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Objective: This narrative review summarizes recent intentions to find potential predictor vari-

ables for ultra-triathlon race performance (ie, triathlon races longer than the Ironman distance 

covering 3.8 km swimming, 180 km cycling, and 42.195 km running). Results from studies on 

ultra-triathletes were compared to results on studies on Ironman triathletes.

Methods: A literature search was performed in PubMed using the terms “ultra”, “triathlon”, and 

“performance” for the aspects of “ultra-triathlon”, and “Ironman”, “triathlon”, and “performance” 

for the aspects of “Ironman triathlon”. All resulting papers were searched for related citations. 

Results for ultra-triathlons were compared to results for Ironman-distance triathlons to find 

potential differences.

Results: Athletes competing in Ironman and ultra-triathlon differed in anthropometric and 

training characteristics, where both Ironmen and ultra-triathletes profited from low body fat, 

but ultra-triathletes relied more on training volume, whereas speed during training was related 

to Ironman race time. The most important predictive variables for a fast race time in an ultra-

triathlon from Double Iron (ie, 7.6 km swimming, 360 km cycling, and 84.4 km running) and 

longer were male sex, low body fat, age of 35–40 years, extensive previous experience, a fast 

time in cycling and running but not in swimming, and origins in Central Europe.

Conclusion: Any athlete intending to compete in an ultra-triathlon should be aware that low 

body fat and high training volumes are highly predictive for overall race time. Little is known 

about the physiological characteristics of these athletes and about female ultra-triathletes. 

Future studies need to investigate anthropometric and training characteristics of female ultra-

triathletes and what motivates women to compete in these races. Future studies need to correlate 

physiological characteristics such as maximum oxygen uptake (VO
2max

) with ultra-triathlon 

race performance in order to investigate whether these characteristics are also predictive for 

ultra-triathlon race performance.
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Introduction
On February 18, 1978, a group of 15 athletes started for the first time in history at the 

shores of Waikiki, Hawaii, USA, in a multi-sports event covering 3.8 km swimming, 

180 km cycling and 42.195 km running.1 The intention of this combination of three 

single races was to find the best endurance athlete. In 1981, the race moved from the 

shores of Waikiki to the lava fields of Kona on the Big Island of Hawaii to become the 

“Ironman Hawaii” and the World Championship in Ironman triathlon.2 The Ironman 

Hawaii is now among the 12 toughest sports events in the world.3

However, in 1985, athletes expanded the classical Ironman triathlon distance 

to twice the Ironman distance equal to 7.6 km swimming, 360 km cycling, and 
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Table 1 Race distances in ultra-triathlon competitions

Race distance ×-times 
Ironman

Swimming 
distance 
(km)

Cycling 
distance 
(km)

Running 
distance 
(km)

Double Iron 2× 7.6 360 84.4
Triple Iron 3× 11.4 540 126.6
Quadruple Iron 4× 15.2 720 168.8
Quintuple Iron 5× 19 900 211
Deca Iron 10× 38 1,800 422
Double Deca Iron 20× 76 3,600 844
Triple Deca Iron 30× 114 5,400 1,266

Notes: The full distance of Double Deca Iron ultra-triathlon was officially held in 
1998, 2010, and 2012 in Monterrey, Mexico. The Triple Deca Iron ultra-triathlon 
was held in 2013 in Italy as a multi-stage race with 30 Ironman triathlons in 30 days. 
The full distance of Triple Deca Iron ultra-triathlon is planned for the end of 2015 
in Monterrey, Mexico.

Table 2 The first editions and the first women and men to finish 
the distances

First race First man to  
finish

First woman to 
finish

1985 Double Iron in  
Huntsville (USA)

Wiseman (USA)  
in 25:35 h:min

1986 Montgomery 
(USA) in 33:54 h:min

1988 Triple Iron in  
Le Fontanil (FRA)

Wiseman (USA)  
in 39:38 h:min

1989 Andonie (MEX) 
in 51:53 h:min

1989 Quadruple Iron  
in Den Haag (NED)

Feijen (NED) in  
58:10 h:min

1991 Andonie (MEX) 
in 72:37 h:min

1991Quintuple Iron  
in Den Haag (NED)

Feijen (NED) in  
77:11 h:min

1991 Andonie (MEX) 
in 100:15 h:min

1992 Deca Iron in  
Monterrey (MEX)

Feijen (NED) in  
213:41 h:min

1992 Andonie (MEX) 
in 249:14 h:min

1998 Double Deca  
in Monterrey (MEX)

Urbonas (LIT)  
in 437:21 h:min

1998 Andonie (MEX) 
in 643:01 h:min

Note: Data from http://www.iutasport.com.6

Abbreviations: h, hours; min, minutes; NED, the Netherlands; FRA, France; 
LIT, Lithuania; MEX, Mexico; USA, United States of America.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

