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Creatine monohydrate (Cr) is perhaps one of the most widely used supple-Abstract
ments taken in an attempt to improve athletic performance. The aim of this review
is to update, summarise and evaluate the findings associated with Cr ingestion and
sport and exercise performance with the most recent research available. Because
of the large volume of scientific literature dealing with Cr supplementation and
the recent efforts to delineate sport-specific effects, this paper focuses on research
articles that have been published since 1999.

Cr is produced endogenously by the liver or ingested from exogenous sources
such as meat and fish. Almost all the Cr in the body is located in skeletal muscle in
either the free (Cr: ~40%) or phosphorylated (PCr: ~60%) form and represents an
average Cr pool of about 120–140g for an average 70kg person.

It is hypothesised that Cr can act though a number of possible mechanisms as a
potential ergogenic aid but it appears to be most effective for activities that
involve repeated short bouts of high-intensity physical activity. Additionally,
investigators have studied a number of different Cr loading programmes; the most
common programme involves an initial loading phase of 20 g/day for 5–7 days,
followed by a maintenance phase of 3–5 g/day for differing periods of time (1
week to 6 months). When maximal force or strength (dynamic or isotonic
contractions) is the outcome measure following Cr ingestion, it generally appears
that Cr does significantly impact force production regardless of sport, sex or age.
The evidence is much more equivocal when investigating isokinetic force produc-
tion and little evidence exists to support the use of Cr for isometric muscular
performance. There is little benefit from Cr ingestion for the prevention or
suppression of muscle damage or soreness following muscular activity.

When performance is assessed based on intensity and duration of the exercises,
there is contradictory evidence relative to both continuous and intermittent
endurance activities. However, activities that involve jumping, sprinting or
cycling generally show improved sport performance following Cr ingestion. With
these concepts in mind, the focus of this paper is to summarise the effectiveness of
Cr on specific performance outcomes rather than on proposed mechanisms of
action.

The last brief section of this review deals with the potential adverse effects of
Cr supplementation. There appears to be no strong scientific evidence to support
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any adverse effects but it should be noted that there have been no studies to date
that address the issue of long-term Cr usage.

1. Background There seems to be basic agreement in the litera-
ture that PCr levels are slightly higher in type II

The lure of possible enhanced sport performance glycolytic muscle fibres when compared with the
or improved exercise potential continues to make more aerobic type I muscle fibres and there is little
dietary supplement products a very lucrative indus- evidence to suggest any sex differences in PCr con-
try. One of the most utilised oral dietary supple- centrations.[9,10] There might be a slight decline in
ments is creatine monohydrate (Cr). Cr ingestion at PCr concentration with increased age but it is not
supra-physiological doses has become widespread clear if this is due to a decline in physical function or
and is no longer only being used by professional to aging itself.[11]

athletes or elite collegiate athletes. Many recreation-
1.2 Brief Historical Perspectiveal exercisers, high-school athletes,[1] the elderly[2-5]

and children[6] of both sexes have been ingesting Cr
Cr was initially discovered in the early 1830s bywith the hope of improved physical performance.

Chevreul and confirmed as a ‘real’ entity in meat byThis review will provide a summary and evaluation
Liebeg in 1847. Liebeg was also the first to theoriseof the most recent scientific literature (1999 to pre-
that Cr was somehow linked to muscle performance;sent) as it pertains to Cr supplementation and exer-
however, it was not until the early 1900s when thecise or sport performance.
extraction of Cr from meat began to lead to the
investigation of Cr as an oral supplement. The Sovi-

1.1 What is Creatine? et States and the Eastern block countries began to
utilise Cr as a potential performance enhancer in theCr, a nonessential dietary compound, can either
1970s,[7,12] but the real push towards studying Crbe ingested from exogenous sources such as fish or
supplementation did not occur until the early 1990smeat or can be produced endogenously by the body,
in the US and Great Britain.[12] Today, it is estimatedprimarily in the liver. Cr is synthesised by a two-step
that >2.5 million kilograms of Cr are used eachprocess involving three amino acids (arginine, gly-
year,[8] with Cr sales increasing to over $US200cine and methionine). Initially, arginine and glycine
million in 1998.[13]

combine to form guanidinoacetate, then a methyl
In general, the majority of the scientific literaturegroup from S-adenosylmethionine is added for the

dealing with young, healthy males, agrees that exer-formation of Cr. Since Cr is produced primarily in
cise performance that involves short periods of ex-the liver, it must therefore be released into the blood
tremely powerful activity (1–2 seconds) can be en-and then must enter the muscle cell, against a con-
hanced by Cr supplementation, especially if thecentration gradient, with the aid of a sodium-depen-
activity is performed in repetitive bouts separated bydent transporter, Cr transporter-1.[7,8]

short rest periods (30 seconds to 1 minute).Almost all of the Cr in the human body is located
in skeletal muscle with approximately 40% of the Cr 1.3 Proposed Mechanisms of Action
in the free form (Cr) and 60% in the phosphorylated
form (PCr). In general, a 70kg person with an aver- It has been suggested that Cr supplementation
age Cr pool of 120–140g, would lose about 2 g/day can act through a number of distinct mechanisms.
as creatinine in the urine. This loss is replaced by First, if PCr concentrations are increased in skeletal
both exogenous consumption of about 1 g/day from muscle, PCr can then aid in the rapid rephosphoryla-
a normal mixed diet and the other 1g being synthe- tion of adenosine diphosphate (ADP) back to adeno-
sised endogenously. sine triphosphate (ATP) by the Cr kinase reaction
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during high-intensity, very short duration activities, muscle occurs during the initial stages of the loading
especially if the bouts of intense activity are repeat- regimen. Exercise seems to enhance the uptake of
ed with short rest periods between them.[7,8,14,15] Cr, especially if the Cr is ingested after the exercise
Examples of this type of activity include sprints, with a simple carbohydrate drink.[8] The use of a
jumping events and weight lifting. Secondly, it can carbohydrate drink appears to be more important
enhance the capacity for high-energy phosphate dif- during the initial phases of the Cr loading and less
fusion between the mitochondria and myosin heads, important as intracellular Cr stores near saturation.
thus, better enabling the heads to engage in cross- Most researchers also agree, that as with most inter-
bridge cycling and tension maintenance.[7,9,16] Third- vention protocols, there are responders and non-
ly, Cr can act to buffer pH changes brought about by responders to Cr supplementation.[21]

an increasing acidosis by utilising the hydrogen ions
2. Ergogenic Effectsduring the Cr kinase reaction and the rephosphoryla-

tion of ADP to ATP and improve cellular homeosta- Although Cr supplementation has been used in a
sis.[7,9] Fourthly, declining levels of PCr in the cell number of clinical situations, such as congestive
due to the increased need to rephosphorylate ADP heart failure,[22,23] atherosclerosis, neuro-degenera-
can stimulate phosphfructokinase, the rate-limiting tive diseases[24] and neuromuscular diseases,[25] oft-
enzyme for glycolysis, thus increasing the rate of en with mixed results, this review will focus only on
glycolysis in order to increase the rapid production the proposed ergogenic effects relative to sport and
of ATP.[7,9] Once again, activities lasting between 10 exercise performance. Medline and Sport Discus
seconds and 2 minutes would benefit from this were used as the primary databases for this topic of
mechanism, i.e. 200m, 400m and 800m sprints. Cr and sport performance. Articles from 1999 on-

