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      Nutrition for Extreme Sports                     

     Mayur     K.     Ranchordas     ,     Sean     Hudson    , 
and     Steve     W.     Thompson   

2.1           Introduction 

 It has been well established that sound nutrition 
can accelerate recovery, enhance adaptations to 
training and improve performance. Competing in 
extreme sports places stress on the body, and con-
ducting activities in extreme environments can 
exacerbate the physiological stress on the com-
petitor. Fortunately, scientifi c research in this 
area is growing, and we now have a range of 
nutritional strategies that can help the athlete 
competing in extreme sports in various ways. 

 The physiological and metabolic requirements 
of different extreme sports vary greatly; thus pro-
viding specifi c nutritional recommendations is 
problematic. For instance, certain extreme sports 
such as cliff diving and climbing have very dif-
ferent nutritional needs compared to ultra- 
endurance long-distance events such as adventure 
racing, mountaineering and ultra-distance run-
ning. Nevertheless, the aim of this chapter is to 
provide both generic nutritional guidelines and 
specifi c recommendations for special 
circumstances.  

2.2     General Nutritional 
Recommendations 

2.2.1     Energy 

 Optimal dietary intake is essential for successful 
performance. Macronutrients consist of carbohy-
drates, proteins and fats and contribute to the 
majority of nutrients ingested. The manipulation 
of these both in terms of amounts and timing can 
provide athletes with a platform to aid perfor-
mance dependent on the type of sport. Energy 
consumption must equal energy expenditure in 
order to achieve energy balance if the desired 
goal is weight maintenance. A negative or posi-
tive energy balance might be advantageous in 
certain situations where weight loss or muscle 
hypertrophy is required. General daily energy 
intake requirements are lower for females (1600–
3700 kcal) than males (2900–5900 kcal); how-
ever this may vary due to athlete situation.  

2.2.2     Carbohydrate 

 Carbohydrate (CHO) has four main roles in the 
body. The fi rst is to act as a main energy source 
during high-intensity exercise in which glycogen 
(the stored form of carbohydrate) is broken down 
into glucose (glycogenolysis). Glucose is then 
used to create ATP through the process of gly-
colysis (oxidised to form water and carbon diox-
ide) [ 1 ]. CHO also helps to preserve important 
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tissue proteins that are essential for muscular 
maintenance, repair and growth, provide an unin-
terrupted supply of fuel to the central nervous 
system as the brain metabolises blood glucose [ 2 ] 
and act as a metabolic primer for fat oxidation. 
The readily available carbohydrate sources are 
fairly limited (i.e. 1500–2000 kcal) and become a 
restrictive factor in the performance of prolonged 
sessions (>90 min) of submaximal or intermittent 
high-intensity exercise [ 2 ]. Thus adequate intake 
of carbohydrates prior, during and after exercise 
is essential for extreme sports lasting longer than 
90 min. It should be noted that carbohydrate 
guidelines will differ depending on intensities 
and duration of activity undertaken. 

2.2.2.1     Intensity 
 As intensity increases, so does the release of glu-
cose from the liver to the active muscles. 
Stimulation in muscle glycogen utilisation also 
occurs as the energy increases. This can be deter-
mined via performing gas analysis and referring 
to the respiratory exchange ratio. If the RER rises 
above 1.0, then CHO becomes the primary source 
of energy production. Therefore, the higher the 
intensity, the more CHO will be needed to main-
tain that desired workload. Thus the extreme 
sports that have short sharp bursts will have a 
greater reliance upon carbohydrate for fuel.  

2.2.2.2     Duration 
 As exercise duration increases, muscle glycogen 
decreases, causing fat catabolism to begin to 

 furnish an increasing percentage of total energy. 
Therefore, a greater amount of CHO may be 
required prior to exercise if competing for long 
durations. Also, simple CHO such as glucose can 
be ingested during exercise to maintain supply of 
glycogen to the muscles. The type and timing of 
CHO are also very important. More specifi cally, 
CHO can be determined by their complexity 
(mono-, di- or polysaccharides) and by their gly-
caemic index (GI). Despite a lot of confl icting 
research, it is thought that lower GI foods are 
more advantageous prior to exercise as they lead 
to an increase in free fatty acids, better mainte-
nance and slower release of plasma glycogen, 
resulting in more sustained carbohydrate avail-
ability during exercise [ 3 ]. It is also agreed that 
during and directly after exercise, high GI and 
simple CHOs are advantageous (glucose and 
sucrose) as they are broken down quicker via gly-
colysis and promote faster muscle glycogen 
recovery [ 2 ,  4 ]. 

 The American College of Sports Medicine 
(ACSM) [ 5 ] recommends 6–10 g/kg body weight 
of CHO per day (ACSM, 2009). However, this 
may fl uctuate dependent on the sport undertaken 
as specifi ed in Table  2.1 .

