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ABSTRACT
Objective: To investigate whether adipose subcutaneous
tissue or skeletal muscle mass decreased during a non-
stop ultra-endurance triathlon.
Design: Descriptive field study.
Setting: The Triple Iron Triathlon Germany 2006 in
Lensahn: 11.6 km swimming, 540 km cycling and
126.6 km running.
Subjects: 17 male Caucasian triathletes, mean (SD) age
39.2 (7.5) years, height 178 (5) cm, body mass 80.7
(8.9) kg and body mass index (BMI) 25.4 (2.4) kg/m2.
Interventions: None.
Main outcome measurements: Determination of body
mass, skin-fold thicknesses, limb circumference, skeletal
muscle mass and percentage body fat in order to show
changes after the race.
Results: A significant decrease was shown for body
mass (p,0.001), BMI (p,0.001) and calculated per-
centage body fat (p,0.001) whereas skeletal muscle
mass did not change significantly (p.0.05).
Circumferences of the thigh, upper arm and calf did not
decrease significantly (p.0.05), whereas all skin-fold
thicknesses decreased significantly (p,0.05), with the
exception of those at the chest and thigh. A significant
correlation was found between the loss of percentage
body fat and the loss of body mass (p,0.01, r2 = 0.55)
as well as change in percentage body fat with race
performance (p,0.05, r2 = 0.24).
Conclusions: Ultra-endurance triathletes at the Triple
Iron Triathlon Germany 2006 showed a significant
decrease in body mass and percentage body fat, where
decrease in percentage body fat was associated with
race intensity.

Fat is the main energy-rich substrate for
long-lasting endurance performance.1–4 Long-last-
ing exercise leads to a reduction in adipose
subcutaneous tissue2 5 due to oxidation of fatty
acids of adipose subcutaneous tissue in the
contracting skeletal muscle.6

Ultra-endurance races offer an interesting oppor-
tunity to study decrease in body fat, but there
seem to be differences between multistage races
and non-stop races. In non-stop ultra-endurance
races, it has been shown that athletes may undergo
an enormous energy deficit2 7 8 and non-stop ultra-
endurance performances lead to a considerable
decrease in body mass.2 7–9 In contrast, in multi-
stage races with stages during the day and rest at
night, body mass has been shown to remain
stable10 or even increase.3 However, recent studies
of multistage races showed that skeletal muscle
mass was reduced during a multistage run,11

whereas fat mass was reduced during a multistage
ultra-triathlon.12

For non-stop races, there are no studies showing
whether the decrease in body mass is associated
with a decrease in fat mass or skeletal muscle mass.
For this study, we investigated whether athletes
had decrease in body mass in a non-stop ultra-
triathlon (the Triple Iron Triathlon Germany
2006), and whether this decrease was due to a
reduction in adipose subcutaneous tissue or in
skeletal muscle mass.

METHODS

Subjects
All participants of the ‘‘Triple Iron Triathlon
Germany 2006’’ in Lensahn, Schleswig-Holstein,
Germany, were contacted by a separate newsletter
from the organiser 3 months before the start of the
race and asked to participate in our investigation.
In total, 29 athletes (1 woman, 28 men) intended
to start in the race; 25 (1 woman, 24 men) actually
entered it. A total of 22 male Caucasian triathletes
entered our study, and all gave their informed
written consent.

The race
From 28–30 July 2006, the 15th Triple Iron
Triathlon Germany took place in Lensahn,
Schleswig-Holstein, Germany, comprising 11.6 km
swimming, 540 km cycling and 126.6 km running.
The race started at 07:00 on 28 July.

Swimming took place in a 50-m heated outdoor
pool at a temperature of 25uC, and wetsuits were
allowed. After passing the transition area, 67 laps
of a hilly course of 8 km/lap had to be cycled in the
surroundings of the town. After the cycling
section, athletes had to change to the flat run
course of 96 laps with 1.31 km per lap in the town
of Lensahn. The cycling course was nearly free of
road traffic, and the running course was com-
pletely free of traffic and illuminated during the
night. All athletes had their own support crew to
provide nutrition and change of material and
equipment. The athletes had to arrive at the finish
line within 58 h of the race start.

