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Introduction

Adequate hydration is an important precondition for 
the health and performance of athletes. The quanti-
ty and type of fluid intake before, during, and after 
exercise affect an athlete’s performance. Both inade-
quate and excessive fluid intake has a negative effect 
or represents a health risk. In the past athletes have 
frequently been guided by the principle “drink before 
the thirst hits”. However this can increase the risk of 

hyponatremia (“water intoxication”), which in extre-
me cases has already led to deaths of recreational ath-
letes (triathletes and marathon runners) (1, 14, 27).  
This highlights the particular importance of fluid 
intake in sports.

Since water and electrolyte levels are closely 
connected, the composition of drinks also plays a 
role in water absorption. In the following article the 
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 › This position paper represents the current scientific recom-
mendations for fluid management in sports. Sporting activities 
should always be commenced with a balanced fluid level (appa-
rent by urine color, which is light yellow in the case of balanced 
fluid level). 

 › The loss of fluids during exercise depends on numerous fac-
tors such as the state of exercise, the intensity, duration, type 
of exercise and environmental factors. The weighing method to 
determine individual fluid loss offers guidance for the optimal 
fluid intake during exercise. In principle however, athletes should 
trust their own feeling of thirst. 

 › Generally in the case of activities lasting less than 30-40 
minutes, fluid intake is not necessary, minor fluid deficits during 
exercise are tolerable. In the case of longer-lasting activity (>1.5 
hours) it is advisable to take in beverages rich in carbohydrates 
and sodium. Therefore, the optimal sports drink should contain 
400-1100 mg / l sodium in addition to carbohydrates (4-8%). 
After sport, fluids and electrolytes must be replaced. If there is 
no renewed physical activity in the next 24 hours and the body 
weight is reduced by less than 5%, consumption of normal meals 
and snacks in combination with an adequate supply of water is 
sufficient to restore fluid and electrolyte balance. 

 › For quick and complete rehydration, approximately 1.5 l of 
fluid per kg weight loss is recommended.

 › Dieses Positionspapier stellt die aktuellen wissenschaftli-
chen Empfehlungen zum Flüssigkeitsmanagement im Sport dar. 
Sportliche Aktivitäten sollten stets mit ausgeglichenem Flüssig-
keitshaushalt begonnen werden. Zur Orientierung kann hier die 
Farbe des Urins, welcher bei ausgeglichener Flüssigkeitsbilanz 
hellgelb ist, herangezogen werden. 

 › Der Flüssigkeitsverlust während der Belastung hängt von 
zahlreichen Faktoren wie dem Trainingszustand, der Trainings-
intensität, -dauer, Art der Belastung sowie Umweltfaktoren ab. 
Die Wiegemethode zur Bestimmung des individuellen Flüssig-
keitsverlusts gibt eine Orientierung zur optimalen Trinkmenge 
während der Belastung. Prinzipiell sollten Sportler aber auf ihr 
Durstgefühl vertrauen, um sowohl eine Dehydratation als auch 
das Risiko einer Hyponatriämie aufgrund zu hoher Flüssigkeits-
zufuhr unter Belastung zu vermeiden. 

 › Allgemein ist bei Belastungen unter 30-40 Minuten keine 
Flüssigkeitszufuhr notwendig, geringe Flüssigkeitsdefizite sind 
während der Belastung tolerierbar. Bei längeren Aktivitäten 
(>1,5 Stunden) ist die gleichzeitige Zufuhr kohlenhydrat- und 
natriumhaltiger Getränke empfehlenswert. Ein Sportgetränk 
sollte daher neben Kohlenhydraten (4-8%) auch 400-1100 mg/l 
Natrium enthalten. Nach dem Sport müssen der Flüssigkeits- 
und Elektrolythaushalt wieder ausgeglichen werden. Steht in 
den nächsten 24 Stunden keine erneute Belastung an und ist 
das Körpergewicht um weniger als 5% reduziert, ist der Verzehr 
von normalen Mahlzeiten und Snacks in Kombination mit ei-
ner ausreichenden Zufuhr an Wasser zur Wiederherstellung des 
Flüssigkeits- und Elektrolythaushalts ausreichend. 

