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Abstract 

The review focuses on fluid intake, weight changes and blood and urine 

parameters in ultra-endurance cycling and running performances. In ultra-

marathoners, the prevalence of exercise-associated hyponatremia (EAH) varied 

between 0 and 44 %. EAH is the occurrence of hyponatremia during or up to 24 

hours after prolonged physical activity and is defined by a serum or plasma 

sodium concentration ([Na+]) below the normal reference range of the 

laboratory performing the test. Early signs and symptomps of EAH can include 

bloating, nausea, vomiting and headache; however, many of these signs can 

develop as a result of celebral edema, seizures, respiratory distress, coma and 

death. Risk factors for fluid overload and subsequent EAH are a slow exercise 

pace, high frequency of fluid intake, low body mass, long duration of exercise, 

altered kidney excretory function and unusually hot or extremely cold 

temperatures during competition. We compared partial results of our research 

in connection with findings in present studies and confirmed theories about 

differences in physiological responses in athletes between performance with 

breaks (a running multi-stage marathon) and non-stop performance without 

defined breaks (a mountain biking 24-hour race). As no large weight changes 

were noted in cyclists, indicating that significant dehydration and over-hydration 

were unlikely to have occurred. On the contrary significant changes in body 

mass in runners reflect that fluid substitution was not effective enough to 

prevent exercise induced dehydration. However due to the significantly 
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decreased hematocrit, there was the possibility of a decrease of skeletal muscle 

mass.  

 

Key words: body mass; hematocrit; plasma sodium; plasma volume 

 

Souhrn 

Přehled je zaměřen na příjem tekutin, změny hmotnosti a vybrané parametry 

krve a moči při ultravytrvalostní jízdě na kole a běhu. Výskyt cvičením 

způsobené hyponatremie (EAH) u ultramaratonců se pohybuje mezi 0 až 44 %. 

EAH znamená výskyt hyponatremie v průběhu nebo až 24 hodin po delší 

fyzické aktivitě a je definována množstvím sodíku ([Na +]) v séru nebo plazmě 

pod běžnými hodnotami laboratorního testu. Časné známky a příznaky EAH 

mohou zahrnovat nadýmání, nevolnost, zvracení a bolest hlavy; ale mnoho z 

těchto příznaků může doprovázet otok mozku, křeče, respirační problémy, 

koma a smrt. Rizikovými faktory pro nadměrný příjem tekutin a následnou EAH 

jsou pomalé tempo, vysoká frekvence příjmu tekutin, nízká tělesná hmotnost, 

dlouhodobá zátěž, pozměněná vylučovací funkce ledvin a neobvykle vysoké 

nebo nízké okolní teploty během závodu. Porovnáním dílčích výsledků našeho 

výzkumu s poznatky současných studií potvrzujeme teorie o rozdílných 

fyziologických reakcích sportovců na přerušovaný výkon (běžecký etapový 

závod) a na souvislý nepřetržitý výkon (24hodinový závod na horských kolech). 

Nevýznamné změny v hmotnosti u cyklistů naznačily, že se u nich dehydratace 

ani EAH pravděpodobně neobjevily. Naopak významné změny v tělesné 

hmotnosti u běžců potvrdily, že příjem tekutin nebyl dostatečný, aby zabránil 

dehydrataci. Avšak vzhledem k významně sníženému hematokritu, nemůžeme 

vyloučit ani možnost úbytku kosterní svalové hmoty.  

 

Klíčová slova: tělesná hmotnost; hematokrit; sodík v plasmě; objem plazmy 
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Introduction 

In the present review we compare partial results of our research (Chlíbková et 

al., 2011a, Chlíbková, Tomášková 2011b, Chlíbková et al. 2012a,b) carried out 

within the project ‛Changes in haematological, biochemical, immunological and 

other parameters in athletes under the influence of stressful sports endurance 

events’ prepared on the basis of cooperation between the Centre of Sports 

Activities of Brno University of Technology and the Faculty of Natural Science at 

Masaryk University in Brno in connection with findings in recent studies about a 

hydration status. 