2.2.3         Protein 

 Protein (PRO) is made up of a combination of 
amino acids (AA). Some PRO can be synthesised 
within the body such as alanine, serine and 

   Table 2.1    CHO guidelines for extreme sports   

 Intensity/duration  Recommended CHO intake  Extreme sports 

 Low to moderate intensity and duration (<1 h)  5–7 g/kg/day  BMX 
 Rock climbing 
 Snowboarding/skiing 
 Windsurfi ng 
 Surfi ng 

 Endurance athletes (1–3 h of moderate to high intensity) 
 Extreme conditions (3+ h of moderate to high intensity) 

 7–10 g/kg/day 
 10–12+ g/kg/day 

 Mountaineering 
 Ice climbing 
 Cross-country skiing 
 Ironman triathlons 

 Pre-exercise meal  1–4 g/kg 1–4 h prior 

 During moderate- to high-intensity exercise (>1 h)  0.5–1.0 g/kg/h 

 Rapid postexercise recovery  1 g/kg immediately after 
exercise and repeated 2 h later 

  Adapted from Burke et al. [ 6 ]  
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 glutamic acid. However, there are many essential 
AA that we are unable to synthesise such as leu-
cine, lysine and tryptophan. Therefore, it is 
important that adequate ingestion of protein from 
the daily diet is undertaken to maintain protein 
synthesis and adequate recovery. 

 PRO is used primarily to promote muscle fi bre 
repair, regeneration and growth [ 7 ]. They can 
however also be utilised as an energy source if 
CHO and fat sources have reduced signifi cantly. 
For most sports, this is not a desired outcome as 
it may lead to a decrease in AA available for 
recovery and regeneration [ 8 ]. Dependent on the 
discipline of extreme sport, the recommended 
daily intake and intake for recovery differ greatly. 
The ACSM [ 5 ] have recommended 1.2–1.7 g/kg/
day and that this is done via dietary intake. For 
endurance athletes, 1.7 g/kg may not be needed if 
adequate fuel is ingested through CHO and fat. 
But for any sport that requires strength and power 
(e.g. BMX, snowboard freestyle or free running), 
more than 1.7 g/kg/day could be advantageous 
[ 5 ]. However, it has been suggested that there is 
no harm in ingesting more protein than this. For 
example, for some sports that require large 
energy intakes (~6400 kcal), as much as 2.5–
3.2 g/kg of PRO may be necessary [ 7 ]. 

 In order to utilise the dietary requirements, 
again, the timing of ingestion of protein is essen-
tial. Studies have shown that ingestion of protein 
immediately before exercise promotes a greater 
net protein balance than ingestion postexercise 
following resistance exercise (providing adequate 
CHO has been ingested) [ 5 ,  9 ]. It has also been 
reported that net protein uptake is increased when 
a combination of PRO and CHO is ingested 
oppose to either of them on their own [ 7 ]. Protein 
ingested after training is still advantageous and 
should be in a simple form such as whey as it is 
rapidly digestible.  

2.2.4     Fat 

 Fat (lipids) is a necessary component of a normal 
diet for any athlete. Large amounts of fat can be 
stored in adipose tissue and thus can be readily 
available for prolonged exercise. Lipids also 

 protect vital organs such as the heart, brain, liver 
and kidneys. They are an essential source of fat- 
soluble vitamins such as A, D, E and K and are 
important constituents of cell membranes. 
Cholesterol, which is a type of lipid, is a precur-
sor for important hormones such as testosterone. 

 In accordance with the ACSM [ 5 ] guideline, 
fat consumption should range from 20 to 35 % of 
total energy intake across all intensities and dura-
tions. This should include approximately 10 % 
saturated, 10 % polyunsaturated and 10 % mono-
unsaturated as well as including sources of essen-
tial fatty acids. Saturated fats should be avoided. 
For certain extreme sports such as mountaineer-
ing and extreme expedition-type events where 
competitors must carry their own food supplies, 
foods high in fat may be advantageous as they 
provide 9 kcal/g as opposed to carbohydrate and 
protein which provide 4 kcal/g. In these situa-
tions, where large energy expenditure is preva-
lent, foods high in fat can help maintain energy 
balance to an extent.   

2.3     Weight Management 

 The principles of weight management remain 
the same regardless of the sport. Therefore this 
section will focus on general methods for weight 
gain or weight loss. Weight change is best done 
during the off-season or a period outside of 
competition to prevent any potential adverse 
effects on performance. For extreme sports such 
as rock climbing and ultra-endurance sports, a 
high power to weight ratio is desirable so com-
petitors may want to manipulate body composi-
tion. Similarly, for other sports such as BMX, 
canoeing and white-water rafting, competitors 
may want to increase muscle mass and reduce 
body fat. 

2.3.1     Weight Gain 

 Weight gain through increasing skeletal muscle 
mass (hypertrophy) is often advantageous in 
many sporting contexts and activities. To increase 
weight, an athlete must achieve a positive energy 
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balance with muscle hypertrophy only occurring 
when muscle protein synthesis exceeds the rate 
of protein breakdown for a prolonged period of 
time [ 10 ]. The two principal determinants of 
skeletal muscle protein synthesis in adults are 
physical activity and nutrient availability [ 11 ]. 