It has also been suggested that increased concen- wards were used in this review and the rationale for
trations of PCr can be associated with muscle hyper- this decision was based on the overwhelming vol-
trophy and increased protein synthesis. Cr may ume of literature that dealt with Cr supplementation
cause an osmotic loading effect resulting in the during the 1990s, the recent scientific advances in
movement of extracellular water into the muscle mechanisms related to the proposed actions of Cr,
cell, which is a stimulus for protein synthesis or by the recent use of specialised groups (elderly, dis-
decreasing the rate of protein degradation.[17]

eased), and improved statistical analyses and inter-
Changes in body mass following Cr ingestion is pretation (table I).
somewhat controversial but often it is reported that
significant increases occur.[18] Lastly, Cr has been 2.1 Peak Force
suggested to shorten relaxation time during intermit-
tent maximal isometric contraction by facilitating 2.1.1 Isoinertial Strength and Rate of

Force Developmentcalcium uptake by the sarcoplasmic reticulum.[19,20]

A number of studies have examined the acute
effects of Cr loading (20 g/day for 5 days) as well as1.4 Supplement Strategies
the longer term effects of a maintenance regimen
(3–5 g/day for 4–16 weeks) coupled with resistanceThe typical Cr loading programme consists of 20
training. The most commonly used method of isoin-g/day (four doses of 5g each) for 5–7 days followed
ertial strength assessment is the one-repetition maxi-by a maintenance load of 3–5 g/day, although lower
mum (1RM) testing. The supine bench press anddosages (2–3 g/day) for a greater length of time (1
incline leg press are the most commonly cited testsmonth) can be as equally effective in raising intra-
within the Cr literature.cellular PCr levels. In general, the greatest increases

in cellular levels of PCr following supplementation Rossouw et al.[34] investigated the acute effects of
occur in those individuals that have the lowest initial Cr loading on lifting performance. Thirteen subjects
values[11] and the greatest uptake of Cr into the were randomly assigned to receive either Cr (n = 8;
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Table I. Creatine supplementation and exercise and sport performance summary

Study Year Dosage Population Findings

Isotonic/dynamic peak force

Wilder et al.[26,27] 2001, 2002 CR loading: Gr1: 3 g/d Collegiate football players: Gr1 = 8; Gr2 = 8; Gr3 = 9 (PL); ↔ between groups
Gr2: 7 g/d for 7d resistance training
Maintenance: 5 g/d for 12wk

Bemben et al.[28] 2001 CR loading: 20 g/d for 5d Collegiate redshirt football players: CR = 9; PL = 8; ↑ 1RM
Maintenance: 5 g/d for 8wk con = 8; resistance training

Chrusch et al.[29] 2001 CR loading: 0.3 g/kg BW for 5d 30 older men: CR = 16; PL = 14; resistance training ↑ 1RM
Maintenance: 0.07 g/kg BW for
11wk

Tarnopolsky et al.[30] 2001 Gr1: 10g CR + 75g CHO Untrained males: Gr1 = 11; Gr2 = 8; resistance training ↔ between groups
Gr2: 10g prot + 75g CHO for
8wk

Becque et al.[31] 2000 CR loading: 5g, 4 ×/d for 5d Weight-trained males: CR = 10; PL = 13 ↑ strength 1RM and muscle
Maintenance: 2 g/d for 5wk hypertrophy

Brenner et al.[32] 2000 CR loading: 20 g/d for 7d Female collegiate lacrosse: CR = 7; PL = 9; resistance ↑ 1RM
Maintenance: 2 g/d for 5wk training

Larson-Meyer et al.[33] 2000 CR loading: 7.5g 2 ×/d for 5d Female collegiate soccer: CR = 7; PL = 7; resistance ↑ 1RM
Maintenance: 5 g/d for 12wk training

Rossouw et al.[34] 2000 CR loading: 9g 3 ×/d for 5d Trained power lifters: CR = 8; PL = 5 ↑ 1RM

Syrotuik et al.[35] 2000 Gr1: 0.3 g/kg for 5d Recreationally active men and women: Gr1 = 7; Gr2 = 7; ↔ between groups
Maintenance: PL 32d Gr3 = 7; resistance training
Gr2: 0.3 g/kg for 5d
Maintenance: 0.03 g/kg for 32d
Gr3: PL for 32d

Isokinetic peak torque

Stevenson and 2001 CR loading: 20 g/d for 7d Male and female college students: CR = 12; PL = 6; ↑ peak torque
Dudley[36] Maintenance: 5 g/d for 8wk resistance training

Chrusch et al.[29] 2001 CR loading: 0.3 g/kg BW/d for 30 older men: CR = 16; PL = 14; resistance training ↑ power output
5d
Maintenance: 0.07 g/kg/d for
11wk

Tarnopolsky et al.[30] 2001 Gr1: CR 10g + 75g CHO Young untrained men: CR = 11; prot = 8; resistance ↔ between groups in peak
Gr2: prot 10g + 75g CHO for training torque
8wk

Gilliam et al.[37] 2000 CR loading: 5g, 4 ×/d for 5d Active untrained men: CR = 11; PL = 12 ↔ between groups in peak
torque

Continued next page
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Table I. Contd

Study Year Dosage Population Findings

Rossouw et al.[34] 2000 CR: 5g, 3 ×/d for 5d Trained power lifters: CR = 8; PL = 5 ↑ peak torque

Rawson et al.[4] 1999 CR: 4 × 5 g/d for 5d Older men: CR = 9; PL = 8 ↔ between groups

Isometric force production

Kilduff et al.[38] 2002 CR: 20 g/d for 5d Resistance-trained men: CR = 21; PL = 11 ↔
Jakobi et al.[39] 2001 CR: 5g, 4 ×/d for 5d Older men: CR = 5; PL = 5 ↔ for maximum force or

endurance

Muscle soreness and damage

Rawson et al.[4] 1999 CR: 5g, 4 ×/d for 5d Young non-weight-trained men: CR = 12; PL = 11 ↔ between groups

Jumping/Sprinting

Izquierdo et al.[40] 2002 CR: 5g, 4 ×/d for 5d Male handball athletes: CR = 9; PL = 10 ↑ sprint and jump

Cox et al.[41] 2002 CR: 5g, 4 ×/d for 6d Elite female soccer players: CR = 6; PL = 6 ↑ sprint and agility

Skare et al.[42] 2001 CR: 5g, 4 ×/d for 1d Male track sprinters: CR = 9; PL = 9 ↑ sprint and jump

