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Summary.—Previous research concluded that Triple Iron ultra-triathletes were
close to runners in anthropometry. We assessed similarities in anthropometry be-
tween 64 Triple Iron triathletes who competed over 11.4 km swimming, 540 km
cycling, and 126 km running versus 95 100-km ultra-marathoners. Variables of an-
thropometry such as body mass, body height, length and circumferences of limbs,
skin-folds and body fat, and training such as volume and speed were compared
between ultra-triathletes and ultra-runners. The Triple Iron triathletes completed
their race distance within 2,811 min. (SD=379) and the 100-km ultra-marathoners
within 691 min. (SD =117). Triathletes were younger, had higher body mass, shorter
legs, higher circumference of upper arm and thigh, lower sum of skin-folds, and
lower percent body fat compared to runners. Weekly training volume was higher
for triathletes, and weekly hours in running and weekly kilometres in running were
higher for runners. In the Triple Iron ultra-triathletes, the sum of eight skin-folds
correlated to total race time. The circumference of upper arm, the sum of eight skin-
folds, and percent body fat correlated with time in the running section .42, .47, and
43, respectively. In the 100-km ultra-marathoners, the sum of eight skin-folds, the
skin-fold thickness of thigh, percent body fat, weekly running hours, and weekly
running kilometres correlated with race time .55, .40, .56, -.50, and -.51, respec-
tively. However, in the triathletes, none of these training variables was significantly
correlated with race time. In the ultra-marathoners, the sum of eight skin-folds,
the skin-fold thickness of thigh, percent body fat, weekly running kilometres, and
speed in running during training were related to race time (correlations of .55, .40,
-.28, and —.51, respectively). Overall, the ultra-triathletes were not similar to ultra-
runners in their anthropometric measures and training variables.

Ironman triathlons are ultra-endurance races in which athletes must
swim 3.8 km, cycle 180 km, and run 42.195 km. These races are of increas-
ing popularity since the number of participants to qualify for the Ironman

'Address correspondence to Beat Knechtle, M.D., Facharzt FMH fiir Allgemeinmedizin, Ge-
sundheitszentrum St. Gallen, Vadianstrasse 26, 9001 St. Gallen, Switzerland or e-mail (beat.
knechtle@hispeed.ch).

?The authors thank the crew of Triple Ultra-Triathlon Lensahn and 100-km Lauf Biel for their
generous support, and the athletes for their prompt response to data collection. For their
help in translation, we thank Mary Miller from Stockton-on-Tees, Cleveland, England.

DOI 10.2466/05.25.PMS.111.6.805-818 ISSN 0031-5125



806 B. KNECHTLE, ET AL.

Hawaii is growing (Lepers, 2008). Apart from the Ironman distance, there
are longer triathlons such as the Triple Iron triathlon in which athletes
have to complete three times the distance of an Ironman triathlon with
11.4 km swimming, 540 km cycling, and 126.6 km running. For more than
20 years, a growing number of athletes have been racing in these compe-
titions (Knechtle, Duff, Amtmann, & Kohler, 2007; Knechtle, Knechtle, &
Rosemann, 2009; Knechtle & Kohler, 2009; Knechtle, Knechtle, Rosemann,
& Senn, 2010).

Only a few studies using small samples have been published about
Triple Iron ultra-triathletes because seldom do more than 30 to 40 ath-
letes participate in and finish such a challenging race (Knechtle, Duff, Am-
tmann, ef al., 2007; Knechtle, Knechtle, et al., 2009; Knechtle & Kohler, 2009;
Knechtle, Knechtle, Rosemann, et al., 2010). In the last 25 years, the num-
ber of finishers per year increased from seven to 41 (Knechtle, Knechtle,
& Lepers, 2010). In a recent study of 29 Triple Iron ultra-triathletes, the
authors concluded these ultra-endurance athletes were close to runners
in the relationship between their anthropometry and race performance
(Knechtle, Knechtle, et al., 2009). For example, in samples of both, the sum
of eight skin-folds was related to total race time and speed in the run sec-
tion. This finding has been supported by two studies in which Triple Iron
ultra-triathletes’ running performance was related to their total race time
(Knechtle, Duff, Amtmann, ef al., 2007; Knechtle & Kohler, 2009).