 Utilising protein ingestion with physical activ-
ity, particularly resistance exercise, promotes an 
optimal anabolic environment in the skeletal 
muscle compared to either stimulus alone [ 12 ]. 
The addition of protein ingestion following a 
bout of resistance exercise has repeatedly been 
shown to augment the stimulation of muscle pro-
tein synthesis, which over a period of resistance 
training with increased protein consumption can 
lead to muscular hypertrophy. The anabolic 
effects of nutrition are driven by the transfer and 
incorporation of amino acids captured from 
dietary protein sources into skeletal muscle pro-
teins. The amino acid leucine has been high-
lighted to be particularly important in stimulating 
protein synthesis and appears to have a control-
ling infl uence over the activation of protein syn-
thesis [ 13 ]. As such, rapidly digested leucine-rich 
proteins such as whey, in conjunction with resis-
tance exercise, are advised for individuals wish-
ing to increase muscle mass. In terms of protein 
quantity, 20–25 g of high-quality protein with at 
least 8–10 g of essential amino acids [ 14 ] has 
been shown to maximally potentiate exercise- 
induced rates of muscle protein synthesis in 
healthy young adults [ 15 ]. In total, athletes are 
recommended to consume ~1.3–1.8 g.kg −1 .d −1 , 
consumed as four meals while attempting to gain 
weight through increasing muscle mass [ 16 ]. It 
should be noted that these recommendations are 
dependent on training status and more protein 
should be consumed during periods of high- 
frequency/high-intensity training.  

2.3.2     Weight Loss 

 Weight loss is not an uncommon goal for athletes 
and is often motivated by factors relating to per-
formance issues. This usually involves weight 
loss either to enhance performance or for aes-
thetic reasons. Excess fat is often detrimental to 

performance of physical activities requiring the 
transfer of body mass either vertically (such as in 
jumping) or horizontally (such as in running). 
This is because it adds mass to the body without 
providing any additional capacity to produce 
force. Excess fat can also be detrimental to per-
formance through increasing the metabolic cost 
of physical activity that requires movement of the 
total body mass. 

 Weight loss can occur when a negative energy 
balance is created. Thus, weight loss can be 
achieved by restricting energy intake, increasing 
the volume/intensity of training or, most often, a 
combination of both these strategies. It is impor-
tant for athletes and coaches to recognise that 
with extreme energy restrictions, losses of both 
muscle and fat mass may adversely infl uence an 
athlete’s performance [ 17 ]. Therefore, in most 
cases, it is important for an athlete to preserve 
their fat-free mass during periods of weight loss. 
There is a growing body of evidence suggesting 
that higher protein intakes during energy restric-
tion can enhance the retention of fat-free mass 
[ 18 ,  19 ]. A reduction in dietary fat and carbohy-
drate may allow athletes to achieve higher protein 
intakes without the excessive restriction of a par-
ticular macronutrient. Current recommendations 
advise athletes aiming to achieve weight loss 
without losing fat-free mass to combine a moder-
ate energy defi cit (~500 kcal.d −1 ) with the con-
sumption of between ~1.8 and 2.0 g.kg −1 .d −1  of 
protein in conjunction with performing resistance 
exercise [ 14 ].   

2.4     Nutritional Issues 
and Challenges 

2.4.1     Travel 

 It is not uncommon that extreme sports athletes 
may be frequent travellers due to the nature of 
their sport and competition; thus they may face 
frequent trips that may involve long travel 
times that can cause fatigue. Having access to 
nutritious balanced meals and adequate fl uid 
can be challenging; however, ample pre-plan-
ning meal, snack and fl uid arrangements can 
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enhance an athlete’s dietary preparation when 
travelling [ 20 ]). Table  2.2  provides a practical 
summary of key dietary strategies that can help 
support teams cope with challenging travel 
demands.

2.5         Fluid and Electrolyte 
Requirements 

2.5.1     Sweat Rates and Electrolytes 

 Exercise is associated with high rates of meta-
bolic heat production, eliciting high rates of 
sweat secretion in order to attenuate the rise in 
body temperature that would otherwise occur. If 
exercise is prolonged, this leads to progressive 
hypohydration and a loss of electrolytes, particu-
larly in hot environments where sweat rates may 
exceed 2 l/h [ 22 ]. 

 Signifi cant hypohydration can occur during 
many types of exercise activity and poses a chal-
lenge to both an individual’s performance and 
health. Hypohydration can have a negative impact 
on exercise outcomes through impairing thermo-
regulation and performance of prolonged aerobic 
exercise [ 23 ], cognitive function [ 24 ] and gastric 
emptying and comfort [ 25 ]. These performance 
impairments can be detected when fl uid losses 

are as low as 1.8 % of body mass [ 22 ]. A body 
mass loss of more than 4 % during exercise may 
lead to heat exhaustion and heat illness [ 22 ]. 
Even in winter sports environments, where sweat 
rates are expected to be lower, fl uid loss can be 
signifi cant [ 26 ]. Nordic skiers competing in 
15–30-km races can typically lose 2–3 % of body 
mass, and collegiate cross-country skiers lost 
1.8 % of body mass after 90 min of ski training 
[ 27 ]. Thus, strategies to minimise the degree of 
hypohydration should be undertaken before, dur-
ing (if possible) and in recovery from exercise 
activities.  