Romer et al.[43] 2001 CR: 0.075 g/kg, 4 ×/d for 5d Male competitive squash players ↑ sprint

Haff et al.[44] 2000 CR: 0.3 g/kg BW for 6wk Male and female track-and-field athletes: CR = 15; ↑ vertical jump
PL = 21

Sprint power cycling

Ziegenfuss et al.[45] 2002 CR: 0.35 g/kg FFM for 3d Male and female collegiate athletes: CR = 10; PL = 10 ↑ total work and peak power

Green et al.[46] 2001 CR: 5g, 4 ×/d for 6d Physically active men: CR = 9; PL = 10 ↑ peak power and ↓ in %
decline for endurance

Wiroth et al.[47] 2001 CR: 5g, 3 ×/d for 5d Sedentary elderly men: CR = 7; PL = 7 ↑ maximal power for CR
Trained elderly cyclists: CR = 7; PL = 7 sedentary groups only
Young sedentary men: CR = 7; PL = 7

Rockwell et al.[48] 2001 CR: 20 g/d for 4d during energy Active training young men: CR = 8; PL = 8 Nonsignificant ↑ for higher total
restriction sprint work (energy restriction)

Volek et al.[49] 2001 CR: 0.3 g/kg/d for 7d Young men: CR = 10; PL = 10 Significantly better peak power
and repeated sprint
performances (high temperature
and humidity)

Deutekom et al.[50] 2000 CR: 5g, 4 ×/d for 6d Well trained rowers: CR = 11; PL = 12 ↔ between groups, peak
power, time to peak power and
work

Vogel et al.[51] 2000 CR: 5g, 4 ×/d for 5d Active young men: CR = 7; PL = 9 ↔ supramaximal cycle
performance (hypohydration)

Continued next page
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seven males and one female; 9 g/day for 5 days) or a
placebo treatment (n = 5; four males and one female;
9g sucrose/day for 5 days). Deadlift 1RM (per-
formed in a style conforming to national power-
lifting sanctioned rules) significantly improved after
only 5 days of supplementation for the Cr group,
suggesting that acute Cr loading may be a practical
pre-competition dietary strategy to improve power-
lifting competition performance.[34] The results from
this study, therefore, have practical applications for
other well trained athletes engaged in high-intensity
anaerobic exercise. However, one limitation of this
study was the use of paired t-tests to explore only
within group change and the failure to evaluate a
possible statistical interaction term, thus losing, or at
least minimising, the scientific advantage of using a
placebo group.

More commonly, Cr supplementation involves
an initial acute loading period followed by a longer
term, chronic maintenance phase. Becque et al.[31]

examined the effects of Cr supplementation and a
periodised resistance programme on arm flexor
1RM strength. Twenty-three male subjects with
weight-training experience were randomly assigned
to either a Cr group (n = 10) or a placebo group (n =
13). Cr loading consisted of ingesting 5g Cr, four
times daily for 5 days, then supplementation was
reduced to 2 g/day while the placebo group received
a 500mL flavoured sucrose drink containing 32g of
sucrose. Loads utilised during twice-weekly training
sessions started out at a 6RM and were then reduced
to a 2RM during week six. Following analyses with
a repeated measures analysis of variance (ANOVA),
results indicated that both the Cr and placebo groups
had significant increases in 1RM strength, while
only the Cr group demonstrated a significant in-
crease in upper arm muscle area (measured anthro-
pometrically) and total fat-free mass (measured by
underwater weighing). One limitation of the study
was the use of anthropometry to estimate muscle
cross-sectional area and the increased error associat-
ed with this technique. Chronic Cr administration
during this study had a significant ergogenic effect
upon 1RM strength and fat-free mass when com-
pared with periodised resistance training alone.
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Brenner et al.[32] reported similar findings as may not have provided adequate supplementation,
especially for the players with larger body mass.those presented by Becque et al.,[31] using 16 female

collegiate lacrosse players. A similar loading and Using a different sport in their research design,
maintenance programme to that used by Becque et Larson-Meyer et al.[33] conducted a double-blind,
al.[31] resulted in a greater increase in 1RM measures placebo-controlled study, which involved 14 divi-
for the Cr group (significant group × time interac- sion I female soccer players during their 13-week
tion) and reduced skinfold measures when com- off-season resistance training programme. Seven of
pared with the placebo group. the women were Cr loaded with approximately 7.5g

twice daily for 5 days, then maintained their CrThe influence of Cr on measures of performance
intake at 5 g/day for the remainder of the study.are more controversial when collegiate football
Following a repeated measures analyses to establishplayers are used as the experimental group. Wilder
trial by group interactions, it was determined that

et al.[26,27] reported that neither low-dose (3 g/day)
bench-press and squat 1RM strength improved more

nor high-dose (20 g/day for 7 days followed by for the Cr group compared with the placebo group.
5 g/day) Cr supplementation during a 10-week peri- There was, however, no difference between the two
odised strength training programme for collegiate groups concerning overall gains in lean tissue as
football players had any additional effect on strength determined by dual energy x-ray absorptiometry
gains when compared with a control group. Both (DXA).[33]

groups had significant strength increases over time
Supportive findings have also been documentedbut there was no significant group by time interac-

with healthy older men. Chrusch et al.[29] examined
tion. However, utilising a similar study group,

the effects of combined Cr ingestion and resistance
Bemben et al.[28] found that a 9-week periodised training (36 total training sessions) on changes in
strength training programme combined with Cr sup- body composition and muscle performance in men
plementation (20 g/day for 5 days followed by 5 g/ aged 60–84 years. A total of 30 subjects were ran-
day for the rest of the study) with red-shirt collegiate domly assigned to either a Cr group (n = 16; mean
football players resulted in significantly greater im- age 70.4 ± 1.6 years) or a placebo group (n = 14;
provements in strength, peak torque, and anaerobic mean age 71.1 ± 1.8 years). The Cr loading phase
power and capacity as assessed by the Wingate consisted of 0.3 g/kg bodyweight (BW) for the first
protocol when compared with both a placebo and 5 days, followed by a maintenance dose of 0.07 g/kg
control groups.[28] The higher maintenance dose BW. Repeated measures ANOVA analysis regard-
used in the Bemben et al.[28] study may have been a ing both main effects and interaction terms indicated
contributing factor to the significant differences ob- that the Cr group had significantly greater increases
served post-supplementation. Another possible ex- in 1RM leg press (Cr: +50.1kg vs placebo: +31.3kg)
planation for the different findings of these two and leg extension (Cr: +14.9kg vs placebo: +10.7kg)
research groups may be linked to the college experi- and had concomitantly greater increases in body

mass and lean tissue mass as measured by DXA.ence of the two groups of subjects. In the two Wilder
The lack of a Cr effect for bench-press strength mayet al.[26,27] studies, National Collegiate Athletic As-
have been the result of a lower training volume sincesociation division I players had at least 1 year of
only one exercise during the training programmecollege football experience, whereas the Bemben et
targeted the upper. The results of this study alsoal.[28] study utilised red-shirt freshmen (no college
could have been influenced by the group differencesexperience). The red-shirt freshmen had indicated
in baseline strength (Cr group was significantlyno previous Cr use while the subjects from the
stronger than the placebo group).Wilder et al.[26,27] studies reported no usage for the 4

