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Abstract

The aim of this study was to investigate whether the characteristics of anthropometry, training or
previous performance were related to an Ironman race time in recreational female Ironman triathletes.
These characteristics were correlated to an Ironman race time for 53 recreational female triathletes in
order to determine the predictor variables, and so be able to predict an Ironman race time for future
novice triathletes.  In the bi-variate analysis, no anthropometric characteristic was related to race time.
The weekly cycling kilometers (r = -0.35) and hours (r = -0.32), as well as the personal best time in an
Olympic distance triathlon (r = 0.49) and in a marathon (r = 0.74) were related to an Ironman race time
(P < 0.05).  Stepwise multiple regressions showed that both the personal best time in an Olympic distance
triathlon (P = 0.0453) and in a marathon (P = 0.0030) were the best predictors for the Ironman race time
(n = 28, r2 = 0.53).  The race time in an Ironman triathlon might be partially predicted by the following
equation (r2 = 0.53, n = 28): Race time (min) = 186.3 + 1.595 × (personal best time in an Olympic distance
triathlon, min) + 1.318 × (personal best time in a marathon, min) for recreational female Ironman
triathletes.
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Introduction

Ironman triathlons covering the distances of
3.8 km swimming, 180 km cycling and 42.2 km runn-
ing are increasing in popularity.  Every year, tens of
thousands of athletes participate in these races in
order to qualify for the Ironman World Championship
in Hawaii (22, 23).  Triathletes need to train in three
different disciplines in preparation for such a race
because finishing exerts such an enormous physical
effort.  The question is which of these characteristics

of anthropometry, physiology, training, previous
experience or psychology, were the most important
for adequate race preparation.

In recent years, several studies have tried to
determine the predictor variables for an Ironman race
time, especially for male Ironman triathletes.  Percent
body fat (14, 15), the sum of upper body skin-fold
thicknesses (13), the personal best time in both an
Olympic distance triathlon (8, 17) and a marathon (17)
were related to an Ironman race time for male Ironman
triathletes.  In a recent study of male Ironman triathletes,
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running speed during training, a personal best time in a
marathon and a personal best time in an Olympic dis-
tance triathlon were related to the Ironman race time.
These three variables explained 64% of the variance
in the Ironman race time (17).  In another study, the
previous best performance in an Olympic distance
triathlon, coupled with the weekly cycling distances
and the longest training ride, could partially predict an
overall Ironman race performance when both male and
female Ironman triathletes were included (8).

For female Ironman triathletes, however, there
is limited data regarding predictor variables for an
Ironman race time.  Leake and Carter (21) reported
that training parameters were more important than
anthropometric measurements in the prediction of
performance for 16 female triathletes.  In studies in-
vestigating small samples of recreational female
Ironman triathletes, weekly training hours (14, 15),
personal best times in an Ironman triathlon (14, 18),
personal best times in a marathon (18), and personal
best times in an Olympic distance triathlon (18) were
related to an Ironman race time.

The aim of this present study was to investigate,
in a larger sample of recreational female Ironman
triathletes, which of the basic variables of anthro-
pometry, training or previous performance was related
to an Ironman race time.  It was an intention of this
investigation to create an equation for predicting an
Ironman race time for novice recreational female
Ironman triathletes using basic measurements any
athlete or coach could determine without the need for
highly sophisticated equipment.

Materials and Methods

Subjects

A cross-sectional, observational field study was
performed at the ‘IRONMAN SWITZERLAND’.
Since female participation in Ironman races is rather
low (14, 15, 18), data from four consecutive years
from 2007 to 2010 were collected in order to increase
the sample size to have enough statistical power.  The
organizer of the ‘IRONMAN SWITZERLAND’
contacted all the female athletes via a newsletter three
months before each race and asked them to participate
in this investigation.  A total of 59 non-professional
female Ironman triathletes volunteered to participate
in our investigation over this four year period.  Each
subject was included only upon the first participation
in the race.  The study was approved by the Institutional
Review Board for the use of Human subjects of the
Canton of St. Gallen, Switzerland.  The athletes were
informed of the procedures and gave their informed
written consent.  Fifty-three athletes out of our study
group finished the race successfully within the time

limit of 16 h.  Six triathletes had to give up during the
run because of medical complications such as exhaus-
tion and overuse injuries of the lower limbs.

The Race

In the ‘IRONMAN SWITZERLAND’ the ath-
letes have to swim two 1.9 km laps in Lake Zurich,
cycle two 90 km laps, and then run four 10.5 km laps.
In the cycling section, the highest point of ascent
from Zurich (400 m above sea level) is the ‘Forch’
(700 m above sea level), while the run course is com-
pletely flat in the City of Zurich.