The weather on the first day was cloudy with no
rain, and dry with a mean temperature of 28uC. In
the first night, shortly before sunrise, it started to
rain. The second day was initially cloudy, then in
the afternoon, the sun appeared and the tempera-
ture rose to 30uC.

Measurements and calculations
The evening before the start and after arriving at
the finish line, body mass, circumferences of upper
arm, thigh and calf, and skin-fold thickness at eight
regions of the body were measured for each athlete.
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Body mass was determined with a commercial scale (Beurer
BF 15, Beurer GmbH, Ulm, Germany) to the nearest 0.1 kg.
Skin-fold thicknesses of the chest, midaxillary (vertical), triceps,
subscapular, abdominal (vertical), suprailiac (at anterior axil-
lary), thigh and calf were measured with a skin-fold calliper
(GPM-Hautfaltenmessgerät, Siber and Hegner, Zurich,
Switzerland) to the nearest 0.2 mm. Circumferences of the
upper arm and calf were measured at the largest diameter of the
limb; for the thigh, this was 15 cm above the upper pole of the
patella. All circumferences were measured to the nearest 0.1 cm.
Skin-fold thicknesses and circumferences of the limbs were
measured on the right side of the body.

Every measurement was taken three times by the same
person and the mean value was used for calculation. Skeletal
muscle mass (SM) was calculated using the following formula:

SM = Ht6(0.007446CAG2+0.000886CTG2)+0.004416CC-
G2+2.46sex20.0486age+race+7.8,

where Ht is height; CAG was skin fold-corrected upper arm
girth; CTG is skin fold-corrected thigh girth; and CCG, skin
fold-corrected calf girth. Sex was 1 for male, and race was 0 for
white.13 Percentage of body fat (%BF) was calculated using the
following formula:

%BF = 0.465+0.180(S7SF)20.0002406(S7SF)2+0.0661(age),
where S7SF is the sum of skin-fold thickness of chest,

midaxillary, triceps, subscapular, abdomen, suprailiac and thigh
mean.14

Statistical analysis
Values of measured and calculated parameters were compared
before and after the race.

Statistical analysis was performed with the R software
package.15 The one sample Wilcoxon signed rank test was used
to check for significant changes in body mass, body mass index
(BMI), percentage body fat, skeletal muscle mass, skin-fold
thicknesses, and circumferences of thigh, calf and arm during
the race. Spearman rank correlation was used to identify which

parameters were responsible for loss of BM. We did not correct
for multiple statistical comparisons because this was an
exploratory investigation and not one in which specific
hypotheses were tested on the basis of pre-existing data. For
all statistical tests, significance was set at p = 0.05.

RESULTS
Of the total number of entrants, the single woman and 21 men
finished the race successfully within the time limit. From our
subject group, 17 men (mean (SD) age 39.2 (7.5) years, height
178 (5) cm, body mass 80.7 (8.9) kg and BMI 25.4 (2.4) kg/m2)
finished the race. They prepared for this competition with
average training of 18.9 (SD 7.4) (range 6 to 33) hours per week
and had an average experience of 18 (range 2 to 55) ultra-
endurance races of >24 hours before the start of this race. The
winner finished the race within 34 h and 33 min, the slowest
finisher of our study group finished after 53 h 46 min. Average
race time for our subjects was 45.5 (SD 5.3) h and 36.8 (SD 15.1)
min. Table 1 shows the data before and after the race.

Body mass decreased significantly (p,0.001), as did skin-fold
thicknesses (p,0.05) with the exception of the chest and thigh.

