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Caffeine is a mild stimulant and a socially accepted drug consumed in beverages worldwide.  In the sporting world until recently caffeine was a ‘controlled or restricted’ drug.    World Anti Doping Agency (WADA) lifted it from the list of banned substances in January 2004.  Prior to this athletes had previously been banned for testing positive for high levels of caffeine.  This has reopened the controversial debate about using caffeine in sport.
Caffeine has no nutritional properties but has been shown to enhance endurance performance by its role in altering nutritional metabolism.  It is a part of the diet and has become an ingredient in many sports nutrition products such as drinks and sports bars.  The ergogenic mechanisms of caffeine are still not fully understood and sport scientists continue to look for answers.
The original papers by Costill were published in 1970s and showed that caffeine ingested can improve endurance exercise when compared to placebo in exercise (Costill, 1978).  At exercise intensities around 85% VO2 max improvements of 10-20% in time to exhaustion have been recorded.  Caffeine has also been shown to decrease perceived ratings of exertion (Costill, 1978, Graham and Spriet, 1995, Graham 2001). Many recent studies collectively have shown an improved endurance performance in both elite and recreational athletes ingesting 3-13 mg/kg/body weight.   Ergogenic effects have been also reported at very low doses (3mg/kg/body weight), (Graham and Spriet, 1995, Kovacs et al 1998).  
The earlier studies reported beneficial effects of caffeine on endurance performance in the laboratory.  More recent studies have looked at exercise of shorter duration lasting 1-6 minutes.  There is not much information on sprint or resistance exercise, but what is available supports caffeine’s performance enhancing effects, but provides no evidence for an effect on muscle strength (Graham 2001).
Mechanisms improved endurance
Scientists believe that the increased endurance performance is likely to be the result of the effect of caffeine on metabolism early in exercise.  There are three possible theories. 
The original mechanism hypothesised was that caffeine stimulated lipolysis and spares glycogen.  This theory has been supported by studies reporting increased plasma free fatty acid levels following caffeine ingestion (Spriet, 1995).  Although, recent studies have shown increased endurance performance without a glycogen sparing effect (Graham et al 1998) disproving the theory.  

It has been also been theorised that caffeine, or its metabolites have a direct affect on skeletal muscles, facilitating effective muscle contraction. When studying the effect of caffeine it is difficult to identify the primary ‘stimulus’ because caffeine increases epinephrine, which is metabolised to produce metabolites paraxanthine, theorphylline and theobromine.  These metabolites remain in circulation longer than caffeine and they may have their own metabolic signals.  
Another possible mechanism is via the central nervous system (CNS).  Caffeine is known to be a CNS stimulant and increases the concentration of the brains neurotransmitters, acting as an adenosine receptor antagonist. Adenosine receptors in the brain decrease levels of serotonin, dopamine, acetylcholine, norepinephrine and glutamate.  Caffeine blocks this action of the brain which leads to arousal, wakefulness, alertness and vigilance.  The exact consequence of caffeine action on as CNS stimulant in exercise performance is unclear.  

Recent Studies  
Recent studies have shown both a glycogen sparing effect (Chesney et al 1998) and no effect with caffeine doses of 6mg/kg/body weight (Graham et al 2000). Improved endurance performance at low doses 3mg/kg body mass were reported with low plasma levels caffeine concentrations suggesting that improved endurance was the result of central nervous system activity which is possibly sensitive to low doses of caffeine(Graham and Spriet, 1995).  Improved endurance at been reported at 3-6mg/kg/body weight and at higher doses 9mg/kg/body weight no greater efficiency was shown (Kosacs et al 1998, Bruce et al 2000). 