 › Für eine schnelle und vollständige Rehydratation werden 
etwa 1,5 l Flüssigkeit pro kg Gewichtsverlust empfohlen.
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importance of balanced fluid and electrolyte levels for sporting 
performance as well as the benefits and risks of fluid intake in 
sports are presented. From statements by international special-
ist associations, recommendations are derived for fluid intake 
for all kinds of sporting activity.

 Fluid Loss During Sport 

In the case of intense physical activity there is a greater need 
for water due to increased sweat production. Sweat producti-
on is necessary to protect the body from overheating because 
around 75% of the energy obtained from nutrients during sports 
is released in the form of heat (thermal efficiency). This has to 
be released into the atmosphere by the body so that the body’s 
core temperature doesn’t get too high, otherwise performance 
and health are impaired or endangered (30). Sweat production 
depends on the type of sports, the duration and intensity of 
the physical activity, climatic conditions, gender (men sweat 
more than women), body weight, clothing, and level of trai-
ning. Trained athletes generally sweat more and faster than 
untrained ones: In the case of endurance athletes and games 
athletes it has been proven that as the athletes’ maximum oxy-
gen intake (V̇O2max) increases, their sweat glands react faster 
and start to sweat (16, 19). In addition a higher V̇O2max is ac-
companied by higher sweat production per gland and higher 
gland density. This enables trained athletes to release more heat 
to keep their body temperature under the critical level at which 
performance is impaired (19). Furthermore, the sweat rate is 
higher in faster, heavier athletes and at warmer temperatures. 
In the case of vigorous exercise (alternative: high performance 
exercise) at high temperatures 4-10 l of water and 3.5-7 g of so-
dium can be lost per day (2, 29). But high humidity levels also 
increase sweat production since less sweat evaporates or more 
runs off, so thermoregulation is less effective.

Moreover, fluid needs are greater at higher altitudes, since 
here due to the low oxygen partial pressure of the air breath-
ing rate is increased, meaning that more water is expelled 
through the lungs (30). In addition a change in renal blood 
flow, hypocapnea, hyperventilation, and hormonal effects 
(reduced aldosterone effect) cause an increase in the level 
of urine output in the form of diuresis (15) resulting in hae-
moconcentration. At low temperatures too there can be in-
creased diuresis which is induced by a drop in the release of  
antidiuretic hormone (ADH).

 Effects of Dehydration 

Insufficient fluid intake can have severe effects on the organism. 
Water deficiency causes a reduction in the overall volume of 
blood plasma, leading in turn to poorer flow properties of the 
blood. Central blood volume and cardiac stroke volume are re-
duced. The heart rate increases while skin circulation and sweat 
production decrease. As a result core body temperature rises. 
Sure signs of water deficiency are dark urine, because urine 
production decreases, and dryness of the mouth due to reduced 
saliva production (2). Overall, dehydration has a negative effect 
on both physical and mental performance. In the case of fluid 
loss of more than 2-4% of body weight impairments to strength 
and endurance are to be expected (2, 11, 36). The lack of blood 
circulation in the brain in the case of yet more intense dehy-
dration can lead to symptoms such as tiredness, headaches, 
difficulties in concentrating and longer reaction times, and ul-
timately increase the risk of heat illnesses such as heat cramps, 
heat exhaustion, heat collapse, and heatstroke (3).

It is undisputed that larger fluid losses (over 2-4% of body 
weight) and the associated symptoms, such as muscle cramps, 
faintness, disturbed brain function (concentration and coordi-
nation problems, headaches, dizziness) have a negative effect 
on performance. For these reasons too it is recommended that, 
in the case of exercise lasting longer than one hour, drinks are 
taken already during the activity.