Analyses of the association between anthropometric measures and
performance of runners have found several different anthropometric vari-
ables to be correlated to endurance-running performance, such as body
mass (Bale, Bradbury, & Colley, 1986; Knechtle, Duff, Welzel, & Kohler,
2009), body height (Bale, et al., 1986; Maldonado, Mujika, & Padilla, 2002;
Loftin, Sothern, Koss, Tuuri, Vanvrancken, Kontos, et al., 2007), body fat
(Hagan, Upton, Duncan, & Gettman, 1987), total skin-fold thickness (Bale,
et al., 1986), skin-fold thicknesses of the lower limb such as the thigh and
calf skin-fold (Arrese & Ostariz, 2006; Knechtle & Rosemann, 2009), the
length of leg (Tanaka & Matsuura, 1982; Larsen, Christensen, Nolan, &
Sendergaard, 2004), and the circumferences of limbs such as thigh, calf,
and upper arm (Lucia, Esteve-Lanao, Olivan, Gomez-Gallego, San Juan,
Santiago, et al., 2006; Knechtle, Knechtle, Schulze, & Kohler, 2008; Knech-
tle, Duff, Welzel, & Kohler, 2009).

As would be expected, characteristics of training such as volume and
intensity of training also are associated with performance in runners up
to marathon distance. Scrimgeour, Noakes, Adams, and Myburgh (1986)
found that runners training for more than 100 km per week have signifi-
cantly faster race times over 10 to 90 km than athletes covering less than
100 km. Bale, et al. (1986) reported for 60 male runners that elite runners
with a higher training frequency, higher weekly training volume, and
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longer running experience had better 10-km performance. Considering
the training volume of triathletes, Ironman triathletes typically complete
around 9 km swimming, 270 km cycling, and 58 km running per week
(Gulbin & Gaffney, 1999). Interestingly, Triple Iron ultra-triathletes train
similarly, completing around 8.5 km swimming, 250 km cycling, and 60
km running per week (Knechtle, Knechtle, Rosemann, et al., 2010).

Intensity in running is also of importance. Billat, Demarle, Slawinski,
Paiva, and Koralsztein (2001) reported top class marathon runners trained
for more total kilometres per week and at a higher velocity than runners
performing at a lower level. When training of runners was analysed in de-
tail, several parameters such as number of workout days, total number of
workouts, total kilometres, mean kilometres per workout, longest mileage
covered per training session, total training minutes, maximum kilometres
of running per week, mean kilometres per week, and mean kilometres per
day, were associated with faster marathon times (Hagan, Smith, & Gett-
man, 1981; Hagan, et al., 1987; Yeung, Yeung, & Wong, 2001).

Based on these findings, specific associations between training and
pre-race anthropometry in these two kinds of ultra-endurance athletes
would be expected. Training of specific muscle groups such as lower body
for runners and upper body for swimmers may lead to muscle hypertro-
phy and a difference in limb circumferences. Ultra-runners, who strictly
use their legs and not their arms during training, may show lower rela-
tions between their upper arm circumference and their race time than tri-
athletes do, who train swimming and use their upper body in one of their
three race disciplines. The ultra-runners may therefore show an associa-
tion between their upper leg circumference and their race time. Since tri-
athletes have two of their three disciplines where the body is supported
(by water, by a bike), they may have higher body fat than ultra runners,
whose bodies are never supported except by their legs. However, these
potential relationships may be washed out in Triple Iron triathletes due to
the long race distances.