A recent study looked at the effect of giving flat coca cola during exercise, which is a common practice in road cycling.  Cyclists replaced a sports drink with defizzed cola during in latter stages of a time trial (Cox et al 2002).  The protocol used dietary conditions and an exercise protocol that simulated real-life situation.  In first part of study enhanced performance was reported at caffeine intakes of 6mg/kg/body weight whether caffeine was taken before or during exercise.  In second part subjects were given different sports drinks (decaffeinated 6% carbohydrate; caffeine and 6% carbohydrate; carbohydrate and caffeine 11% carbohydrate (coca-cola).  Coca-cola was found to enhance time trial performance at end of 2 hours cycling task when compared to normal spors drink, with benefits being due to ingestion of small amount of caffeine (~1.5/mg/kg performance.  There was no significant rise in plasma or urninary caffeine concentration which supports the emerging evidence that caffeine achieves an ergogenic effect even at low intakes (1-3mg/kg/body weight).  
This year researchers from University of Birmingham Human Performance Laboratory have shown that by introducing caffeine into sports drinks the rate in which carbohydrate is delivered to the athletes increased by 26% (Yeo et al, 2005).  Road cyclists took part in three 2-hour exercise sessions, cycling at 55% of the maximal output.  Sports drinks containing caffeine (5mg/kg of body weight) significantly provided a quicker delivery of glucose compared to same drink without caffeine.  The study highlighted the potential for using caffeine in sports drinks for endurance athletes (Yeo et la 2005).
Does caffeine result in side effects?
There has been little work in the area of the side effects of caffeine in active people.  Caffeine is often considered to be a diuretic and that it could have an adverse affect on fluid balance in athletes and this could have an implication to athletic performance.   Recent review showed that caffeine is a mild diuretic but evidence did not support any detrimental effects of caffeine, fluid-electrolyte balance and exercise performance (Armstrong, 2002). 

However, side effects have been reported at high doses (9-13mg/kg) of caffeine include; headache, dizziness, insomnia.  Muscle tremor and impairment of coordination has been noted and would be an undesirable effect in some sports (Spriet, 1995). 
Long-term health consequences?
Cardiac arrhythmias have been reported with caffeine and can affect individuals who are sensitive to caffeine.  Although evidence has shown that a single dose of caffeine below 450mg does not increase the frequency of cardiac arrhythmias in adult patients, which included those with ischaemic heart disease (Nawot et al 2003).

Caffeine also appears to interfere with insulin action on skeletal muscle, which is unlikely to be a problem during exercise when insulin levels are low.  A study found no impact of caffeine on glucose uptake in active muscle (Graham et al 2000). High caffeine intake may affect insulin action in recovery and resting situations.  Athletes generally have high insulin sensitivity and therefore this may not be a problem, however it could be critical for the diabetic athlete, or recreational athlete.  

The most administration

Most caffeine studies administered caffeine orally as pure caffeine one hour before exercise.  Peak caffeine concentration occurs after 30-60 minutes after oral ingestion, caffeine’s half life is 4-6 hours.  There is no evidence for the efficacy of repeated doses throughout exercise in comparison to a single dose.  One study looked at 3 doses of caffeine before, during and after exercise to find a progressive increase in plasma caffeine concentration  

and an ergogenic effect on a simulated 40km cycle time trial, but this study did not compare to a single dose (Kovacs et al 1998).
Ethical issues

Caffeine is widely seen as an integral part of most people’s diets and is therefore socially acceptable.  Many questions by sporting organisations with regard to using caffeine as an ergogenic aid have been raised.  Is administering caffeine any different to giving sports drink?  When does the ingestion of caffeine become unacceptable doping? Is it acceptable to be advocate caffeine to young athletes as part of their training?  The debate continues throughout the sporting world.
Summary
The evidence clearly supports the ergogenic effects of caffeine and endurance performance at doses as low as 3mg/kg/body weight.  At varying doses research suggests that metabolic response to caffeine may vary.  It is thought that at low doses the ergogenic effect is the result of CNS action and at higher doses possibly through a glycogen sparing effect.   These mechanisms are still not fully understood.
When athletes are considering using caffeine as an ergogenic aid they may need to consider their own individual sensitivity to caffeine, and its appropriateness to their sport.  Research still needs to establish the best method of administration, and whether caffeine improves sprint, or resistance exercise.
Caffeine Content of Foods
(FSA 2001)

	Average cup of instant coffee       75mg

Average cup of instant coffee     100mg

Average cup of brewed coffee    100mg

Average cup of tea                        50mg

Regular cola drinks              up to 40mg

Regular energy drink           up to 80mg
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