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Abstract  
We investigated the change of body composition in ultra-
endurance runners during a multi-stage ultra-endurance run, the 
Isarrun 2006 in Bavaria, Germany, where athletes had to run 
338 km within 5 days. Body mass, skin fold thicknesses and 
circumferences of extremities were measured in 21 well-
experienced extreme endurance male runners (mean ± SD, 41.5 
± 6.9 years, 72.6 ± 6.4 kg, 178 ± 5 cm, BMI 23.0 ± 2.0 kg·m-2), 
who finished mainly within the first half of the ranking, in order 
to calculate skeletal muscle mass and body fat mass to prove 
changes after the race. Body mass and calculated fat mass did 
not change significantly (p > 0.05), but, calculated skeletal 
muscle mass decreased significantly (p < 0.05) by 0.63 ± 
0.79 kg by the end of the race. The most apparent decline (p < 
0.01) of the calculated skeletal muscle mass was during the first 
stage, and no changes were observed during the last 4 stages. 
We conclude, that a multi-stage ultra-endurance run over 338 
km within 5 days leads to no changes of body mass or body fat 
mass, but a statistically significant decrease of skeletal muscle 
mass of 0.63 ± 0.79 kg by the end of the race in well-trained and 
well-experienced ultra-endurance runners. The change of skele-
tal muscle mass has to be evaluated in further studies at ultra-
endurance races with suitable methods to detect changes in 
hydration status and water metabolism. 
 
Key words: Body composition, anthropometry, ultra-running, 
stage race, fat mass, ultra-endurance. 

 
 
Introduction 
 
It is well known that fat is the main energy-rich substrate 
for long lasting endurance performance (Frykman et al., 
2003; Helge et al., 2003; Raschka and Plath, 1992; Rey-
nolds et al., 1999) and endurance exercise leads to a re-
duction of adipose subcutaneous tissue as shown in labo-
ratory (Boschmann et al., 2002) and field studies (Helge 
et al., 2003; Höchli et al., 1995; Raschka et al., 1991; 
Raschka and Plath, 1992). 

Ultra-endurance races are a good opportunity to 
study the decrease of adipose subcutaneous tissue in long 
lasting endurance performances. But there seems to be a 
difference between performances with defined breaks - 
for example during the night - and non-stop performances 
without defined breaks. In long lasting endurance per-
formances with breaks such as multi-stage events, body 
mass may be stable (Cox et al., 2003; Dressendorfer and 
Wade, 1991; Nagel et al., 1989; Väänänen and Vihko, 
2005) or even increase (Raschka and Plath, 1992) and 
body fat will be reduced (Cox et al., 2003; Raschka et al., 
1991; Raschka and Plath, 1992) whereas skeletal muscle 

mass seems to be spared (Cox et al., 2003; Dressendorfer 
and Wade, 1991; Reynolds et al., 1999). In contrast, in 
ultra-endurance performances for hours or even days or 
weeks without a break, a decrease of body mass (Bircher 
et al., 2006; Helge et al., 2003; Knechtle et al., 2005; 
Lehmann et al., 1995) has been demonstrated, where body 
fat as well as skeletal muscle mass seems to decrease 
(Bircher et al., 2006; Knechtle et al., 2005; Knechtle and 
Bircher, 2005). 

Due to the fact, that up to now, the decrease of 
skeletal muscle mass in ultra-endurance performances has 
been demonstrated only in case reports (Bircher et al., 
2006; Knechtle et al., 2005; Knechtle and Bircher, 2005) 
or small series (Helge et al., 2003), we wanted to investi-
gate in this present study in a greater sample of ultra-
endurance athletes, whether ultra-endurance runners 
would suffer only a degradation of adipose subcutaneous 
tissue or whether they would experience an additional loss 
of skeletal muscle mass. In addition, we intended to quan-
tify the loss of body fat mass and the loss of skeletal mus-
cle mass. 
 
Method 
 
Subjects 
All participants of the Isarrun 2006 were contacted 
through a separate newsletter by the organiser 3 months 
before the race and asked to participate in the study. Sixty 
athletes (8 women, 52 men) intended to start. Fifty male 
and 7 female runners entered the race, 49 runners (6 
women, 43 men) finished. Twenty-two white male Cau-
casian runners entered the study. They all gave their in-
formed written consent. From our subjects, 21 runners 
(values are given in mean ± SD; age 41.5 ± 6.9 years, 
weight 72.6 ± 6.4 kg, height 178 ± 5 cm, BMI 23.0 ± 2.0 
kg·m-2) finished, mainly within the first half of the final 
ranking. One runner dropped out of the study group due 
to orthopaedic problems. The successful finishers trained 
for 11.6 ± 6.0 hours per week and had an average experi-
ence of 7 ± 11 (2 to 50) finished races of 24 hours and 
longer prior the start of the actual race. 