In the present investigation, anthropometric measures and training of
Triple Iron ultra-triathletes were compared with those for 100-km ultra-
runners, based on the suggestion that Triple Iron ultra-triathletes and ul-
tra-runners would have similarities in anthropometry (Knechtle, Knechtle,
et al., 2009). It was hypothesized that anthropometric measures and per-
formance of runners, measures of body mass, body height, body fat, to-
tal skin-fold thickness, skin-fold thickness of the lower limb such as thigh
and calf skin-fold, length of leg, and circumferences of limbs such as thigh,
calf, and upper arm circumference would not differ for male Triple Iron
ultra-triathletes and male ultra-runners. Further, these variables would be
associated with race performance by both groups of athletes and training
for running should not differ between ultra-triathletes and ultra-runners.
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METHOD

Participants

To increase the sample size, data were collected from the same race
course for two consecutive years from Triple Iron ultra-triathletes in the
Triple Ultra-Triathlon Lensahn in Germany in 2007 and 2008, and for three
consecutive years from ultra-runners at the 100-km Lauf Biel in Switzer-
land from 2007 to 2009. All entrants in these races were contacted via a
separate newsletter from the organizer at the time they signed up for the
race and informed about the investigation. Since women account for only
8 to 10% of the ultra-triathlon starters (Knechtle, Knechtle, & Lepers, 2010),
we restricted the sample to male athletes. The athletes were informed of
the procedures and gave their informed consent prior to the investiga-
tion, which had been approved by the Institutional Review Board for use
of Human Subjects of St. Gallen, Switzerland. In the Triple Ultra-Triathlon
Lensahn, a total of 88 male athletes started in these two races, 74 partici-
pated in the investigation, and 64 finished the race successfully. In the 100-
km Lauf Biel, about 2,000 male athletes participated each year; a total of
101 volunteered to participate in this investigation, and 95 completed the
run within the time limit. For those athletes who competed in the same
races for several years, we only included their first participation in order
to avoid multiple participation of the same athlete. No athlete competed
in both races. Age, anthropometric measures, and training for both the tri-
athletes and runners are presented in Table 1.

The Races

From 27 to 29 July 2007 and 25 to 27 July 2008, the Triple Ultra-Triath-
lon Lensahn was held in Lensahn, Schleswig-Holstein, Germany. The race
covered a total distance of 11.6 km swimming, 540 km cycling, and 126.6
km running. The 100-km Lauf Biel in Biel, Berne, Switzerland, takes place
every year during the night from Friday to Saturday of the first weekend
in June.
Measurements and Calculations

Before the start of the race, body mass, body height, the thickness of
eight skin-folds (pectoralis, axillar, triceps, subscapular, abdomen, suprail-
iac, thigh, and calf), percent body fat, the length of the right leg, and the
circumferences of limbs (upper arm, thigh, and calf) were measured. Body
mass (kg) was assessed using a commercial scale (Beurer BF 15, Beurer,
Ulm Germany) to the nearest 0.1 kg. Body height (m) was measured using
a stadiometer to the nearest 1.0 cm. Percent body fat (%) was calculated us-
ing the following anthropometric formula where percent body fat=0.465
+0.180(X7SF) - 0.0002406(X7SF)?+0.0661(age) and X7SF =sum of skin-fold
thickness of pectoralis, axillar, triceps, subscapular, abdomen, suprailiac,
and thigh mean, according to Ball, Altena, and Swan (2004). This formula
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TABLE 1

MEANS AND STANDARD DEVIATIONS FOR AGE AND ANTHROPOMETRIC AND TRAINING
VariaBLES OF TRIPLE IRON ULTRA-TRIATHLETES AND 100-kM ULTRA-RUNNERS

Variable Triple Iron Ultra- ~ 100-km Ultra-runners
triathletes (1=64) (n=95)

M SD M SD
Age, yr. 39.8% 8.3 44.5 9.9
Body mass, kg 77.8* 8.2 74.3 9.1
Body height, m 1.78 0.06 1.78 0.06
Length of right leg, cm 85.5% 3.3 86.9 4.0
Circumference of right upper arm, cm 30.5% 22 29.5 2.3
Circumference of right thigh, cm 55.9% 3.6 54.5 3.1
Circumference of right calf, cm 39.0 2.4 38.5 2.4
Sum of eight skin-folds, mm 77.9* 24.8 85.5 32.7
Skin-fold thickness of thigh, mm 11.2 5.0 114 5.3
Skin-fold thickness of calf, mm 7.3 25 6.1 3.0
Percent body fat, % 14.5% 3.4 16.0 4.2
Weekly training volume, hr. 19.3* 8.8 72 2.8
Weekly hours of running in training 5.8% 2.1 72 2.8
Weekly kilometres of running in training 60.7* 21.6 732 28.6
Speed in run training, km/hr. 10.5 1.5 10.7 1.6
Weekly hours of swimming in training 3.1 1.8
Weekly kilometres of swimming in training 8.4 45
Speed in swim training, km/hr. 2.8 0.6
Weekly hours of cycling in training 10.3 5.8
Weekly kilometres of cycling in training 278 139
Speed in cycle training, km/hr. 27.9 4.2