 Intentional Dehydration in Weight Class Sports 

In sports with weight classes, so mainly in the case of combat 
sports (e.g. judo, wrestling, karate, or taekwondo) and bodybuil-
ding, many athletes hope to gain an advantage by managing to 
get into the next lower weight class, and they practice “making 
weight”, i.e. rapid weight reduction before competitions. In stu-
dies on wrestlers (7, 25) and bodybuilders (20) it has been shown 
that more than half of the athletes use unsuitable methods for 
weight loss before competitions, such as “cutting weight” and 
radically reducing energy intake shortly before the competiti-
on. In the case of “cutting weight“ on the day before the weigh 
date and on the day itself the athletes restrict not only energy 
intake, but also water and table salt intake and at the same time 
increase fluid output (training with heat accumulation through 
thermal clothing, saunas and laxatives). In this context the use 
of diuretics which are on the doping list should also be viewed 
critically. The resulting dehydration with increased excretion 
of minerals, particularly potassium, magnesium, and sodium, 
can cause thickening of the blood, a drop in blood pressure, 
reduced blood flow to muscles, reduced renal blood flow, renal 
dysfunction, and cardiac arrhythmias. Rapid “weight making” 
also has a negative effect on energy reserves, fluid and elect-
rolyte balances and performance (26, 5) and has also already 
led to deaths from heatstroke in high-performance sport (6).

 Hyponatremia in Sports 

An excessive intake of drinks low in minerals, such as tap water 
or low-sodium mineral water, coupled with simultaneous high 
levels of sweat loss, e.g. in the case of long endurance exerci-
se, can lead to hyponatremia (sodium level in the plasma <135 
mmol/l) (14). This can occur when athletes take in more fluids 
during exercise than they are losing via sweat and urine. This 
hyperhydration goes hand in hand with hyponatremia which 
can be associated with nausea, vomiting, headaches, distur-
bed consciousness, muscle cramps, and even respiratory arrest, 
pulmonary and cerebral oedema and coma (14, 36). Cerebral 
oedema occurs because the lack of sodium reduces the osmotic 
pressure in the blood. The fluid is therefore absorbed by the 
cells, which however cannot expand their volume in the skull, 
leading to increased cerebral pressure. In the worst case scena-
rio exercise-associated hyponatremia (EAH) can lead to death. 
It is mostly recreational athletes unaware of the risks of excess 
fluid intake that are affected by hyperhydration or water intoxi-
cation. In general their exercise intensity and sweat rate is lower 
compared to high-level athletes. On the other hand recreational 
athletes usually have more opportunity to drink and sometimes 
overdo in compliance with recommendations to drink on a re-
gular basis. A study of the Boston Marathon by Almond et al. 
(1) has shown that 13% of the runners studied displayed hypo-
natremia (sodium concentration <135 mmol/l). Three partici-
pants even had critical hyponatremia of less than 120 mmol/l. 
Here the hyponatremia affected mainly recreational runners 
who needed a lot of time to complete the course (>4 hours) 
and took drinks at every drinking point or every mile.  
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Some of the participants drank more than 3 l during the race 
and had a higher body weight after the race than before. To 
avoid EAH it is recommended not to drink more than your thirst 
dictates, because athletes who were guided by their thirst were 
able to avoid both EAH and performance impairments due to 
dehydration (14, 32). According to Goulet (12) thirst is caused 
by changes in plasma osmolality and can be used as a good 
indicator of the need for fluid intake.

 Recommendations for Fluid Intake in Sports 

The American College of Sports Medicine (ACSM) has listed the 
results of numerous studies on fluid requirements in sports by le-
vel of evidence and the resultant up-to-date recommendations for 
fluid replacement in sports were published in its position papers 
(2, 36). Furthermore, athletes can take the paper by Hew-Butler 
et al. (14) from the “International Exercise-Associated Hyponat-
remia Consensus Development Conference” as a guide. Contrary 
to earlier recommendations, such as “drink before the thirst hits”, 
researchers emphasize that athletes should trust their own fee-
ling of thirst since drinking as required can both minimize the 
risk of hyponatremia and prevent extreme dehydration.

