


ergogenic purposes but is also important for the

prevention of adverse effects that could be associated

with carbohydrate depletion and/or dehydration.

Secondly, evidence is increasing to indicate that

the ingestion of carbohydrate/protein-amino acid

mixtures during the early phase of recovery from

high-intensity exercise could facilitate post-exercise

muscle glycogen storage as well as muscle protein

synthesis, and thereby may enhance recovery and

long-term adaptations to training (Hawley, Tipton,

& Millard-Stafford, 2006).

Is there a need for supplements in football?

Training for and playing football can markedly

increase the need for macro- and micronutrients. At

a professional level, with often sustained periods of

two matches per week, interspersed with training

sessions, this increase can be substantial. However,

this need can be covered adequately by dietary

management, and establishing good eating practices

to achieve the consistent intake of a well-balanced

and healthy diet should be the primary nutritional

strategy to support optimum performance in football

(Burke et al., 2006). Such practices include manip-

ulation of the quantity and type of foods to meet

fluctuating energy needs, the selection of food

sources to provide adequate carbohydrate, protein,

and micronutrients and, last but not least, the specific

timing of intake of nutrients to facilitate recovery

between exercise and promote adaptations to training

(Hawley et al., 2006; Williams & Serratosa, 2006).

Therefore, coaches, physicians, parents, and others

who are engaged in the training and education

process of footballers must pay particular attention

to developing adequate eating habits in players, rather

than promoting the use of dietary supplements to

compensate for presumed dietary shortcomings. This

is particularly true for young players, who should be

able to develop their football talent by the optimum

combination of training and diet. It is most doubtful

that the addition of dietary supplements could

facilitate the expression of football talent.

Nevertheless, appropriate ingestion of some spe-

cific supplements in conjunction with appropriate

training can contribute to enhanced performance in

football. At its most basic, the most important

measure of performance in football is the number

of goals scored versus the number of goals conceded,

but there are no research data to show that

nutritional supplements can improve this balance.

But there is sound scientific evidence that some

supplements can affect factors that determine foot-

ball performance. The so-called ‘‘ergogenic’’ effects

of these supplements, however, are generally small,

and thus probably relevant only in top-class foot-

ballers where extremely small differences in

performance can make the difference between loss

and victory, with potentially major financial and

career implications. To counterbalance the strong

marketing pressures generated by the supplement

industry, it is important that players are well

educated about effective procedures for supplement

intake. It is also important to recognize that

responses to supplements vary among players, and

supplements that work for one player may not

necessarily work for another. Furthermore, the use

of supplements must always be tested in training

before being applied in competition, to avoid

unexpected side-effects. Each individual player must

consider whether the small benefit obtained from

supplement ingestion outweighs the associated risks

(see below).

Risks associated with the use of dietary

supplements

The market for nutritional supplements has become a

multi-billion dollar business, spreading supplements

worldwide. Unfortunately, in many cases, the label-

ling of products does not correspond with the actual

content of the product. Some products contain less

active ingredients than indicated on the label, or no

active substance at all (Green, Catlin, & Starcevic,

2001). A typical example of such malpractice is the

so-called ‘‘creatine-serum’’, which after several

years of aggressive marketing and sales was recently

demonstrated by several independent laboratories

to contain no creatine (Harris, Almada, Harris,

Dunnett, & Hespel, 2004). On the other hand,

products have been found to contain substances not

included on the label or much more active ingredients

than indicated on the label (Gurley, Gardner,

& Hubbard, 2000; Parasrampuria, Schwartz, &

Petesch, 1998). Most alarming is the finding from

recent field surveys that apparently innocent over-

the-counter products that, according to the label,

were supposed to contain only harmless compounds,

contained pharmacological quantities of the anabolic

steroid metadienone (De Cock et al., 2001; Geyer

et al., 2004; Parr, Geyer, Reinhart, & Schanzer,

2004). This indicates that some companies will not

hesitate to potentiate the purported actions of their

sports supplements by the addition of dangerous

prescription drugs, a practice that is criminal. Besides

conceivable adverse health effects, the intake of such

supplements could result in a positive doping test.

For example, a substantial fraction (10 – 25%) of a

variety of ‘‘off-the-shelf’’ supplements was found

to be contaminated by androgenic prohormones,

including compounds related to testosterone and

nandrolone (Geyer et al., 2004; www.dopinginfo.de).

Ingestion of some androgenic prohormones (19-

noradrostenedione and 19-norandrostenediol) can
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produce a positive doping test for nandrolone

(Delbeke, Van Eenoo, Van Thuyne, & Desmet,

2002; Geyer et al., 2004), as has occurred on many

occasions in football and in other sports. Some

supplements produced from plant extracts may

contain substances that are on the banned substances

list, primarily ephedrine (¼ephedra) and morphine

(Van Thuyne, Van Eenoo, & Delbeke, 2003).