Measurements

Before the start of the race body mass, body
height, the lengths of the arm and the leg, the circum-
ferences of the limbs (upper arm, thigh, and calf), and
the thicknesses of skin-folds at eight sites (pectoralis,
axillar, triceps, subscapular, abdomen, suprailiac,
thigh, and calf) were measured on the right side of the
body.  Body mass was measured using a commercial
scale (Beurer BF 15, Beurer, Ulm, Germany) to the
nearest 0.1 kg.  Body height was measured using a
stadiometer to the nearest 1.0 cm.  The circumferences
and lengths of limbs were measured using a nonelastic
tape measure (cm) (KaWe CE, Kirchner und Welhelm,
Germany) to the nearest 0.1 cm.  The length of the
arm was measured from acromion to the end of pha-
lanx distalis of the third finger, the length of leg from
trochanter major to the middle of malleolus lateralis.
The circumference of the upper arm was measured
at mid-upper arm, the circumference of the thigh
was taken at mid-thigh and the circumference of the
calf was measured at mid-calf.  The skin-fold data
were obtained using a skin-fold caliper (GPM-
Hautfaltenmessgerät, Siber & Hegner, Zurich,
Switzerland) and recorded to the nearest 0.2 mm.
The skin-fold measurements were taken once for all
eight skin-folds and then the procedure was repeated
twice more and the mean of the three measurements
was used for the analyses.  The timing of the taking
of the skin-fold measurements was standardized to
ensure reliability.  According to Becque et al. (2)
the readings were performed 4 s after applying the
caliper.  One trained investigator took all the skin-
fold measurements as inter-tester variability is a major
source of error in skin-fold measurements.  An intra-
tester reliability check was conducted on 11 female
runners prior to testing.  Intra-class correlation (ICC)
was excellent for each of the two judges for all the
anatomical measurement sites (ICC > 0.9).  Agree-
ment tended to be better individually than between
the measurers, but still reached excellent reliability
(ICC > 0.9) for the summary measurements of the
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skin-fold thicknesses (11).  Percent body fat was cal-
culated using the following anthropometric formula
for women: Percent body fat = –6.40665 + 0.41946 ×
(Σ3SF) – 0.00126 × (Σ3SF)2 + 0.12515 × (hip) +
0.06473 × (age), according to Ball et al. (1) where
Σ3SF means the sum of three skin-folds (triceps,
suprailiacal and thigh) and hip means the circum-
ference of the hip in cm.  The circumference of the
hip was determined at the level of the trochanter
major to the nearest 0.1 cm.

Upon inscription to the investigation, each athlete
was asked to maintain a comprehensive training diary,
recording each endurance training session and showing
both the distance and duration in each discipline, since
training volume is important for endurance athletes
(27).  The athletes received an EXCEL-sheet to record
each training session.  Speed per unit was calculated
using kilometres and time per training unit.  The ath-
letes also recorded their personal best time in both an

Olympic distance triathlon and in a marathon.  The
personal best times were defined as the best time ever
achieved over these distances, independent of the
course or any environmental factors.

Statistical Analysis

Normally distributed data are presented as
means ± standard deviations (SD).  A potential asso-
ciation between the characteristics of anthropometry,
training and previous performance was investigated
using Pearson correlation analysis.  Stepwise multiple
regression analysis was then used to determine the
best variables correlated with the Ironman race time.
The significant variables were used to create an
equation for predicting an Ironman race time.  A
power calculation was performed according to
Gatsonis and Sampson (7).  To achieve a power of
80% (two-sided Type I error of 5%) to detect a

Table 1.  Age and anthropometric characteristics and bivariate association with the Ironman race time (n = 53)

Pearson r

Age (years) 37.0 ± 6.7 0.23
Body height (m) 1.67 ± 0.06 -0.17
Body mass (kg) 59.9 ± 5.9 0.05
Body mass index (kg/m2) 21.3 ± 1.6 0.25
Length of leg (cm) 82.8 ± 5.3 -0.19
Length of arm (cm) 74.4 ± 3.6 -0.15
Circumference of upper arm (cm) 26.4 ± 1.5 0.16
Circumference of thigh (cm) 53.1 ± 2.9 0.15
Circumference of calf (cm) 36.0 ± 2.1 0.12
Percent body fat (%) 23.8 ± 5.7 0.10

Table 2. Training characteristics and pre race experience of the subjects and bivariate association with the
Ironman race time (n = 53)