 
The race 
The 3rd Isarrun in Bavaria (Germany) took place from 15th 
May to 19th May 2006 over a distance of 338 km. Five 
stages (Table 1) had to be performed within 5 consecutive 
days. The limited field of 60 runners had to run from the 
delta of the Isar in Bavaria, Germany, as far as the source 
of the Isar in Austria. Athletes had their accommodation  
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          Table 1. The stages of the Isarrun 2006 with length and weather of each stage. 
Stage From – To Distance (km) Ascent (m) Descent (m) General weather conditions 

1 Plattling – Dingolfing 62 280 230 Sunshine, dry, 22° Celsius 

2 Dingolfing – Freising 75 240 145 Clouds, rain, 21° Celsius 

3 Freising – Wolfratshausen 73 220 90 Sunshine, dry, 22° Celsius 

4 Wolfratshausen – Fall 61 785 570 Moderate, 22° Celsius 

5 Fall – Scharnitz 67 740 580 Moderate, 19° Celsius 

Total  338 2 265 1 615  
 
in little hotel-restaurants in the towns for each stage of the 
run. Every morning at 07:00 a.m., the runners started the 
next stage together. No runner was allowed help from 
their personal support crew for the duration of each stage, 
and they had to run at least at a speed of 9 min·km-1, oth-
erwise they would be taken out of the race. 

 
Measurements and calculations 
The evening before the start and after arriving at the finish 
line every evening, body mass, circumferences of upper 
arm, thigh and calf were measured. Body mass was meas-
ured with a commercial scale (Beurer BF 15, Beurer 
GmbH, Ulm, Germany) to the nearest 0.1 kg pre and post 
race while athletes were wearing the same clothes. Skin 
fold thicknesses and circumferences of the extremities 
were measured on the right side of the body, according to 
Lee et al. (2000). Circumference of the upper arm and calf 
were measured at the largest circumference of the limb; at 
the thigh 15 cm above the upper pole of the patella. All 
circumference measurements were recorded to the nearest 
1 mm. 

Skin fold thicknesses of chest, midaxillary (verti-
cal), triceps, subscapular, abdominal (vertical), suprailiac 
(at anterior axillary), thigh and calf were measured with a 
skin fold calliper (GPM-Hautfaltenmessgerät, Siber & 
Hegner, Zurich, Switzerland) to the nearest 0.2 mm. 
Every measurement was taken 3 times by the same person 
and then the mean value was used for calculation. Skeletal 
muscle mass (SM) was calculated using the following 
formula: SM = Ht x (0.00744 x CAG2 +0.00088 x CTG2) 
+ 0.00441 x CCG2 + 2.4 x sex – 0.048 x age + race + 7.8, 
where Ht = height, CAG = skin fold-corrected upper arm 
girth, CTG = skin fold-corrected thigh girth, CCG = skin 
fold corrected calf girth, sex = 1 for male, race = 0 for 
white (Lee et al., 2000). Percent of body fat (%BF) was 
calculated using the following formula: %BF = 0.465 + 
0.180(Σ7SF) - 0.0002406(Σ7SF)2 + 0.0661(age), where 
Σ7SF = sum of skin fold thickness of chest, midaxillary, 
triceps, subscapular, abdomen, suprailiac and thigh mean 
(Ball et al., 2004). Fat mass was calculated with %BF 
from body mass. 

 
Statistical analysis 
Statistical analysis was performed with the R software 
package (R Development Core Team 2005). One sample 
Wilcoxon signed rank test were used to test for significant 
changes of body mass, skeletal muscle mass and fat mass 
during the complete Isarrun, during the first stage and 
during the last 4 stages. Bonferroni correction was used to 

compensate for multiple testing effects (3 pairwise tests of 
3 parameters). For all statistical tests significance was set 
at the 0.05 level. 
 
Results 
 
Figure 1 shows the mean body mass, calculated body fat 
mass and calculated skeletal muscle mass before the Isar-
run and after each of the 5 stages. Skin fold thicknesses 
and limb circumferences are shown in Figure 2 and Fig-
ure 3. The day before the race started, body mass of the 
competitors ranged between 59.6 kg and 85.5 kg and did 
not change significantly (p > 0.05) during the Isarrun. 
Calculated fat mass ranged between 6.6 kg and 21.2 kg 
before the start. Even if there was a slight decrease of fat 
mass (p > 0.05) during the first stage, no significant de-
crease is indicated during the complete Isarrun (p > 0.05). 
Skeletal muscle mass before the Isarrun started ranged 
from 34.3 kg to 46.1 kg and decreased significantly by the 
end of the Isarrun (p < 0.05) by 0.62 ± 0.79 kg (Figure 1). 
Decline of skeletal muscle mass was most apparent during 
the first stage of the Isarrun (p < 0.001) but did not 
change significantly (p > 0.05) during the following 4 
stages.   
 
