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Influence of creatine supplementation on 800 m wheelchair performance:

a pilot study
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Study design: Double-blind, placebo-controlled, randomly assigned, crossover.

Objective: To assess the influence of a short-term oral creatine supplementation on 800 m
wheelchair performance.

Setting: Swiss Paraplegic Centre, Nottwil, Switzerland.

Subjects: In total, six (four male, two female subjects) competitive wheelchair athletes
participated in the study. Their age was 33.0+9.1 years, height 171.5+7.7cm and weight
63.1+6.2kg. Average weekly training volume was 10.0+3.7h. All of them have been engaged
in regular training for over 10.547.2 years.

Methods: During the two treatment periods, subjects ingested 4 x 5 g of creatine monohydrate
or placebo (maltodextrin) daily during 6 days in a randomised order. A washout period of 4
weeks lay in-between the two supplementation periods. Before and after each treatment period
athletes performed an all-out 800 m wheelchair test on a training roller. Time to complete 800 m,
rate of perceived exertion (RPE), lactate concentrations and heart rate were measured. Before
each test, body weight was determined.

Results: Times to complete 800m before and after creatine supplementation (102.8+13.9
versus 100.5+11.3 s) compared to before and after placebo supplementation (101.6 +15.6 versus
99.5+13.8 s) were not significantly different. Moreover, for all other parameters measured, no

significant differences between creatine and placebo supplementation were found.

Conclusion: A short-term oral creatine supplementation compared to placebo seems not to
enhance performance over 800 m in trained, spinal cord-injured, wheelchair athletes.
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Introduction

The positive ergogenic effect on exercise performance
after creatine supplementation in healthy, able-bodied
subjects was shown by several studies in the past few
years.'® In general, enhanced performance was found
in repetitive, high-intensity, short-term exercise tasks.
Furthermore, creatine was successfully used also in
patients with chronic heart failure, mitochondrial
cytopathies and neuromuscular disease.'®'? In spinal
cord-injured (SCI) persons, there exists only one study'?
that shows a beneficial effect of creatine supplementa-
tion on exercise performance in a group of 16 untrained
tetraplegic subjects. In this study, subjects significantly
increased peak power output in an incremental peak
arm ergometry test by 6.7% and maximal oxygen

*Correspondence: C Perret, Institute for Clinical Research, Swiss
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uptake by 17.4%." So far, to our knowledge, no study
investigated the influence of oral creatine supplementa-
tion on exercise performance in competitive wheelchair
athletes. Moreover, scientific data on single bout
exercise performance under sport specific competition-
like conditions are limited in highly trained athletes.'*
Independent of this fact, some wheelchair athletes
regularly ingest creatine expecting an increased exercise
performance during competitions. Since arm muscles
contain more type Il fibres than leg muscles and since
type II fibres have initially a higher phosphocreatine
content than type I fibres,' it could be speculated that
creatine supplementation would be less efficient for arm
exercise. Thus, the aim of the present study was to
investigate the influence of a short-term oral creatine
supplementation on 800m wheelchair performance in
competitive SCI athletes.
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Methods

Subjects

In total, six healthy, nonsmoking, trained wheelchair
racers (four male, two female subjects) participated in
the study. Their anthropometric data as well as
impairment and training information are shown in
Table 1. All subjects were familiar with exercise testing
procedures and the equipment used. Five out of six
athletes reported that they have never supplemented any
creatine so far. The sixth subject confirmed not to have
ingested creatine for at least 6 months preceding the
study. The study was approved by the local ethical
committee. Written informed consent of the subjects
was obtained prior to the start of the study.

Study design

A double-blind, placebo-controlled, crossover study was
performed. Therefore, subjects were randomly assigned
into two groups A and B. The study protocol consisted
of two treatment phases lasting for 6 days, separated by
a washout period of at least 28 days, which was found to
be adequate to allow serum creatine levels to return to
baseline.'®'® Before and after each treatment phase,
subjects had to perform an exercise test as described in
detail below.

Group A received creatine monohydrate (4 x 5g per
day) during the first and placebo (maltodextrin; 4 x 5¢g
per day) during the second treatment phase. Subjects in
group B were supplemented conversely with placebo
during the first and creatine during the second treatment
period. Both supplements were similar in colour and
texture, so that subjects were not able to identify which
supplement they ingested.