Table 1 Data collected on the athletes before and after the competition

Parameter Before race After race Change (%)

Body mass (kg) 80.7 (8.8) 77.4 (8.1)*** 23.9 (3.6)

C upper arm (cm) 30.4 (2.4) 30.2 (2.1) 20.6 (2.7)

C thigh (cm) 56.6 (4.0) 55.8 (4.0) 21.3 (2.5)

C calf (cm) 39.4 (2.7) 39.0 (2.7) 20.8 (1.8)

SF pectoral (mm) 5.1 (1.6) 5.5 (1.8) +7.3 (16.8)

SF axillar (mm) 7.7 (2.4) 6.5 (2.0)*** 215.2 (9.6)

SF triceps (mm) 8.8 (3.8) 7.4 (2.8)** 212.7 (18.3)

SF subscapular (mm) 10.1 (2.1) 9.2 (2.4)* 29.4 (13.6)

SF abdominal (mm) 13.9 (6.4) 12.1 (5.5)* 212.0 (10.3)

SF suprailiacal (mm) 12.7 (6.0) 9.6 (5.4)*** 224.8 (14.8)

SF thigh (mm) 11.5 (3.7) 11.0 (3.6) 21.4 (27.7)

SF calf (mm) 8.5 (2.2) 7.6 (2.2)* 29.2 (22.1)

C, circumference; SF, skin-fold thickness.
*p,0.05; **p,0.01; ***p,0.001.
Data are mean (SD).

Table 2 Calculated parameters before and after the competition

Parameter Before race After race Change (%)

Skeletal muscle mass (kg) 40.0 (3.8) 40.1 (3.9) +0.2

BMI (kg/m2) 25.4 (2.4) 24.4 (2.0)* 23.9

Body fat (%) 14.2 (3.3) 13.1 (2.8)* 27.7

BMI, body mass index.
*p,0.01.
Data are mean (SD).

Figure 1 A significant correlation was found between change in
percentage body fat (D% BF) and change in body mass (DBM)
(p,0.01, r2 = 0.55).

Figure 2 A slight correlation (r2 = 0.24) was found between change in
percentage body fat (D%BF) and the total race time (p,0.05).
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Limb circumferences did not decrease significantly (p.0.05).
Table 2 shows the calculated parameters before and after
the race.

Skeletal muscle mass remained stable. In contrast, percentage
body fat and BMI decreased significantly (p,0.01). A significant
correlation was found between the loss of percentage body fat
and the loss of body mass (p,0.01, r2 = 0.55) (fig 1). Change in
percentage body fat is associated with race performance
(p,0.05, r2 = 0.24) (fig 2).

DISCUSSION
The main finding of our investigation was that a non-stop ultra-
triathlon with a continuous performance over 45 h resulted in a
significant decrease in body mass and percentage body fat,
whereas skeletal muscle mass remained stable. The decrease in
body fat was associated with decrease in body mass and race
intensity. A further finding is that the skin-fold thicknesses
decreased preferentially in the upper body, whereas that of the
thigh remained stable. The adipose subcutaneous tissue also
seemed to decrease preferentially in the upper body.

Decrease in body mass during endurance performance
In general, non-stop endurance performances over hours and
days or even weeks result in a decrease in body mass;2 7–9 this
has been found to be 2 kg in an ultra-cycling race,7 3.3 kg in a
Double Iron Triathlon,9 5 kg in the Race Across America8 and
5.7 kg in skiing across the Greenland icecap.2 Our athletes
showed an average loss of 3.3 kg body mass (table 1), clearly
more than the decrease in body mass that has been measured
in an Ironman triathlon, where athletes also showed a
significant decrease.16–18 In one Ironman distance, body mass
declined by 2.3 kg16 to 2.5 kg.19 A loss of 2.5 kg body mass
corresponded to a mean percentage loss in body mass of 3%.20

Our athletes lost 3.3 kg, corresponding to a 3.9% loss of body
mass (table 1).

In general, adipose subcutaneous tissue is the main energy
source for long-lasting endurance performance1–3 12 and skeletal
muscle mass seems to be spared.4 In a previous study of a
multistage ultra-endurance run it was shown that fat mass
decreased. In a run over 1000 km in 20 days, the fat mass and all
skin-fold thicknesses showed tendency towards reduction; only
the thigh skin-fold measurement initially increased, but this
began to reduce from the fourth day.3 Helge et al also showed
that fat mass decreased in an extreme endurance event. Their
four subjects lost 5.7 kg body mass, of which 78% was fat and
the reminder lean body mass.2 As shown in other studies,
skeletal muscle mass may remain stable in ultra-endurance
performance,1 4 but in a run of 1000 km in 20 days, skeletal
muscle mass initially increased, then decreased in the middle of
the distance, and finally stabilised.21 In a recent study in a
multistage ultra-endurance run over 5 days, skeletal muscle
mass decreased significantly after the first day and remained
from then on remained stable.11 Therefore skeletal muscle mass
does not seem to be the first energy source during long-lasting
ultra-endurance performance.