Discussion 
 
The main finding of our investigation is that a multi-day 
ultra-endurance run leads to a statistically significant 
decrease of skeletal muscle mass, whereas body mass and 
body fat mass remain stable. This is in contrast to the 
results of former ultra-endurance races and ultra-
endurance performances with breaks where body mass 
remained stable (Dressendorfer and Wade, 1991; Nagel et 
al., 1989; Väänänen and Vihko, 2005), body fat was be 
reduced (Cox et al., 2003; Raschka et al., 1991; Raschka 
and Plath, 1992) and skeletal muscle was spared (Cox et 
al., 2003; Dressendorfer and Wade, 1991; Reynolds et al., 
1999). 

 
Decrease of body mass during endurance performance 
Non-stop ultra-endurance races over hours and days, or 
even weeks, lead generally to a decrease of body mass 
(Bircher et al., 2006; Helge et al., 2003; Knechtle et al., 
2005; Lehmann et al., 1995; Raschka, 1995; Volk et al., 
2001). The decrease of body mass in these ultra-
endurance athletes lies between 1.75 kg in a multi-day run 
over 1,000 km, 2 kg in an ultra-cycling race (Bircher et 
al., 2006), 2 kg in a Triple Iron triathlon (Volk et al., 
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2001), 2.5 kg in a 6-day-run (Knechtle and Bircher, 
2005), over 3.3 kg in a Double Iron Triathlon (Gastmann 
et al., 1998; Lehmann et al., 1995) to 5 kg in the Race 
across America (Knechtle et al., 2005). 
 

 

 

 
Figure 1. Body mass, calculated skeletal muscle mass and 
calculated fat mass during the Isarrun 2006. 
No standard deviations are included because they would exceed the 
displayed range. In order to keep multiple testing effects small only the 
most important time points were used for statistical analysis. The pair-
wise comparisons are indicated in the figures by bars. * and *** indicate 
p < 0.05 and < 0.001. “ns” indicates no statistically significant differ-
ence. 
  

In contrast to these results, our athletes in this ac-
tual multi-stage ultra-endurance run showed no decrease 
of body mass, but interestingly, a significant decrease of 
skeletal muscle mass (Figure 1). In general, adipose sub-
cutaneous tissue is the main energy source for long lasting 
endurance performances (Frykman et al., 2003; Raschka 
and Plath, 1992) and skeletal muscle mass seems to be 
spared (Reynolds et al., 1999). In very long lasting per-
formances, body fat mass (Helge et al., 2003; Höchli et 
al., 1995; Knechtle and Bircher, 2005) as well as lean 
body mass (Bircher et al., 2006; Helge et al., 2003; 
Knechtle et al., 2005; Knechtle and Bircher, 2005) can 
decrease. In some situations – as described in case reports 
or studies with only a few subjects –  skeletal muscle 
mass decreases in ultra-endurance performances (Bircher 
et al., 2006; Frykman et al., 2003; Helge et al., 2003).  
 
Decrease of fat mass in ultra-endurance performance 
In several studies, body fat decreases during ultra-
endurance performance. In the study of Helge et al. 

(2003), where 4 male subjects crossed the Greenland 
icecap on cross-country skies, body mass decreased from 
79.2 ± 3.9 kg to 73.6 ± 3.4 kg, the percentage of body fat 
decreased from 22.4 ± 1.4% to 18.2 ± 1.1% and the lean 
body decreased mass from 61.3 ± 2.0 kg to 60.3 ± 2.0 kg. 
On average, their subjects had a mean mass loss of 5.7 ± 
0.5 kg, of which 78 ± 7% was fat and the remainder lean 
body mass. In a run over 1,000 km within 20 days, all 
skin fold thicknesses and the fat mass showed a falling 
tendency; only the thigh skin fold initially grew, and then 
came down from the 4th day onwards (Raschka and Plath, 
1992), and Höchli et al. (1995) could show at the Paris-
Dakar Foot-Race over 8,000 km (600 km per runner 
within 30 days) a decrease of 10% body fat in their run-
ners. Cox et al. (2003) demonstrated in a 1,049-mile sled 
dog race, that fat-free mass was maintained with a con-
comitant decrease of body fat. In our subjects, body fat 
mass showed no decrease, but skeletal muscle mass de-
creased statistically significantly by 0.62 ± 0.79 kg (Fig-
ure 1).  
 

 

 

 
Figure 2. Skinfold thicknesses during the Isarrun 2006. 