Fluid requirements in sports are based upon individual sweat 
rates which can vary considerably both between and within in-
dividuals. How much fluid is lost during exercise and how the 
mineral content of the sweat is made up depends on many fac-
tors (2, 10). The mineral content of the sweat also differs signifi-
cantly between and within individuals. Of primary significance 
is the sodium content of the sweat. On average this is around 900 
mg/l. However the individual sodium level in the sweat varies 
considerably and is given in the literature as 175-1,512 mg/l (22). 
What are known as “salty sweaters” lose more salt through their 
sweat; evident by the salt residues on clothing and skin.

Table 1 gives an example of the different sweat rates during 
running depending on speed, body weight, and ambient tem-
perature (according to 2).

It is advisable to establish individual sweat levels by way of 
weight controls and not to stick rigidly to fixed recommenda-
tions. The easiest way to establish fluid loss is by absolute weight 
checks before and after sport (2). The difference in body weight 
is approximately equivalent to the amount of water lost through 
sweating. If during physical activity fluid is taken in, this fluid 
quantity must be deducted from the “weight after sports”. 

 
 Suitable Drinks 

The optimal sports drink should provide athletes with water 
and in the case of longer-lasting exercise (>60 min) also with 
carbohydrates (CHO) as quickly as possible to ward off fati-
gue. In order to replace the sodium lost through sweating the 
drink should also contain sodium. The best water absorption is 
achieved with slightly hypotonic or isotonic drinks with a CHO 
concentration of 4-8% and 400-1,100 mg/l of sodium (29, 13, 31) 
(Table 2). This drink composition enables rapid passage through 
the stomach as well as rapid fluid absorption in the intestines. 
The addition of further minerals is not necessary during exer-
cise. But if additional electrolytes are added to the drink then 
concentrations should not exceed maximum levels of approx. 
200-250 mg/l (potassium and calcium) or 75-125 mg/l (mag-
nesium (4, 35). It is important not only during exercise but also 
in the recovery phase that in the first instance the above-men-
tioned amount of sodium is provided by the drink to prevent 
diuresis (36). Suitable sources are, e.g. bouillon, sodium-rich 
sports drinks or soups (31). Diluted fruit juices mixed from one 
part fruit juice and two parts sodium-rich, non-carbonated mi-
neral water make good rehydration drinks.

 Fluid Intake Before Exercise 

Athletes should always start well hydrated with normal plasma 
electrolyte concentrations. For this sufficient quantities of fluid 
should be supplied over the day and no meals missed, since the 
consumption of meals and snacks supports hydration through 
the water content and osmotic components, such as sodium (2). 
If sufficient drinks and fluids in food were consumed prior to 
exercise and there was a relatively long recovery period (8-12 h) 
after the last training session then there is a high likelihood that 
the athlete is sufficiently hydrated. But in fact many athletes 
are not sufficiently hydrated before exercise. This is the case if, 
for instance, they complete several training sessions in a day 
or have already undergone longer exercise sessions at higher 
temperatures in advance, so that there was not enough time 
to replace the fluids and electrolytes lost. A good fluid balan-
ce before exercise is generally achieved if athletes take in fluid 
quantities of 5-10 ml/kg body weight in the last 2-4 h before 
exercise so that the color of the urine is light yellow (2, 36). This 
is equivalent to a fluid quantity of approx. 350-700 ml in the 

Calculated sweat rate (l/h) when running (8.5-15 km/h) at cooler temperatures (15°C) and at warmer temperatures (28 °C) (2).

BODY WEIGHT (KG) CLIMATE 8.5 KM/H 10 KM/H 12.5 KM/H 15 KM/H

50
cool 0.43 0.53 0.69 0.86

warm 0.52 0.62 0.79 0.96

70
cool 0.65 0.79 1.02 1.25

warm 0.75 0.89 1.12 1.36

90
cool 0.86 1.04 1.34 1.64

warm 0.97 1.15 1.46 1.76

Table 1

Recommendations for nutrient content in an isotonic rehydration drink (4).