Fat mass as a source of energy
We found in this study that skin-fold thicknesses decreased
preferentially on the upper body, with the only exception
being the chest. In the leg, skin-fold thickness decreased non-
significantly at the thigh by 0.5 mm, but at the calf, it was
reduced significantly by 0.9 mm (table 1). We believe that the
decrease in skin-fold thicknesses on the upper body led to the

reduction in adipose subcutaneous tissue, as shown by the
decrease in percentage body fat (table 2). It is likely that this
decrease was a result of the swinging of the arms during
running, where fat oxidation seems to be increased
compared with cycling. Our previous study22 and that of
Achten et al23 found that fat oxidation is higher in running
than in cycling.

Reduction in adipose subcutaneous tissue seems to be
different in the different regions of the body. Helge et al found
that in athletes skiing across Greenland icecap, fat oxidation is
increased during submaximum arm exercise after prolonged,
low-intensity, whole-body training.2 In their study, a marked
increase in fat oxidation during arm exercise was shown.
Mobilisation of fatty acids from the femoral and the abdominal
adipose subcutaneous tissue during exercise has been
shown,5 24 25 but there seem to be differences in the extent of
mobilisation of fatty acids from these two regions. According to
the results of Boschmann et al, we would expect a greater
reduction in the skin fold at the thigh.5 Thy showed that
lipolysis of femoral adipose tissue is greater than that of
abdominal adipose tissue. Their subjects exercised on a bicycle
and therefore used their leg muscles, as did our subjects, but our
subjects showed no significant reduction in skin-fold thickness
at the thigh. Interestingly, reduction in skin-fold thickness at
the suprailiacal region was, at – 25% , the largest change of all
measured skin-folds (table 1).

In some situations, skeletal muscle mass seems to deliver
energy in ultra-endurance performance.1 7 11 In our subjects, the
decrease in percentage body fat was 1.1%, whereas skeletal
muscle mass showed no change (table 2). We therefore believe
that our athletes did not lose skeletal muscle mass in order to
provide energy. During very long endurance exercise it has been
shown that the continuous degradation of muscle protein21 26

results in a reduction in the concentration of albumin and total
protein.27 In an extreme running race in Alaska, the athletes
ingested mainly carbohydrates. They also lost body mass, and
with associated ketonuria and proteinuria, it was concluded
that proteins were metabolised to support energy expenditure.28

The degradation of proteins may lead to hypoproteinaemic
oedema, but in our athletes, circumference at the calf decreased
non-significantly by 4 mm and skin-fold thickness decreased
significantly by 9 mm (table 1). Therefore, oedema of the leg is
not a plausible explanation.

Reduction in fat mass and exercise intensity
The decrease in body mass was associated with a decrease in
percentage body fat (fig 1) and this decrease was associated
with race performance (fig 2). The ability to utilise fat as fuel
is important in ultra-endurance athletes.29 It seems likely that
athletes in ultra-distance races rely upon their fat mass as
source of energy; at least, those athletes who are able to burn
their own body fat stores were more successful in an ultra-
endurance race. However, this does not mean that increased
adipose subcutaneous tissue automatically leads to better
performance in ultra-endurance races. These athletes must
train the degradation of their adipose subcutaneous tissue in
order to deliver energy. We found that intensity of race
performance is associated with decrease in body fat (fig 2). In
several laboratory studies, it has been shown that intensity of
exercise is important for fat oxidation, and with increasing
exercise intensity, fat oxidation also increases. The highest fat
oxidation rate in men lies between 65%6 30 31 and 75%22 of
maximum oxygen uptake (VO2max).
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Does dehydration affect body mass in ultra-endurance
performance?
We measured our athletes post race immediately after arriving
at the finish line and could not determine whether they were
dehydrated or not. Dehydration may lead to a decrease in body
mass and could therefore have affected our results. It may be
hypothesised that the weight loss in an Ironman triathlon is
mainly due to dehydration, but it has been reported that the
weight loss in this race probably derives from sources other than
fluid loss.19