Subjects were asked to perform no strenuous exercise
the day before a test and to abstain from caffeine intake
on the day of the test as well as during the 2 weeks of
supplementation during the study. Additionally, sub-
jects were instructed to follow their habitual dietary
regimen during the study. Training over the period of
the study as well as nutrition of the day before and on
the test days was held constant and recorded.

Equipment
All tests were performed on a free wheeling trainer
(Spinner, New Halls Wheels, Cambridge, USA). Dis-
tance covered as well as top and average speed was
measured by a speedometer (CicloMaster, CM 209, KW
Hochschorner GmbH, Krailling, Deutschland), which
was calibrated and mounted on the training roller.
Heart rate was recorded by a heart rate monitor
(Polar Vantage NV, Polar Electro, Kempele, Finnland)
and rate of perceived exertion (RPE) was determined by
a Borg scale ranging from 6 to 20."” Blood lactate
concentration was analysed enzymatically (Super GL
Ambulance, Ruhrtal Labor Technik, Mohnesee,
Germany).

Experimental procedure

Before each test session, body weight of the subjects was
determined. The test session started with a warm-up
period of 10min at a predetermined velocity corre-
sponding to 65% of the velocity of the personal best
time over the distance of 800 m. After 4 and 6 min of the
warm-up session, subjects had to start sprinting and to
hold top speed for 10s and subsequently continued at
the predetermined velocity. This regimen was chosen to
simulate the warm-up before a competition.

The warm-up period was followed by a 10 min rest.
Thereafter, subjects had to complete 800m as fast as
possible. Verbal encouragement was given and subjects
were informed about the distance completed every
100 m. Completion of the 800 m distance was followed
by a 6 min resting period.

Heart rate was measured from the beginning of the
warm-up period to the end of the test. Lactate was
sampled before and after warm-up, before and after
completion of the 800 m distance, as well as 2, 4 and
6 min postexercise. RPE was asked before and after the
warm-up and before and at the end of the 800m
distance.

Statistics
Results are given as means+SD. A two-way ANOVA
(analysis of variance) for repeated measures was used to

Table 1 Anthropometric data, impairment and training information of subjects

Age Height  Weight ASIA/ Impairment since  Training volume Training since

Sex (years) (cm) (kg)  Lesion level impairment (years) (hjweek) (years)

m 23 170 68.9 L1 A 23 8 8

m 39 173 61.1 Th 4 A 17 10 15

m 45 180 61.2 Th 5 A 25 17 22

m 36 164 60.7 — Spina bifida 36 9 5

f 33 162 54.9 Thi12 A 28 10 11

f 22 180 71.8 — Hemiparese 3 6 2

Mean 33.0 171.5 63.1 22.0 10.0 10.5

SD 9.1 7.7 6.2 11.2 3.7 7.2

SD =standard deviation
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assess differences in measured parameters. Values were
considered to be significantly different if P<0.05.

Results

Creatine supplementation showed no influence on 800 m
all-out wheelchair performance compared to placebo
(Figure 1). Further, no differences were found between
creatine and placebo intake during 6 days for body
weight, RPE, peak heart rate, mean heart rate, maximal
velocity and lactate concentrations (Table 2) during the
800 m exercise test.

During the warm-up periods preceeding the 8§00 m
exercise tests, no significant differences were found for
all measured data.

Discussion

The main finding of the study was that a short-term
creatine supplementation did not enhance 800 m wheel-
chair racing performance compared to placebo (Fig-
ure 1). Furthermore, all other parameters measured, for
example, body weight, lactate concentrations, heart rate
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Figure 1 Time to complete an all-out 800m wheelchair
exercise test before and after a short-term creatine and placebo
supplementation. Note that there were no significant differ-
ences between tests
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and RPE were not different between the creatine and
placebo treatment (Table 2).