2.5.2     Measuring Hydration 
and Electrolyte Status 

 Sweat rates and electrolyte losses can vary widely 
amongst different individuals and between differ-
ent activities under the same environmental con-
ditions. Therefore, it is diffi cult to accurately 
prescribe fl uid and electrolyte intakes without 
knowledge of individual sweat rates under the 
specifi c environmental conditions. Hydration sta-
tus can be monitored by employing simple urine 
and body mass measurements. Changes in body 
mass can refl ect sweat losses during exercise 
and can be used to calculate individual fl uid 

   Table 2.2    Nutritional strategies for travel   

 Issue  Detail  Strategy 

 Infection and illness  Travelling poses the risk of infection and 
gastrointestinal disturbance when travelling 
(more so if travelling abroad) 

 Using antibacterial hand gels and 
washing hands often can minimise 
some risk. In addition the use of 
probiotics can also be useful in some 
instances 

 Catering  Different hotels and kitchens have their own 
way of preparing meals that may be very 
different to expectations 

 Communication with menu plans and 
possibly recipes and specifi c snack 
items may be useful 

 Food and water 
hygiene 

 In some countries it is ill advised to drink tap 
water, and foods such as fruit, vegetables, 
salads and ice cubes could pose a risk 

 Stick to drinking sealed bottled water 
and avoid swallowing water when 
brushing teeth; showering and ensuring 
food is washed with clean water that is 
not contaminated 

 Eating on the move  Travel poses uncertain issues such as delay 
and availability of food on the move; therefore 
the team should ensure that snacks and meals 
are pre-planned 

 Communication with travel companies, 
hotels and pre-packing food items are 
important as problems such as delays 
can pose a problem 

  Adapted from Ranchordas et al. [ 21 ]  
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 replacement needs for specifi c exercise activities 
and environmental conditions. Urine osmolality 
also provides a clear indication of hydration sta-
tus and can be measured quickly and simply 
using a portable osmometer. A urine osmolality 
of 100–300 mOsmol/kg indicates that an indi-
vidual is well hydrated. Values of over 900 mOs-
mol/kg indicate that an individual is relatively 
dehydrated. Portable urine osmometers can be 
useful to assess hydration status in the fi eld as 
they are small, reliable and convenient and thus 
can be a good tool to monitor hydration status 
objectively. 

 Accurately measuring electrolyte losses is a 
more challenging, as the composition of sweat is 
diffi cult to measure and the methods such as 
sweat patch testing have poor reliability. 
Electrolyte losses vary greatly between individu-
als but also vary with changing sweat rates over 
time [ 28 ]. The major electrolytes lost in sweat are 
sodium and chloride. These are the major ions of 
the extracellular space; therefore, the replace-
ment of these ions, especially sodium, should be 
a priority. The perception of thirst as the signal to 
drink is unreliable. This is because a considerable 
degree of dehydration, suffi cient enough to 
impair athletic performance, can occur before the 
desire to drink is evident [ 29 ]. The sensation of 
thirst results increases the secretion of the antidi-
uretic hormone from the posterior pituitary gland, 
which acts on the kidneys to reduce urine excre-
tion. However, thirst is quickly alleviated through 
drinking fl uid before a signifi cant amount of fl uid 
is absorbed in the gut [ 22 ]. Thus, the use of thirst 
alone should not be used as indicator of fl uid 
balance.  

2.5.3     Constituents of Fluid Ingested 

 Electrolytes play a key role in promoting postex-
ercise rehydration. This was fi rst highlighted by 
Costill and Sparks [ 30 ], who showed that the 
ingestion of a glucose-electrolyte solution after a 
relatively severe degree of hypohydration (4 % of 
the pre-exercise body mass) resulted in a greater 
restoration of plasma volume than water alone. A 
higher urine output was also observed in the 

water trial. The ingestion of drinks containing 
sodium following exercise promotes rapid fl uid 
absorption in the small intestine, allows the 
plasma sodium concentration to remain elevated 
during rehydration and helps maintain thirst 
while delaying the stimulation of urine produc-
tion. Drinks containing multiple transportable 
carbohydrates such as glucose and fructose can 
also aid hydration through enhancing gastric 
emptying rates, improving the delivery of fl uid 
consumption compared to a single carbohydrate 
drink (this is covered in more detail in the carbo-
hydrate supplements section) [ 31 ]. The addition 
of carbohydrate can also make the drink more 
palatable, aiding the rehydration process. 