 
Decrease of skeletal muscle mass in ultra-endurance 
performance 
Skeletal muscle mass seems to decrease in ultra-
endurance races without breaks, as it has been shown in a 
few case reports (Bircher et al., 2006; Knechtle et al., 
2005; Knechtle and Bircher, 2005) or a small series 
(Helge et al., 2003) of ultra-endurance athletes. In 
contrast, in other ultra-endurance performances, skeletal 
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muscle mass remained stable (Cox et al., 2003; Frykman 
et al., 2003; Reynolds et al., 1999). In a run over 1,000 
km within 20 days, muscle mass initially decreased only 
from 59.3 kg to 58.9 kg on day 11 and increased at the 
end of the run to 59.9 kg, which was higher than the mus-
cle mass at the start. As a result of the decreased muscle 
mass, all muscle circumferences were reduced with the 
exception of the thigh (Raschka et al., 1991).  
 

 

 

 
Figure 3. Means and standard deviations of the limb circum-
ferences during the Isarrun 2006. 

 
Does dehydration lead to a loss of skeletal muscle mass 
in ultra-endurance performance? 
One problem in our study is the fact that we measured the 
athletes every day immediately after arriving at the finish 
line and could not determine correctly whether they were 
dehydrated or not. In all methods to determine body com-
position it has to be considered that physical exercise and 
its effects on the body might influence measuring values, 
resulting in systematic errors of measurement. As it takes 
some time for the body to compensate for the dehydra-
tion, the timing of measuring body mass after the race 
might also be of importance.  

Like dehydration, it takes some time for the body 
to compensate for the physical race effects. It must be 
hypothesized that the weight loss during an Ironman tri-
athlon is mainly due to dehydration. Endurance perform-
ance leads to dehydration, which results in a weight loss 
(Walsh et al., 1994). It is stated, though, that the weight 
loss in an Ironman triathlon derives most likely from 
sources other than fluid losses (Speedy et al., 2001).  

Many indices of hydration levels are known, such 
as body weight, plasma osmolality, urine osmolality and 
urine specific gravity (Kavouras, 2002). During dehydra-
tion, we would generally expect an increase of haema-
tocrit (Whiting et al., 1984). In contrast, ultra-endurance 
performance leads to a hypervolemia with haemodilution 
and a decrease of haematocrit (Astrand and Saltin, 1964; 
Davidson et al., 1987; Lindemann et al., 1978; Refsum et 
al., 1973; Wu et al., 2004). In a Triple Iron triathlon over 
11.6 km swimming, 540 km cycling and 126.6 km run-
ning, especially, haematocrit decreased from 48 ± 4% to 
45 ± 3% (Volk and Neumann, 2001), 47.6 ± 3.0% to 43.1 
± 3.4% (Volk et al., 2001) and 48 % to 45 % (Volk et al., 
1998) from pre race to post race. The phenomenon of 
hypervolemia with haemodilution and decrease of haema-
tocrit is explained by a shift of intracellular water to the 
extracellular space and an increased fluid intake during 
performance (Wells et al., 1987). 

But the question still remains, whether dehydration 
really occurs during an ultra-endurance performance. 
There are studies at Ironman triathlons and Triple Iron 
triathlons showing that athletes suffer a loss of body mass 
without dehydration. Laursen et al. (2006) could demon-
strate in their field-study with 10 Ironman triathletes, that 
the statistically significant decrease of 2.3 ± 1.2 kg (-3.0 ± 
1.5%) body mass during the race was not related to urine 
specific gravity. Volk et al. (2001) examined, in the Triple 
Iron Germany 1999 in Lensahn, with bioimpedance 
analysis the hydration status in ultra-endurance triathletes. 
They compared their results of bioimpedance analysis 
with standard laboratory testing (haematocrit, serum os-
molality and serum concentration of sodium). During the 
cycling part over 540 km, haematocrit increased from 
45.6 ± 3.6% to 47.6 ± 3.0%, concentration of sodium 
decreased from 142.3 ± 1.0 mmol/l to 140.4 ± 2.3 mmol/l, 
plasma volume decreased by 5.8% and the cycling under 
hot conditions caused a steepening and lengthening of the 
vectors in the bioimpendance analysis. In contrast, after 
the following running part of 126 km in the heat, haema-
tocrit decreased from 47.6 ± 3.0% to 46.4 ± 2.7% (- 
2.5%), plasma volume increased by 18.5% and in the 
bioimpedance analysis, the vectors showed a shortening 
and downwards slope to the baseline.  

After the race, only body mass showed a statisti-
cally significant decrease of 2 kg. Haematocrit, sodium 
and osmolality showed no statistically significant 
changes. They suggest an involuntary dehydration during 
the cycling because the athlete is lonely during the night; 
but during the run, the support crew has more possibilities 
of feeding the athletes, therefore, they could not prove 
dehydration during a Triple Iron triathlon. 