Although the creatine kinase system is not the
principal energy supplier during an 800 m wheelchair
race, an increased level of phosghocreatine may possibly
diminish lactic acid formation®® and therefore enhance
performance. This provides some evidence for the use of
creatine supplementation for exercise bouts lasting
longer than 30s. In fact, a significant increase of 8.5%
of time to exhaustion from 130 to 141s at a workload
corresponding to 125% of maximal Oxygen uptake
during cycle ergometry was demonstrated,” and Prevost
et al® found a 23.5% increase of total work time during
cycling at 150% peak oxygen uptake. Further, creatine
supplementation enhanced exercise performance in elite
kayak paddlers during time trials between 90 and 300s
duration.’As during the propulsion of a wheelchair,
less but similar muscle groups are involved as during
kayaking, a positive ergogenic effect of a creatine
supplementation was also expected during an all-out
800m wheelchair test, a hypothesis that was not
confirmed by our study. Possibly, the differences in
total muscles mass involved during kayaking compared
to wheelchair racing seemed to be of higher impact than
expected and might be responsible for the reported
discrepancies concerning an ergogenic effect. Moreover,
lactate concentrations were not influenced by creatine
supplementation in the present study, which supports
the hypothesis that the glycolytic pathways were
unaltered bzy creatine supplementation as proposed by
Birch et al.

Many studies in the past reported positive effects on
performance of different types and durations after a
short-term creatine su}z)zplementation,1’8’21 whereas
others found no effect.'®**2¢ Interestingly, in most of
the studies showing no ergogenic effect on exercise
performance after creatine sunglementation, a time or
distance trial was performed,” ?® whereas in studies
with a positive effect the time to exhaustion at a given
workload was determined.*®??! This type of exercise
test depends mainly on metabolism and remaining
energy stores, whereas during time trials higher move-
ment frequencies are required to improve test results.
This is also a neuromuscular problem that not only
depends on energy sources. Hence, also during our

Table 2 Parameters measured before and after creatine as well as placebo supplementation of an all-out 800 m wheelchair racing

exercise test

Creatine supplementation

Placebo supplementation

Parameter

Pre Post Pre Post
Body weight (kg) 63.1+6.2 63.1+6.2 63.0+6.0 63.0+6.0
RPE 18.5+1.9 182+1.6 18.5+1.2 18.7+1.5
Lactate (mmol/I) 7.07+1.82 7.21+2.42 6.72+1.69 6.06+2.23
Peak HR (bpm) 181.3+5.6 180.5+6.2 178.24+6.9 182.5+7.9
Max. velocity (km/h) 31.8+4.4 32.0+3.2 32.4+4.6 33.1+3.8

RPE =rate of perceived exertion; HR =heart rate
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800m wheelchair test, neuromuscular coordination
possibly was one of the limiting factors of exercise
performance and might explain that in the present study
performance did not improve due to creatine supple-
mentation. Nevertheless, one could speculate that
athletes indirectly benefit from creatine supplementation
during intense interval training sessions using repeated
bouts of shorter distances with limited recovery dura-
tions, which may lead to an enhanced performance
during competitions. Further investigations are needed
to prove this hypothesis.

The lack of beneficial effects of creatine ingestion on
exercise performance in the present study may also have
further reasons. Most studies investigated the influence
of creatine suzpplementation on leg muscle perfor-
mance.' Since arm muscles contain more
type II ﬁbres than leg muscles and since type 1I fibres
have initially a higher phosphocreatine content than
type I fibres,' it could be hypothesised that creatine
supplementation would be less efficient for arm exercise,
an assumption that is supported by our findings.
However, this hypotesis has to be investigated in further
studies, as one cannot conclude definitely if an initially
higher phosphocreatine content of arm muscles limits
the effectiveness of a creatine supplementation in this
muscle group.

Further, a methodological bias in the oral supple-
mentation design is possible. There is some evidence that
this assumption can be discarded, as the present type of
supplementation programme has previously been suc-
cessful in other studies.*'**” In the study of Jacobs
et al,” an increased peak power and maximal oxygen
uptake in an incremental peak arm ergometry test after
short-term creatine supplementation was even found in
SCI patients. As subjects (tetraplegic patients versus top
class wheelchair athletes) and exercise testing (incre-
mental test on an arm ergometer versus 800 m all-out
test in a racing wheelchair) completely differ from the
present study, results are difficult to compare. It has also
to be taken into dccount that SCI subjects often suffer
from malnutrition®® and therefore possibly benefit from
creatine supplementation. In contrast, athletes usually
pay attention to their diet, being aware of the positive
effects of nutrition on exercise performance. This might
explain the different results between the two studies
investigating SCI subjects.