150

Knechtle et al

84.4 km running.4 In 1988, the classical Ironman distance 

tripled for the first time to the Triple Iron ultra-triathlon dis-

tance (ie, 11.4 km swimming, 540 km cycling, and 126.6 km 

running).4 Over the years, the race distances became longer, 

and in 1998, the first Double Deca Iron ultra-triathlon cover-

ing 76 km swimming, 3,600 km cycling, and 844 km running 

was held (Table 1). The trend for the longer distances moved 

markedly and rapidly between 1985 and 1992 to expand from 

the Double Iron to the Deca Iron ultra-triathlon distance 

within 7 years (Table 2). It took then another 6 years for the 

first Double Deca Iron ultra-triathlon to be run. Very recently, 

for the first time in history, a Triple Deca Iron ultra-triathlon 

was held in the autumn of 2013.5 However, this race was not 

held as a non-stop race, but as a multi-stage triathlon where 

the athletes completed an Ironman distance triathlon daily 

for 30 consecutive days.5

The first women to compete in a Double to a Quadruple 

Iron ultra-triathlon entered the races ∼1–2 years later than 

the first men (Table 2). However, from Quintuple to Double 

Deca Iron ultra-triathlon, the first women ever competed with 

the first men ever when the first events were held (Table 2). 

Indeed, the Dutchman Martin Feijen and the Mexican Silvia 

Andonie were the pioneers in the distances from the Qua-

druple to the Deca Iron ultra-triathlon.6

The shorter ultra-triathlons (ie, the Double and Triple 

Iron ultra-triathlons) are of higher popularity than the longer 

distances (ie, distances longer than the Quintuple Iron ultra-

triathlon). To date, more than 90% of all competitors started 

in a Double or a Triple Iron ultra-triathlon, most probably 

due to the higher offer in the shorter ultra-distance races.4 

For men, the world records in Double Iron and Quintuple 

Iron ultra-triathlon were set in recent years (Table 3); 

however, the world records for the longer distances in the 

Deca and Double Deca Iron ultra-triathlons could stand for 

many years. For women, all world records were set in the 

mid-1990s (Table 3).6

In this review, we try to find potential predictive variables 

for a fast race time in an ultra-triathlon race from Double 

Iron ultra-triathlon and longer, where most studies were per-

formed with athletes competing in Double Iron, Triple Iron, 

and Deca Iron ultra-triathlons. Since the classical Ironman 

distance triathlon was the base for the longer ultra-triathlon 

distances, we compared results of studies investigating Iron-

man triathlons to studies investigating ultra-triathlon race 

distances. A literature search was performed with the data 

base PubMed (http://www.ncbi.nlm.nih.gov/pubmed/) using 

the terms “ultra” and “triathlon” for the aspects of “ultra-

triathlon”, “Ironman”, and “triathlon” for the aspects of “Iron-

man triathlon”. All resulting papers were searched for related 

citations. Results for ultra-triathlons were compared to results 

for Ironman-distance triathlons to find potential differences. 

Studies investigating highly sophisticated laboratory results 

involving use of enzymes, hormones, and gene analyses with 

little practical relevance were not considered for this practical 

approach of potential predictor variables.

Predictor variables for ultra-
triathlon race distances
The main intention of this review is to describe potential 

predictor variables each athlete might be able to determine 

without great effort such as costly laboratory measurements. 

Although ultra-triathlon races have been held up to distances 

of the Double Deca Iron ultra-triathlon (76 km, 3,600 km 

cycling, and 844 km running) and the Triple Deca Iron ultra-

triathlon distance (114 km swimming, 5,400 km cycling, and 

1,266 km running), most studies investigating ultra-triathletes 
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Table 3 World records in ultra-triathlon

Distance Men Women

Athlete Race time 
(h:min)

Year and race Athlete Race time 
(h:min)

Year and race

Double Iron Brennwald (SUI) 19:50 2011 Neulengbach (AUT) Bischoff (USA) 22:07 1994 Huntsville (USA)
Triple Iron Wildpanner (AUT) 31:47 2003 Lensahn (GER) Benöhr (GER) 37:54 1996 Lensahn (GER)
Quadruple  
Iron

Hojbjerre (DEN) 53:41 1993 Székesfehérvár (HUN) Benöhr (GER) 59:15 1993 Székesfehérvár (HUN)

Quintuple  
Iron

Conraux (FRA) 73:18 2005 Monterrey (MEX) Benöhr (GER) 86:44 1994 Den Haag (NED)

Deca Iron Lucas (FRA) 192:98 1997 Monterrey (MEX) Andonie (MEX) 249:14 1992 Monterrey (MEX)
Double  
Deca Iron

Urbonas (LIT) 437:21 1998 Monterrey (MEX) Andonie (MEX) 643:01 1998 Monterrey (MEX)

Note: Data from http://www.iutasport.com.6

Abbreviations: h, hours; min, minutes; AUT, Austria; DEN, Denmark; FRA, France; GER, Germany; HUN, Hungary; LIT, Lithuania; MEX, Mexico; NED, Netherlands; SUI, 
Switzerland; USA, United States of America.