 

Numerous studies have confirmed that performance can be impaired when 

athletes are dehydrated (Duvillard et al., 2004). Fluid intake also remains an 

important priority for ultra-endurance athletes. The prolonged endurance activity 

raises a significant loss of water and electrolytes. The average water loss in 

sweat is about 0.20 to 1.00 L per hour and at an elevated ambient temperature 

rises to about 3 L per hour. The sweat of trained individuals is sparse, there is 

less loss of sodium and other substances. A 1% reduction in body weight due to 

water loss may evoke an undue stress on the cardiovascular system 

accompanied by increases in heart rate and inadequate heat transfer to the skin 

and the environment, increase plasma osmolality, decrease plasma volume, 

and may affect the intracellular and extracellular electrolyte balance. 

 

During the past, many indices such as change in body mass, haematological 

and urinary parameters, bioelectrical impedance analysis and skin-fold 

thickness have been developed to accurately assess hydration levels in 

humans (Kavouras, 2002). Following Kavouras, an athlete is well hydrated with 

a urinary specific gravity 1.01 g/mL, minimally dehydrated 1.01 and 1.02 g/mL, 

significantly dehydrated between 1.02 and 1.03 g/mL and seriously dehydrated 

with a urinary specific gravity 1.03 g/mL. Under normal conditions the 

hematocrit rises when the number of red blood cells increases or when the 

plasma volume is reduced, as in dehydration. Decreased hematocrit then 
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indicates anemia, such as that caused by iron deficiency or other deficiencies. 

The decrease in body mass is thought to be due to dehydration (Kao et al., 

2008). However, in recent field studies in ultra-endurance races, a decrease in 

fat mass and skeletal muscle mass has been demonstrated as a part of the 

decrease in body mass (Knechtle et al., 2009), not only due to dehydration. 

Also decreased hematocrit is shown as a long term effect of repeated 

endurance strain (Wirnitzer, Faulhaber, 2007). 

 

On the contrary in long-distance triathlons and marathons, an association 

between excessive fluid intake and both body mass and plasma sodium 

concentration has been demonstrated (Almond et al, 2005; Stumpfle, 2003). In 

ultra-marathoners, the prevalence of EAH varied between 0 and 44 % (Knechtle 

et al., 2011b). EAH is defined as serum sodium concentration [Na+] < 135 

mmol/L and fluid and electrolyte disorder. Main risk factors for EAH are slow 

exercise pace, low body mass, high frequency of fluid intake, long duration of 

exercise and unusually hot or extremely cold temperatures during competition. 

In cases of excessive fluid intake with fluid overload, we would expect a stable 

or increased body mass, a decrease in plasma sodium concentration, an 

increase in plasma volume, a decrease in hematocrit due to hemodilution 

(Stumpfle, 2003). Although excessive water intake has been identified as a 

common etiological factor (Barr et al., 1991), non-osmotic secretion of arginine 

vasopressin, combined with high fluid availability plus sustained fluid intake, has 

been hypothesized as leading to an increase in EAH. 

 

According to Burke (2006) in the past, when athletes were advised not to drink 

during exercise, there were no cases of over drinking during exercise. The 

problem can appear, when they ignore biological cues that normally regulate 

drinking behaviour. The drinking “ad libitum” optimizes performace. 
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Ultra-endurance runners 

In ultra-marathoners significant overall decreases in body weight were apparent 

at the conclusion of 12-hour running race and 24-hour running race (Kao et al., 

2008; Knechtle et al., 2010b, 2011c). According to Kao et al. the mean relative 

body weight change after the 12-hour running race was -2.89 ± 1.56 %, ranging 

from 0 to 6.5 %. The mean relative body weight change after the 24-hour 

running race was -5.05 ± 2.28 %, ranging from -0.77 % to -11.40 %. Of runners 

in the 24-running hour race, 26 % lost greater than 7 % of baseline body weight 

during the race. Weight change had no bearing on performance in the 12-hour 

running race, whereas weight loss was positively associated with performance 

in the 24-hour running race. The decrease in body mass after the 24-hour 

running race was explained as a result of dehydration. 

 

Knechtle et al. (2010b) investigated the prevalence of EAH in 15 male ultra-

marathoners competing in a 24-hour run. The competitors consumed a total of 

15.10 (± 5.10) L during the race, equal to 0.62 (± 0.21) L/hour. Plasma sodium 

was measured at 135.30 (± 2.80) mmol/L before the race and remained 

unchanged at 135.40 (± 3.6) mmol/L after the race. Body weight decreased 

significantly (P << 0.01) by 2.20 kg, hematocrit remained unchanged, and urine 

specific gravity increased significantly (P << 0.01). Plasma volume increased by 

4.9 % (15.8 %). Changes in body weight showed no association with post-race 

plasma sodium. The normal resting value should be 140 mmol/L so that a 

decrease of 5 mmol/L was described as EAH. Because the starting plasma 

sodium in this study was 135 mmol/L, it was not possible to define EAH as a 

value that is < 135 mmol/L. Instead, the correct definition should be a plasma 

sodium concentration of 130 mmol/L (ie, 5 mmol/L below the normal resting 

value) and it was determined that no athlete developed EAH in this 24-hour run. 