weeks prior to the research. Additionally, the lower There are also a number of studies that have not
dose used in the Wilder et al.[26,27] studies (3 g/day) been able to detect a significant Cr effect following
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supplementation. Syrotuik et al.[35] randomly as- 39.9%) but there were no significant differences
between the two groups.[30] Strength gains may havesigned 21 men to one of three resistance training
been similar for both conditions due to increasedgroups in which the volume and intensity of training
protein synthesis (resistance training plus Cr) orwere equated. The first group ingested Cr (0.3 g/kg
increased protein availability post-exercise (resis-BW for 5 days) and then a maintenance placebo, the
tance training plus protein). It should be noted thatsecond group followed the same loading programme
this study used great care to ensure that both supple-followed by a maintenance phase (0.03 g/kg BW for
ments provided the same energy content, a criticism32 days). The final group consumed the placebo for
of many Cr supplementation studies.the total 37-day period. Resistance training consist-

ed of a periodised programme and strength was
2.1.2 Isokinetic Peak Torqueassessed by 1RM incline leg press and bench press.
The effect of Cr loading on measures of isokinet-These measures were also expressed relative to body

ic performance are more controversial than for mea-mass by dividing 1RM (kg) measures by each sub-
sures of dynamic or isoinertial maximal force. Ros-jects body mass (kg). 1RM measures were taken
souw et al.[34] conducted a study using 13 highlybefore loading phase, after the 5-day loading phase
trained strength athletes to examine the effects ofand finally after the 32-day maintenance phase.
acute Cr supplementation on isokinetic peak torque.Two-way ANOVA with repeated measures and
Subjects were randomly assigned to either a CrNewman-Keuls post hoc analyses determined that
group (n = 8; 9g, three times daily) or a placeboeach group significantly increased all 1RM mea-
group (n = 5) for 5 days of treatment. Subjects weresurements. There were significant main effects for
required to perform three sets of 25 consecutive,all groups over time for 1RM measures of bench
maximal concentric knee extensions at 180 degrees/press and leg press, total lifting volume and
second with 60 seconds recovery between sets.strength-to-mass ratio, but no significant group or
Paired t-tests indicated mixed results, with bothinteraction effects between the groups.[35] The re-
groups having significant increases in peak torquesults of this study indicated that neither Cr loading
for exercise bout two, but only the Cr group had aor Cr loading plus a maintenance programme, in
significant increase in bout three. The improvement

combination with resistance training controlled for
in more of the repeated bouts of exercise for the Cr

training volume and intensity, were any more effec-
group was attributed to the fact that each exercise

tive than resistance training alone. These findings
bout began with higher concentrations of PCr com-

suggest that Cr does not produce an anabolic effect
pared with the placebo group. However, the inap-

on skeletal muscle that is independent of the quality propriate use of paired t-tests without any adjust-
and quantity of the exercise stimulus. ment in the p-values or the inability to evaluate any

Another study that failed to support the use of Cr possible interaction terms makes direct comparisons
was conducted by Tarnopolsky et al.[30] who between the two groups impossible.
randomised 19 male subjects into either a Cr + An 8-week resistance training programme, cou-
carbohydrate group (n = 11; 10g Cr + 75g glucose) pled with electrical muscle stimulation (EMS) ap-
or protein + carbohydrate group (n = 8; 10g casein + plied to isokinetic force production at 70 degrees/
75g glucose) in a double-blind design. Prior to treat- second, was designed by Stevenson and Dudley[36]

ments, subjects were tested using 16 separate 1RM in conjunction with or without Cr supplementation.
tests to assess isoinertial strength. Resistance train- Eighteen previously resistance-trained subjects were
ing focused on training the whole body over a 6-day randomly assigned to a Cr group or placebo group.
week in a split routine design. Training sessions Cr loading consisted of 20 g/day for 7 days, then
lasted 1 hour for a total of 8 weeks. The results reverted to a maintenance dose of 5 g/day for 8
indicated that 1RM strength, in all 16 exercises, weeks. EMS, which elicited maximal coupled ec-
increased post-training (ranging from 14.2% to centric and concentric actions, was applied to the
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left quadricep fermoris twice weekly (three to five test of the knee extensors, which involved three sets
of 30 maximal volitional actions at 180 degrees/sets) while subjects continued with their own indi-
second interspaced with 60 seconds of recovery.vidual lower-body workouts. Measures of muscle
Each group was analysed separately with a two-wayCSA were obtained by way of magnetic resonance
ANOVA. There was no significant interaction termimaging (MRI). Repeated measures ANOVA analy-
for isokinetic performance for either group indicat-ses revealed that the addition of electrical stimula-
ing that Cr did not exhibit a performance-enhancingtion to the left quadricep increased CSA by 11%,
effect for older men perhaps due to poorer Cr ab-independent of Cr supplementation, probably due to
sorption, transportation or uptake by the muscle.[3]increased intracellular water.[36] Since both groups

Chrusch et al.[29] examined the effects of com-exhibited similar improvements in force production,
bined Cr ingestion and resistance training (36 totalfatigue resistance and muscle hypertrophy, the au-
training sessions) on isokinetic muscle performancethors concluded that Cr supplementation does not
in older men. Thirty subjects were randomly as-augment mechanical or hypertrophic responses of
signed to either a Cr group (n = 6; mean age 70.4 ±trained individuals.[36]

1.6 years) or a placebo group (n = 14; mean age 71.1Another study that was unable to detect the effi-
± 1.8 years). The Cr loading phase consisted of 0.3cacy of Cr supplementation for isokinetic force pa-
g/kg BW for the first 5 days, followed by a mainte-rameters was conducted by Gilliam et al.[37] They
nance dose of 0.07 g/kg BW. Isokinetic assessmentexamined the acute effects of Cr supplementation on
consisted of knee extensions at a velocity of 60isokinetic peak torque at 180 degrees/second in 23
degrees/second for three sets of ten repetitions withactive but untrained men. Subjects were randomly
1-minute rest between sets. A 2 × 3 repeated mea-

assigned to either a Cr group (n = 11) or a placebo
sures ANOVA determined a significant group by

group (n = 12). Treatment consisted of four doses of
time interaction for average isokinetic knee exten-

5g of Cr + 1g of glucose for the Cr group and four
sion and flexion power, with the Cr group demon-

doses of 6g glucose for placebo condition. Testing
strating significantly greater increases. These find-

consisted of five sets of 30 maximal volitional con-
ings are in contrast to other studies that showed no

tractions with a 1-minute rest period between sets.
positive Cr effects on performance using isokinetic

Peak torque measurements were taken during each
actions at higher velocities (180 degrees/second).