Pearson r

Weekly training hours (h)   14.1 ± 3.5 -0.20
Weekly kilometers swimming (km)     6.2 ± 2.7 -0.14
Weekly hours swimming (h)     2.8 ± 1.1  0.12
Speed during swimming (km/h)     2.8 ± 0.6 -0.25
Weekly kilometers cycling (km) 196.6 ± 83.5 -0.35, P = 0.0150
Weekly hours cycling (h)     7.4 ± 2.5 -0.32, P = 0.0201
Speed during cycling (km/h)   26.0 ± 3.6 -0.10
Weekly kilometers running (km)   41.0 ± 10.7 -0.06
Weekly hours running (h)     4.1 ± 1.0  0.03
Speed during running (km/h)   10.7 ± 1.4 -0.24
Personal best time Olympic distance triathlon (min) (n = 41) 152.5 ± 15.3 0.49, P = 0.0013
Personal best time in a marathon (min) (n = 36) 230.7 ± 26.1 0.74, P < 0.0001

P-value is inserted in case of a significant association.  Significance level was set at P < 0.05.
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Table 3.  Multiple linear regression analysis with race time as the dependent variable (n = 28)

ß SE P

Mean weekly cycling kilometers 0.21 0.23 0.35
Mean weekly cycling hours -7.09 7.58 0.35
Personal best time in an Olympic distance triathlon 2.99 0.71 0.0453
Personal best time in a marathon 1.07 0.35 0.0030

The coefficient of determination (r2) of the model was 53%.  Significance level was set at P < 0.05.

Fig. 1. The personal best time in an Olympic distance triathlon
was significantly and positively related to the Ironman
race time (n = 41) (r = 0.49, P = 0.0013).

Fig. 2. The personal best time in a marathon correlated signifi-
cantly and positively to the Ironman race time (n = 36)
(r = 0.74, P < 0.0001).

minimal association between race time and anthro-
pometric characteristics of 20% (i.e. coefficient of
determination r2 = 0.2) a sample of 40 participants
was required.  Bland-Altman analysis was used to
determine absolute limits of agreement between
predicted and effective race time.  A level of 0.05 was
used to indicate significance.

Results

The 53 athletes completed the race within 751 ±
89 min.  In the bi-variate analysis, none of the anthro-
pometric characteristics were related to the Ironman
race time (Table 1).  Considering the characteristics
of training and previous performance, the mean weekly
cycling kilometers, the mean weekly cycling hours
and the personal best time in both an Olympic distance
triathlon and a marathon were related to the Ironman
race time after bivariate analysis (Table 2).  Stepwise
multiple regressions showed that the personal best
time in both the Olympic distance triathlon (Fig. 1)
and in the marathon (Fig. 2) were the best predictor

variables for an Ironman race time when corrected
with all significant variables after bivariate analysis
(Table 3).  The personal best marathon time was
significantly and positively related to the run split
time in the Ironman race (r = 0.57, P < 0.0001).
The race time in an Ironman triathlon might be par-
tially predicted by the following equation for recrea-
tional female Ironman (r2 = 0.52, n = 28): Race
time (min) = 186.3 + 1.595 × (personal best time in an
Olympic distance triathlon, min) + 1.318 × (personal
best time in a marathon, min).  The predicted Ironman
race time was 725 ± 51 min and correlated highly sig-
nificantly to the achieved Ironman race time (Fig. 3).
Fig. 4 shows the level of agreement using Bland-
Altman method (Bias = -93.5 ± 93.5 min) between the
effective and the predicted race time.  Intra class
correlation (ICC) between effective and predicted
Ironman race time was 0.70.

Discussion

The aim of this study was to investigate which
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of the basic variables of physical characteristics,
training or previous performance were related to an
Ironman race time for recreational female triathletes
in order to create an equation for predicting an Ironman
race time for future novice female Ironman triathletes.
After multi-variate analysis, both the personal best
times in an Olympic distance triathlon and in a
marathon were related to the Ironman race time;
anthropometric and training characteristics, however,
were not.

The association of a personal best time in a
marathon and in an Olympic distance triathlon with
the Ironman race time showed highly significant
correlation coefficients after bi-variate analysis and
remained the single predictor variables after multi-
variate analysis.  This specific finding, that a personal
best time in a race shorter than the actual race is a
predictor variable for race time has been reported for
male Ironman triathletes (8, 17), female Ironman
triathletes (18), and male ultra-endurance runners
(12, 16).  Gulbin and Gaffney (8) described that pre-
vious best performances in Olympic distance triathlons
coupled with weekly cycling distances and longest
training rides could partially predict an Ironman race
time when investigating both male and female Ironman
triathletes in the same sample.  For male Ironman
triathletes (17), speed in running during training,
together with a personal best time in a marathon and
an Olympic distance triathlon, were related to the
Ironman race time.  These three variables explained
64% of the variance in the Ironman race time (17).  In
male ultra-runners during a 24-hour run, only the

personal best marathon time was related to race
performance, not anthropometry or training (16).  In
multi-stage mountain ultra-marathoners, again the
personal best marathon time was related to total race
time (12).