CARBOHY-
DRATES (G/L)

SODIUM  
(MG/L)

CHLORIDE 
(MG/L)

POTASSIUM 
(MG/L)

CALCIUM 
(MG/L)

MAGNESIUM 
(MG/L)

OSMOLALITY 
(MMOL/KG)

Recommendation 60-80 400-1100 400-1500 120-225 45-225 10-100 <300

Table 2
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case of a person with a weight of 70 kg in the final hours before 
exercise. On the other hand excess water intake before physical 
activity should be avoided since this leads to an increased need 
to pass urine and is disadvantageous with regard to a good wa-
ter balance. Excessive fluid intake can also reduce the sodium 
concentration in the plasma and reduce the sodium content 
so far before exercise that there is a risk of hyponatremia (23).

 Fluid Intake during Exercise 

The idea of fluid intake during exercise is to avoid excessive 
dehydration and major electrolyte fluctuations and overheating 
in order to ultimately maintain performance.

 When and What to Drink? 

When sporting activities are commenced with sufficient hyd-
ration, endurance sports of up to 60 min can be done without 
fluid intake during the exercise. Here losses through sweating 
and energy consumption are relatively low and it is sufficient if 
fluid is supplied after the activity. In the case of physical exer-
cise lasting longer than 60 min drinking during the activity 
is advisable. In the case of endurance sports this affects, e.g. 
running, cycling, long-distance swimming, cross-country ski-
ing, etc. In the case of longer endurance periods of over 90 min 
and in the case of game sports (e.g. football, handball, tennis, 
etc.) athletes’ drinks should contain not only water but also 
carbohydrates (30-60 g/h or 60-80 g/l). In addition, sodium 
should be supplied during exercise if the sweat rate is very 
high (sweat rate >1.2 l/h) and the activity lasts more than 2 h 
(29, 36, 17). The absorption of water in the intestines is suppor-
ted by sodium content in the drink of 500-700 mg/l (36). These 
details also correspond to the Health Claims use conditions 
of the European Food Safety Authority (EFSA) for carbohydra-
te-electrolyte drinks (460-1,150 mg sodium/l and 80-350 kcal/l  
from carbohydrates) (8, 9).

 How Much to Drink? 

In the case of rehydration the ACSM considers a fluid intake of 
0.4-0.8 l/h during intense endurance activities to be optimal 
(2), although higher drinking quantities apply for faster, heavier 
athletes at warm temperatures and lower recommendations 
for slower, lighter athletes at cooler temperatures. The optimal 
drinking quantity is based upon the sweat rate, which can be 
between 0.3 and 2.5 l/h (sample sweat rates Table 1).

As described above the ideal drinking quantity for compe-
titions is calculated individually (weighing method). Complete 
rehydration during exercise is not necessary since fluid losses of 
2-4% of body weight can be tolerated and increased fluid intake 
during physical activity can cause gastrointestinal problems 
and increases the risk of hyponatremia. Ideally athletes should 
drink a maximum of 80% of the determined sweat loss during a 
longer period of exercise. Figures 1 and 2 explain this drinking 
strategy using the example of a marathon runner (high-per-
formance athlete).

Athletes should find their own ideal drinking quantities and 
develop their own drinking plan, possibly with the help of a 
qualified specialist. Contrary to the long-held belief, drinking 
beyond your thirst has no advantages (13). Although most ath-
letes do tend to dehydrate during endurance exercise, the risk 
of hyperhydration [1] should not be ignored. The International 
Olympic Committee (IOC) therefore points out, that drink-
ing quantities should on no account be so high that weight  

increases during the exercise (21). According to Noakes (24), 
athletes guided by their own thirst ingest around 300-600 ml 
fluid/h in a competition lasting 3-6 h.

 Conclusion 

The weighing method to determine individual fluid loss provi-
des guidance for ideal drinking quantity during physical exer-
cise. If athletes are guided by their own thirst they generally 
supply sufficient fluid and do not risk hyponatremia.

 Fluid Intake after Exercise 

After sports fluid and electrolyte levels must be rebalanced. 
How quickly this should happen depends on the level of dehy-
dration and the need for rapid rehydration. If body weight is 
reduced by less than 5% and there is no other physical acti-
vity within 24 h, athletes can replace fluids and electrolytes 
as they please. The consumption of normal meals and snacks 
combined with adequate amounts of water is sufficient to 
replenish fluid and electrolyte levels (2). In the case of more 
severe dehydration and a short recovery period of <12 h a stric-
ter rehydration plan should be implemented. For rapid and 
complete rehydration approx. 1.5 l of fluid per kg of weight 
loss is recommended (2, 33). In order to avoid diuresis water 
should be consumed in smaller sips over a longer period and 
ingested together with the necessary electrolytes, e.g. in com-
bination with a meal to enable optimal rehydration (18, 37).  