of the 30 contractions, with the average value being
The different findings may be explained by the

used in the analyses. Peak torque declined from sets
greater duration of the current study[29] (36 total

one to four, with no difference seen between sets training sessions), which may have provided a
four and five. A three-way ANOVA determined that greater time course for Cr uptake in this older popu-
there were no significant group, time or interaction lation.
effects, suggesting that acute Cr supplementation
did not significantly affect indices of isokinetic tor-

2.1.3 Isometric Maximal Force and Rate of
que production at a constant velocity of 180 degrees/ Force Development
second.[37]

The effects of acute Cr supplementation on maxi-
Isokinetic studies with Cr supplementation in mal voluntary force production (MVC), has been

older populations have produced differing results addressed in several articles. A MVC is typically
from younger or athletic populations. Rawson and defined as an angle-specific maximal isometric con-
Clarkson[3] randomly assigned 17 men between the traction. Jakobi et al.[39] recruited 12 older men
ages of 60 and 78 years to either a Cr group (5g + 1g (aged 65–82 years) who were randomly assigned to
sucrose four times daily for 5 days) or a placebo either a Cr group (5g Cr + 5g maltodextrin; four
group (6g sucrose four times daily for 5 days). Prior times daily; n = 7) or a placebo group (5g maltodex-
to testing and following 5 days of Cr loading, sub- trin; four times daily; n = 5). Following 5 days of
jects performed an intermittent isokinetic fatigue treatment, there was no significant increase in either

 2005 Adis Data Information BV. All rights reserved. Sports Med 2005; 35 (2)



116 Bemben & Lamont

voluntary MVC or electrically evoked MVC be- membrane stabilisation[62] leading to the notion that
tween the two groups, which suggests that longer Cr supplementation may help lessen the degenera-
duration Cr supplementation may have been needed tive effects of eccentrically induced muscle damage.
for the older subjects. In one of the few published articles in this area,

Kilduff et al.[38] investigated the potential Rawson et al.[11] investigated the effects of Cr sup-
ergogenic effects of acute Cr loading (20 g/day Cr + plementation on eccentrically induced muscle dam-
180 g/day dextrose for 5 days) on body composition age. Twenty-three men aged between 18 and 36
and MVC during a bench-press exercise. Thirty-two years were randomly assigned to either a Cr (n = 12;
resistance-trained men were matched according to 20 g/day for 5 days) or placebo group (n = 11). Fifty
peak isometric force and then assigned in a double- maximal eccentric contractions of the elbow flexors
blind fashion to either a Cr group or a placebo were used to induce muscle damage and elbow
group. Following a repeated measures ANOVA, it flexor MVC, elbow range of motion, blood creatine
was determined that the Cr group had no significant kinase, lactate dehydrogenase, distal arm circumfer-
change in measures of peak force or total force when ence, and soreness with movement and palpation
compared with the placebo group. However, when were assessed. There were no significant group or
the Cr group was divided into responders and non- group by time interaction for any of the variables
responders based on estimated intramuscular Cr measured. These results suggest that Cr supplemen-
storage after loading, peak isometric force and total tation does not lessen the symptoms associated ec-
force production was significantly higher than the centric exercise[11] and the hypothesis that Cr may
placebo group. It was reported that Cr uptake was decrease membrane fluidity and increase membrane
inversely proportional to training status (r = –0.68) stability was not supported.
suggesting that less-trained individuals uptake Cr

2.2 Powermore readily than more highly trained individu-
als.[38] This could be due to the near saturation of

2.2.1 Jumping and Sprintingintramuscular Cr stores seen in highly trained indi-
Cr supplementation has been reported to increaseviduals, probably through ingesting increased

both peak and mean power output during counter-amounts of dietary protein in the form of red meat.
movement vertical jumps (CMVJ) and static jumpsLess-trained individuals may not actively seek to
(SJ).[63] Haff et al.[44] examined the effects of aincrease protein intake and, therefore, may have
6-week resistance training programme plus Cr sup-lower levels of saturation before Cr supplementa-
plementation on dynamic rates of force develop-tion. Additionally, higher intramuscular Cr stores
ment during jumping activities. Thirty-six wellmay also be a physiological adaptation to high-
trained athletes (16 males and 20 females) wereintensity resistance training. It should be noted that
randomly assigned into a Cr group (n = 15; 0.3 g/kgby partitioning the Cr group into responders and
BW for 6 weeks) or a placebo group (n = 21).non-responders, a very different data interpretation
Resistance training sessions were carried out threeresulted and, as such, this method may be consid-
days/week utilising primarily high-power ballistic-ered biased reporting of the data and should be
type exercises (power cleans, power snatches) andviewed accordingly.
sprint training on the other two days. Testing con-

2.1.4 Eccentric Induced Muscle Soreness/Damage sisted of performing maximal CMVJ and SJ so that
Eccentric action induces muscle soreness and force-time curve characteristics such as displace-

damage at both the sarcolemmal and sarcoplasmic ment, peak force and rate of force development
reticular membranes.[59,60] A change in sarcoplasmic could be recorded. Both groups had significant im-
reticulum activity can lead to an increase in proteo- provements regarding force-time curve characteris-
lytic enzymes, ultimately leading to contractile pro- tics for the SJ following training. However, a signif-
tein degradation.[61] PCr has been associated with icant group by time interaction indicated that the Cr
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group had a greater rate of improvement for CMVJ days and included 11 all-out 20m sprints, two agility
runs and one ball-kicking drill, each separated byheight when compared with the placebo group.
20m walks, jogs or runs during a 1-hour time period.Izquierdo et al.[40] investigated the potential
After the first test session, the subjects wereergogenic effects of Cr supplementation on muscle
randomised into a treatment (5g Cr four times dailypower, endurance, fatigue and sprint performance.
for 6 days) or a placebo group in a double-blindNineteen previously resistance-trained male hand-
fashion and were then re-tested on the original testball players were randomly assigned to either a Cr (n
items. Body mass was increased significantly more= 9; 20 g/day for 5 days) or placebo (n = 10) group.
for the Cr group yet they had better repeated sprintMaximal strength was assessed using a half squat
times and better agility runs with lower heart ratesand bench press, while maximal repetitive high-
and lower lactate levels than the placebo group.[41]

power output was also determined for the half squat
Sprint performance was also significantly im-(70% 1RM) and bench press (60% 1RM) by per-

proved when a sample of squash players were sup-forming one set of ten repetitions followed by a
plemented with Cr (0.075 g/kg BW, four times daily2-minute rest period, then a second set until muscu-
for 5 days) in a double-blind, placebo-controlled,lar failure. Lifting cadence was controlled by a
crossover study.[43] Sprint times that were assessedmetronome set at a frequency of 19Hz and measures
in a simulated squash protocol improved for bothof mean power and average velocity were recorded
groups, but improved to a greater extent followingby a rotary encoder. A significant group by time
Cr supplementation; however, unlike the Cox et al.interaction indicated a significantly greater im-
results,[41] heart rates and lactate levels were unaf-provement in repetitions performed to fatigue, total
fected by Cr. In general, the literature seems toaverage power during the power endurance test, and
support the use of Cr supplementation for short-1RM half squat for the Cr group. Additionally, there
term, intense activities such as jumping and sprint-was less of a decline in the power/velocity from
ingCMVJ 1 to CMVJ 2 for the Cr group and a decrease