Table 4 Comparison of female and male performances in the 
Double Iron marathon

Women (min) Men (min) Difference (min)

Overall race time 1,834±261 1,716±243 118±18
Swimming 163±31 156±63 8±32
Cycling 923±126 852±196 71±70
Running 739±150 710±145 30±5

Abbreviation: min, minutes.
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were performed with athletes competing in shorter race 

distances such as Double Iron and Triple Iron ultra-triathlon. 

In some instances, case studies were also performed. Basi-

cally, most studies investigating Ironman and ultra-triathletes 

were case or field studies.

Sex as a predictor
For both Ironman triathlons and ultra-triathlons, female 

participation is low at ∼10%. Women account for ∼8%–10% 

of ultra-triathlon competitors in Double Iron to Deca Iron 

ultra-triathlons.7,8 When the participation trends of triath-

letes competing since 1978 in “Ironman Hawaii” and ultra-

triathlons up to the Double Deca Iron ultra-triathlon distance 

were investigated, women accounted for ∼12% of the total 

field, and their percentage was highest in the shortest race 

distance Ironman Hawaii (22.1%) and lowest in the Deca 

Iron ultra-triathlon (6.5%).8

Generally, men were faster than women in ultra-

triathlons,8–12 and with increasing race length, the best women 

became slower compared to the best men.7 There are differ-

ences in the sex difference between the Ironman and longer 

triathlon races. When data from 20,638 athletes including 

5,163 women and 15,475 men competing in Ironman Hawaii 

and from 143 women and 1,252 men competing in Double 

Iron ultra-triathlon races held worldwide between 1999 and 

2011 were analyzed, the sex difference in performance of the 

top three athletes remained unchanged in Ironman Hawaii for 

overall race time. For Double Iron ultra-triathletes, the sex dif-

ference for the annual top three finishers remained unchanged 

for overall race time. The sex differences increased as the 

endurance race distances increased and showed no changes 

between 1999 and 2011.11 However, when a longer time 

frame was considered for Ironman Hawaii, the sex difference 

showed changes across years.13,14 Athletes competing between 

1983 and 2012 in Ironman Hawaii improved their swimming 

(only men), cycling, running, and overall race times. The sex 

difference decreased across years for overall race time and 

running, but not for swimming and cycling.14

The sex difference seemed to increase with increasing 

race distance. Considering the different race distances, 

men were ∼19% faster than women in Double and Triple 

Iron ultra-triathlons and ∼30% faster in Deca Iron ultra-

triathlons.7 When the fastest men ever were compared to the 

fastest women ever competing between 1978 and 2013 in 

races from Ironman Hawaii to the Double Deca Iron ultra-

triathlon, the fastest men were faster than the fastest women 

for split and overall race times, with the exception of the 

swimming split in the Quintuple Iron ultra-triathlon distance.9 

When the performances of Double Iron ultra-triathletes 

competing between 1985 and 2012 were investigated, men 

were faster than women, men improved overall race times, 

split times in cycling and running, and the sex differences 

remained unchanged across years for overall race time and 

split times.12 Men were faster for overall race time (∼7%), 

swimming (∼5%), cycling (∼8%), and running (∼4%) 

(Table 4). When the performance of the annual three fastest 

women and men was compared, the annual three fastest men 

improved race time across years from 1,650 minutes (in 1985) 

to 1,333 minutes (in 2012).12 However, for women, overall 
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Table 5 Differences and similarities in predictor variables between Ironman triathletes and ultra-triathletes competing in races longer 
than the classical Ironman distance

Ironman triathlon References Ultra-triathlon References

Age 35.1±3.6 years (men) 26 38.5±3.3 years (men in Triple Iron) 14

34.4±4.4 years (women) 26 41.3±3.1 years (men in Deca Iron) 14

32.2±1.5 years (men) 21 48.0±3.0 years (men in Ultraman Hawaii) 10

33.0±1.6 years (women) 21 49.0±2.0 years (women in Ultraman Hawaii) 10
Nationality United States of America  

(women and men)
75 Europe, especially Central Europe  

(women and men)
37,38

Anthropometry Body mass and BMI (men) 48,56
Percent body fat (men) 45,48,50,56 Percent body fat (men in Triple Iron) 56
Sum of skinfolds (men) 48,50,56 Sum of skinfolds (men) 54,56,70
Circumference of limbs (men) 56

Training Speed in swimming, cycling,  
and running training (men)