Figure 1  
Procedure and example for calculation of sweat rate in training.

 
1st step:  record body weight before training (unclothed, after 

emptying bladder)  
→ 49.5 kg

2nd step:  training (note duration of exertion)  
→ 105 min

3rd step:  record body weight after training  
→ 47.9 kg

4th step:  difference in body weight in kg = sweat loss in l  
→ 49.5 kg – 47.9 kg = 1.6 kg (approx. 1.6 l)

5th step:  sweat loss in l/duration of exertion in h = sweat rate in l/h  
→ 1.6 l/1.75 h = 0.91 l/h

 

Figure 2  
Sample calculation on drinking behaviour during the marathon based on 
individual sweat rate.

 
Marathon time:  
2:32:45  
(outside temperature: approx. 15°C)

Calculated fluid loss during exertion:  
0.91 l/h x 2.5 h = 2.3 l  
(→ 4.65 % of body weight)

Drinking recommendation:  
max. 80% of fluid loss
→ 0.8 x 2.3 l = 1.84 l during the marathon (maximum)  
→ approx. 0.7 l/h
→ 2–3 % dehydration tolerable (approx. 1.3 kg)
→ recommended fluid intake during the marathon:
→ 2.3 kg – 1.3 kg = 1 kg  
→ 1 l fluid during the marathon (1 l/2.5 h = approx. 0.4 l/h)
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After sports glycogen stores must also be replenished. For this 
it is necessary to supply sufficient potassium (e.g. in fruit juices 
and dried fruit), because potassium is needed to store carbohy-
drates in the body. Every gram of glycogen requires 19 mg of 
potassium and around 3 g of water. So after exercise a salty 
drink containing potassium and carbohydrates is most suitab-
le. For the replacement of fluid and electrolytes isotonic diluted 
fruit juices (e.g. diluted apple juice) are therefore appropriate 
and, e.g. pretzels. In addition there are many promising studies 
on the use of low-fat milk and mixed milk products (34) such 
as cocoa which should be ideal drinks due to their favourable 
carbohydrate/protein ratio (28).

 Conclusion 

Adequate hydration is necessary for the health and performan-
ce of athletes. Fluid deficits of 2-4% of body weight are associ-
ated with deterioration of endurance, strength, and cognitive 
performance. Athletes should therefore always start training 
with balanced fluid levels. Guiding factors here are the color 
of the urine, which is light yellow in the case of balanced fluid 
level. How much fluid is lost during exercise depends on many 
factors, such as level of fitness, the intensity and duration of 
training, the type of activity, and environmental factors. Sin-
ce the fluid losses vary considerably both between and within 
individuals, fixed recommendations for drinking quantities 
during sports make little sense. In principle athletes should be 
guided by their own thirst to avoid both dehydration and the 
risk of hyponatremia due to excess fluid intake during exer-
cise. The weighing method to establish individual fluid loss 
serves as a guide for optimal drinking volume during exercise. 
In general in the case of exercise lasting less than 30-40 min 
no fluid intake is necessary, small fluid deficits are tolerable 
during sports. In the case of longer activity (>1.5 h) the intake 
of carbohydrates and sodium is recommended. A sports drink 
should therefore contain not only carbohydrates (4-8%) but also 
400-1,100 mg/l of sodium. After sports fluid and electrolyte ba-
lances must be re-established. If during the next 24 h no other 
physical activity is planned and if body weight is reduced by 
less than 5%, then consumption of normal meals and snacks 
in combination with adequate water intake is sufficient to 
replenish fluid and electrolyte levels. For rapid and complete 
rehydration an intake of around 1.5 l of fluid per kg weight  
loss is recommended. 
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