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Finding the fastest race locations for non-elite IRONMAN® 
age group triathletes

Introduction

Non-professional sports practice has increased in 
recent years at an international level [30, 31].  

Abstract
Introduction. The IRONMAN® triathlon is particularly 
interesting for recreational (age group) triathletes, where tens 
of thousands compete annually to qualify for the IRONMAN® 
World Championship in Hawaii. Aim of Study. The purpose 
of the present study was to identify the fastest event location 
for age group triathletes. Material and Methods. A total of 
687,662 finisher records of IRONMAN® age group triathletes 
from 446 events at 65 different locations between 2002 and 
2022 were analyzed, aggregating records by location and 
calculating and displaying descriptive statistics. The statistical 
significance of the differences observed was tested using a two-
way ANOVA (sex and event location as independent variables, 
overall race times or split times as dependent variables) and 
post-hoc Tukey’s HSD tests. Results. The fastest swim times 
were achieved in IRONMAN® New York, ahead of IRONMAN® 
Switzerland Thun and IRONMAN® Chattanooga for both men 
and women. There were differences between women and men 
regarding the fastest cycling and running courses. The fastest 
cycling splits were in IRONMAN® Barcelona, followed by 
IRONMAN® Copenhagen and IRONMAN® Tallinn for men 
and IRONMAN® Barcelona, IRONMAN® Copenhagen and 
IRONMAN® Vitoria-Gasteiz for women. For the marathon, 
men achieved the fastest running split in IRONMAN® Hawaii, 
ahead of IRONMAN® Vitoria-Gasteiz and IRONMAN® Tallinn, 
whereas women were the fastest in running in IRONMAN® 
Gdynia, IRONMAN® Haugesund Norway and IRONMAN® 
Hawaii. For overall race times, men achieved their times in 
IRONMAN® Hawaii, followed by IRONMAN® Vitoria-Gasteiz 
and IRONMAN® Copenhagen. For women, the fastest overall 
race times were achieved in IRONMAN® Vitoria-Gasteiz ahead 
of IRONMAN® Hawaii and IRONMAN® Copenhagen. For 
overall race times, average water temperatures were at 20.7 ± 
2.8 °C and average air temperatures at 23.0 ± 3.0 °C. Most 
swimming courses were in a lake (7/10), most cycling courses 
were rolling (6/10) and most running courses were flat (7/10). 

Conclusions. Despite differences regarding the event locations, 
the fastest race courses were identified in the USA and Spain. 
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Mass events, including running, cycling, and swimming, 
have been a potential strategy to improve well-being, 
health, and social aspects [12, 31], especially in an 
outdoor space, increasing contact with the natural 
environment [22]. 
Participation trends in triathlon events showed an 
increase over the last few years, with the peak of 
participation among the non-elite population achieved 
in the last decade [44]. These participation trends 
in triathlon events such as IRONMAN® triathlon, 
have motivated researchers to conduct investigations 
related to athletes’ health [19], performance [25] and 
sport management, sponsorships, and economics 
[28]. However, no studies assessing the IRONMAN® 

triathletes’ performance by event location have been 
found so far, especially not for the very large group of 
IRONMAN® age group triathletes.
Competing in triathlon races, such as the IRONMAN® 
triathlon, involves dedicating more time and routine 
organization to the training demands associated with 
work, social and family life [24, 38]. In this sense, due 
to their importance in relation to the optimization of 
training and competition, studies related to performance 
have increased in recent years [5, 39].
Among the variables generally evaluated, physiological 
characteristics have been considered essential to 
improve performance in endurance activities, with 
differences between the sexes [14, 32, 45]. Thus, the 
evaluation of training and the domains of variables for 
triathletes would be related to the requirement to sustain 
a higher intensity for a prolonged period of training. 
In addition, training, sleep, previous experience, and 
nutritional factors were also highlighted as important 
factors to be considered [11, 15, 38].
Knowing that these factors are associated with the fact 
that performance would be a complex activity resulting 
from the interaction of environmental factors, the 
effect of these factors in maximizing performance was 
considered. Among these, environmental factors can be 
studied from different perspectives, including social and 
financial support, training facilities, competition, and 
characteristics of host countries [30, 43].  As mentioned, 
studies regarding environmental factors with IRONMAN® 
triathletes have been directed at physiological issues, 
however, the physical and natural environment, such 
as climatic characteristics, could negatively affect 
performance [2, 20, 27]. 
Alternatively, no data are available regarding the role 
of the event location in the performance, especially for 
IRONMAN® age group triathletes. The IRONMAN® 
triathlon is particularly interesting for recreational (age 