 Gonzales-Alonso et al. [ 32 ] confi rmed that a 
dilute carbohydrate-electrolyte solution (60 g/l 
carbohydrate, 20 mmol.l −1  Na+, 3 mmol.l −1  K+) 
was more effective in promoting postexercise 
rehydration than either plain water or a low- 
electrolyte diet cola. The difference between the 
drinks was primarily the volume of urine pro-
duced. As previously mentioned, individual 
sodium content of sweat varies widely, and no 
single formulation will meet requirements for all 
individuals in all situations. The upper end of the 
normal range for sodium concentration (80 mmol.
l −1 ), however, is similar to the sodium concentra-
tion of many commercially produced oral rehy-
dration solutions intended for use in the treatment 
of diarrhoea-induced dehydration. In contrast, 
the sodium content of most sports drinks is in the 
range of 10–30 mmol.l −1 . Most commonly con-
sumed soft drinks contain virtually no sodium, 
and these drinks are, therefore, unsuitable for 
rehydration. The problem with high sodium con-
centrations is that this may exert a negative effect 
on taste, resulting in reduced consumption. 
Therefore, it is important that a balance between 
electrolyte content and palatability is achieved. 

2.5.3.1     Before Exercise 
 Beginning exercise in a hypohydrated state can 
have a negative impact on performance of high- 
intensity [ 33 ] and endurance exercise [ 34 ]. Thus, 
the main goal of fl uid intake before exercise is to 
begin in a euhydrated state with normal plasma 
electrolyte levels. This can be achieved through 
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consuming a balanced diet and drinking adequate 
fl uid during a period 24 h before exercise event. 
Consuming a further 500 ml of fl uid around 2 h 
before exercise helps promote adequate hydra-
tion and allow time for secretion of excess 
ingested water [ 5 ]. However, if an individual has 
suffered from substantial fl uid loss and only has a 
short recovery period before a subsequent bout of 
exercise, then an aggressive prehydration strat-
egy may be merited to establish euhydration. 

 Attempting to hyperhydrate before exercise 
will greatly increase the risk of having to void 
during competition and provides no clear physi-
ological or performance advantage over euhydra-
tion [ 35 ,  36 ]. In addition, hyperhydration can 
substantially dilute and lower plasma sodium 
[ 37 ,  38 ] before starting exercise and therefore 
increase the risk of dilutional hyponatraemia, 
especially if fl uids are aggressively replaced dur-
ing exercise [ 39 ].  

2.5.3.2     During Exercise 
 Extreme sports vary in nature and some in some 
sports; there may not be an opportunity to take on 
some fl uids during exercise, whereas in other 
sports this may not be a problem. Nevertheless, if 
fl uid intake during exercise is possible, then the 
main goal is to prevent excessive dehydration 
(>1.8 % body mass loss from fl uid loss) and 
excessive changes in electrolyte balance that 
could impair performance. 

 During exercise, especially in a hot environ-
ment, dehydration can only be avoided by match-
ing sweat loss with fl uid consumption. However, 
sweat rates during strenuous exercise in the heat 
can be as high as 2–3 l/h, and a volume of ingested 
fl uid of more than about 1 l feels uncomfortable 
in the stomach for most people when exercising. 
Therefore, achieving fl uid intakes that match 
sweat losses during exercise is often not practi-
cal. In these situations, it may be necessary to 
rehydrate after exercise, especially if there is a 
second bout of exercise later that day or the day 
after (e.g. for sports such as adventure racing and 
expedition-type activities). 

 Fluid intake during strenuous exercise lasting 
less than 30 min in duration offers no advantage. 
Gastric emptying is inhibited at high work rates, 

and insignifi cant amounts of fl uid are absorbed 
during exercise of short duration. For most indi-
viduals exercising for 30–60 min in moderate 
ambient conditions, an appropriate drink is cool 
water. For exercise lasting more than 1 h or exer-
cise in hot and humid conditions, consumption of 
a drink containing carbohydrates and electrolytes 
is warranted. Fluid ingestion during prolonged 
exercise provides an opportunity for exogenous 
fuel consumption as well as helping to maintain 
plasma volume and preventing dehydration. The 
replacement of electrolytes lost in sweat can nor-
mally wait until the postexercise recovery period 
as stated previously. Individuals should become 
accustomed to consuming fl uid at regular inter-
vals (with or without thirst) during training ses-
sions so that they do not experience discomfort 
during competition.  

2.5.3.3     Postexercise 
 After exercise the main goal of fl uid intake is to 
fully replace fl uid electrolytes lost during exer-
cise and return to a euhydrated state. As previ-
ously mentioned, this is particularly important 
when exercise is prolonged and takes place in a 
hot environment or when consuming fl uid during 
exercise is not possible. 

 Even when fl uids are available during longer 
exercise periods, the volume ingested is rarely 
suffi cient to match the rate of sweat loss, and 
some degree of fl uid defi cit usually accompanies 
exercise. Replacement of these losses must be 
achieved in the recovery period after exercise 
ends before the next bout of exercise is 
undertaken. 