*p<.05.

was evaluated using 160 men age 18 to 62 years and cross-validated using
Dual Energy X-ray Absorptiometry (DXA). The mean differences between
DXA percent body fat and the calculated percent body fat ranged from
3.0 to 3.2%. Correlations were significant (p<.01) and high (r>.90) for the
anthropometric prediction equations with DXA. Skin-fold data were ob-
tained using a skin-fold calliper (GPM-Hautfaltenmessgerat, Siber & Heg-
ner, Zurich, Switzerland) and recorded to the nearest 0.2 mm. The skin-
fold measurements were taken once for the entire eight skin-folds and
then were repeated twice more by the same investigator; the mean of the
three times was then used for the analyses. The timing of the taking of the
skin-fold measurements was standardised to ensure reliability. Accord-
ing to Becque, Katch, and Moffatt (1986), readings were performed 4 sec.
after applying the calliper. One trained investigator took all the skin-fold
measurements as intertester variability is a major source of error in skin-
fold measurements. An intratester reliability check was conducted on 27
male and 11 female runners prior to testing. Intra-class correlation (ICC)
within the two judges was excellent for both men and women for all ana-
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tomical measurement sites (ICC>.90; Knechtle, Joleska, Wirth, Knechtle,
Rosemann, & Senn, 2010).

Circumferences of limbs and length of the right leg were measured
using a nonelastic tape measure (cm; KaWe CE, Kirchner und Welhelm,
Germany). Circumference of the upper arm was measured in the middle
of the right upper arm (between acromion and olecranon) to the nearest 0.1
cm; circumference of the front thigh at the same point at which skin-fold
thickness of the right thigh was measured (20 cm above the upper margin
of the patella), and circumference of the calf at the maximum circumfer-
ence of the right calf. The length of the right leg was measured between
trochanter major and malleolus lateralis.

From the time of entering the race the athletes were instructed to keep
a comprehensive training diary recording their training units to show the
distance (km), duration (hr.), and speed (km/hr.) for each training session
up to the start of the race. The Triple Iron ultra-triathletes also recorded
these measures for running, swimming, and cycling training sessions. The
mean duration of the diaries was about 3 mo.

Statistical Analyses

The Shapiro-Wilks test was used to check normality of distributions.
Data are presented as mean and standard deviation. Race time was also
expressed as a percent of the World records for both the Triple Iron ultra-
triathletes and the 100-km ultra-runners in order to better compare perfor-
mances between the different disciplines and race times. Since the course
in Biel was not flat, race time for the 100-km ultra-runners was also ex-
pressed as a percent of the course record. The athletes were categorised as
two groups (Triple Iron ultra-triathletes and 100-km ultra-runners). The
variables of anthropometry and training were compared between these
two groups using the Mann-Whitney U-test. Pearson correlations for race
time with both anthropometric and training variables were calculated.
Given the multiple tests, Bonferroni correction was applied for n=21 vari-
ables (p<.003).

REsurts

The Triple Iron ultra-triathletes finished the 11.6-km swim, 540-km
bike, and 126.6-km run within 47:19 hr..min. or 2,811 min. (SD=397), re-
spectively. This equalled 147% (SD=19) of the World record of 31:47
hr:min., held by Luis Wildpanner (Triple Iron Lensahn, 2003). Time in the
swim section was related to total race time (r=.27, p=.033); times in the
bike section (r=.84, p<.0001) and run section (r=.93, p<.0001) were also
significantly associated with total race time. The 100-km ultra-runners
completed the race within 11:39 hr.min., 691 min. (SD=117). This was
equal to 185% (SD=31) of the World record of 6:13 hr.:min. set by Takahi-
ro Sunada (Lake Saroma, 1998) and 174% (SD =29) of the course record of
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6:37 hr.:min. held by Peter Camenzind (1996). The percentage of race time
of the Triple Iron ultra-triathletes was significantly faster (p<.001) than
performance expressed both as percent of the World record and percent
of the course record for the 100-km ultra-runners.