group) triathletes, where tens of thousands compete 
annually to qualify for the IRONMAN® World 
Championship in Hawaii. Since IRONMAN® triathletes 
must qualify for the IRONMAN® World Championship 
by competing in races worldwide, they need to know 
where the fastest race times can be achieved. The 
influence of the event location can be considered from 
different perspectives, including topography (e.g., 
elevation changes, hills, slopes), weather characteristics 
(e.g., wind velocity, humidity), and natural elements 
(open water swims in lakes, oceans, or rivers), that will 
demand specific skills of the participants. The protocols 
to qualify for the IRONMAN® World Championship 
race include finishing at or towards the top of one’s age 
group depending on how many slots are allocated for 
each age group. Thus, the completion time is of little 
consequence. The benefit of knowing which courses 
have the fastest times for each discipline of competition 
is so an athlete could potentially choose a course that 
minimizes the impact of their weak discipline. For 
example, a slow swimmer who is a very strong cyclist 
and runner might want to choose a course that has  
a faster swim and is wetsuit legal. In addition, non-elite 
IRONMAN® participants in these events might invest 
a high quantity of financial resources and physical 
effort during training preparation and travel to the event 
location. 
To address the knowledge gap regarding the influence 
of environmental factors associated with performance 
in non-elite triathletes of both sexes, we aim to identify 
the fastest IRONMAN® event location for non-elite 
IRONMAN® triathletes. The findings will be helpful for 
athletes and coaches to find the fastest race course in 
order to achieve a personal best race time.

Material and Methods

Ethical approval
This study was approved by the Institutional Review 
Board of Kanton St. Gallen, Switzerland, with a waiver of 
the requirement for informed consent of the participants 
as the study involved the analysis of publicly available 
data (EKSG 01/06/2010). The study was conducted in 
accordance with recognized ethical standards according 
to the Declaration of Helsinki adopted in 1964 and 
revised in 2013.

Data set and data preparation
The race data was downloaded from the official 
IRONMAN® website (www.ironman.com) using a Python 
script. The athletes’ sex, age group, country of origin, 
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event location and year, and times for swimming, 
running, cycling, and transition times 1 (swimming to 
cycling) and transition times 2 (cycling to running) 
were thus obtained. We also obtained environmental 
characteristics such as race course description for 
swimming, cycling, and running and weather data such 
as water and air temperature, which was merged with 
the race data. Data were inspected for consistency, 
removing duplicate and/or incomplete records. 
Especially all race results from IRONMAN® North 
Carolina had to be removed. IRONMAN® North 
Carolina was held only once (22 October 2016), and 
while the swim and the run were typical IRONMAN® 
distances, the bike course was only 56 miles (half the 
distance), which accounts for both the low participant 
numbers and the fast times [4]. Likewise, the event 
location variable was harmonized to map generic and 
free-format values to their actual locations. After pre-
processing the raw data, the resulting dataset consisted 
of  687,662 age group IRONMAN® finisher records 
covering 446 events between 2002 and 2022 across 65 
different event locations. 