in average running times over the first 5m during
2.2.2 Cycling

repetitive sprints.
The use of cycle ergometry to assess indices of

Similar improvements in sprint performance anaerobic power has commonly been used in previ-
were reported by Skare et al.[42] Eighteen male track ous Cr research. Measures of peak and mean power
sprinters, with at least 3 years of experience in (W), time to peak power (seconds), total work (J)
regional competition were randomly assigned to and fatigue index (%) have been shown to be posi-
either a Cr group (n = 9; 20g Cr + 20g glucose/day) tively affected by Cr supplementation.[64] Addition-
or a placebo group (n = 9; 40g glucose/day). There ally, a number of studies have addressed the effects
were significant increases in 100m sprint perform- of Cr ingestion upon indices of Wingate perform-
ance and repeated sprint performance for the Cr ance since the year 2000.
group, while the placebo group had no improvement Green et al.[46] randomly assigned 19 physically
from pre- to post-conditions. One problem with the active men to either a Cr group (n = 9; 20 g/day for 6
data analyses is that it was unclear if a group by time days) or a placebo group (n = 10; 20g sucrose +
interaction was evaluated or if only paired t-tests maltodextrin/day). Before and after supplementa-
were used to evaluate the data. tion, subjects performed three arm Wingate tests

Improved sprint performance was also demon- (AW1, AW2, AW3), then three leg Wingate tests
strated by Cox et al.[41] using elite soccer players. (LW1, LW2, LW3) on consecutive days. Each Win-
Twelve subjects with a mean age of 22.1 years were gate trial was separated by 2 minutes of recovery.
given a standard diet that provided 7g carbohydrate/ Test variables compared between groups included
kg BW for a 24-hour period before each test session. peak power (W), mean power (W), and percentage
Each of the two test sessions were separated by 7 power decline (%). There was no significant differ-
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ence from pre- to post-test for mean power output puts, they also experience a greater amount of cen-
tral fatigue than females. Additionally, the greaterfor both the arm and leg trials. There was no change
initial power output seen with males has previouslyin peak power for either groups Wingate tests; how-
been shown to be related to greater systemic testos-ever, peak power increased significantly for the Cr
terone levels and greater amounts of fat-freegroup during AW1, and for the placebo group dur-
mass.[63]ing AW1 and AW3. Percentage decline for the Cr

group was significantly decreased (pre- to post-test) Deutekom et al.[50] assessed the effects of Cr
and was significantly less than the placebo group supplementation on muscle properties and sprint
after LW2.[46] Unfortunately, no interaction term performance. Twenty-three well trained rowers
could be assessed since the authors only used t-tests were randomly assigned to either a Cr group (n = 11;
to statistically analyse the data. 20 g/day for 6 days) or a placebo group (n = 12).

Testing consisted of 40 consecutive electrical stimu-Ziegenfuss et al.[45] studied highly anaerobically
lations of the quadriceps at an activation frequencytrained collegiate athletes to assess the effects of 3
of 150Hz, which was equal to 30% of maximaldays of Cr ingestion on cycle ergometer power
voluntary isometric peak torque. Repeated measuresoutput. Twenty division I athletes (ten males and ten
ANOVA indicated that there was a significant in-females) were selected and randomly assigned to a
crease in body mass for the Cr group compared withCr group (n = 10; 0.35g Cr/kg fat-free mass) or
the placebo group. However, there was no groupplacebo group (n = 10; 0.35g maltodextrin/kg fat-
difference for maximal voluntary torque generation,free mass). Subjects completed six maximal 10-sec-
muscle activation as elicited by electrical stimula-ond cycle sprints with 60 seconds recovery between
tion, and recovery from the electrically stimulatedsprints prior to treatment and after 3 days of the
exercise. Additionally, there were no differencestreatment. MRI techniques were used to obtain ten
between groups peak power, time to peak power, ortransaxial images of both thighs pre- and post-treat-
work to peak power[50] during the sprint tests.ment. Repeated measures analysis revealed that Cr

supplementation resulted in significant increases in Wiroth et al.[47] examined the potential ergogenic
total body mass (0.9 ± 0.1kg) compared with the effects of Cr supplementation on maximal pedalling
placebo group. There was also a significant 6.6% performance by recruiting three groups of subjects
increase in thigh volume for the Cr group that was (G1 = sedentary, n = 14, mean age 70.1 years; G2 =
attributed to an increase in intracellular water with trained cyclists, n = 14, mean age 66.4 years; and G3
no change for the placebo group. A significant in- = young sedentary, n = 14, mean age 26.0 years).
crease was also seen in total work performed during Within each group, Cr was administered (5g three
the first sprint as well as peak power output during times daily for 5 days) using a double-blinded,
sprints two through six, the total amount of work randomised design. Subjects performed five maxi-
performed, and the peak power produced during the mal 10-second sprints with 60 seconds of passive
repeated cycle sprint protocol. When male and fe- recovery between each sprint, with power output,
male subgroups (within the Cr group) were ex- work done and heart rate being recorded during each
amined, the males exhibited the highest initial peak sprint. Maximal power was significantly increased
power relative to lean body mass; however, after only for G1 and G3, suggesting that Cr was benefi-
three of the sprints had been completed, the reverse cial in previously untrained older and younger popu-
trend was seen, that is, females exhibited the greater lations but not in previously trained individuals.[47]

relative peak power output.[45] The drop in power This is in contrast to the findings of Rawson et al.[11]

output relative to body mass is similar to the find- who reported no significant increases in force or
ings presented by Linnamo et al.[65] who used explo- power output in older subjects during an isokinetic
sive repetitive weight-lifting tasks. Although males test following 5 days of Cr loading. It is possible that
exhibit both higher absolute and relative power out- the increased training status of the trained cyclist
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group may have reduced the responsiveness to Cr relative to nitrogen content of the diet) was found to
be similar in both groups. Cr and PCr concentrationsloading. Assessment of intramuscular Cr stores dur-
were determined by muscle biopsy from the vastusing future studies of this type may help explain some
lateralis and all samples were adjusted for the high-of the discrepancies.
est ATP concentrations at pre- and post-treatment.Within the cycling literature, authors have also
The Cr group had significantly greater total Cr con-attempted to delineate the effects of Cr under condi-
tent when compared with pre-treatment measurestions that might be exhibited during performance,
(15–16%), while there was no change for the place-such as dehydration and energy restriction. In one
bo group. It is interesting to note that there were nosuch paper, Vogel et al.[51] examined the effects of
significant differences or interactions between thecycle performance at two levels of acute hydration.
groups, either before or after energy restriction andSixteen men were randomly assigned to either a Cr
supplementation, for any of the cycle performancegroup (n = 7, 20 g/day for 5 days) or a placebo group
measures. The authors suggest that the brief 6-sec-(n = 9). Subjects were required to perform five,
ond sprints that are dependent on the phosphagen5-second maximal sprints on a cycle ergometer in an
system are less affected than longer sprint periodsenvironmental chamber with the temperature at
that might rely on anaerobic glycolysis.32°C and 50% humidity. To induce a state of