Table 1 shows age, anthropometric measures, and training data for
the two groups. The Triple Iron ultra-triathletes were significantly young-
er, had greater mean body mass, shorter legs, a larger mean circumfer-
ence of upper arm and thigh, a lower sum of eight skin-folds, and a lower
body-fat percent than the ultra-runners. Body mass and percent body fat
were related in both the triathletes (r=.40, p=.001) and the runners (r=.29,
p=.005). The Triple Iron ultra-triathletes were investing more total train-
ing hours per week than the 100-km ultra-runners. Ultra-runners, howev-
er, were investing more hours and kilometres in running during training
than the ultra-triathletes. Running speed in training was not different be-
tween the two groups.

For the Triple Iron ultra-triathletes, the sum of eight skin-folds was re-
lated to total race time (see Table 2). The circumference of upper arm, the
sum of eight skin-folds, and percent body fat were associated with time in
the run section. None of the training variables correlated to race time. In

TABLE 2
CORRELATIONS OF ANTHROPOMETRIC MEASURES AND TRAINING VARIABLES
For UrtrRA-TRIATHLETES AND ULTRA-RUNNERS WiTH ToTAL RACE TIME
AND SPLIT TIMES IN THE SUB-DISCIPLINES FOR ULTRA-TRIATHLETES

Variable Triple Iron 100-km
Ultra-triathletes Ultra-
runners

Total Time Time Time Total

Race For For For Race

Time  Swim Bike Run Time
Age -.05 -.10 ~.03 -.04 15
Body mass .26 -.03 .01 35 18
Body height .10 -.02 =11 14 07
Length of right leg 12 -.06 -.07 07 .09
Circumference of right upper arm 31 =12 15 42% 25
Circumference of right thigh A3 -.04 =01 18 14
Circumference of right calf .10 .05 01 21 -.07
Sum of eight skin-folds 38 14 .30 A7* 5b%
Skin-fold thickness of thigh .18 -03 A1 27 .40*
Skin-fold thickness of calf .30 27 22 34 27
Percent body fat 35 A1 28 A3* .56*
Training volume in hours per week =15 =11 -24 =10 -.28
Hours of running per week in training =18 =17 =.50%
Kilometres of running per week in training ~ -.21 -9 -.51*
Speed in running during training 23 =17 15

*p<.001; Bonferroni corrected to p<.003 for 21 variables.
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Fic. 1. Scatter plots for circumference of the upper arm versus speed in swim training
for the 64 Triple Iron ultra-triathletes (r=-.28, p=.024; 95%CI=-.49, —.04)
the 100-km ultra-marathoners, the sum of eight skin-folds, the skin-fold
thickness of thigh, percent body fat, weekly running in kilometres, and
weekly running kilometres were associated with race time.

For the ultra-triathletes, the circumference of the upper arm was cor-
related with speed in swim training (cf. scatter plots in Fig. 1); the circum-
ference of thigh was associated with speed in cycle training (cf. scatter
plots in Fig. 2). Circumference of upper arm was significantly and posi-
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F16.2. Scatter plots for circumference of the thigh versus speed in cycle training for the
64 Triple Iron ultra-triathletes (r=-.43, p=.0003; 95%CI=-.61, —.21).
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in the 95 ultra-runners (r=-.25, p=.02; 95%CI=-.43, -.05)

tively related to both body mass (r=.75, p<.0001) and percent body fat
(r=.40, p=.0012); circumference of thigh correlated also with both body
mass (r=.68, p<.0001) and percent body fat (r=.48, p<.0001). For the ul-
tra-runners, the circumference of upper arm was related to mean weekly
running hours (cf. scatter plots in Fig. 3) and kilometres (cf. scatter plots
in Fig. 4). Percent body fat was associated with speed in cycle training for
the ultra-triathletes (r=-.40, p=.0011). In the ultra-runners, however, per-

Circumference of Upper Arm (cm)

384

364

32

304

28

264

o o o

® oo

°

24

0 50

100

150

Weekly Running Kilometres

200

Fic. 4. Scatter plots for circumference of the upper arm versus weekly running kilome-

tres in the 95 ultra-runners (r=-.26, p=.01; 95%CI=-.44, —.06)



814 B. KNECHTLE, ET AL.

cent body fat was related to running hours (r=-.31, p=.003), running kilo-
metres (r=-.40, p<.001), and running speed in training (r=-.43, p<.0001).