Statistical analysis
The race records were aggregated by location, and 
then the statistical values (mean, std, max and min) 

of split and full finish times were calculated for each 
location. The results are presented using strip plots 
that graphically show the distribution of full and split 
times in each location, along with detailed tables with 
the descriptive statistical values, for men and women 
separately. Both tables and charts are sorted by mean race 
times to easily identify the fastest locations. Approximate 
normal distribution of the target variable was assessed 
by plotting histograms of full race and split times. The 
statistical significance of the performance differences 
was tested using a two-way ANOVA (sex and event 
location as independent variables, overall race times or 
split times as dependent variables) and post-hoc Tukey’s 
HSD tests. The significance level was set at 0.05 in all 
cases. All data processing and analysis were performed 
using Python (www.python.org/) and a Google Colab 
notebook (https://colab.research.google.com/). 

Results
A total of 687,662 finisher records of IRONMAN® 
age group triathletes from 446 events at 65 different 
locations between 2002 and 2022 were analyzed.  
Figure 1 shows the histograms and overlapping normal 
density distributions of the split and full race finish 
times for each sex, where the bike and run times exhibit 
a small positive skewness. 

Figure 1. Histograms of the split and overall race times for each sex for IRONMAN® age group triathletes competing between 
2002 and 2022
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Swimming
Figure 2 shows the IRONMAN® races with the fastest 
swimming courses in the form of strip plots. The 
fastest swim times were achieved in IRONMAN® 
New York, ahead of IRONMAN® Switzerland in Thun 
and IRONMAN® Chattanooga for both men (Table 1) 
and women (Table 2). For the swim times, there are 
statistically significant differences among the locations 
(p < 0.05) for ‘event location’ and ‘sex’ and for the 
interaction ‘event location’ × ‘sex’. 

Cycling
Figure 3 shows the IRONMAN® races with the fastest 
cycling courses. The fastest cycling times were achieved 
in IRONMAN® Barcelona, ahead of IRONMAN® 
Copenhagen and IRONMAN® Vitoria-Gasteiz. 
Regarding the sexes, the fastest cycling splits were in 
IRONMAN® Barcelona, IRONMAN® Copenhagen and 
IRONMAN® Tallinn for men (Table 3) and IRONMAN® 

Barcelona, IRONMAN® Copenhagen and IRONMAN® 
Vitoria-Gasteiz for women (Table 4). For the cycling 
times, there are statistically significant differences 
among the locations (p < 0.05) for ‘event location’ and 
‘sex’ and for the interaction ‘event location’ × ‘sex’.

Running
Figure 4 shows the IRONMAN® races with the fastest 
running courses. The fastest running times were achieved 
in IRONMAN® Hawaii, ahead of IRONMAN® Vitoria-
Gasteiz and IRONMAN® Tallinn. Men achieved the 
fastest running split in the races in the mentioned order 
(Table 5), whereas women were the fastest in running in 
IRONMAN® Gdynia, IRONMAN® Haugesund Norway 
and IRONMAN® Hawaii (Table 6). For the running 
times, there are statistically significant differences 
among the locations [(p-values PR (>F) are zero or very 
small (p < 0.05)] for ‘event location’ and ‘sex’ and for 
the interaction ‘event location’ × ‘sex’. 

Figure 2. IRONMAN® races sorted by the 10 fastest swimming courses

Table 1. IRONMAN® races sorted by the fastest swim split times (h:min:s) for men

Race n Mean SD Fastest Slowest

IRONMAN® New York 1627 00:51:47 00:04:56 00:39:28 01:16:00

IRONMAN® Switzerland Thun 766 00:57:46 00:08:30 00:40:19 01:41:53

IRONMAN® Chattanooga 7463 01:04:31 00:09:55 00:39:40 02:09:06
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Table 2. IRONMAN® races sorted by the fastest swim split times (h:min:s) for women

