans MW Jr, Ndetan H, Perko M, Williams R, Walker C. Dietary supplement use
by children and adolescents in the United States to enhance sport performance:
results of the National Health Interview Survey. J Prim Prev. 2012;33:3-12.
Greenwood M, Kreider RB, Greenwood L, Byars A. Cramping and injury
incidence in collegiate football players are reduced by creatine supplementation.
J Athl Train. 2003;38:216-219.

Greydanus D, Patel D. Sports doping in the adolescent: the Faustian conundrum
of hors de combat. Pediatr Clin North Am. 2010;57:729-750.

Hall M, Trojian T. Creatine supplementation. Curr Sports Med Rep. 2013;12:240-244.
Harris RC, Soderlund K, Hultman E. Elevation of creatine in resting and exercised
muscle of normal subjects by creatine supplementation. Clin Sci. 1992;83:367-374.
Havenetidis K. The use of creatine supplements in the military. J R Army Med
Corps. 2016;162:242-248.

Hile AM, Anderson JM, Fiala KA, Stevenson JH, Casa DJ, Maresh CM. Creatine
supplementation and anterior compartment pressure during exercise in the heat
in dehydrated men. J Athl Train. 2006;41:30-35.

. Jayasena DD, Jung S, Bae YS, et al. Changes in endogenous bioactive

compounds of Korean native chicken meat at different ages and during cooking.
Poult Sci. 2014;93:1842-1849.

Kilduff LP, Vidakovic P, Cooney G, et al. Effects of creatine on isometric bench-press
performance in resistance trained humans. Med Sci Sports Exerc. 2002;34:1176-1183.
Kim J, Lee J, Kim S, Yoon D, Kim J, Sung DJ. Role of creatine supplementation in
exercise-induced muscle damage: a mini review. J Exerc Rebabil. 2015;11:244-250.
Knapik JJ, Steelman RA, Hoedebecke SS, Austin KG, Farina EK, Lieberman HR.
Prevalence of dietary supplement use by athletes: systematic review and meta-
analysis. Sports Med. 2016;46:103-123.

Kreider RB. Effects of creatine supplementation on performance and training
adaptations. Mol Cell Biochem. 2003;244:89-94.

Kreider RB, Melton C, Rasmussen CJ, et al. Long-term creatine supplementation
does not significantly affect clinical markers of health in athletes. Mol Cell
Biochem. 2003;244:95-104.

Kresta JY, Oliver JM, Jagim AR, et al. Effects of 28 days of beta-alanine and
creatine supplementation on muscle carnosine, body composition and exercise
performance in recreationally active females. / Int Soc Sport Nutr. 2014;11:55.
Lanhers C, Pereira B, Naughton G, Trousselard M, Lesage FX, Dutheil F. Creatine
supplementation and lower limb strength performance: a systematic review and
meta-analyses. Sports Med. 2015;45:1285-1294.

Lanhers C, Pereira B, Naughton G, Trousselard M, Lesage FX, Dutheil F. Creatine
supplementation and upper limb strength performance: a systematic review and
meta-analyses. Sports Med. 2017;47:163-173.

Lemon PW. Dietary creatine supplementation and exercise performance: why
inconsistent results? Can J Appl Physiol. 2002;27:663-681.

Lopez RM, Casa DJ, McDermott BP, Ganio MS, Armstrong LE, Maresh CM. Does
creatine supplementation hinder exercise heat tolerance or hydration status? A
systematic review with meta-analysis. J Athl Train. 2009;44:215-223.

31

32.

33.

34.

35.

30.

37.
38.

39.

40.

41.

42.

43.

44.
45.
40.

47.

48.

Momaya A, Fewal M, Estes R. Performance-enhancing substances in sports: a
review of the literature. Sports Med. 2015;45:517-531.

Nutrition Business Journal Global Supplement and Nutrition Industry Report
2016. Nutr Bus . 2016. https://www.newhope.com/sites/newhope360.com/
files/2016%20NB]%20Supplement%20Business%20report_lowres_TOC.pdf.
Accessed January 16, 2017.

Pluim BM, Ferrauti A, Broekhof F, et al. The effects of creatine supplementation
on selected factors of tennis specific training. BrJ Sports Med. 2006;40:507-512.
Rawson ES, Volek JS. Effects of creatine supplementation and resistance
training on muscle strength and weightlifting performance. J Strength Cond Res.
2003;17:822-831.

Rexroat M. NCAA national study of substance use habits of college student-
athletes. https://www.ncaa.org/sites/default/files/Substance%20Use%20Final%20
Report_FINAL.pdf. Accessed January 16, 2017.

Saab G, Marsh GD, Casselman MA, Thompson RT. Changes in human muscle
transverse relaxation following short-term creatine supplementation. Exp Physiol.
2002;87:383-389.

Stricker PR. Other ergogenic agents. Clin Sports Med. 1998;17:282-297.
Thompson CH, Kemp GJ, Sanderson AL, et al. Effect of creatine on aerobic

and anaerobic metabolism in skeletal muscle in swimmers. Br ] Sports Med.
1996;30:222-225.

Trexler ET, Smith-Ryan AE. Creatine and caffeine: considerations for concurrent
supplementation. Int J Sport Nutr Exerc Metab. 2015;25:607-623.

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. J Appl Physiol. 1997;83:2055-2063.

Volek JS, Duncan ND, Mazzetti SA, et al. Performance and muscle fiber
adaptations to creatine supplementation and heavy resistance training. Med Sci
Sports Exerc. 1999;31:1147-1156.

Volek JS, Kraemer WJ, Bush JA, et al. Creatine supplementation enhances
muscular performance during high-intensity resistance exercise. J Am Diet Assoc.
1997;97:765-770.

Volek JS, Ratamess NA, Rubin MR, et al. The effects of creatine supplementation
on muscular performance and body composition responses to short-term
resistance training overreaching. Eur J Appl Physiol. 2004;91:628-637.

Volek JS, Rawson ES. Scientific basis and practical aspects of creatine
supplementation for athletes. Nutrition. 2004;20:609-614.

Watson G, Casa DJ, Fiala KA, et al. Creatine use and exercise heat tolerance in
dehydrated men. J Athl Train. 2006;41:18-29.

Williams J, Abt G, Kilding AE. Effects of creatine monohydrate supplementation
on simulated soccer performance. Int J Sports Phyiol Perform. 2014;9:503-510.
Ziegenfuss TN, Rogers M, Lowery L, et al. Effect of creatine loading on anaerobic
performance and skeletal muscle volume in NCAA Division I athletes. Nutrition.
2002;18:397-402.

Zuniga J]M, Housh TJ, Camic CL, et al. The effects of creatine monohydrate
loading on anaerobic performance and one-repetition maximum strength.

J Strength Cond Res. 2012;26:1651-1656.

For reprints and permission queries, please visit SAGE’s Web site at http://www.sagepub.com/journalsPermissions.nav.


https://www.newhope.com/sites/newhope360.com/files/2016%20NBJ%20Supplement%20Business%20report_lowres_TOC.pdf.
https://www.ncaa.org/sites/default/files/Substance%20Use%20Final%20Report_FINAL.pdf.