Many indices of hydration levels, such as body weight,
plasma osmolality, urine osmolality and urine specific gravity,
have been used in previous studies.32 During dehydration, we
would expect an increase in haematocrit,33 but in fact, ultra-
endurance performance leads to hypervolaemia with haemodilu-
tion, and hence to a decrease in haematocrit.34–38In a Triple Iron
triathlon, haematocrit decreased from its pre-race values.39–41

The phenomenon of hypervolaemia with haemodilution and
decrease in haematocrit is explained by a shift of intracellular
water to the extracellular space and increased fluid intake during
performance.42

The question of whether dehydration really occurs during an
ultra-endurance performance still remains. Studies of Ironman
and Triple Iron triathlons showed that athletes had a loss of
body mass without dehydration. Laursen et al found in their
field study with 10 Ironman triathletes that the significant
mean decrease of 2.3 (SD 1.2) kg (23.0 (SD 1.5)%) body mass
during the race was not related to urine specific gravity.16 Volk et
al examined, using bioelectrical impedance analysis, the hydra-
tion status in ultra-endurance triathletes during the Triple Iron
Germany 1999 in Lensahn.40 They compared their results of
bioelectrical impedance analysis with standard laboratory
testing (haematocrit, serum osmolality and serum concentra-
tion of sodium). During the cycling stage of the triathlon,
haematocrit increased, sodium concentration and plasma
volume decreased, and cycling in hot conditions caused a the
vectors in the bioelectrical impedance analysis to become
steeper and longer. In contrast, after running in the heat,
haematocrit decreased, plasma volume increased and the vectors
in the bioelectrical impedance analysis showed shortening and a
downwards slope to the baseline. After the race, only body mass
showed a significant decrease (2 kg). Haematocrit, sodium and
osmolality showed no significant changes. This group suggested
that there may have been involuntary dehydration during the
cycling because the athletes were alone at night, whereas during

the run, the support crew had more opportunity to keep the
athletes fed and hydrated, therefore, the study could not prove
dehydration during a Triple Iron triathlon.

CONCLUSION
A Triple Iron Triathlon within an average finish time of 45 h led
to a significant decrease in body mass and percentage body fat
in well-trained and very experienced ultra-triathletes, whereas
skeletal muscle mass remained stable. The loss of body mass
could be explained by the decrease in percentage body fat,
which was associated with race performance. Owing to the fact
that skin-fold thicknesses significantly decreased in the upper
body, it seems that adipose subcutaneous tissue was reduced
preferentially in this area.

Acknowledgements: For their help in translation, we thank M Knechtle, Lausanne,
Switzerland and M Miller, Stockton-on-Tees, Cleveland, UK, who was a member of an
ultra-endurance support crew.

Competing interests: None.

REFERENCES
1. Frykman PN, Harman EA, Opstad PK, et al. Effects of a 3-month endurance event on

physical performance and body composition: the G2 trans-Greenland expedition.
Wilderness Environ Med 2003;14:240–8.

2. Helge JW, Lundby C, Christensen DL, et al. Skiing across the Greenland icecap:
divergent effects on limb muscle adaptations and substrate oxidation. J Exp Biol
2003;206:1075–83.

3. Raschka C, Plath M. Body fat compartment and its relationship to food intake and
clinical chemical parameters during extreme endurance performance.
Schweiz Z Sportmed 1992;40:13–25.

4. Reynolds RD, Lickteig JA, Deuster PA, et al. Energy metabolism increases and
regional body fat decreases while regional muscle mass is spared in humans climbing
Mt. Everest. J Nutr 1999;129:1307–14.