Discussion

Ultra-runners train and compete in one single discipline and use only
their legs. So running training may lead to muscle hypertrophy of the legs
and therefore circumference of the upper leg may be related to race time.
In contrast, ultra-triathletes need training and competing in three disci-
plines, where swimming may lead to muscle hypertrophy of the arms
which may be associated with race time in the swim split.

Based on recent reports of association of anthropometric measures
and performance of runners, it was hypothesized that body mass, body
height, body fat, total skin-fold thickness, skin-fold thickness of the low-
er limb such as thigh and calf skin-fold, length of leg, and circumferenc-
es of limbs such as thigh, calf, and upper arm would show no differences
between groups of Triple Iron ultra-triathletes and 100-km ultra-runners,
and also that these variables would be positively related to total race time
for both kinds of athletes. In contrast to this broad hypothesis, only body
height, circumference of calf, and thigh and calf skin-fold thicknesses were
not different for the two groups. Also, only the sum of eight skin-folds was
associated with race time for both the two groups.

A possible explanation for these findings might lie in performance
by the athletes. The first hypothesis was based upon recent findings for
Triple Iron ultra-triathletes, i.e., the sum of eight skin-folds was associat-
ed with running speed in the run section (Knechtle, Knechtle, ¢t al., 2009),
so the anthropometric measures were hypothesized to be similar to those
of the ultra-runners. However, it is difficult to compare the performance
of Triple Iron ultra-triathletes competing in three different skills over ap-
proximately 48 hr. with the performance of 100-km ultra-runners finish-
ing their race in approximately 12 hr. However, when the individual race
times were expressed as a percentage of the World record, the ultra-run-
ners performed around 40% slower than the ultra-triathletes. One expla-
nation could be the older age of the ultra-runners. However, age was not
associated with race time for either group.

Association of Anthropometric Characteristics With Performance in Ultra-
endurance Athletes

In several studies of runners, an association between both selected
skin-fold thicknesses and the sum of skin-fold thicknesses and race per-
formance was observed (Bale, et al., 1986; Legaz & Eston, 2005; Legaz Ar-
rese, Gonzalez Badillo, & Serrano Ostariz, 2005; Arrese & Ostériz, 2006;
Knechtle & Rosemann, 2009). In ultra-runners, however, no association of
the sum of skin-fold thicknesses with race performance had been report-
ed. For ultra-runners in multistage ultra-runs, the mean skin-fold thick-
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ness (Knechtle, Knechtle, Schulze, et al., 2008) and the sum of skin-folds
(Knechtle, Duff, Welzel, et al., 2009) were not related to performance. A
single skin-fold thickness such as the calf skin-fold was, however, relat-
ed to race performance for multi-stage ultra-runners (Knechtle & Rose-
mann, 2009), as was also reported for runners over 10 km (Arrese & Os-
tariz, 2006), for whom both the sum of eight skin-folds and thigh skin-fold
thickness were related to race time.

Evidence suggests that ultra-triathletes are closer to ultra-cyclists
than are ultra-runners on their anthropometric and training measures. A
comparison of height, weight, and percent body fat of [ronman triathletes
with the data of elite athletes from swimming, cycling, and running, sug-
gested the typical physique of triathletes was most similar to that of cy-
clists rather than swimmers or runners (O'Toole, Hiller, Crosby, & Doug-
las, 1987). Further, the circumferences of upper arm and thigh were larger
for the ultra-triathletes than for the ultra-runners and both circumferences
were related to intensity of training in swimming and cycling, respective-
ly. For the ultra-runners, their smaller upper arm circumference was relat-
ed to running volume, but not to intensity of training.