Since Leake and Carter (21) reported that train-
ing parameters were more important than anthropo-
metric measurements in the prediction of performance
for 16 female triathletes, we also investigated a po-
tential association between training characteristics
and the Ironman race time.  O’Toole (24) and Gulbin
and Gaffney (8) concluded that distances in training
were more important than intensity, whereas Hendy
and Boyer (9) described the opposite.  In the bi-
variate analysis, the weekly cycling kilometers (r =
-0.35) and the weekly cycling hours (r = -0.32) were
related to an Ironman race time in these female
triathletes.  However, neither the volume in kilometres
nor the speed in training was found to be associated
with the Ironman race time when corrected for the
variables of anthropometry and previous performance.
These disparate findings might be explained by the
different distances and genders.  Gulbin and Gaffney
(8) found, in their 242 lower level Ironman triathletes
of 230 male and 12 female athletes, that weekly cy-
cling distances were related to an Ironman race time.
However, they did not include anthropometric
measurements in their considerations as was con-
sidered in this investigation.  Furthermore, they had
more male than female athletes in their sample.

For male triathletes, body fat was an important
predictor variable for race time over both the Olympic
(19, 28) and Ironman (14, 15) distances.  In contrast
to these studies, no association between anthro-

Fig. 4. Bland-Altman plots comparing predicted with effective
race time.Fig. 3. The predicted Ironman race time correlated significantly

to the achieved Ironman race time (n = 28) (r = 0.73, P <
0.0001).
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pometric characteristics and the Ironman race was
found for these recreational female Ironman triathletes,
as has already been described in studies using smaller
samples of recreational female Ironman triathletes
(14, 15, 18).  This might be due to gender or the longer
distance involved compared with the Olympic
distance.  Laurenson et al. (20) concluded that no
ideal or unique anthropometric profile could be
established for female triathletes competing over the
Olympic distance.  Also for female marathoners,
body fat percentage did not correlate with the finish
time (3).  The present findings now confirm that
anthropometric characteristics were not able to predict
an Ironman race time for female Ironman triathletes.

The personal best time in an Olympic triathlon
will be influenced by a wide range of physiological,
psychological and behavioural factors.  The inclusion
of a personal best time in the Olympic distance as
a predictive variable in the multi-variate analyses
can identify the influence of additional factors which
may include the difficulty in defining the concept of
‘pre- race experience’.  In future studies, recreational
female Ironman triathletes should be compared with
recreational female marathoners in order to find
similarities or differences between these two groups
of athletes.

This study is limited because of the rather small
number of subjects.  However, Gulbin and Gaffney
(8) had in their study of 242 Ironman triathletes a total
of 230 male and only 12 female athletes.  This study
is also limited as nutritional intake was not assessed.
It is very likely that race nutrition will influence
overall race time in Ironman events (10).  The problem
of fluid intake and, especially, exercise-associated
hyponatremia might have an influence on race time
(29, 30).  In further studies, nutrition should also be
considered.  The determination of physiological
characteristics such as maximum oxygen uptake or
lactate threshold would be useful (4, 25).  In addition,
the determination of muscle fiber composition would
give more physiological insights (6).  Apart from the
variables of physiology, anthropometry, training and
previous experience, the aspect of motivation might
also considerably influence an Ironman race outcome
(26, 31).  This data analysis is also limited since en-
vironmental conditions were not included.  Environ-
mental factors might influence race performance (5,
32).  It has been shown that marathon performance
progressively slows when the temperature increases
from 5°C to 25°C (5).  Furthermore, the time between
the personal best times and the Ironman race might be
very different for each athlete and therefore influence
this association.

To summarize, the present findings suggest that
a previous performance in marathon running and
Olympic distance triathlons is of greater importance

than anthropometric or training characteristics in
recreational female Ironman triathletes.  Race time
in an Ironman triathlon might be predicted by the
following equation (r2 = 0.52, n = 28): Race time
(min) = 186.3 + 1.595 × (personal best time in an
Olympic distance triathlon, min) + 1.318 × (personal
best time in a marathon, min) for recreational female
Ironman triathletes.  Further studies examining the
physiological and psychological characteristics of
Ironman triathletes are required to better understand
the determinants of an Ironman triathlon performance.
The inclusion of physiological variables might in-
crease the coefficient of correlation for the equation
to predict an Ironman race time.
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