5. Boschmann M, Rosenbaum M, Leibel RL, et al. Metabolic and hemodynamic
responses to exercise in subcutaneous adipose tissue and skeletal muscle. Int J Sport
Med 2002:23:537–43.

6. Romijn JA, Coyle EF, Sidossis LS, et al. Regulation of endogenous fat and
carbohydrate metabolism in relation to exercise intensity and duration. Am J Physiol
1993;265:E380–91.

7. Bircher S, Enggist A, Jehle T, et al. Effects of an extreme endurance race on energy
balance and body composition – a case study. J Sports Sci Med 2006;5:154–62.

8. Knechtle B, Enggist A, Jehle T. Energy turnover at the Race across America (RAAM)
– a case report. Int J Sports Med 2005;26:499–503.

9. Lehmann M, Huonker M, Dimeo F. Serum amino acid concentrations in nine athletes
before and after the 1993 Colmar Ultra Triathlon. Int J Sports Med 1995;16:155–9.

10. Nagel D, Seiler D, Franz H, et al. Effects of an ultra-long-distance (1000 km) race on
lipid metabolism. Eur J Appl Physiol 1989;59:16–20.

11. Knechtle B, Kohler G. Running 338 km within 5 days has no effect on body mass
and body fat but reduces skeletal muscle mass – the Isarrun 2006. J Sports Sci Med
2007;6:401–7.

12. Knechtle B, Fraire SO, Andonie JL, et al. Effect of a multistage ultra-endurance
triathlon on body composition: World Challenge Deca Iron Triathlon 2006. Br J Sports
Med 2008; 42:21–5.

13. Lee RC, Wang Z, Heo M, et al. Total-body skeletal muscle mass: development and
cross-validation of anthropometric prediction models. Am J Clin Nutr 2000;72:796–803.

14. Ball SD, Altena TS, Swan PD. Comparison of anthropometry to DXA: a new
prediction equation for men. Eur J Clin Nutr 2004;58:1525–31.

15. R Development Core Team. R: A language and environment for statistical
computing. Vienna, Austria: R Foundation for Statistical Computing, 2005. http://
www.R-project.org.

16. Laursen PB, Suriano R, Quod MJ, et al. Core temperature and hydration status
during an Ironman triathlon. Br J Sports Med 2006;40:320–5.

17. Sharwood K, Collins M, Goedecke J, et al. Weight changes, sodium levels, and
performance in the South African Ironman triathlon. Clin J Sport Med 2002;12:391–9.

18. Sharwood KA, Collins M, Goedecke JH, et al. Weight changes, medical
complications, and performance during an Ironman triathlon. Br J Sports Med
2004;38:718–24.

19. Speedy DB, Noakes TD, Kimber NE, et al. Fluid balance during and after an Ironman
triathlon. Clin J Sport Med 2001;11:44–50.

20. Speedy DB, Campbell R, Mulligan G, et al. Weight changes and serum sodium
concentrations after an ultradistance multisport triathlon. Clin J Sport Med
1997;7:100–3.

21. Raschka C, Plath M, Cerull R, et al. The body muscle compartment and its
relationship to food absorption and blood chemistry during an extreme endurance
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Dreifach-Triathlons. Schweiz Z Sportmed 1998;46:67–70.

42. Wells CL, Stern JR, Kohrt WM, et al. Fluid shifts with successive running and
bicycling performance. Med Sci Sports Exerc 1987;19:137–42.

Take advantage of BMJ Journals’ remarkable catalogue of titles with Related Collections

No busy professional has time to browse through all pertinent journals to find relevant articles, but with
Related Collections you no longer have to. Follow the ‘‘Related Collections’’ link from any article and use
the ‘‘Show Collections from other Journals’’ to expand your search across all BMJ Journals. Or simply
follow the ‘‘Browse by topic’’ link on the home page. By setting up your own collections and receiving
email alerts every time an article is added to your chosen area, you can build up your own significant
body of knowledge.

Original article

Br J Sports Med 2008;42:609–613. doi:10.1136/bjsm.2007.040956 613

 on 9 September 2008 bjsm.bmj.comDownloaded from 

http://bjsm.bmj.com