 
Change of anabolic hormones during ultra-endurance 
performance and effect on skeletal muscle mass? 
The decrease of skeletal muscle might also be related to a 
change of the anabolic hormones testosterone and growth 
hormone during ultra-endurance performance. Interest-
ingly, the effect on these 2 anabolic hormones seems to be 
different during ultra-endurance. An ultra-endurance 
performance reduces the concentration of testosterone 
(Bircher et al., 2006; Dressendorfer and Wade, 1991; 
Fournier et al., 1997; Gastmann et al., 1998) but increases 
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the concentration of growth hormone (Gastmann et al., 
1998; Scavo et al., 1991). Probably the duration of an 
ultra-endurance performance is of importance for an ef-
fect on these anabolic hormones. After a run over 1,000 
km, growth hormone showed no changes (Pestell et al., 
1989). But during an ultra-endurance run over 1,000 km 
within 20 days, testosterone increased after the first day 
from 0.33 µg/dl from pre race to 0.36 µg/dl, but started to 
decrease after day 3 (Raschka et al., 1991). From this 
data, we might presume that the decrease of testosterone 
might have an effect on the skeletal muscle mass. But 
with the results of Raschka et al. (1991) - where their 
athletes had to run 50 km per day for 20 consecutive days 
- the decrease of skeletal muscle mass after the first stage 
of 62 km (Table 1) in our study seems not to be related to 
a change of testosterone. 

 
Determination of body fat and skeletal muscle mass by 
anthropometric measurements 
It has to be pointed out that skeletal muscle mass and 
body fat mass in this current investigation are not deter-
mined directly in living humans as it can be done for body 
mass, skin fold thicknesses and limb perimeters. Various 
formulas exist in order to calculate skeletal muscle mass 
and body fat mass by anthropometric measurements. 
Determination of limb circumferences and skin fold 
thicknesses is a very common method of estimating skele-
tal muscle mass (Housh et al., 1995; Kuriyan et al., 2004; 
Lee et al., 2000) and body fat mass (Eisenmann and Ma-
lina 2002; Hildreth et al., 1997; Housh et al., 1996).  

Even if simple anthropometric measurements may 
determine body composition much more easily than other 
methods, the precision of this method seems to be suffi-
cient in order to determine body fat mass correctly. How-
ever, calculation of body composition from anthropomet-
ric measurements is an estimation rather than a direct 
measurement and the question remains under which con-
ditions this method is valid and useful. Simple anthro-
pometric measurements appear to be sufficient in order to 
determine body fat mass, while skin fold thickness meas-
urements give a good prediction of body fat (Chang et al., 
1998; Housh et al., 1996; Lean et al., 1996) and subcuta-
neous adipose tissue can be estimated from simple an-
thropometric measurements (Bonora et al., 1995). These 
simple anthropometric measurements seem to be suffi-
cient in order to determine, correctly, fat free mass.  

Under field conditions like this race, complex in-
vestigations by means of large laboratory equipment are 
rather impossible. Body density estimation from skin fold 
measurements has the advantage of simplicity, low cost 
and reasonable validity, with predictions to within 3% to 
4% for 70% of the population (Brodie, 1988). For all 
methods to determine body composition it has to be con-
sidered that physical exercise and its effects on the body 
might influence the values of the measuring resulting in 
systematic errors of measurement. If only pre-post meas-
urements are performed, a possible systematic error can-
not be detected. In contrast, a multi-day competition in-
cluding several similar stages seems to be optimal to 
validate the methods of body composition determination 
and to estimate the effect of physical exercise on the 
method used.  

In the current study, calculated skeletal muscle 
mass decreased highly significantly (p < 0.001) during the 
first stage but no significant (p > 0.05) changes of skeletal 
muscle mass were observed during the following 4 stages. 
For %BF there seemed to be a similar effect as there was 
a trend of reduction during the first stage but no changes 
during the following 4 stages were observed. We assume 
that the apparent loss of muscle mass during the first stage 
is caused by an effect of physical exercise on the used 
method of body composition determination rather than 
“real” muscle mass degradation. Like dehydration, it 
takes some time for the athletes to compensate for the 
physical race effects. According to the latter, body com-
position determination immediately after the finish seems 
not to be advantageous because the race effects are most 
expressed.  

However, regeneration of the athletes also starts 
immediately after the finish and it is hard to distinguish 
between apparent and “real” muscle mass loss. In our 
current investigation, body composition was determined 
at the end of each stage every day in the same manner and 
it seems to be plausible that the “race effect” on the used 
method is almost similar during the last 4 days of the 
Isarrun. No more muscle mass degradation was observed 
during the 4 following stages. This observation indicates 
clearly that under the given conditions the resting period 
between the stages is sufficient to prevent muscle mass 
degradation. 
 