 Fluid intake also comes from food consump-
tion. Some foods, especially plant material, have 
high water content. In fact, water in food makes a 
major contribution to total body fl uid intake. 
Water is also produced internally (metabolic 
water) from the catabolism of water, fat and pro-
tein. For example, in the complete oxidation of 
one molecule of glucose, six molecules of carbon 
dioxide and six molecules of water are produced. 
Therefore, consuming food with fl uid following 
exercise is recommended to aid rehydration 
while also providing essential electrolyte 
replenishment. 
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 On the completion of exercise, individuals are 
encouraged to consume a volume of fl uid equiva-
lent to 150 % of sweat loss (i.e. 1.5 l of fl uid con-
sumed during recovery from exercise for every 
kilogram of body mass loss during exercise) 
within 6 h after exercise. This is to account for 
continued fl uid loss from sweat and urine follow-
ing the cessation of exercise.    

2.6     Special Nutrition 
Considerations for Extreme 
Sports: Practical 
Recommendations 

 Individuals should attempt to begin all exercise ses-
sions in a euhydrated state. Taking current recom-
mendations into consideration [ 5 ,  40 ], individuals 
participating in extreme sports where signifi cant 
sweat losses have occurred should ingest a volume 
of fl uid substantially greater than the volume of 
sweat lost. This should equate to around 150 % of 
sweat loss over a 6-h period in order to account for 
continued sweat and urine losses following the ces-
sation of exercise. This clearly requires knowledge 
of sweat loss, and a reasonable estimate can be 
obtained from changes in body mass. An effective 
rehydration drink intended for consumption after 
exercise should be both effective and palatable. 

 For optimal hydration during prolonged exer-
cise, particularly in hot and humid environments, 
the addition of sodium (10–30 mmol.l −1 ) in con-
junction with multiple carbohydrates can aid fl uid 
uptake, provide an exogenous fuel source and pre-
vent excessive hypohydration. The ideal drink for 
fl uid replacement is one that tastes good to the indi-
vidual, does not cause gastrointestinal discomfort 
when consumed in large volumes, promotes gastric 
emptying and fl uid absorption to help maintain the 
extracellular volume and provides some energy to 
the muscle in the form of carbohydrate. 

2.6.1     Nutritional Strategies 
for Cooling 

 The rise in core body temperature observed when 
exercise is performed in hot environmental con-
ditions is associated with reduced motor output 

during self-paced exercise [ 41 ,  42 ], as well as the 
termination of exercise during time to exhaustion 
protocols [ 43 ,  44 ]. The central nervous system is 
thought to reduce motor output following eleva-
tions in core temperature and terminate exercise 
once critically high internal temperatures are 
attained, in an attempt to limit the development 
of catastrophic heat illness [ 45 ]. 

 The subjective perception of effort is an 
important consideration. If the exercise feels 
hard, the duration will often be cut short and 
adherence is likely to be poor. It is well recog-
nised that the subjective rating of perceived exer-
tion is higher when exercise is performed in 
warm environments than in cool environments 
[ 46 ] and is also increased by even moderate lev-
els of hypohydration. 

 Total body water can have a critical infl uence 
on thermoregulation and exercise performance in 
the heat. Total body water usually remains rela-
tively constant [ 47 ]; however, physical exercise 
and heat exposure will increase water fl ux to sup-
port thermoregulation [ 48 ]. In a hot environment, 
sweat evaporation is the primary avenue for dis-
sipating body heat absorbed from the environ-
ment or produced by the exercising muscle. 
Therefore, the most notable effect of exercise in a 
hot climate is increased fl uid loss. 

 Hypohydration increases heat storage by 
reducing skin blood fl ow and sweating rate 
responses for a given core temperature. 
Hypohydration lowers both intracellular and 
extracellular fl uid volumes. It also results in 
plasma hypertonicity, with the potential effect 
being greater in warm environments. 

 Pre-exercise cooling is a strategy for improv-
ing prolonged exercise performance in the heat. 
This is based on evidence that reducing initial 
core temperature allows for a greater heat storage 
capacity during exercise, in turn prolonging the 
onset of hyperthermia-induced fatigue [ 49 ]. The 
ingestion of cold fl uid or ice slurries has been 
suggested as nutritional strategies that could be 
used for internal cooling. Indeed, ingesting cold 
water (4 °C) versus warm water (37 °C) before 
and during exercise in hot environments pro-
longed cycling time to exhaustion by 23 ± 6 % 
[ 50 ]. The pre-exercise ingestion of ice slurry 
(−1 °C) has been shown to be even more effective 
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compared to cold water (4 °C) at lowering rectal 
temperature and extended the ensuing running 
time to exhaustion by 19 ± 6 % [ 51 ]. The inges-
tion of substantial volumes (6.5–7.5 g.kg −1  body 
mass) of ice slurry in 30 min prior to exercise has 
repeatedly been shown to improve endurance 
capacity and performance during exercise [ 51 –
 54 ] and appears to be the most effective nutri-
tional strategy for cooling.   

2.7     Supplements 
and Ergogenic Aids 

 The use of sports foods and dietary supplements 
amongst athletes is widespread; however, many 
products are not effective and lack evidence for 
improving soccer performance. Moreover, many 
supplements have been found to be contaminated 
and could increase the risk of a positive doping 
test; thus athletes who are subjected to anti- 
doping testing should ensure that dietary supple-
ments are batch tested for contamination before 
use. This section provides an overview of certain 
supplements that may be benefi cial for extreme 
sports. 