Typically, the product label would identify the plant

of origin, such as ‘‘Ma Huang’’, but not the illegal

compound, ephedra. It is important to emphasize

that players at the higher levels of the game must

expect to be tested for substance abuse, and must

accept the consequences, irrespective of whether the

doping regulations have been violated on purpose

or by accident, for instance by the ingestion of

a contaminated supplement. Furthermore, many

dietary supplements have been found to contain

micro- and macro-contaminants resulting from poor

production and packaging practices in often unhy-

gienic conditions. Last but not least, it is important to

note that adequate long-term safety data are lacking

for most sports supplements. The absence of reported

side-effects in small-scale or short-term studies does

not therefore prove that the supplement is safe. In

addition, even if the active ingredient appears to be

safe, the real risk may lie with the impurity of the

product. Thus, consistent caution is warranted.

Selection of supplements that are relevant to

football

Thousands of supplements, mostly pseudo-

supplements, are available for purchase. To recog-

nize supplements that are potentially effective and

relevant to football, three requirements have been

identified:

1. The supplement must work, which means that it

must influence physical/physiological, mental, or

health factors that determine performance in

football.

2. The supplement must not cause any adverse

health effects.

3. The supplement must be legal – that is, it must

not contain any substance named in the banned

substance list, or alternatively a substance that

could result in a positive doping test.

It is reasonable to state that athletes should not

ingest supplements that simply have no effect. Thus,

supplements must have measurable effects on

performance or on performance-related factors that

go beyond the placebo effect that may result from

the psychological effect of supplement intake. Still,

football coaches and physicians should probably

also appreciate that dietary supplements can serve

as excellent placebos, provided they have no

detrimental effects on either health or performance.

If used as a placebo, it must be done for a small

selection of important matches only.

It is probably correct to conclude that the acute

ingestion of some dietary supplements could

produce an ergogenic effect in football by directly

enhancing match performance. Similarly, it is

probably correct to state that some supplements

could improve performance over the longer term by

having a beneficial effect on health and injury

prevention. Table I lists a number of supplements

that work, and from a scientific perspective appear to

be relevant to football. For most of these supple-

ments, one or more physiological mechanisms have

been elucidated to explain its purported performance

or health effect. Table II, on the other hand, contains

a number of supplements that may work. Scientific

evidence to support these supplements is at present

inconclusive, yet there are some valid data to suggest

that these compounds might have some potential in

aiding performance. However, further research is

needed to justify any recommendation to use these

products (see Table II). Scrutiny of Tables I and II

will demonstrate that most commercially available

supplements are not listed. This means that scientific

support for an ergogenic or health effect is currently

lacking, or more frequently that available research

data indicate that these supplements do not work in

healthy individuals and athletes. Some of the most

popular sports supplements, such as L-carnitine, co-

enzyme Q10, ginseng and other so-called ‘‘adapto-

gens’’, glutamine, and ribose fall within this category

of pseudo-sports supplements. Therefore, they will

not be considered further.

Supplements for endurance

Aerobic endurance is a pivotal determinant of

performance in football. Match duration in football

is 90 min and can increase to 120 min when extra

time is played. During this period, players on average

perform between 9 and 12 km of intermittent

running exercise, of which about 10% is sprinting

(Reilly, 2005). There is no doubt that adequate pre-

match and half-time carbohydrate intake can sub-

stantially improve endurance capacity as well as

intermittent sprint power in the final stages of a

match (Williams & Serratosa, 2006). Furthermore,

bicarbonate and other alkalinizing agents like sodium

citrate are also frequently considered as ergogenic

supplements in all-out anaerobic exercise (Horswill,

1995; Matson & Tran, 1993). Bicarbonate intake

(200 – 300 mg � kg body mass71) increases buffer

capacity, and can significantly enhance performance

during short maximal exercise bouts lasting from

about 20 s to about 5 min. However, gastrointestinal
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distress, mostly cramping, diarrhoea or vomiting,

associated with bicarbonate intake can be substantial.

It is unlikely that the small beneficial effect possibly

obtained from bicarbonate intake during the initial

stage of a football match could outweigh the risk for

gastrointestinal distress in a later stage, usually

starting about 1 h after ingestion. Therefore, bicar-

bonate is not considered to be a sensible supplement

in the context of football. Other supplements to be

considered are caffeine and creatine.