56 Weekly hours and kilometres in cycling  
and running (men)

56

Abbreviation: BMI, body mass index.
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race times remained unchanged at 1,593 minutes with an 

unchanged sex difference of ∼27%. In swimming, the split 

times for the annual three fastest women (148 minutes) and 

men (127 minutes) remained unchanged, with an unchanged 

sex difference of ∼27%. In cycling, the annual three fastest 

men improved split times from 826 minutes (in 1985) to 

666 min (in 2012). For women, however, the cycling split 

times remained unchanged at 844 minutes with an unchanged 

sex difference of ∼25%. In running, the annual three fastest 

men improved from 649 minutes (in 1985) to 532 minutes 

(in 2012). For women, however, the running split times 

remained unchanged at 657 minutes, with a stable sex dif-

ference of ∼32%.12Although women reduced the sex differ-

ence in Ironman triathlons across years, the sex difference in 

longer triathlon distances from Double to Double Deca Iron 

ultra-triathlons remained unchanged or increased.8,9 With 

increasing length of the race distance from Ironman to Double 

Deca Iron ultra-triathlons, the sex difference increased in 

swimming, running, and overall race time, but not in cycling.9 

When the performance of the annual three fastest women and 

men competing in Ironman Hawaii and in Double Iron ultra-

triathlon races held between 1999 and 2011 was compared, 

the sex difference in performance remained unchanged for 

overall race time in both race distances.11 Furthermore, the 

sex differences increased as the race distances increased and 

showed no changes over time.11 Similar findings have been 

reported for Triple Iron ultra-triathletes competing from 1988 

to 2011.15 Overall race time decreased across years for men, 

while it increased for women across years. The sex differ-

ence in overall race time increased for winners from 10% 

(in 1992) to 42% (in 2011).15 However, there seems to be a 

difference in sex difference between races held as non-stop 

ultra-triathlons and races held as multi-stage ultra-triathlons. 

In “Ultraman Hawaii”, a multi-stage ultra-triathlon covering 

a total distance of 515 km in 3 days, the sex difference in 

overall race time decreased between 1983 and 2012 from 

24.3% to 11.5%.10

It seems very unlikely that female top performers will ever 

outperform male top performers in ultra-triathlons.8,9,11 Physi-

ological (eg, maximum oxygen uptake) and anthropometric 

characteristics (eg, skeletal muscle mass) may set biological 

limits for women compared to men. Women have a lower 

maximum oxygen uptake (VO
2max

) and smaller hearts which 

cannot pump as much blood per unit of time.16,17

Age as a predictor
Age seems an important predictor variable in both Ironman18–23 

and ultra-triathletes.10,24 Both Ironman triathlon10,23,25 and ultra-

triathlon performance24 seem to be a domain of master ath-

letes. Ultra-triathletes can achieve their best overall race times 

during a considerably long lifespan of three decades, from the 

ages of 25–55 years.24 When male Triple and Deca Iron ultra-

triathletes were compared, the mean age of successful finish-

ers was higher in Deca Iron ultra-triathletes (∼41.3 years) 

compared to Triple Iron ultra-triathletes (∼38.5 years).24 The 

best Triple Iron ultra-triathletes were around three years older 

than the best Ironman triathletes. Ironman triathletes were 

younger compared to ultra-triathletes (Table 5). Depending 

upon the race, the level of the athletes and sample size of the 

investigated athletes, the age of the best Ironman triathletes 

is between 32–33 years21 to 34–35 years.25

Similarly to Ironman triathletes, where the age of the fast-

est finishers in Ironman Hawaii increased over the years,25 in 

ultra-triathletes an increase in the age of the best athletes over 

the years could also be found. In Ultraman Hawaii, the age of 

the annual winners has increased in the last ∼30 years from 
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28 years in age in 1983 to 47 years in age in 2012 for men, 

while it remained stable at 32±6 years for women.10 Consid-

ering the annual top three finishers in Ultraman Hawaii, the 

age of the fastest men increased from ∼33 years (in 2001) 

to ∼48 years (in 2012) and from ∼29 years (in 2001) to ∼49 

years (in 2012) in the fastest women.10

Anthropometric characteristics
Elite triathletes are generally tall, of average to light weight, 