Test preparation and warm-up procedure may influ-
ence results of a subsequent exercise test. Hence, warm-
up in the present study was standardised and no
significant differences were found between different test
days concerning all measured parameters.

It was also demonstrated by Vandenberghe et al”®
that caffeine intake counteracts the ergogenic effect of
muscle creatine loading. In order to avoid this negative
effect in the present study, subjects had to abstain from
caffeine intake in any form on test days as well as during
the 2 weeks of supplementation. We are therefore
confident that caffeine intake is not responsible for
the lack of a beneficial effect on 800 m wheelchair
performance.

Spinal Cord

Body mass increases up to 2kg were regorted after
short-term creatine supplementation.'"’ Interest-
ingly, one study with women only found a small,
nons1gn1ﬁcant increase in body mass compared to
placebo.' This could possibly be due to their smaller
muscle mass. This assumption is supported by other
investigations in older men, where only a small or no
increase in body mass was reported after creatine
supplementation.™

A SCI leads to a muscle atrophy particularly in the
paralysed limbs but also in the lower trunk, depending
on lesion level. Thus, the decreased total muscle mass of
SCI compared to able-bodied athletes possibly impedes
weight gain after creatine supplementation due to lower
net creatine retention in total.

Finally, concerning exercise performdnce the placebo
effect may be an 1mp0rtant phenomenon In our study,
the mean improvement in 800 m exercise performance
was 2.3 s after creatine supplementation and 2.1s after
placebo treatment, which suggests that also in the
present study a placebo effect may not be excluded.

Conclusions

The present study suggests that a short-term creatine
supplementation seems not to enhance 800 m wheelchair
performance in trained SCI athletes.

Acknowledgements

Creatine monohydrate was kindly provided by Prevention
Health Concepts AG (Basel, Switzerland). The authors have
no financial interest in any product mentioned.

References

1 Balsom PD, Soderlund K, Sjodin B, Ekblom B. Skeletal
muscle metabolism during short duration high-intensity
exercise: influence of creatine supplementation. Acta
Physiol Scand 1995; 154: 303-310.

2 Birch R, Noble D, Greenhaff PL. The influence of dietary
creatine supplementation on performance during repeated
bouts of maximal isokinetic cycling in man. Eur J Appl
Physiol 1994; 69: 268-270.

3 Bosco C et al. Effect of oral creatine supplementation on
jumping and running performance. Int J Sports Med 1997,
18: 369-372.

4 Casey A, Constantin-Teodosiu D, Howell S, Hultman E,
Greenhaff PL. Creatine ingestion favorably affects perfor-
mance and muscle metabolism during maximal exercise in
humans. Am J Physiol 1996; 271: E31-E37.

5 Greenhaff PL, Casey A, Short AH, Harris R, Soderlund K,
Hultman E. Influence of oral creatine supplementation of
muscle torque during repeated bouts of maximal voluntary
exercise in man. Clin Sci 1993; 84: 565-571.

6 Jacobs I, Bleue S, Goodman J. Creatine ingestion increases
anaerobic capacity and maximum accumulated oxygen
deficit. Can J Appl Physiol 1997; 22: 231-243.

7 McNaughton LR, Dalton B, Tarr J. The effects of creatine
supplementation on high-intensity exercise performance in
elite performers. Eur J Appl Physiol 1998; 78: 236-240.



Creatine supplementation in wheelchair sports
C Perret et al

279

11

12

13

14

17

18

19

20

Prevost MC, Nelson AG, Morris GS. Creatine supple-
mentation enhances intermittent work performance. Res Q
Exerc Sport 1997; 68: 233-240.

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.

Gordon A et al. Creatine supplementation in chronic heart
failure increases skeletal muscle creatine phosphate and
muscle performance. Cardiovasc Res 1995; 30: 413-418.
Tarnopolsky MA, Roy BD, MacDonald JR. A rando-
mized, controlled trial of creatine monohydrate in patients
with mitochondrial cytopathies. Muscle Nerve 1997; 20:
1502-1509.