Caffeine. Caffeine is a popular stimulant used by

most individuals, including athletes. Caffeine is

contained in coffee, tea, chocolate, and many other

caffeinated food sources like cola. The physiological

mechanisms of action of caffeine are only partially

understood. Caffeine has been shown to stimulate fat

utilization, leading to a reduced rate of muscle

glycogen breakdown, but this does not appear to

explain changes in performance. More likely, caf-

feine beneficially affects performance by reducing

perception of fatigue, enhancing central drive, and/or

improving muscle fibre recruitment (Graham, 2001;

Magkos & Kavouras, 2004). The stimulatory action

of caffeine on the brain is probably mediated by

adenosine receptor blockade (Davis et al., 2003).

The ergogenic effect of caffeine in endurance

exercise performance is well established (for recent

reviews, see Doherty & Smith, 2005; Graham, 2001;

Magkos & Kavouras, 2004), which explains its

Table II. Supplements that may work in some exercise situations.*

Supplement Ergogenic or health effects claimed

Proposed physiological mechanisms

linked to the effects claimed

Antioxidants Prevents muscle damage Enhances defence against formation of reactive

oxygen species in contracting muscles

Beta-hydroxy-b-methylbutyrate Stimulates muscle strength and power Inhibits contraction-induced muscle cell degradation

Increases muscle volume/fat-free mass

Glucosamine Alleviates joint pain Stimulates the formation of bone cartilage

Reduces symptoms of osteoarthritis

Vitamin C Stimulates the immune system Stimulates the activity of neutrophils, monocytes,

and lymphocytes

*The available literature is inconclusive in supporting a possible ‘‘ergogenic’’ action in healthy individuals. Further studies are warranted.

Table I. Supplements that work in some exercise situations.

Supplement Ergogenic or health effects Physiological mechanisms linked to the observed effects

Amino acids/protein Increases muscle volume/fat-free mass Stimulates muscle amino acid uptake

hydrolysate/proteina Stimulates recovery from exercise Stimulates muscle protein synthesis

Stimulates insulin release

Stimulates muscle glycogen resynthesis

Caffeine Enhances endurance performance Stimulates lipolysis and muscle fat oxidation rate

Stimulates reaction time, mental alertness, Stimulates exogenous carbohydrate oxidation

and visual information processing Increases heart rate

Psychostimulatory action

Carbohydratesb Enhance endurance performance Stimulates and maintains muscle carbohydrate oxidation

Stimulates recovery from exercise Prevents hypoglycaemia

Stimulates muscle glycogen resynthesis

Stimulates insulin release

Increases endurance training workload

Inhibits muscle protein degradation

Creatine Stimulates muscle strength and power Increases muscle creatine content

Increases muscle volume/fat-free mass Facilitates muscle phosphocreatine resynthesis

Stimulates recovery from exercise Shortens muscle relaxation time

Increases resistance training workload

Stimulates muscle glycogen resynthesis

Ephedrac Facilitates short-term weight loss Stimulates sympathetic nervous system

Enhances resting energy expenditure

aFor details on this category of supplements, see Hawley et al. (2006).
bFor details on this category of supplements, see Burke et al. (2006), Shirreffs et al. (2006), and Williams and Serratosa (2006).
cThis supplement is on the list of substances banned by WADA.
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extensive use by endurance athletes. Early studies

demonstrated that the ingestion of caffeine doses of

between 5 and 13 mg � kg body mass71 caused a

substantial improvement in endurance exercise

capacity (Graham & Spriet, 1991; Pasman, Van

Baak, Jeukendrup, & de Haan, 1995). However,

more recent studies have shown that caffeine can

be equally as effective at lower doses in the range of

2 – 6 mg � kg body mass71 (Graham & Spriet, 1995;

Kovacs, Stegen, & Brouns, 1998). In a study that

used a sensitive exercise performance model and that

employed well-trained cyclists as participants, it was

shown that the ingestion of as little as about 90 mg of

caffeine during a 2 h exercise test could result in

significant performance improvements in a subse-

quent time-trial (Cox et al., 2002b). Caffeine is

rapidly absorbed and if ingested during the pre-

match warm-up, the performance effects will be

maintained for the entire match, even if extra time is

played (Bell & McLellan, 2002). For example, when

ingested on an empty stomach, peak plasma levels

are usually reached within 1 h. However, the

ergogenic effect is maintained for at least 3 h after

ingestion. Intake of a caffeine in the form of coffee

yields smaller effects than intake of a similar dose of

pure caffeine (Graham, Hibbert, & Sathasivam,

1998), and there may be some gastrointestinal

distress associated with drinking strong coffee

(Tarnopolsky, 1994).