and have low levels of body fat.27,28 Several studies inves-

tigated the changes in body composition during an ultra-

triathlon and potential associations between anthropometric 

characteristics with split and overall race times.29–33

Competing in an ultra-triathlon leads to considerable 

changes in body composition such as a decrease in body 

mass,34 fat mass,29–33 and skeletal muscle mass,33 whereas lean 

body mass increased.29 The increase in lean body mass is most 

probably due to an increase in total body water,31 while the 

decrease in total body mass is associated with the decrease in 

skeletal muscle mass and fat mass.34 It has been assumed that 

Triple Iron ultra-triathletes do not dehydrate since their total 

body water and urinary specific gravity showed no changes.34 

Similarly, becoming an Ironman triathlon leads to a decrease 

in body mass,35–40 where both fat mass and lean body mass 

decrease during the race.41 However, differences seem to 

exist between women and men. While body mass decreased 

in male Ironman triathletes,39,41 it remained unchanged in 

female athletes.42

Most probably, the body’s own stores are needed as fuel 

during the race. For example, competing in a Triple Iron 

ultra-triathlon leads to a decrease in body mass, body fat, and 

skinfold thicknesses, whereas skeletal muscle mass seemed 

to be unchanged.30 However, in another study investigating 

Triple Iron ultra-triathletes, skeletal muscle mass became 

reduced.33 The loss in body mass correlated to the loss in 

body fat, and the decrease in body fat was related to overall 

race time in Triple Iron ultra-triathletes.30 In a Deca Iron 

ultra-triathlon held during 10 days with a daily Ironman 

triathlon distance, a significant decrease of body mass and 

body fat occurred at the end of the first day.32 In contrast 

to these decreases, protein mass, mineral mass, total body 

water, intracellular water, and lean body mass increased. At 

the end of the 10 days, the athletes lost 3 kg of body fat.32 

There seem to be differences regarding body mass changes 

between athletes in the Ironman and the ultra-triathlon. 

Participating in an Ironman triathlon leads to a considerable 

energy deficit,36,43,44 which seems to be covered by a decrease 

in muscle glycogen.36,41 In ultra-triathlon competition, the 

energy deficit is most probably covered by a reduction in adi-

pose subcutaneous tissue.30–32 For Triple Iron ultra-triathletes, 

the decrease in percent body fat was inversely associated 

with race time.30 However, no study investigated a potential 

relationship between energy deficit and race performance for 

both Ironmen and ultra-triathletes.

In contrast to male Ironman triathletes where body fat 

seems to be the most important anthropometric predictor 

variable,45–51 anthropometric characteristics seemed not 

highly predictive for ultra-triathlon performance.33,52,53 There 

might be differences between shorter (ie, Triple Iron ultra-

triathlon) and longer (ie, Deca Iron ultra-triathlon) races 

for anthropometric characteristics as potential predictor 

variables.52–55 In male Triple Iron ultra-triathletes, anthro-

pometric characteristics such as body mass, body height, 

skin-fold thicknesses, circumferences of extremities, body 

mass index, percent skeletal muscle mass, and percent body 

fat were not related to overall race times.53 In larger samples 

of male Triple Iron ultra-triathletes, however, anthropometric 

characteristics, such as the sum of eight skinfolds, corre-

lated to overall race times.54 The circumferences of upper 

arm, the sums of eight skinfolds, the sums of upper body 

skinfolds, and percent body fat correlated to running split 

times.54,55 For longer race distances, again anthropometric 

characteristics seemed not predictive.52 In male Deca Iron 

ultra-triathletes, body height, length of legs, body mass, 

body mass index, percent skeletal muscle mass, percent 

body fat, average skinfold thicknesses, and the circumfer-

ences of the thigh, calf, or upper arm were not correlated to 

overall race times.52

Athletes competing in an Ironman distance triathlon dif-

fer in terms of anthropometric characteristics compared to 

athletes competing in an ultra-triathlon such as the Triple Iron 

ultra-triathlon.56 Triple Iron ultra-triathletes were smaller, 

had shorter limbs, a higher body mass index, and larger 

limb circumferences than Ironman triathletes.56 However, 

anthropometric characteristics are of similar importance in 

Ironman triathletes compared to ultra-triathlon regarding their 

association with race times (Table 5). When male Ironman 

and Triple Iron ultra-triathletes were compared, percent body 

fat, the sum of skinfolds, and circumference of the upper arm 

were related to race times in Triple Iron ultra-triathlons.56 For 

Ironman triathletes, body mass, body mass index, circumfer-

ences of limbs (ie, upper arm, thigh, and calf), percent body 

fat, and the sum of skinfolds were related.48,50,56 Lower body 

mass, lower body mass index, lower body fat, and both lower 

circumferences of upper arm and thigh were also associated 

with a faster run split.48
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In Ironman triathletes, the impact of the somatotype was 

the most distinguished on the run discipline and had a much 

greater impact on overall race time than the quantitative 

training effort.57 However, anthropometric characteristics 

were differently related to Ironman race times for women and 

men where percent body fat was predictive for male Iron-

man triathletes, but not for female athletes.58 Although body 

mass decreased during an Ironman triathlon, the change in 

body mass was not related to performance.38,40 Interestingly, 

a decrease in body mass enhanced performance in marathon-

ers59 and ultra-marathoners.60–62

Previous experience
For male ultra-triathletes competing in longer race distances 

(ie, the Deca Iron ultra-triathlon) previous experience (ie, 

competing in ultra-triathlons of shorter distances) seemed 

to be an important predictor variable.29,63 In male Deca Iron 

ultra-triathletes, overall race times were related to both the 

number of finished Triple Iron triathlons and the personal best 

times in a Triple Iron triathlon.29 When male athletes who 

had finished a Double Iron, a Triple Iron, and a Deca Iron 

ultra-triathlon were identified, the performances in Double 

and Triple Iron ultra-triathlons were significantly correlated 

to Deca Iron ultra-triathlon performances for swimming and 

cycling, but not for running.63 However, also for male Triple 

Iron ultra-triathletes, previous experience was important. 