2.7.1     Creatine 

 Creatine supplementation increases intramuscu-
lar phosphocreatine stores and appears to enhance 
performance in activities that primarily involve 
repeated short bouts of high-intensity exercise 
that require energy from the ATP-PC energy sys-
tem. Therefore, the rationale for using creatine 
supplementation to enhance performance in 
extreme sports such as downhill mountain bik-
ing, skateboarding, BMX and other extreme 
activities with short sharp bursts has merit con-
sidering that these activities consist of move-
ments that predominately use the ATP-PC energy 
system over prolonged durations. The majority of 
the early research that has examined the effec-
tiveness of creatine supplementation suggests 
using a loading phase of 5 g of creatine 4 times 
per day for the initial 5 days followed by a main-
tenance dose of 5 g/day to maximise phosphocre-
atine stores and enhance performance [ 55 ]. 

Creatine loading may not be necessary if quick 
loading is not essential, and in this case a dose of 
5 g either once daily or twice daily is adequate. 
Creatine seems to be more effective when taken 
with high GI carbohydrates as the increase in 
blood glucose and subsequently insulin plays a 
role in the absorption of creatine within the mus-
cle so competitors are encouraged to take the 5-g 
dose of creatine with approximately 40 g of high 
GI carbohydrate [ 56 ].  

2.7.2     Beta-Alanine 

 Supplementing the diet with beta-alanine may 
have an ergogenic effect on high-intensity exer-
cise, particularly exercise capacity, in activities 
lasting between 1 and 4 min [ 57 ,  58 ]. Thus 
extreme sports that fall within this range such 
as skateboarding, BMX, downhill mountain 
biking and surfi ng may benefi t from beta-ala-
nine supplementation. The rate of carnosine 
synthesis in the human skeletal muscle is lim-
ited by the availability of beta-alanine from the 
diet [ 59 ]. Although several potential roles have 
been ascribed to carnosine in the skeletal mus-
cle, its main role has been identifi ed as an intra-
muscular pH buffer due to its molecular 
structure [ 60 ,  61 ]. 

 High-intensity exercise can lead to an accu-
mulation of hydrogen ions (H+) in the skeletal 
muscle, causing a reduction in the intramuscular 
pH. Under normal resting conditions, intramus-
cular pH is around 7.0. However, during high- 
intensity exercise, muscle pH may fall to as low 
as 6.0 [ 62 ]. This can result in reduced muscle 
function and force generation, contributing to 
fatigue. 

 Carnosine molecules contain an imidazole 
ring that allows it to lend itself as an intracellular 
buffer through directly accepting and buffering 
H+ ions [ 63 ]. With a pKa of 6.83 and its high 
concentration in the muscle, specifi cally fast- 
twitch fi bres [ 59 ], carnosine can act as a powerful 
immediate H+ buffering agent [ 64 ]. A higher 
muscle buffer value may benefi t prolonged high- 
intensity exercise performance by allowing for a 
higher accumulation of H+ in the muscle before 
reaching a limiting muscle pH. 
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 Supplementing the diet with 6.4 g of β-alanine 
per day for 4 weeks has been shown to increase 
carnosine concentrations in the skeletal muscle 
by ~60 % [ 60 ] and by ~80 % when supplement-
ing for 10 weeks with the same quantity [ 58 ]. 
Stellingwerff and colleagues [ 65 ] suggested that 
for a desired increase (~50 %) in muscle carno-
sine, a total of ~230 g of beta-alanine must be 
taken within a daily consumption range of 1.6–
6.4 g.d −1 . Higher doses are not advised due to the 
potential for symptoms of paresthesia [ 59 ]. 
Additionally, once muscle carnosine is aug-
mented, the washout period is very slow at ~2 % 
per week [ 65 ].  

2.7.3     Dietary Nitrates 

 Over recent years, the use of dietary nitrates has 
become popular in sport, and there are now sup-
plements such as concentrated beetroot shots, 
nitrate-containing gels and bars available that are 
purported to enhance performance. Various stud-
ies have found that approximately 8.4 mmol of 
dietary nitrate can improve tolerance to endur-
ance exercise, reduce the oxygen cost of exercise 
and increase time to exhaustion which can be 
benefi cial for extreme sports that have a large 
endurance exercise component such as ultra- 
endurance exercise [ 66 ,  67 ]. The type of supple-
ment used in these studies has been mainly 
concentrated beetroot shots which are commer-
cially available. One study has investigated the 
effects of dietary nitrate supplementation in 
hypoxic conditions. Kelly and co-workers [ 68 ] 
investigated the effects of 140 ml of concentrated 
beetroot juice that contained approximately 
8.4 mmol of nitrate and a placebo ingested for 
3 days prior to a cycling performance test in 12 
healthy participants during normoxia (20.9 % 
O2) and hypoxia (13.1 % O2). It was found that 
in hypoxia, nitrate supplementation enhanced 
VO2 kinetics during moderate-intensity exercise 
and improved severe-intensity exercise tolerance. 
These fi ndings suggest that nitrate supplementa-
tion may have important benefi ts for individuals 
exercising in conditions at high altitude; thus 
competitors in extreme sports such as high- 

altitude climbing and expedition-type events 
should consider the use of nitrate 
supplementation.  