Responses to caffeine intake and withdrawal

can vary greatly among individuals depending on

the degree of habituation (Bangsbo, Jacobsen,

Nordberg, Christensen, & Graham, 1992; Bell &

McLellan, 2002; Fisher, McMurray, Berry, Mar, &

Forsythe, 1986; Graham, 2001; Hetzler, Warhaftig-

Glynn, Thompson, Dowling, & Weltman, 1994;

Magkos & Kavouras, 2004; Van Soeren & Graham,

1998; Van Soeren, Sathasivam, Spriet, & Graham,

1993). Therefore, individual tuning of the dosage in

the context of training is very important. Frequent

high-dose caffeine intake results in rapid desensitiza-

tion. This in turn establishes the need to use even

higher doses. Hence a rational use of caffeine in

football probably ideally includes moderate daily

caffeine use, with acute caffeine spikes on match days

(3 – 6 mg � kg body mass71 during warming up). It is

sometimes suggested that habitual caffeine users

should consider withdrawing from caffeine for about

4 days to enhance the beneficial effects of an acute

pre-match caffeine dose, but the evidence for

performance benefits when this is done is not entirely

convincing. In addition, the participants in the study

of Cox et al. (2002b) were habitual caffeine users and

yet a positive effect on performance was seen with

only 90 mg of caffeine. Besides its effect on

endurance, small doses of caffeine (1 – 2 mg � kg body

mass71) can also beneficially influence reaction

time, alertness, and visual information processing,

which are crucial to success in goalkeeping and

outfield play (Haskell, Kennedy, Wesnes, & Scholey,

2005). However, overdosing will negatively affect

reaction time and alertness, which might counter-

balance the stimulatory effect of caffeine on

endurance performance (Figure 1). Similarly, it

could be argued that the metabolic effects of high-

dose caffeine intake could induce insulin resistance

Figure 1. Caffeine affects both visual information processing and endurance capacity. However, the dose needed to yield an optimal effect on

visual information processing is substantially lower than that required to yield an optimal effect on endurance capacity. If too high a dose of

caffeine is ingested, caffeine can impair visual information processing. Therefore, outfield players should seek a dose to enhance endurance

capacity, without negatively affecting visual information processing, whereas goalkeepers should stick to the lower dose. Depending on the

degree of habituation, responses to a given caffeine dose can vary greatly between individuals, with habitual caffeine users needing higher

doses. Therefore, the doses indicated on the x-axis, as well as the effect-size on the y-axis, are indicative.
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in skeletal muscle and tachycardia. For the goal-

keeper the lower dose (1 – 2 mg � kg body mass71) is

obvious, while the outfield players should rather seek

a dosage to enhance endurance without causing

mental over-arousal and gross metabolic and heart

rate perturbations.

The common use of caffeine as a social stimulant in

society probably proves that low-dose caffeine intake

can be considered safe. However, high-dose caffeine

intake is widely thought to be associated with adverse

health effects, in particular at the level of the

cardiovascular system (Tarnopolsky, 1994). The

diuretic effect of caffeine at the doses recommended

here is negligible, which means that there is no

reason to avoid caffeine intake or withdraw from

caffeine-containing beverages in the approach to

matches to be played in hot environmental conditions

(Armstrong et al., 2005; Maughan & Griffin, 2003).

Caffeine use in competition was formerly considered

as doping by the International Olympic Committee in

cases where the intake produced urinary caffeine

concentrations higher than 12mg �ml71. However, in

early 2004 the World Anti-Doping Agency (WADA)

removed caffeine from the list of banned substances,

although its use is being monitored. Still, the discus-

sion does not seem to be closed and the regulations

might change again.

Creatine. Dietary creatine supplementation is popular

in athletic populations, and it has been reported on

numerous occasions to increase muscle strength and

power (see next section for further details on this

topic). However, co-ingestion of creatine with a

carbohydrate-rich diet can enhance post-exercise

glycogen repletion in humans (Robinson, Sewell,

Hultman, Greenhaff, 1999; van Loon et al., 2004).

There is no direct evidence for a beneficial effect on

endurance performance (Terjung et al., 2000), but

this latter effect might facilitate the restoration of

muscle glycogen stores following exercise, especially

when recovery time between matches is limited.