Association of Limb Circumferences With Performance In Ultra-endurance
Athletes

The circumference of the upper arm was related to split time in the
run for the Triple Iron ultra-triathletes. In two studies of ultra-runners,
upper arm circumference was related to performance (Knechtle, Knech-
tle, et al., 2008; Knechtle, Duff, Welzel, et al., 2009). Upper arm circumfer-
ence was smaller for ultra-runners than for ultra-triathletes and there was
a significant and positive association of the upper arm circumference with
the split time in the run for the ultra-triathletes. However, upper arm cir-
cumference showed no association with total race time for both the ultra-
triathletes and the ultra-runners. The distance of the run in a Triple Iron
triathlon is 126.6 km. One may assume that circumference of upper arm
is likely related to performance in running distances of more than 100 km
(Knechtle, Knechtle, et al., 2008; Knechtle, Duff, Welzel, et al., 2009).

Another finding in the ultra-triathletes was that circumference of up-
per arm was significantly and negatively related to speed in swim train-
ing and circumference of thigh was significantly and negatively associat-
ed with speed in cycle training. Correlation analyses do not prove cause
and effect, and the limb circumferences were not related to race time in
the ultra-triathletes. Since circumferences of upper arm and thigh were
higher in the ultra-triathletes than in the runners, the significant and nega-
tive association of limb circumferences with intensity and volume in train-
ing was probably not due to training but rather a specific anthropometric
characteristic of these subjects since both upper arm and thigh circumfer-
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ences were associated with both body mass and percent body fat. Lower
limb circumferences might, however, enhance training at high intensity.

Association of Training Characteristics With Performance in Ultra-endurance
Athletes

Although the sum of eight skin-folds was related to race time in both
the Triple Iron ultra-triathletes and 100-km ultra-runners, training vari-
ables might also be important as previously described for runners (Hagan,
et al., 1981; Bale, et al., 1986; Scrimgeour, et al., 1986; Hagan, et al., 1987; Bil-
lat, et al., 2001; Yeung, et al., 2001). In the Triple Iron ultra-triathletes, how-
ever, no variable of running training was related to race time, but both
weekly running kilometres and weekly running hours were related to race
time for the 100-km ultra-marathoners. We found a significant and posi-
tive association between percent body fat and speed in cycling training
for ultra-triathletes, and running hours, running kilometres, and running
speed in training for ultra-runners. One might assume that training leads
to reduced body fat since Legaz and Eston (2005) could show that intense
running training led to decreased skin-fold thickness. However, correla-
tion analysis does not prove cause and effect and the reduced body fat
could also be due to diet, and as an effect of the lower body fat with low-
er body mass, athletes were able to train faster. In Triple Iron triathletes, a
certain amount of body fat seems to be essential. In such a race, body fat
decreased highly significantly and the decrease in body fat was related
to race time (Knechtle, Schwanke, Knechtle, & Kohler, 2008). Additional
body fat may allow competing faster, it provides an energy reservoir, and
buffers any lapses in nutrition and caloric intake, which can become abso-
lutely critical during these extremely long and difficult endurance races.
Limitations

This investigation is limited in that many of the variables included in
the analyses were contained in other variables, leading to multicollinear-
ity. We tried to solve this problem by applying Bonferroni correction. Age
was different in the two groups; however, age was not related to perfor-
mance. In future studies, the groups should be matched by age. A further
limitation is that athletes competing in three disciplines were compared
to athletes performing in only one discipline. Furthermore, the race times
were considerably longer for the ultra-triathletes than for the ultra-run-
ners. We attempted to solve this problem by introducing a normalization,
calculating race times as the percent performance of the World record.
However, the ultra-runners were approximately 40% slower than the ul-
tra-triathletes.

Conclusions
One may conclude the anthropometric measures of ultra-triathletes
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were not close to those of 100-km ultra-runners, although the Triple Iron
ultra-triathletes have to run the distance of 126.6 km at the end of their
race. Presumably, Triple Iron ultra-triathletes are closer to ultra-cyclists
which suggests comparison of measures of ultra-triathletes with those of
ultra-cyclists. In future studies, age and performance of ultra-endurance
athletes must be matched.
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