Tarnopolsky M, Martin J. Creatine monohydrate increases
strength in patients with neuromuscular disease. Neurology
1999; 52: 854-857.

Jacobs PL, Mahoney ET, Cohn KA, Sheradsky LF, Green
BA. Oral creatine supplementation enhances upper ex-
tremity work capacity in persons with cervical-level spinal
cord injury. Arch Phys Med Rehabil 2002; 83: 19-23.
Mujika I, Padilla S. Creatine supplementation as an
ergogenic aid for sports performance in highly trained
athletes: a critical review. Int J Sports Med 1997; 18:
491-496.

Edstrom L, Hultman E, Sahlin K, Sjoholm H. The
contents of high-energy phosphates in different fibre types
in skeletal muscles from rat, guinea-pig and man. J Physiol
1982; 332: 47-58.

Febbraio MA, Flanagan TR, Snow RJ, Zhao S, Carey
MEF. Effect of creatine supplementation on intramuscular
TCr, metabolism and performance during intermittent,
supramaximal exercise in humans. Acta Physiol Scand
1995; 155: 387-395.

Hultman E, Soderlund K, Timmons JA, Cederblad G,
Greenhaff PL. Muscle creatine loading in men. J Appl
Physiol 1996; 81: 232-237.

McKenna MJ, Morton J, Selig SE, Snow RJ. Creatine
supplementation increases muscle total creatine but not
maximal intermittent exercise performance. J App!l Physiol
1999; 87: 2244-2252.

Borg GAV. Psychophysical bases of perceived exertion.
Med Sci Exerc 1982; 14: 377-381.

Williams MH, Branch JD. Creatine supplementation and
exercise performance: an update. J Am Coll Nutr 1998; 17:
216-234.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Volek JS er al. Creatine supplementation enhances
muscular performance during high-intensity resistance
exercise. J Am Diet Assoc 1997; 97: 765-770.

Burke LM, Pyne DB, Telford RD. Effect of oral creatine
supplementation on single-effort sprint performance in elite
swimmers. Int J Sports Nutr 1996; 6: 222-233.

Mujika I, Chatard JC, Lacoste L, Barale F, Geyssant A.
Creatine supplementation does not improve sprint perfor-
mance in competitive swimmers. Med Sci Sports Exerc
1996; 28: 1435-1441.

Odland LM, MacDougall JD, Tarnopolsky MA, Elorriaga
A, Borgmann A. Effect of oral creatine supplementation on
muscle [PCr] and short-term maximum power output. Med
Sci Sports Exerc 1997; 29: 216-219.

Snow RJ, McKenna MJ, Selig SE, Kemp J, Stathis CG,
Zhao S. Effect of creatine supplementation on sprint
exercise performance and muscle metabolism. J Appl
Physiol 1998; 84: 1667-1673.

Terrillion KA, Kolkhorst FW, Dolgener FA, Joslyn SJ.
The effect of creatine supplementation on two 700-m
maximal running bouts. Int J Sport Nutr 1997; 7: 138—143.
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.

Lee BY, Agarwal N, Corcoran L, Thoden WR, Del
Guercio LR. Assessment of nutritional and metabolic
status of paraplegics. J Rehabil Res Dev 1985; 22: 11-17.
Vandenberghe K, Gillis N, Van Leemputte M, Van Hecke
P, Vanstapel F, Hespel P. Caffeine counteracts the
ergogenic action of muscle creatine loading. J Appl Physiol
1996; 80: 452-457.

Kraemer WIJ, Volek JS. Creatine supplementation: its
role in human performance. Clin Sports Med 1999; 18:
651-666.

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 Pyhsiol 1997; 83: 2055-2063.

Rawson ES, Clarkson PM. Acute creatine supplementation
in older men. Int J Sports Med 2000; 21: 71-75.

Rawson ES, Wehnert ML, Clarkson PM. Effects of 30 days
of creatine ingestion in older men. Eur J Appl Physiol 1999;
80: 130-144.

Clark VR, Hopkins WG, Hawley JA, Burke LM. Placebo
effect of carbohydrate feedings during a 40-km cycling time
trial. Med Sci Sports Exerc 2000; 32: 1642-1647.

Spinal Cord