Personal best times in an Ironman triathlon and in a Triple 

Iron triathlon were positively and highly significantly related 

to overall race times.53

Similar f indings have been reported for Ironman 

triathletes. For female and male Ironman triathletes, the 

personal best time in an Olympic-distance triathlon and in a 

marathon were the best predictors for Ironman race time.64,65 

For male Ironman triathletes, speed in running during train-

ing, personal best marathon time, and personal best time in 

an Olympic-distance triathlon were related to the Ironman 

race time.66 A study investigating all competitors in the 1995 

“Ironman Lanzarote” showed that previous best performances 

in Olympic-distance triathlons coupled with weekly cycling 

distances and that longest training ride could partially predict 

overall Ironman race time.67 In addition, for both female and 

male Ironman triathletes, the previous personal best time in 

an Ironman triathlon was an important predictor variable for 

Ironman race time.58

Performance in split disciplines
The athlete’s performance in the split disciplines contributes 

differentially to overall race times.53,63 When Double, Triple, 

and Deca Iron ultra-triathlon times were compared, the 

contribution of swimming split times to overall ultra-triathlon 

race times was lower than for cycling and running split times. 

Running performance was more important to overall race 

time for Double and Triple Iron ultra-triathlons compared to 

Deca Iron ultra-triathlons.63 In Triple Iron ultra-triathletes, 

a significant correlation was observed between overall race 

times and both running and cycling split times. In contrast, 

no significant correlation was shown between swimming split 

times and overall race times.53 Performance in the swim split 

might be influenced by wearing a wetsuit.68 However, wearing 

a wetsuit is prohibited in Ironman Hawaii.2

Training
Effective cycling and running training is of importance for 

performance in triathlon races.69 However, training char-

acteristics are different between Ironman triathletes and 

ultra-triathletes.55,56,70 Furthermore, the training variables 

are differently related between Ironmen and ultra-triathletes 

(Table 5). For example, Triple Iron ultra-triathletes trained for 

more hours and covered more kilometers per week compared 

to Ironman triathletes, but speed in running during training 

was slower compared to the Ironman triathletes.56 For Triple 

Iron ultra-triathletes, weekly training volume and weekly 

kilometers in both cycling and running were related to race 

time. For Ironman triathletes, however, speed in swimming, 

cycling, and running training was associated with overall 

race time.56 In Ironman triathletes, training variables seemed 

differently predictive between women and men. Weekly 

training volume was related to total race time in men, but 

not in women.58

Pacing
Pacing during both an Ironman and an ultra-triathlon seems 

predictive for overall race time.5,29,71–73 Pacing during a 

multi-stage ultra-triathlon such as Deca Iron ultra-triathlon 

seemed highly predictive.29 In a Deca Iron ultra-triathlon 

held for 10 days, the daily time for each Ironman distance 

triathlon increased during the race (ie, positive pacing) where 

day 1 was the fastest (762 minutes) and day 10 the slowest 

(943 minutes).29 This finding could be confirmed for a dif-

ferent sample in male Deca Iron ultra-triathletes.5 However, 

male Triple Deca Iron ultra-triathletes competing for 30 days 

with a daily Ironman were able to maintain their performance 

(ie, even pacing).5 Additionally, a male triathlete competing 

during 33 days and finishing an Ironman distance triathlon 

daily was able to maintain his performance in cycling, run-

ning, and overall race times, where only swimming split times 
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and transition times 1 (ie, between swimming and cycling) 

and 2 (ie, between cycling and running) became slower.71 In 

the Triple Deca Iron ultra-triathletes5 and the single athlete 

finishing 33 Ironman triathlons,71 previous experience seemed 

an important predictor variable to be able to maintain race 

pace over 30 days and longer.72 Pacing during an Ironman 

seemed to be different compared to an ultra-triathlon. In 

athletes competing in Ironman Hawaii, bike and run pacing 

on downhill segments were predictive for overall race time.74 

Furthermore, the intensity during swimming is inversely cor-

related with performance in cycling and running in Ironman 

triathletes.35

Origin and nationality
Ironman Hawaii has been dominated since its beginning by 

US triathletes.75 When all finishers between 1985 and 2012 

were considered, most of the finishers originated from the 

US (47.5%), followed by athletes from Germany (11.7%), 

Japan (7.9%), Australia (6.7%), Canada (5.2%), Switzerland 

(2.9%), France (2.3%), Great Britain (2.0%), New Zealand 

(1.9%), and Austria (1.5%).75 Additionally, US athletes were 

the fastest in Ironman Hawaii. When the ten fastest race times 

ever were considered, the fastest women originated from 

the US (546±7 minutes), followed by women from Great 

Britain (555±15 minutes) and Switzerland (558±8 minutes). 