Conclusion 
 
A multi-stage extreme endurance run over 338 km within 
5 days leads to no changes of body mass and body fat 
mass, but a statistically significant decrease of skeletal 
muscle mass. To prove that dehydration does not lead to a 
loss of skeletal muscle mass in ultra-endurance perform-
ance, further studies with anthropometric measurements 
and markers of hydration status (haematological indices 
like haemoglobin and haematocrit, urinary indices like 
urine osmolality and urine specific gravity or bioelectrical 
impedance analysis) should be performed. 
 
Acknowledgments 
We thank Brida Duff and Ulrich Welzel for their technical assistance. 
For their help in translation, we thank Matthias Knechtle, Lausanne, 
Switzerland, Stephen Williams, B.Sc. (London) Cert. Theol. (Cantab), 
Bedford, England and Mary Miller from Stockton-on-Tees, Cleveland in 
England, crew member of an ultra-endurance support crew. 
 
References  
 
Åstrand, P.O. and Saltin, B. (1964) Plasma and red cell volume after 

prolonged severe exercise. Journal of Applied Physiology 19, 
829-832. 

Ball, S.D., Altena, T.S. and Swan, P.D. (2004) Comparison of anthro-
pometry to DXA: a new prediction equation for men. European 
Journal of Clinical Nutrition 58, 1525-1531. 

Bircher, S., Enggist, A., Jehle, T. and Knechtle, B. (2006) Effects of an 
extreme endurance race on energy balance and body composi-
tion – a case study. Journal of Sports Science and Medicine 5, 
154-162. 

Bonora, E., Micciolo, R., Ghiatas, A.A., Lancaster, J.L., Alyassin, A., 
Muggeo, M. and DeFronzo, R.A. (1995) Is it possible to derive 
a reliable estimate of human visceral and subcutaneous ab-



Body composition in ultra running 
 

 

 

406

dominal adipose tissue from simple anthropometric measure-
ments? Metabolism 44, 1617-1625. 

Boschmann, M., Rosenbaum, M., Leibel, R.L. and Segal, K.R. (2002) 
Metabolic and hemodynamic responses to exercise in subcuta-
neous adipose tissue and skeletal muscle. International Journal 
of Sports Medicine 23, 537-543. 

Brodie, D.A. (1988) Techniques of measurement of body composition. 
Part I. Sports Medicine 5, 11-40. 

Chang, Y.L., Leung, S.S., Lam, W.W., Peng, X.H. and Metreweli, C. 
(1998) Body fat estimation in children by magnetic resonance 
imaging, bioelectrical impedance, skin fold and body mass in-
dex: a pilot study. Journal of Paediatrics and Child Health 34, 
22-28. 

Cox, C., Gaskill, S., Ruby, B. and Uhlig, S. (2003) Case study of train-
ing, fitness, and nourishment of a dog driver during the Iditarod 
1049-mile dogsled race. International Journal of Sport Nutri-
tion and Exercise Metabolism 13, 286-293. 

Davidson, R.J.L., Roberston, J.D., Galea, G. and Maughan, R.J. (1987) 
Hematological changes associated with marathon running. In-
ternational Journal of Sports Medicine 8, 19-25. 

Dressendorfer, R.H. and Wade, C.E. (1991) Effects of a 15-d race on 
plasma steroid levels and leg muscle fitness in runners. Medi-
cine and Science in Sports and Exercise 23, 954-958. 

Eisenmann, J.C. and Malina, R.M. (2002) Age-related changes in subcu-
taneous adipose tissue of adolescent distance runners and asso-
ciation with blood lipoproteins. Annals of Human Biology 29, 
389-397. 

Fournier, P.E., Stalder, J., Mermillod, B. and Chantraine, A. (1997) 
Effects of a 110 kilometres ultra-marathon race on plasma hor-
mone levels. International Journal of Sports Medicine 18, 252-
256.  

Frykman, P.N., Harman, E.A., Opstad, P.K., Hoyt, R.W. DeLany, J.P., 
and Friedl, K.E. (2003) Effects of a 3-month endurance event 
on physical performance and body composition: the G2 trans-
Greenland expedition. Wilderness and Environmental Medicine 
14, 240-248. 

Gastmann, U., Dimeo, F., Huonker, M., Böcker, J., Steinacker, J.M., 
Petersen, K.G., Wieland, H., Keul, J. and Lehmann, M. (1998) 
Ultra-triathlon-related blood-chemical and endocrinological re-
sponses in nine athletes. The Journal of Sports Medicine and 
Physical Fitness 38, 18-23. 

Helge, J.W., Lundby, C., Christensen, D.L., Langfort, J., Messonnier, L., 
Zacho, M., Andersen, J.L. and Saltin, B. (2003) Skiing across 
the Greenland icecap: divergent effects on limb muscle adapta-
tions and substrate oxidation. The Journal of Experimental Bi-
ology 206, 1075-1083. 