Since fluid intake was related neither to Δ plasma volume nor to Δ plasma 

[Na+], Knechtle et al. assumed that factors other than fluid intake maintained 

body fluid homeostasis and no athlete developed EAH. 
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In other study Knechtle et al. (2011a) intended to quantify a significant decrease 

in body mass as a loss in fat mass or skeletal muscle mass and to quantify the 

change in hydration status in a 24-h run. The decrease in body mass correlated 

to a significant decrease in fat mass. An urinary specific gravity increased 

significantly. Although the decrease in body mass and the increase in urinary 

specific gravity indicated dehydration, the athletes may relatively have been 

over hydrated as indicated by the nonsignificant decrease in hematocrit and the 

nonsignificant increase in plasma sodium. The decrease in body mass was 

therefore not only due to dehydration. 

 

In a case study of a female ultra-endurance runner during a multi-stage run her 

body mass decreased by 0.30 kg, fat mass by 1.20 kg and skeletal muscle 

mass by 0.70 kg (Knechtle et al., 2010a). Hemoglobin and hematocrit 

decreased by 4.5 % and 7.5 %, respectively, and plasma volume increased by 

10 %. An urinary specific gravity decreased after each stage and was increased 

before each stage. The average daily fluid intake from stage 1 to stage 7 

(during performance and rest) was 4.90 L per day. Total body water increased 

by 1.20 L by the end of the race. Knechtle et al. assumed that the increase in 

total body water was due to an increased activity in the renin-angiotensin-

aldosterone-system as evidenced by the change in urinary electrolytes after the 

stages and an increased activity of vasopressin as evidenced by increase of 

urinary osmolality before the stages. 

 

The aim of Bracher et al.’s (2011) study was to investigate a potential 

association in 50 male ultra-marathoners in a 100 km marathon between both 

fluid and electrolyte intake and the formation of peripheral oedemas. Serum 

copeptin and aldosterone concentrations were increased. Serum [Na+] 

increased by 1.6 %; body mass decreased by 1.90 kg. A mean fluid intake was 

0.58 L/h. A fluid intake was related to the changes in limb volumes, where 

athletes with an increased fluid intake developed an increase in limb volumes. 

They conclude that serum [Na+] was maintained by both the mechanisms of 
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fluid intake and the hormonal regulation of vasopressin. No athlete developed 

EAH and fluid overload is the likely mechanism leading to an increase in limb 

volumes. 

 

Knechtle et al. (2011b) investigated the change in body composition and 

hydration status in 27 male ultra-runners during a 100 km ultra-run. Body mass 

decreased by 1.90 kg, hematocrit decreased, plasma [Na+] remained 

unchanged, and an urinary specific gravity and plasma volume increased. Fluid 

intake was 0.52 (±0.18) L/h. To conclude, Knechtle et al. found no fluid overload 

in these ultra-runners, the increase in plasma volume was most probably due to 

a stimulation of the renin-angiotensin-aldosterone system (RAAS) since sodium 

intake was not related to both the change in plasma [Na+] or post-race plasma 

[Na+]. A decrease in body mass was considered to be the result of dehydration 

in marathoners  

 

Knechtle et al. (2010c) in 11 female ultra-runners during a 100 km ultra-run did 

not find any EAH. Female ultra-runners consuming fluids ad libitum during the 

race experienced no fluid overload, and ad libitum drinking protects againts 

EAH. The reported higher incidence of EAH in women is not really a gender 

effect but due to women being more prone to over drink.  

 

Ultra-endurance bikers 

According to the study of Linderman et al. (2003) of 6 cyclists during a 12-hour 

mountain bike race, although subjects consumed 4,50 – 6,40 L of fluid during 

the race, hydration status, assessed from changes in body weight, indicated a 

dehydration indirectly quantified as a 4% decrease in body weight pre- to post-

race (2.30 ± 1.40 kg; P < 0.05). However, dehydration cannot be established 

without laboratory analysis of concentration of plasma sodium or calculation of 

serum tonicity. 
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A study of mountain bilers in a 3-day multistage race releaved that changes in 

body mass and selected blood and urinary parametres were not clinically 

significant, thus indicating that hydration status was maintained during a 

multistage mountain bike ultra-marathon (Rose, Futre, 2010). 