Dealing with the issue of Cr supplementation andhypohydration, subjects then performed a 75-minute
exercise in a hot environment, Volek et al.[49] ex-exercise session followed by the same sprint proto-
amined the physiological responses to short-termcol, then an additional 75 minutes of exercise. It was
exercise at 37°C (80% humidity) after 7 days of Crdetermined that the two 75-minute exercise sessions
loading. Twenty-two males were randomly assignedelicited similar significant losses in body mass
to either a Cr group (n = 10; 0.3 g/kg BW) or a

(–2.5% for the Cr group and –4% for the placebo
placebo group (n = 10) in a double-blind fashion.

group) as well as plasma volume (–7% for the Cr
The exercise session consisted of cycling for 30

group and –9% for the placebo group) for the Cr and
minutes at 60–70% of peak oxygen consumption

placebo groups. Additionally, there were no signifi-
and then, immediately perform three, 10-second

cant differences for either group for any of power
maximal sprints. Repeated measures ANOVA re-

measures. Reports of muscle cramping and tightness
vealed no significant differences between groups for

were not different between the groups and it was
heart rate, blood pressure and sweat rate responses

concluded that Cr supplementation did not appear to
to exercise. Urine excretion rates for Cr, sodium and

negatively affect hydration status during extended
potassium obtained over 24 hours were also not

cycling exercise.[51]
different between the two groups. The exercise

To examine the issue of Cr usage during a period bouts significantly increased levels of cortisol, al-
of energy restriction, Rockwell et al.[48] randomly dosterone, renin, angiotensin I and II, atrial peptide
assigned 16 men to either Cr group or a placebo and arginine vasopressin for both groups but there
group. Cr was administered at 20 g/day and both the was a significant interaction term indicating that
Cr and placebo group consumed a formula diet of peak power during cycling was significantly greater
75.3kJ (18 kcal/kg/day; 57% carbohydrate, 21% during all three sprints for the Cr group but un-
protein and 24% fat). Subjects were then required to changed for the placebo group.
perform ten, 6-second maximal sprints with 30
seconds of recovery between sets. Both the Cr and 2.3 Continuous Endurance
placebo groups lost similar amounts of body mass
and percentage body fat, but the placebo group had a Much of the previous Cr literature has focused on
significant decrease in percentage change of fat-free improvements in anaerobic and intermittent physi-
mass when compared with the Cr group. Nitrogen cal activity. In terms of sport performance, there is
loss (total urinary nitrogen and estimated faecal loss less evidence to support the use of Cr with activities
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that are longer in duration than 3 minutes. The There was a greater V̇O2 for the Cr group and lower
blood ammonia concentrations. Plasma uric acidpotential positive ergogenic effects that Cr might
was also found to be lower for the Cr group at thehave on submaximal endurance performance have
cessation of exercise and 5 minutes post-exercise.been addressed in only a few papers since the year
From a performance standpoint, the Cr group in-2000. Jones et al.[52] investigated the effects of Cr
creased their time to exhaustion from 29.9 ± 3.8loading on oxygen uptake (V̇O2) kinetics during
minutes to 36.5 ± 5.7 minutes, while there were nosubmaximal cycle exercise. Five subjects received
changes seen with the placebo group. It appearedCr (20 g/day for 5 days followed by 5 g/day mainte-
that Cr supplementation during the current studynance dose) while four subjects served as controls.
was able to increase the total amount of work thatFollowing all testing conditions, 35–50 days later,
could be performed during alternating bouts of dif-the five subjects initially supplemented with Cr now
ferent intensity exercise by effecting oxygen utilisa-served as controls and the initial four control sub-
tion and enhancing oxidative phosphorylation atjects were now supplemented with Cr. Paired t-tests
these varying intensities.[54]revealed that there were no significant differences

between groups for the V̇O2 kinetic response during
the moderate exercise protocol and that Cr had no

2.4 Intermittent Endurance
ergogenic effect. The limitations of this study in-
volve the statistical analyses and the small sample

The role Cr might have in improving bouts ofsize.
intermittent anaerobic exercise has been addressed

However, similar results were obtained by Syro- in a number of studies since 2000, with conflicting
tuik et al.[53] when they examined the effect of Cr results. Yquel et al.[15] described the effects of Cr
supplementation (0.3 g/kg BW/day, ingested in four supplementation on PCr resynthesis and inorganic
equal portions throughout the day, for 5 days, then a phosphate accumulation during intermittent exer-
maintenance phase of 0.03 g/kg BW/day for 5 cise. Nine male subjects consumed 20 g/day Cr for 6
weeks) on training volume for male rowers. The days in a non-blinded fashion. Using an isokinetic
initial 5-day loading period of Cr did not improve dynamometer, subjects performed five, 8-second
repeated interval rowing performance, 2000m row- bouts of dynamic plantar flexion exercise with 30
ing times or any strength measures. Following an seconds of recovery between bouts. An additional
additional 5 weeks of Cr supplementation, still no two bouts (bouts six and seven) were then carried
differences were noted between the two groups rela- out for a total of 8 and 16 seconds, respectively. The
tive to any of the performance parameters. rest interval between the end of bout five and the