In men, the fastest f inishers originated from the US 

(494±7 minutes), Germany (496±6 minutes), and Australia 

(497±5 minutes).75

Although Americans invented Ironman Hawaii1 and ultra-

triathlons longer than the Ironman distance,4 European ath-

letes dominate ultra-triathlons nowadays.76,77 Between 1985 

and 2011, the number of participants increased significantly 

in Double Iron ultra-triathlons for both sexes and in Triple 

Iron ultra-triathlons for men.4 Considering all races held 

worldwide between 1985 and 2011, 56.7% of all races were 

held in Europe and 37.4% in North America.4 Europeans were 

not only the most numerous participants, but also the fastest 

finishers. Europeans comprised 80% of all competitors and 

won most of the races.4

When we consider the Double Iron ultra-triathlon as 

the most popular ultra-triathlon distance,4 the number of 

European triathletes increased between 1985 and 2011 for 

both women and men. The number of the North American 

triathletes increased for women, but not for men.77 Apart 

from the increase in participation, European Double Iron 

ultra-triathletes were also among the fastest.76,77 When the 

Double Iron ultra-triathlons held between 1985 and 2010 

were investigated, most of the winners originated from 

Europe (72 victories), followed by North American athletes 

(17 victories). Race time for the European ultra-triathletes 

was 1,340±95.3 minutes, and this time decreased highly 

significantly over the years. North American ultra-triathletes  

finished within 1,556±124.5 minutes, and their race times 

showed no changes over the years. Race times of European 

athletes were highly signif icantly faster compared to 

race times of North American athletes.77 It seemed that 

athletes from Central Europe were the best Double Iron 

ultra-triathletes.38 Hungarian triathletes showed a significant 

improvement in both overall race times and in cycling split 

times, Swiss triathletes improved both their swim and run 

times, and French triathletes improved their swim times 

between 1985 and 2011.77

Considering Triple Iron ultra-triathlons, the participation 

of male Triple Iron ultra-triathletes increased between 1988 

and 2011, while the participation of women remained stable 

at ∼8% of the total field.78 Out of the 1,258 participants, 1,077 

athletes (85.6%) originated from Europe. The number of male 

European and male North American athletes increased over 

the years. European men were faster than both European 

women and North American men. Male European athletes 

improved their race time over the years, while European 

women had impaired overall race times.78

The most likely explanation for the European dominance 

in ultra-triathlons is their higher participation in each race.76–78 

In the Double Iron ultra-triathlons, Europeans account 

for ∼80% of the finishers and won ∼80% of the races.4 

Similarly, for Ironman Hawaii, US triathletes represented the 

highest number of participants and achieved the fastest race 

times.75 In both Ironman and ultra-triathlons, participation 

rates may correlate with performance.

Other influences on performance  
in Ironman and ultra-triathlons
Apart from studies investigating associations with potential 

predictor variables with race times, other aspects need to be 

addressed to explain the demands for athletes competing in 

these races.7–69

Nutritional aspects
For Ironman triathletes, carbohydrate depletion and dehydration 

are likely causes of fatigue, and exercise-associated hypona-

tremia has been highlighted as a major concern during such 

races.79 Dehydration and electrolyte balance are important fac-

tors in race completion and level of performance. Dehydration 

is the most common reason for a triathlete to withdraw or 

fail to finish in the Ironman Hawaii, and exercise-associated 
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hyponatremia is the predominant electrolyte disturbance.80 

Several studies investigated fluid40,81–90 and energy 43,44,90 intake 

in Ironman triathlons and ultra-triathlons.

Considering fluid metabolism, an ultra-endurance exer-

cise such as an Ironman or an ultra-triathlon can lead to 

exercise-associated hyponatremia,86,88,91 caused mainly by 

fluid overload86 due to excessive drinking.83,91 Interestingly, 

the prevalence of exercise-associated hyponatremia was 

higher in ultra-triathletes (ie, Triple Iron ultra-triathletes)82 

compared to reports for Ironman triathletes.83,84 The best 

action to maintain plasma sodium concentration in Ironman 

triathletes is ad libitum fluid intake.92 In both female and male 

Ironman triathletes, the changes in body mass were related to 

changes in serum sodium concentration.81 Sodium ingestion 

during the Ironman was associated with a decrease in the 

extent of body mass loss. However, there is no evidence that 

sodium ingestion significantly influences changes in plasma 

sodium concentration,89 most probably due to the fact that 

participating in an Ironman race does not lead to large sodium 

losses.86 However, slowing down during the Ironman mara-

thon could be due to hyperthermia and a reduction in plasma 

sodium concentration.93 Unfortunately for both Ironman and 

ultra-triathletes, no data exist on a potential relationship 

between fluid intake and race performance.

Regarding energy metabolism, overall race time was 

inversely related to carbohydrate intake during the marathon 

in male Ironman triathletes, but not for female athletes.44 In 

both female and male Ironman triathletes, total carbohydrate 

intake rates were negatively correlated to overall race time.90 

An increased carbohydrate intake during the marathon might 

also be a useful strategy for improving Ironman performance 

in male triathletes.44 Unfortunately, no data exist for a poten-

tial association between energy intake and performance in 

an ultra-triathlon.