Supplements for strength and power

In addition to the requirement for a high endurance

capacity to maintain running ability throughout a

match, footballers must also be able to produce high

power outputs. It is unquestionable that the ability to

suddenly accelerate, perform short maximal inter-

mittent sprints, jump higher than the opponent, or

generate high kicking and tackling forces is a pre-

requisite of high-level football performance (Reilly,

2005). Muscle strength is an important determinant of

maximal power output in all athletes. Therefore,

supplements that have the potential to enhance muscle

strength and power are important to football. Issues

pertaining to the stimulation of resistance training

adaptations as a result of the ingestion of amino acid-

protein-carbohydrate supplements are addressed in

detail elsewhere (Hawley et al., 2006). In the context of

this review, however, two additional supplements need

to be considered, creatine and to a lesser extent

3-hydroxymethylbutyrate.

Creatine. Creatine is a natural guanidine compound

occurring in meat and fish in concentrations of

between 3 and 7 g � kg71 (Walker, 1979). Synthetic

creatine supplements exist as creatine monohydrate

or various creatine salts, such as creatine citrate or

creatine pyruvate. There is no evidence that so-called

‘‘special’’ creatine formulations are better than simple

(and cheaper!) creatine monohydrate powder.

However, creatine salts, in contrast with creatine

monohydrate, are easily soluble and stable in

solution and thus could be included in sports drinks

or gels. On the other hand, creatine monohydrate

must be consumed soon after it is brought in to

solution. It is well established that creatine supple-

mentation can enhance power output during

short maximal sprints (Terjung et al., 2000), in

particular during intermittent exercise modes

(Casey, Constantin-Teodosiu, Howell, Hultman, &

Greenhaff, 1996; Greenhaff, Casey, Short, Harris,

& Söderlund, 1993; Hespel et al., 2001; Van

Leemputte, Vandenberghe, & Hespel, 1999;

Vandenberghe et al., 1996, 1997), even when con-

tained in an endurance exercise event like football

(Cox, Mujika, Tumilty, & Burke, 2002a; Mujika,

Padilla, Ibañez, Izquierdo, & Gorostiaga, 2000;

Vandebuerie, Vanden Eynde, Vandenberghe, &

Hespel, 1998). Furthermore, several studies have

shown that creatine supplementation can potentiate

the gains in fat-free mass and muscle force and

power output that accompany resistance training

(Hespel et al., 2001; Kreider et al., 1998; Maganaris &

Maughan, 1998; Volek et al., 1999).

A classical creatine loading regimen consists of an

initial loading phase (15 – 20 g �day71 for 4 – 7 days)

followed by a maintenance dose (2 – 5 g �day71)

(Terjung et al., 2000). However, there are some data

to indicate that the effects of creatine supplementa-

tion may fade after 2 months (Derave, Eijnde, &

Hespel, 2003). Although research data in this

regard are still lacking, it is probably sensible to

interrupt periods of creatine supplementation (8 – 10

weeks) with wash-out periods of at least 4 weeks.

Individuals with a low initial muscle creatine

content, like vegetarians (Burke et al., 2003;

Delanghe et al., 1989; Watt, Garnham, & Snow,

2004), respond better to creatine supplementation

than others with a high natural muscle creatine

content. Ingesting creatine in conjunction with

training sessions can stimulate muscle creatine

uptake, as exercise is known to facilitate the disposal
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of ingested creatine into musculature (Harris,

Söderlund, & Hultman, 1992; Robinson et al.,

1999). Ingesting creatine supplements in combina-

tion with post-exercise carbohydrate-amino acid-

protein supplements can enhance muscle creatine

retention by virtue of elevated circulating insulin

concentrations (Green, Hultman, Macdonald,

Sewell, & Greenhaff, 1996; Steenge, Simpson, &

Greenhaff, 2000).

Creatine is not on the doping list and creatine

intake in healthy adults, following the aforemen-

tioned guidelines, has been found to be generally safe

(Terjung et al., 2000). Initial concern with regard to

the potential adverse effects of creatine on renal

function has been dampenedd by studies showing

intact renal function after acute and prolonged

dietary creatine intake (Poortmans et al., 1997;

Poortmans & Francaux, 1999). Creatine loading is

often accompanied by a rapid increase in body mass

(1 – 3 kg within 3 – 4 days is not uncommon), which

probably results mainly from intracellular water and/

or glycogen accumulation driven by muscle creatine

uptake. This increase in muscle water content may

increase intramuscular pressure, which in some few

individuals may predispose to development of a

compartment syndrome (Schroeder et al., 2001).