 

A reduction of the fat mass has not been confirmed during a long lasting 

endurance event such as a 24-hour road cycling race (Knechtle et al., 2003). 

During an ultra distance cycle race, the energy deficit does not correspond to 

the loss of subcutaneous adipose tissue and muscle mass and this difference 

cannot properly be explained. 

 

In the study of Rüst et al. (2012) the prevalence of EAH has been investigated 

in 65 ultra-endurance road cyclists in a 720km ultra-cycling marathon. The 

cyclists lost 1.50 (± 1.70) % body mass (P < 0.01). To conclude, ad libitum fluid 

intake in ultra-endurance cyclists in a single-stage ultra-endurance road cycling 

race showed no case of EAH. 

 

Knechtle et al. (2009) investigated the change in body composition and 

hydration status in 37 male mountain bikers in a mountain bike ultra-marathon. 

The athletes lost 1.40 kg in body mass (P << 0.01), equal to 1.9 % body mass. 

Fat mass remained stable and skeletal muscle mass decreased by 0.40 kg (P < 

0.05). The cyclists drank 6.50 (± 1.80) L of fluids during the race corresponding 

to 0.70 (± 0.20) L per hour. Plasma sodium decreased by 0.7 % (P < 0.05), 

plasma volume increased by 1.4 %, and plasma urea increased by 40 % (P < 

0.05). An urinary specific gravity increased by 0.4 % (P < 0.05). Knechtle et al. 

conclude that these mountain bike ultra-marathoners suffered a significant 

decrease in body mass and skeletal muscle mass but no dehydration. 

 

Wirnitzer and Faulhaber (2007) in six mountain biker cyclists during an 8 day 

mountainbike race pointed out a significant decline in hematocrit. While long 

term decreases in hematocrit was pronounced, enhancement in plasma volume 
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was calculated not to reach statistical significance. Furthermore, hemodilution 

was shown as a long term effect of repeated MTB endurance strains. 

 

In our investigation we compared a 24-hour mountain bike race and a 7-day 

running ultra-marathon, two different sport disciplines, two different types of 

ultra-marathon events, but both performed on various terrain trails (Chlíbková et 

al., 2011a,b, Chlíbková et al., 2012a,b). It was supposed, that ultra-cycling and 

ultra-running will be facing to similar high grade of depletion but in a different 

response way. We investigated training, anthropometric and psychological 

characteristics between 14 cyclists. Used methods were questionnaires and 

physiological measurements. The pre-race minus post-race differences (∆) in 

body mass (from 76.50 ± 13.10 kg to 72.00 ± 12.00 kg) and (∆) in value of 

hematocrit (6.1 ± 3.5 %) were significantly lower (p << 0.01) only in runners, ∆ 

in body mass and ∆ in a value of hematocrit in cyclists group were not 

significant. The differences in pre-race and post-race weight between both 

groups were not significant. Dehydration in the cyclists’ group was indirectly 

quantified as a 2% decrease in body weight pre to post race, in the runners’ 

group as a 6% decrease in body mass. According to the responses from the 

questionnaires runners consumed 1.30 ± 0.40 L of fluids before the race and 

1.20 ± 0.40 L of fluid every day during one race stage. Cyclists consumed 1.90 

± 0.30 L of fluids before the race and 3.10 ± 0.70 L of fluids during a 24-hour 

race.  

 

Summary 

The main results of our studies (Chlíbková et al., 2012a,b) in connection with a 

hydration status showed the significant pre-race minus post-race difference (∆) 

in hematocrit and (∆) in body mass in ultra-endurance runners group, 

participants in a 7-day running stage race. Changes in body mass reflect that 

fluid substitution was not effective enough to prevent exercise induced 

dehydration, it confirmes a 6% decrease in body mass was shown in runners. 