In contrast to these two previous studies, Rico- start of bout six was 1 minute with 2 minutes al-
Sanz and Marco[54] investigated the effects of Cr lowed between bouts six and seven. Muscle PCr and
supplementation on V̇O2 and performance during inorganic phosphate were estimated every 16 sec-
alternating bouts of exercise at different intensities. onds using 31P magnetic resonance spectroscopy.
Fourteen male subjects were randomly assigned to Results indicated that after Cr ingestion, power out-
either a Cr group (n = 7; 20 g/day for 5 days) or a put significantly increased by 5% from exercise
placebo group (n = 7). Cycling tests were carried out bouts three to seven and total PCr resynthesis was
at intensities equal to 30% and 90% of peak power also significantly increased following 10 minutes of
until exhaustion. After a standardised warm up, sub- recovery. There was also a strong positive relation-
jects cycled for a total of five, 3-minute stages ship between inorganic phosphate concentration and
(alternating 30% and 90% of maximal power out- muscle pH after Cr ingestion. It appeared that Cr
put). Blood samples were taken at four separate ingestion helped maintain power output over repeat-
timepoints (rest, just before the end of each cycling ed bouts of intermittent anaerobic activity by reduc-
load, at exhaustion, and at 5 minutes post-exercise). ing acidic conditions.
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In a similar protocol, Cottrell et al.[55] studied the effect of pre-exercise Cr supplementation on inter-
mittent sprint performance. Eight active, but noteffect of Cr ingestion and recovery interval on mul-
well trained men either received Cr (15g + water) ortiple bouts of sprint cycling performance in adult
a placebo treatment during their first day of testing.males. Well trained cyclists were randomised to
Fourteen days later, in a randomised, double-blind,either a Cr group (0.3 g/kg BW/day for 6 days) or a
crossover design, subjects were then re-tested beforeplacebo group. Three separate trials of maximal
ingesting the other treatment that was not receivedcycling sprints were used. Cycling bouts consisted
on the first test. Cr or placebo treatments wereof eight, 15-second, maximal efforts. Subjects were
ingested 60 and 120 minutes prior to the start of anrandomly assigned to recovery interval groups of 1,
80-minute sprint cycle task. The protocol consisted3 or 6 minutes, and the same protocol was carried
of ten sets of multiple 6-second sprints, with recov-out again, 7 days later. The use of paired t-tests
ery periods varying from 24 to 84 seconds. Subjectsindicated that between-trial mean power significant-
carried out the same protocol 14 days later andly increased for the Cr groups with 1 and 3 minutes
received the alternative treatment to what was re-of recovery, and for the placebo group with 6 min-
ceived previously. Variables recorded and analysedutes of recovery. It appeared that during this study,
included work done and peak power. Muscle biop-Cr supplementation had a positive effect on mean
sies were also taken from the vastus lateralis prior topower maintenance as long as the rest interval was
exercise and at 1 and 3 minutes post-exercise. Datano longer than 6 minutes, but the lack of assessing
analyses revealed that there were no significantan interaction term following supplementation,
changes in cycling performance after ingestion of Crshould lead one to closely scrutinise the interpreta-
and that muscle ATP concentrations and total Crtion of these results.
levels were not different between the two groups.

Contrary to the previous studies, Edwards et
Finn et al.[57] also reported no difference in inter-

al.[58] examined the effects of Cr supplementation on
mittent cycle performance following Cr ingestion.

anaerobic performance in moderately active men.
Sixteen currently active triathletes performed four

Twenty-one subjects were randomly assigned to
20-second all-out sprints on an air-braked cycle

either a Cr group (n = 11; 20 g/day for 6 days) or a
ergometer with each trial separated by 20-second

placebo group (n = 10). Subjects were tested using
recovery periods. Muscle biopsies were obtained so

an anaerobic speed test (AST), which required them
that subjects could be matched for intramuscular Cr

to run to fatigue on a treadmill at a constant speed of
content before they were randomly assigned to re-

13 km/h and 20% gradient. Prior to performance of ceive either a Cr (n = 8; 20 g/day for 20 days) or a
the AST, four 15-second bursts of high-intensity placebo group (n = 8). Results indicated that free Cr
running, each separated by 30 seconds of passive was significantly higher in the Cr group compared
recovery, were performed to ensure depletion of PCr with no change in the placebo group; however, there
stores. Statistical analysis revealed that there were were no significant differences between groups re-
no significant group or interaction effects for per- garding test performance parameters.
formance times on the treadmill or blood lactate
concentrations. There was a significant interaction 3. Potential Adverse Effects
for plasma ammonia concentrations indicating a
trend for plasma ammonia to decrease for the Cr It appears as though the consensus, regarding
group. These data suggest that, during the present issues of possible adverse effects from Cr supple-
study, Cr supplementation offered no ergogenic ad- mentation, is that there is no strong scientific evi-
vantage over the placebo condition with regard to dence to support any reported adverse effects. Most
exercise performance. of the reports have been rather minor in nature and

No improvements in performance were also purely anecdotal; however, it is critical to note that
demonstrated by Preen et al.,[56] who studied the well controlled, long-term studies in humans are
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lacking, therefore, caution should still be used if Cr 3.3 Muscle Cramping
is to be used on a long-term basis.

Most reports of muscle cramping following Cr
3.1 Gastrointestinal (Stomach Cramping, supplementation have been anecdotal in nature and
Nausea, Diarrhoea, Vomiting) unsubstantiated, especially when research designs

have included control groups and blinding. There isPerhaps the most often reported adverse effect of
no direct evidence that Cr supplementation can in-Cr supplementation is gastrointestinal (GI) distress.
duce muscle cramping and that if cramps are exper-It appears that, if the Cr is insufficiently dis-
ienced that it is most likely due to either the highsolved[9,18] or if it is ingested during or immediately
intensity of the workout[8,9,18] or to a disruption inafter exercise,[66] there seems to be more reports of
electrolyte balance. Most authors agree that ade-stomach upset. However, when a placebo group has
quate hydration during exercise is likely to signifi-been included and the study has been double blind-
cantly reduce the chance of getting muscle cramps.ed, there appears to no detrimental effect on the GI

system.[43]

In a recent double-blind study completed by our 3.4 Body Mass/Water Retention
laboratory that examined the effects of Cr supple-
mentation, protein supplementation, a combination The early changes observed in BW following Cr
of both Cr and protein supplements, or a placebo ingestion is probably explained by increases in body
supplementation in 40- to 60-year-old men, we had water, especially in the intracellular compartments
essentially no reports of any GI upset (nausea, (within the muscle cell). Authors have speculated
vomiting or diarrhoea) when the drinks were con- that the reason for the increase in intracellular water
sumed immediately following a resistance training is the increased osmotic load associated with the
programme designed to facilitate muscle hypertro- increased Cr concentrations within the cell.[9,26,77,78]

phy (three sets, ten exercises, 80% 1RM). Subjects This does have implications for body composition
lifted three times/week and consumed drinks that measurements taken in conjunction with resistance
contained either 5g of Cr in 250mL of Gatorade1

training studies. Increases in muscle cross-sectional
following a 5-day loading period of 7g Cr/day, 35g area may be attributed to increased muscle hypertro-
of protein in 250mL Gatorade, or a combination phy whereas the increase in size may be primarily
of 5g Cr and 35g protein in 250mL Gatorade, or due to intracellular water retention. These same
250mL Gatorade. authors have suggested that the initial intracellular

swelling may be a preparatory phase of com-
3.2 Renal and Liver Function pensatory hypertrophy in response to resistance

training. Also, the increased water retention withinIt has been established that studies that have
the intracellular compartments may contribute toinvestigated renal function following Cr supplemen-
increased force production by increasing interstitialtation by assessing urinary creatinine clearance have
leverage advantage.found no indication of impaired function;[18,67-72]

however, it has been suggested that care should be In summary, it appears that most reports of ad-
taken if an individual has a pre-existing compro- verse effects regarding Cr supplementation have
mised renal function.[14] been anecdotal. When studies employ research de-

There is no scientific evidence that liver function signs that include control groups and blinding, there
is impaired by either short-term, high-dosage Cr appears to be no consistent finding of any detrimen-
ingestion or longer term, low-dosage program- tal effects of Cr supplementation in normal, healthy
mes.[8,73-76] individuals.

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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