The physiological mechanisms underlying the

effects of creatine supplementation are only partly

understood. There are data to indicate that the

increased muscle creatine content due to creatine

intake can facilitate flux through the creatine kinase

reaction and thereby prevent net ATP degradation

during high-intensity muscle contractions (Casey

et al., 1996). This could also explain the shortening

of muscle relaxation time seen after creatine loading

(Van Leemputte et al., 1999). Furthermore, stimula-

tion of muscle phosphocreatine resynthesis probably

contributes to enhanced recovery between intermit-

tent bouts of short maximal exercise (Greenhaff,

Bodin, Söderlund, & Hultman, 1994). The mechan-

isms underlying the potential of creatine to stimulate

muscle anabolism during resistance training are

unclear. One study has found creatine intake to

stimulate satellite cell proliferation (Dangott,

Schultz, & Mozdziak, 1999). Others have observed

creatine to impinge on intracellular signalling path-

ways involved in regulation of muscle protein

metabolism (Deldicque et al., 2005; Louis, Van

Beneden, Dehoux, Theisen, & Francaux, 2004).

However, direct evidence that creatine can stimulate

net protein synthesis in human muscle is missing

(Louis et al., 2003a, 2003b). Alternatively, changes in

muscle protein accretion can occur as a consequence

of individuals performing more work during high-

intensity training programmes while consuming

creatine (Kreider et al., 1998). At least part of the

increase in body mass due to creatine intake does

not reflect protein accretion but intracellular water

accumulation (Ziegenfuss, Lowery, & Lemon, 1998).

Beta-hydroxy-b-methylbutyrate (HMB). HMB is a

naturally occurring metabolite of the branched-chain

amino acid leucine. Based on observations in animals

(Chua, Siehl, & Morgan, 1979; Tischler, Desautels,

& Goldberg, 1982), it was hypothesized that this

compound could contribute to muscle anabolism by

mediating the action of leucine to inhibit muscle

protein breakdown (Gallagher, Carrithers, Godard,

Schulze, & Trappe, 2000a; Nissen et al., 1996). Over

the past 10 years, a small number of studies have

looked at the potential of oral HMB to stimulate

muscle hypertrophy (for a recent review, see Nissen

& Sharp, 2003). Published results are equivocal, yet

a recent meta-analysis of available data suggested

that HMB intake at a rate of 1.5 – 3.0 g �day71 could

result in larger gains in fat-free mass and muscle

power output associated with resistance training.

This effect may be due to inhibition of contraction-

induced proteolysis (Nissen et al., 1996). Short-term

HMB intake (1 – 8 weeks) does not appear to induce

any detrimental side-effects (Gallagher, Carrithers,

Godard, Schulze, & Trappe, 2000b; Nissen et al.,

1996; Nissen & Sharp, 2003), but there are no data

on its long-term (48 weeks) effects and side-effects.

HMB is not on the doping list. In summary, overall

evidence in favour of an ergogenic action of HMB is

weak and more data from independent laboratories

are needed.

Supplements for health

Long-term team performance in football depends to

a large extent on the degree of match participation by

the better players. In this respect, some supplements

might contribute to injury prevention or rehabilita-

tion from injury, health maintenance, or prevention

of fatigue and overtraining.

Antioxidants. Oxygen utilization in contracting mus-

cles results in the formation of reactive oxygen

species (ROS), which, if produced in excess of the

muscle antioxidant defence system, may result in

muscle cell damage (Sen, 2001). However, one

should also consider that the formation of ROS

probably also contributes to promoting training

adaptations by impinging on intracellular signalling

pathways during exercise (Sen, 2001). Still, using

only the former argument, a number of antioxidant

nutritional supplements are marketed to prevent

muscle tissue damage in athletes. This primarily

includes beta carotene, vitamins C and E, selenium,

ubiquinone, and several phytochemicals (Clarkson &

Thompson, 2000; Ji & Peterson, 2004; Sen, 2001;

Urso & Clarkson, 2003). Available research on the
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potential ergogenic effects of antioxidant supple-

ments is equivocal, and there is no consensus as to

whether strenuous exercise training increases the

need for antioxidants in the diet. Numerous studies

have looked at the potential of single or combined

antioxidant supplements on indices of exercise-

induced muscle damage. Some studies have found

small beneficial effects, but others have found no

effect, while one study even reported antioxidant

intake to exaggerate tissue damage (Barr & Rideout,

2004; Clarkson & Thompson, 2000; Sen, 2001;

Urso & Clarkson, 2003). Against this background,

and awaiting further scientific evidence, there is

probably no sound scientific rationale to recommend

antioxidant supplementation in footballers. It defi-

nitely is a better option to include a selection of foods

with a high content of antioxidants in the daily diet

(Kris-Etherton, Lichtenstein, Howard, Steinberg, &

Witztum, 2004; and see www.americanheart.org).