Energetic aspects
Athletes competing in an Ironman ingest 3,643 kcal and 

expend 11,009±664 kcal, leading to an energy deficit of 

7,365 kcal.43 Competing in a longer race such as a Quintuple 

Iron ultra-triathlon held as five Ironman triathlons in 5 days 

led to positive energy balance (8,095 kcal) in one athlete, 

although he suffered an average energy deficit of -1,848 kcal 

per Ironman distance.46 Similarly, the energy deficit during 

a Deca Iron ultra-triathlon held as ten Ironman triathlons 

in 5 days resulted in a considerably low energy deficit 

(11,480 kcal) although the total energy expenditure was 

high (89,112 kcal).31 While the relative energy deficit in a 

single Ironman is considerably higher compared to a longer 

triathlon, the most likely explanation is the lower intensity 

in the longer ultra-triathlons.

Physiological aspects
Apart from food and fluid intake, physiological characteristics 

might also be of importance for Ironman and ultra-triathlon 

performance.28,94–97 Elite triathletes have high maximum 

oxygen uptake (VO
2max

) values.28 Interestingly, oxygen con-

sumption (VO
2
) at anaerobic threshold, percentage of VO

2max
 

at anaerobic threshold, and peak power-to-body mass ratio 

were not related to Ironman race times.97 Regarding split dis-

ciplines, VO
2
 values at the lactate and ventilatory thresholds 

and fractional utilization of peak VO
2
 (% peak VO

2
) were not 

related to cycling split time.96 However, no study has inves-

tigated physiological aspects in ultra-triathletes to date. As 

the race effort is conducted at very low exercise intensity in 

ultra-triathlons, VO
2max

 is most probably not a physiological 

limiter in these races.

Neuromuscular fatigue
An Ironman triathlon is associated with changes in body 

composition (ie, decrease in fat and muscle mass) as well as 

decreases in neuromuscular function. A recent study investigat-

ing Ironman triathletes showed that peak power, peak velocity, 

jump height, and rate of force development decreased during 

an Ironman triathlon.98 Total and positive impulses during a 

countermovement jump were reduced after the triathlon, while 

both negative impulses were not different before and after 

the Ironman. Absolute peak force remained constant during 

countermovement jumps and squat jumps. Maximal voluntary 

ground reaction force and peak stiffness during multiple one-

legged hopping were decreased after the Ironman. The neuro-

muscular deficit after the Ironman race was due to impairments 

in force transmission, resulting in a lower average positive force 

during countermovement jumps because of a slower rate of 

force development. An Ironman triathlon leads to a decrease in 

muscle mass due to glycogen depletion.36,41 An ultra-triathlon, 

however, leads to a substantial decrease in skeletal muscle 

mass.33 The neuromuscular fatigue in an ultra-triathlon might 

be higher compared to an Ironman triathlon.

Limitations and implications  
for future research
Ultra-triathlons beyond Iron-distance triathlons are a newer 

and very small sport. At the moment, the data on athletes 

competing in ultra-triathlon are very limited due to the 

small number of participants in this sport, which is due to 

the small number of races held annually. Furthermore, the 
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homogeneous nature of participants may be a confounding 

variable and may skew the findings. The majority of the par-

ticipants are male (90%–92%), middle-aged, and European 

(80% of competitors). The results are limited to field studies, 

where limited and variable data can be collected. For both 

Ironman Hawaii and ultra-triathlons, the pacing during the 

split disciplines, especially in cycling and running, might 

be investigated to understand how these athletes pace them-

selves during their races. Most probably, pacing strategies 

might be different between the different race lengths. Future 

studies may investigate a potential influence on overall race 

time of fluid and energy intake during an ultra-triathlon. The 

investigation of a potential association between physiological 

characteristics, such as VO
2max

 with overall race time in elite 

ultra-triathletes, is missing. Psychological aspects have been 

reported for ultra-marathoners;99,100 however, little is known 

for triathletes.101,102 Future studies might investigate what 

motivates both Ironmen and ultra-triathletes.

Conclusion
In summary, the most important predictive variables for a 

fast overall race time in an ultra-triathlon covering distances 

longer than the classical Ironman triathlon were male sex, 

low body fat, an age of 35–40 years, extensive previous 

experience, a fast split time in cycling and running but not 

in swimming, and origins in Central Europe. Little is known 

about female ultra-triathletes and physiological character-

istics of these athletes, especially for distances longer than 

the Triple Iron ultra-triathlon. Future studies need to inves-

tigate anthropometric and training characteristics of female 

ultra-triathletes and what motivates both women and men to 

compete in these races. Future studies also need to correlate 

physiological characteristics such as VO
2max

 with ultra-

triathlon race performance in order to investigate whether 

these characteristics are predictive of race performance.
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