However due to the significantly decreased hematocrit, there was the possibility 
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of a decrease of skeletal muscle mass - more than dehydration (Knechtle et al., 

2010a,b). Moreover in contrast to acute exercise it has been documented that a 

long term periods of strenuous exercise, e.g. repetitive running days lead to fall 

in hematocrit. Acording to Wirnitzer and Faulhaber (2007) this hemodilution is 

shown as a long term effect of repeated endurance strain. Ultra-marathon 

running is also associated with a wide range of significant changes in 

haematological parameters, several of which are injury related. So-called sports 

anemia is not only caused by hemolysis owing to mechanical trauma, but also 

by oxidative injuries of the red cells.  

 

Our results (Chlíbková et al., 2011a, Chlíbková, Tomášková 2011b, Chlíbková 

et al. 2012a,b) confirmed Knechtle et al. (2009; 2010a,b,c) theories, that there 

seem to be differences in physiological and biochemical responses between 

performances with breaks, for example during the night (multi-stage marathon) 

and non-stop performances without defined breaks (24-hour race). A 2% 

decrease in body weight pre- to post-race and not significant (∆) in hematocrit 

were shown in cyclists, participants in a 24-hour mountain bike race. According 

to Knechtle et al. (2009) a possible reason for these different findings in both 

groups might be that ultra-cycling in contrast to ultra-running leads to no 

reduction in skeletal mass. On the contrary although the decrease in body mass 

indicated dehydration, the cyclists may have been relatively over-hydrated as 

indicated by the nonsignificant decrease in hematocrit. However the fluid intake 

in our tested cyclists was not effective enough. In comparison with research in 

Wirnitzer and Faulhaber (2007) their cyclists’ fluid intake was 4 L per stage 

mean in stage mountain biking race. On the contrary hematocrit levels need not 

to be significantly immediatelly after the race, but can be significantly reduced 

two and nine days after the race. Regarding other endurance disciplines in 

addition to running - such as cycling, the literature on the prevalence of EAH is 

rather scarce. In contrast to runners, cyclists are able to carry along up to four 

drinking bottles on their bikes and they can wear a hydration pack on the back 

with them while riding. But recent studies investigated fluid intake and 
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electrolyte metabolism in ultra-endurance mountain bikers in multistage races 

(Rose and Futre, 2010) and no case of EAH was documented. Also in a single-

stage mountain bike race no case of EAH was reported (Knechtle, 2009). In 

summary as no large weight changes were noted at the conclusion of a 24-hour 

mountain biking race, indicating that significant dehydration and over-hydration 

were unlikely to have occurred.  

 

In summary, the hydration status, likely decrease of skeletal muscle mass could 

seemed to be of importance for a stage running race and also for a 24hour 

cycling race. A proper hydration helps to reduce fluid loss, maintain plasma 

volume, delay fatigue and prevent injuries associated with dehydration and 

sweat loss. However the post race decrease in body mass in ultra-endurance 

athletes is thought to be not only due to dehydration, but also as a part of a 

decrease in fat mass and sceletal mass. In contrast, hyperhydration or 

overdrinking before, during, and after endurance events may cause Na 

depletion and may lead to EAH and oedemas. The effect of a proper hydration 

during an ultra-endurance race performance await further research. Future 

studies regarding drinking behaviour in different ultra-endurance disciplines 

might give insights into why the hydration and the prevalence of EAH is 

divergent in the dissimilar sport disciplines. Although excessive water intake 

has been identified as a common etiological factor, non-osmotic secretion of 

arginine vasopressin, combined with high fluid availability plus sustained fluid 

intake, has been hypothesized as leading to an increase in EAH. 

 

The nature of these extreme, different types of races has illuminated some 

differences between ultra-endurance biking and ultra-endurance running in 

physiological responses. The results in present studies are sometimes rather 

contradictory. These may be related to the population studied, the total distance 

covered, an intensity of exercise, rest periods, differences in the acute phase 

response to musculoskeletal tissue damage, or failure to consider the effects of 

plasma volume changes. Since a cross-sectional study with correlation analysis 
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cannot provide cause and effect, a longitudinal study with stricter measures 

primarily to establish the decline in body mass by a recording of fluid intake 

during the race, an assessment of urine specific gravity, plasma sodium 

concentration [Na+], plasma volume and hematocrit to establish the decline in 

body mass are needed. These results may be useful to amateur participation 

suggest adequate fluid intake and to develop specific nutritional interventions to 

sustain the physical demands of this type of competition. Due to the results of 

present studies we can support the advice that athletes should not consume as 

much fluids as possible, but should drink ad libitum, when they are thirsty. 
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