Creatine. Creatine can enhance the gain of fat-free

mass produced by a given amount of resistance

training. It also has been demonstrated that creatine

supplementation can facilitate the recovery of muscle

volume and muscular functional capacity during

rehabilitation training following an episode of muscle

atrophy due to leg immobilization (Hespel et al.,

2001). Given the high incidence of leg injuries and

concomitant muscle disuse atrophy in football,

creatine supplementation may be a worthwhile

option to enhance post-injury rehabilitation and

thereby speed up return to training and competition.

Glucosamine. The incidence of knee- and ankle-joint

injuries is conceivably higher in football than in any

other sport and frequently prevents players from

participating in training and competition. Glucosa-

mine and chondroitin are two popular substances

being promoted for maintenance of joint health

(Gorsline & Kaeding, 2005). In Europe these

substances are sold only in the form of prescription

drugs, while in the USA they are available as over-

the-counter dietary supplements. It is believed that

both glucosamine and chondroitin can help to

enhance the structural integrity and resilience of

bone cartilage. Discordant findings with regard to

the effects of glucosamine and chondroitin have been

reported (McAlindon, LaValley, Gulin, & Felson,

2000). However, it is probably correct to conclude

from some well-controlled studies that glucosamine

can retard the progression of osteoarthritis, at least in

older people (Pavelka et al., 2002; Reginster et al.,

2001). Furthermore, observations in older indivi-

duals with chronic knee pain indicate that

glucosamine can yield an analgesic effect and serve

as an alternative or adjuvant treatment to non-steroid

anti-inflammatory drugs (Braham, Dawson, &

Goodman, 2003). A recent safety review of glucosa-

mine concluded that glucosamine supplementation

in accordance with current indications and dosage

regimens (20 – 25 mg � kg body mass71) is probably

safe. Bloating or diarrhoea may occur, and

individuals with shellfish allergies should refrain

from glucosamine intake (Anderson, Nicolosi, &

Borzelleca, 2005).

Footballers could also consider using glucosamine

or chondroitin supplementation as a strategy to

prevent knee pain or osteoarthritis. However, this

practice is certainly premature because there is

currently no evidence to indicate that glucosamine

or chondroitin could serve to prevent osteoarthritis

and/or joint pain in healthy athletes. It is also

important to note that most data with regard to the

effects of glucosamine and chondroitin have been

obtained from studies involving older individuals,

and thus it is unclear whether these findings can be

readily extrapolated to young footballers afflicted by

knee pain or osteoarthritis.

Vitamin C. It is well established that strenuous

exercise training, including the repetition of football

games, can have an immunosuppressive effect

(Gleeson & Bishop, 2000; Gleeson, Lancaster, &

Bishop, 2001; Gleeson, Nieman, & Pedersen, 2004;

Gleeson & Pyne, 2000; Hiscock & Pedersen,

2002; Lakier, 2003; Malm, Ekblom, Ekblom,

2004; Nieman, 2001, Nieman et al., 2003; Nieman

et al., 2002; Pedersen & Toft, 2000). Because

vitamin C has been suggested to be implicated in

immunoregulation (Bhaskaram, 2002), it could play

a role in reducing the incidence of infectious disease,

which is important for keeping players fit and

available to play. Research findings on the effect of

vitamin C on infectious disease or on markers of

immune function are equivocal. Recent reviews of

available studies concluded that vitamin C supple-

mentation does not beneficially affect the risk of

developing a cold, yet could slightly (*8%) reduce

the duration of a cold (Douglas, Hemila, D’Souza,

Chalker, & Treacy, 2004; Hemila, 1996, 2004).

However, such an effect requires a vitamin C dose of

only about 200 mg �day71, which is very easy to

obtain from a well-balanced diet (see Table III).

Supplements for weight reduction

Body weight gains can be a problem for some

athletes, including footballers. Excess body fat can

impair endurance capacity and power output during

football. The logical strategy to reduce body weight is

to shift the balance of dietary energy intake relative to

energy expenditure towards a net deficit, primarily

by reducing energy intake. However, not all players

can achieve the expected body fat goal in this way.
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Therefore, players often seek the assistance of

‘‘fat-burning supplements’’ to facilitate body weight

reduction. Ephedra is a popular supplement in this

regard. As mentioned earlier, L-carnitine is not an

effective dietary supplement. Although carnitine

plays an essential role in fat oxidation in skeletal

muscle, dietary supplementation with L-carnitine

does not increase the muscle store of carnitine and

therefore it cannot serve to reduce body weight by

increasing fat oxidation rates.