2.7.4     Caffeine 

 Caffeine has been studied extensively over the 
last two decades, and numerous studies have 
demonstrated that caffeine can enhance endur-
ance performance [ 69 ,  70 ]. The use of caffeine 
for performance has several benefi ts including 
the mobilisation of fatty acids to enhance fuel 
use, changes to muscle contractility, stimulation 
of the central nervous system and stimulation of 
the release and activity of adrenaline [ 71 ]. 

 For extreme sports that are characterised by 
very long distances where athletes often choose 
to go without sleep for a period of greater than 
24 h while competing in events such as expedi-
tions, caffeine can be used by competitors to help 
them stay awake and enhance performance. 
When taken in low to moderate doses (3–6 mg.
kg −1 ), caffeine is effective for enhancing endur-
ance performance [ 69 ,  70 ], and it has been dem-
onstrated that caffeine can enhance vigilance 
during bouts of extended exhaustive exercise, as 
well as periods of sustained sleep deprivation 
[ 72 – 74 ]. It should be noted that the scientifi c lit-
erature does not support the theory of caffeine- 
induced diuresis during exercise or detrimental 
effects on fl uid balance that would negatively 
affect performance; therefore, caffeine use should 
be considered by extreme sports athletes.  

2.7.5     Carbohydrate Supplements 

 Sports drinks, gels and bars are a convenient and 
portable source of carbohydrate that can be con-
sumed during exercise. The carbohydrate content 
in these products is typically derived from glu-
cose and dextrose, and numerous studies have 
found that sports drinks, gels and bars can pro-
long endurance performance [ 75 – 77 ]. More 
recently, however, there have been developments 
regarding the type of carbohydrate and its effects 
on endurance performance. Currell and 
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Jeukendrup [ 78 ] found that sports drinks contain-
ing glucose and fructose in a ratio of 2:1 led to an 
8 % improvement in cycling time-trial perfor-
mance compared to ingestion of glucose alone. 
These fi ndings have since been replicated and 
furthered in several other studies [ 31 ,  79 ,  80 ] 
which have demonstrated that sports drinks and 
gels containing multiple transportable carbohy-
drates (i.e. glucose and fructose), when ingested 
at high rates, can be benefi cial during endurance 
sports in which the duration of exercise is 3 h or 
more. For extreme sports lasting longer than 2 h, 
it may be benefi cial for competitors to take on 
sports drinks, gels and bars that contain multiple 
transportable carbohydrates in the form of glu-
cose and fructose. Supplements that provide 
60–90 g.h −1  of multiple transportable carbohy-
drates should be consumed during prolonged 
exercise. Competitors should practise feeding 
strategies during training to ensure that these car-
bohydrate doses are well tolerated. Moreover, 
due to individual preferences, certain competitors 
may prefer taking carbohydrate supplements in 
the form of a gel or bar as opposed to a drink.  

2.7.6     Contamination 
of Supplements 

 The sports food and dietary supplement market is 
saturated with various purportedly ergogenic aids 
to enhance strength, speed, endurance and recov-
ery. However, few are substantiated by convinc-
ing scientifi c evidence. Some supplements 
reviewed in this chapter such as carbohydrates 
and caffeine can enhance performance in extreme 
sports. However, it should be recognised that 
nutritional supplements can be a source of con-
tamination and, hence, a positive doping test. 
Various studies have shown that commercially 
available dietary supplements and ergogenic aids 
available over the Internet or over the counter are 
contaminated with substances banned on the 
WADA list of prohibited substances [ 81 ,  82 ]. It is 
important that extreme sports athletes take sup-
plements that are evidence based and free from 
contamination; thus it is a good practice to seek 
sports nutrition advice from a qualifi ed profes-

sional, especially if the athlete is subjected to 
drug testing. Moreover, there are laboratories that 
offer the facility to test dietary supplements for 
contaminants that are in the WADA list of pro-
hibited substances; therefore, athletes should use 
this facility to ensure that supplements are safe. 

   Conclusion 

 The nutritional requirements for extreme 
sports vary greatly depending on the type of 
sport, the environmental conditions and the 
duration of the activity. Typically, for extreme 
sports that are longer in duration such as 
mountaineering, adventure racing, ultra-
endurance activities and expedition-type 
events, the energy demands are much greater, 
and thus competitors should plan their dietary 
needs in advance. An inadequate diet and poor 
fuelling strategies can impair performance 
and increase the risk of injury and illness dur-
ing events. Appropriate hydration strategies 
need to be planned in advance if taking part in 
extreme environments, and bespoke cooling 
strategies such as ice slurry ingestion can be 
used in the heat. Supplements such as caf-
feine, carbohydrate and dietary nitrates can be 
used to enhance performance although com-
petitors should check safety and ensure they 
are batch tested and safe products.       
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