Hildreth, H.G., Johnson, R.K., Goran, M.I. and Contompasis, S.H. 
(1997) Body composition in adults with cerebral palsy by dual-
energy X-ray absorptiometry, bioelectrical impedance analysis, 
and skin fold anthropometry compared with the 18O isotope-
dilution technique. American Journal of Clinical Nutrition 66, 
1435-1442. 

Höchli, D., Schneiter, T., Ferretti, G., Howald, H., Claassen, H., Moia, 
C., Atchou, G., Belleri, M., Veicteinas, A. and Hoppeler, H. 
(1995) Loss of muscle oxidative capacity after an extreme en-
durance run: The Paris-Dakar Foot-Race. International Journal 
of Sports Medicine 16, 343-346. 

Housh, D.J., Housh, T.J., Weir, J.P., Weir, L.L., Johnson, G.O. and 
Stout, J.R. (1995) Anthropometric estimation of thigh muscle 
cross-sectional area. Medicine and Science in Sports and Exer-
cise 27, 784-791. 

Housh, T.J., Johnson, G.O., Housh, D.J., Eckerson, J.M. and Stout, J.R. 
(1996) Validity of skin fold estimates of percent fat in high 
school female gymnasts. Medicine and Science in Sports and 
Exercise 28, 1331-1335. 

Kavouras, S.A. (2002) Assessing hydration status. Current Opinion in 
Clinical Nutrition and Metabolic Care 5, 519-524. 

Kimber, N.E., Ross, J.J., Mason, S.L. and Speedy, D.B. (2002) Energy 
balance during an Ironman triathlon in male and female triath-
letes. International Journal of Sport Nutrition and Exercise Me-
tabolism 12, 47-62. 

Knechtle, B. and Bircher, S. (2005) Changes in body composition during 
an extreme endurance run. Praxis 94, 371-377. 

Knechtle, B., Enggist, A. and Jehle, T. (2005) Energy turnover at the 
Race across America (RAAM) – A case report. International 
Journal of Sports Medicine 26, 499-503. 

Kuriyan, R. and Kurpad, A.V. (2004) Prediction of total body muscle 
mass from simple anthropometric measurements in young In-
dian males. The Indian Journal of Medical Research 119, 121-
128. 

Laursen, P.B., Suriano, R., Quod, M.J., Lee, H., Abbiss, C.R., Nosaka, 
K., Martin, D.T. and Bishop, D. (2006) Core temperature and 
hydration status during an Ironman triathlon. British Journal of 
Sports Medicine 40, 320-325. 

Lean, M.E., Han, T.S. and Deurenberg, P. (1996) Predicting body 
composition by densitometry from simple anthropometric 
measurements. American Journal of Clinical Nutrition 63, 4-
14. 

Lee, R.C., Wang, Z., Heo, M., Ross, R., Janssen, I. and Heymsfield, S.B. 
(2000) Total-body skeletal muscle mass: development and 
cross-validation of anthropometric prediction models. American 
Journal of Clinical Nutrition 72, 796-803. 

Lehmann, M., Huonker, M. and Dimeo, F. (1995) Serum amino acid 
concentrations in nine athletes before and after the 1993 Colmar 
Ultra Triathlon. International Journal of Sports Medicine 16, 
155-159. 

Lindemann, R., Ekanger, R., Opstad, P.K., Nummestad, M. and 
Ljosland, R. (1978) Hematological changes in normal men dur-
ing prolonged severe exercise. American Corrective Therapy 
Journal 32, 107-111. 

Nagel, D., Seiler, D., Franz, H., Leitzmann, C. and Jung, K. (1989) 
Effects of an ultra-long-distance (1000 km) race on lipid me-
tabolism. European Journal of Applied Physiology 59, 16-20. 

Pestell, R.G., Hurley D.M. and Vandongen, R. (1989) Biochemical and 
hormonal changes during a 1,000 km ultramarathon. Clinical 
and Experimental Pharmacology and Physiology 15, 353-361. 

R Development Core Team (2005) R: A language and environment for 
statistical computing. R Foundation for Statistical Computing, 
Vienna, Austria. ISBN 3-900051-07-0. Avaliable form URL 
http://www.R-project.org.  

Raschka, C. (1995) Changes in body height and weight during ultra-long 
marathon running. Sportverletzung Sportschaden 9, 123-125. 

Raschka, C., Plath, M., Cerull, R., Bernhard, W., Jung, K. and Leitz-
mann, C. (1991) The body muscle compartment and its rela-
tionship to food absorption and blood chemistry during an ex-
treme endurance performance. Zeitschrift für Ernährungswis-
senschaft 30, 276-288.  