Ephedra. Ephedra is a herbal equivalent of ephedrine

and is contained in Ma Huang (Pittler & Ernst,

2005; Saper, Eisenberg, & Phillips, 2004). Ephedra

can act as a beta-adrenoceptor agonist, which means

it can increase resting energy expenditure by virtue of

activation of the sympathetic nervous system, which

also results in increased heart rate. Research data

indicate that dietary intake of ephedra can be

effective in facilitating short-term weight loss

(Dwyer, Allison, & Coates, 2005; Shekelle et al.,

2003a, 2003b). Furthermore, the effects of ephedra

on body weight reduction can be exaggerated by the

simultaneous ingestion of caffeine and aspirin (Daly,

Krieger, Dulloo, Young, & Landsberg, 1993;

Dulloo, 2002; Dwyer et al., 2005). The herbals

guarana and white willow bark may be valid

alternatives for caffeine and aspirin, respectively

(Daly et al., 1993). Other supplements that are

believed to enhance the effects of ephedra are green

tea and yohimbine. However, there is also substantial

evidence that the adverse effects to health associated

with the intake of these ‘‘weight-loss cocktails’’ are

substantial (Andraws, Chawla, & Brown, 2005;

Haller, Benowitz, & Jacob, 2005; Pittler, Schmidt,

& Ernst, 2005; Shekelle et al., 2003a). Adverse

events documented include nausea, vomiting, psy-

chiatric symptoms, autonomic hyperactivity, and

cardiac arrhythmias. Moreover, cases of myocardial

infarction, cerebrovascular accident, serious psychia-

tric pathology, and even death have been reported. In

addition, ephedrine and ephedra are included on the

list of banned substances issued by WADA. Intake of

ephedra can result in a positive doping test, and from

a health perspective the use of ephedra and ephedra-

containing mixtures is dangerous, so its use must be

strongly discouraged at any level of competition.

Combination of supplements and timing of

supplement intake

A prevailing view of athletes is ‘‘if a little is good, then

more is better’’, and therefore it is not uncommon for

them to ingest excessive amounts of various supple-

ments. This is an expensive practice and is unlikely to

facilitate the ergogenic effects of the respective

supplements. In addition, such practice raises a safety

concern because on the one hand the side effects of

supplement overdosing are unknown, and on the

other hand overdosing also increases the intake rate of

contaminants possibly contained in the supplements.

Furthermore, athletes as a rule use multiple supple-

ments. From a theoretical point of view, supplements

acting via different physiological mechanisms could

act additively or even in a synergistic way. However,

the physiological mechanisms of action of the various

supplements discussed in this section are incomple-

tely understood. Moreover, very few studies have

looked at combinations of supplements, which render

it difficult to make specific recommendations. How-

ever, available data and field experience taken

together indicate that there is no significant interac-

tion between the supplements discussed in this

review. There is one exception: caffeine has been

found to negate at least the short-term effects of

creatine supplementation, which suggests that co-

ingestion of these substances should probably be

avoided (Hespel, Op’t, & Van Leemputte, 2002; Van

Leemputte et al., 1999). It is well established that

exercise can enhance the responses of muscle to

creatine and protein/amino acid intake (Harris et al.,

1992; Robinson et al., 1999; Tipton & Wolfe, 2004;

Wolfe, 2000). Furthermore, co-ingestion of an

insulinogenic carbohydrate/amino acid mixture

and creatine could conceivably facilitate muscle

creatine retention, when the mixture is consumed in

sufficient quantities to stimulate marked insulin

release (Green et al., 1996; Steenge, Lambourne,

Casey, Macdonald, & Greenhaff, 1998; Steenge et al.,

2000). Also, from a practical point of view it is

probably a sensible idea to time the intake of the

Table III. Some foods with a very high content (450 mg � 100 g71) of

vitamin C.

Food product*

Typical amount of food product needed

to obtain a vitamin C intake of *200 mg

Blackberries 130 g

Breakfast cereals 300 g

Broccoli 180 g

Cauliflower 250 g

Cress 400 g

Guava 75 g

Fennel (root) 220 g

Kiwi 280 g

Mango 400 g

Orange 400 g

Papaya 250 g

Pepper (green or red) 130 g

Parsley 130 g

Red cabbage 330 g

Sprouts 130 g

Strawberries 330 g

*Vitamin C content refers to fresh products. Similar canned or

deep-frozen food products contain substantially less vitamin C.
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above-mentioned supplements to coincide with

strength and power exercise sessions, including early

recovery (1 – 3 h). There are no specific recommen-

dations with regard to the timing of intake of the other

supplements addressed here.
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(1994). Effect of oral creatine supplementation on skeletal

muscle phosphocreatine resynthesis. American Journal of Phy-

siology: Endocrinology and Metabolism, 266, E725 – E730.

Greenhaff, P. L., Casey, A., Short, A. H., Harris, R., & Söderlund,
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