Raschka, C. and Plath, M. (1992) Body fat compartment and its relation-
ship to food intake and clinical chemical parameters during ex-
treme endurance performance. Schweizerische Zeitschrift für 
Sportmedizin und Sporttraumatologie 40, 13-25. 

Refsum, H.E., Tveit, B., Meen, H.D., and Strömme, B. (1973) Serum 
electrolyte, fluid and acid-base balance after prolonged heavy 
exercise at low environmental temperature. Scandinavian 
Journal of Clinical and Laboratory Investigation 32, 117-122. 

Reynolds, R.D., Lickteig, J.A., Deuster, P.A., Howard, M.P., Conway, 
J.M., Pietersma, A., deStoppelaar, J. and Deurenberg, P. (1999) 
Energy metabolism increases and regional body fat decreases 
while regional muscle mass is spared in humans climbing Mt. 
Everest. Journal of Nutrition 129, 1307-1314. 

Scavo, D., Barletta, C., Vagiri, D. and Letizia, C. (1991) Adrenocortico-
tropic hormone, beta-endorphin, cortisol, growth hormone and 
prolactin circulating levels in nineteen athletes before and after 
half-marathon and marathon. The Journal of Sports Medicine 
and Physical Fitness 31, 201-406. 

Sharwood, K., Collins, M., Goedecke, J., Wilson, G. and Noakes, T. 
(2002) Weight changes, sodium levels, and performance in the 
South African Ironman triathlon. Clinical Journal of Sport 
Medicine 12, 391-399. 

Sharwood, K.A., Collins, M., Goedecke, J.H., Wilson, G. and Noakes, 
T.D. (2004) Weight changes, medical complications, and per-
formance during an Ironman triathlon. British Journal of Sports 
Medicine 38, 718-724. 

Speedy, D.B., Campbell, R., Mulligan, G., Robinson, D.J., Walker, C., 
Gallagher, P. and Arts, J.H. (1997) Weight changes and serum 
sodium concentrations after an ultradistance multisport triath-
lon. Clinical Journal of Sport Medicine 7, 100-103. 

Speedy, D.B., Noakes, T.D., Kimber, N.E., Rogers, I.R., Thompson, 
J.M., Boswell, D.R., Ross, J.J., Campbell, R.G., Gallagher, P.G. 
and Kuttner, J.A. (2001) Fluid balance during and after an 
Ironman triathlon. Clinical Journal of Sport Medicine 11, 44-
50. 



Knechtle and Kohler 
 

 

 

407

Väänänen, I.I., Vihko, V. (2005) Physiological and psychological re-
sponses to 100 km cross-country skiing during 2 days. The 
Journal of Sports Medicine and Physical Fitness 45, 301-305. 

Volk, O. and Neumann, G. (1998) Metabole und muskuläre Stresspara-
meter während eines Dreifach-Triathlons. Schweizerische Zeit-
schrift für Sportmedizin und Sporttraumatologie 46, 67-70. 

 
Volk, O. and Neumann, G. (2001) Verhalten ausgewählter Aminosäuren 

während eines Dreifachlangtriathlons. Deutsche Zeitschrift für 
Sportmedizin 52, 169-174.  

Volk, O., Neumann, G., Bach, D., Wirsing von König, C.H. and Klues, 
H.G. (2001) Bioelektrische Impedanzanalyse während eines 
Dreifachlangtriathlons. Österreichisches Journal für Sport-
medizin 3, 22-27. 

Walsh, R.M., Noakes, T.D., Hawley, J.A. and Dennis, S.C. (1994) 
Impaired high-intensity cycling performance time at low levels 
of dehydration. International Journal of Sports Medicine 15, 
392-398. 

Wells, C.L., Stern, J.R., Kohrt, W.M. and Campbell, K.D. (1987) Fluid 
shifts with successive running and bicycling performance. 
Medicine and Science in Sports and Exercise 19, 137-142.  

Whiting, P.H., Maughan, R.J. and Miller, J.D (1984) Dehydration and 
serum biochemical changes in marathon runners. European 
Journal of Applied Physiology 52, 183-187. 

Wu, H.J., Chen, K.T., Shee, B.W., Chang, H.C., Huang, Y.J. and Yang, 
R.S (2004) Effects of 24 h ultra-marathon on biochemical and 
haematological parameters. World Journal of Gastroenterology 
15, 2711-2714. 

 
 

Key points 
 
• Ultra-runners at the Isarrun 2006 suffered no loss of 

body mass. 
• Skeletal muscle mass decreased highly significantly 

during the first stage but no significant changes of 
skeletal muscle mass were observed during the fol-
lowing 4 stages of the Isarrun 2006. 

• Body fat mass remained stable during the Isarrun 
2006.  
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