Race n Mean SD Fastest Slowest

IRONMAN® New York 328 00:53:29 00:04:17 00:45:05 01:06:55

IRONMAN® Switzerland Thun 119 01:00:38 00:07:22 00:46:19 01:23:19

IRONMAN® Chattanooga 3336 01:06:50 00:09:34 00:45:06 02:11:11

IRONMAN® Mallorca 695 01:14:00 00:10:18 00:52:48 01:53:19

IRONMAN® Australia New South Wales 2234 01:14:13 00:10:54 00:48:27 02:11:44

IRONMAN® Cozumel 4089 01:14:33 00:16:00 00:45:18 02:19:13

IRONMAN® Regensburg 321 01:15:21 00:11:30 00:53:07 01:52:58

IRONMAN® Melbourne 699 01:17:21 00:13:10 00:45:24 02:18:24

IRONMAN® Mar del Plata 144 01:17:22 00:14:51 00:46:06 01:57:11

IRONMAN® Brazil Florianópolis 1555 01:18:45 00:13:43 00:51:24 02:26:06

Figure 3. IRONMAN® races sorted by the 10 fastest cycling courses

IRONMAN® Australia New South Wales 11439 01:10:19 00:10:57 00:43:44 02:15:36

IRONMAN® Mallorca 5570 01:10:48 00:10:24 00:44:01 02:05:46

IRONMAN® Cozumel 13844 01:11:18 00:15:42 00:39:11 02:19:59

IRONMAN® Melbourne 3970 01:11:35 00:13:26 00:39:09 02:22:37

IRONMAN® Mar del Plata 1352 01:12:06 00:14:13 00:39:33 02:10:35

IRONMAN® Regensburg 2505 01:12:08 00:11:34 00:46:41 02:22:01

IRONMAN® Brazil Florianópolis 12466 01:12:21 00:12:28 00:44:01 02:26:30
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Figure 4. IRONMAN® races sorted by the 10 fastest running courses

Figure 5. IRONMAN® races sorted by the 10 fastest overall race times 
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Table 3. IRONMAN® races sorted by the fastest cycling split times (h:min:s) for men

Race n Mean SD Fastest Slowest

IRONMAN® Barcelona 9819 05:37:58 00:34:15 04:21:57 07:50:57

IRONMAN® Copenhagen 14252 05:38:43 00:33:08 04:19:33 08:16:54

IRONMAN® Tallinn 2895 05:41:52 00:40:37 04:12:20 08:19:01

IRONMAN® Vitoria-Gasteiz 1435 05:43:03 00:33:04 04:35:14 07:30:02

IRONMAN® Hamburg 5894 05:46:39 00:37:16 04:11:12 08:06:17

IRONMAN® Austria 29032 05:48:52 00:38:47 04:23:27 08:48:41

IRONMAN® Brazil Florianópolis 12466 05:49:29 00:36:50 04:18:57 08:38:34

IRONMAN® Melbourne 3970 05:49:38 00:42:54 04:31:52 08:25:34

IRONMAN® Kalmar 12289 05:49:48 00:35:40 04:27:57 08:02:47

IRONMAN® Emilia Romagna 7195 05:49:56 00:38:16 04:21:34 08:09:16

Table 4. IRONMAN® races sorted by the fastest cycling split times (h:min:s) for women

Race n Mean SD Fastest Slowest

IRONMAN® Barcelona 1322 06:08:18 00:35:14 04:45:11 07:45:00

IRONMAN® Copenhagen 2499 06:08:28 00:34:23 04:48:01 08:12:36

IRONMAN® Vitoria-Gasteiz 137 06:12:13 00:37:29 04:56:54 07:36:04

IRONMAN® Tallinn 438 06:13:23 00:42:05 04:52:09 08:20:06

IRONMAN® Hamburg 774 06:15:11 00:37:01 04:42:22 07:56:32

IRONMAN® Brazil Florianópolis 1555 06:17:41 00:39:28 04:52:19 08:47:22

IRONMAN® Emilia Romagna 883 06:20:37 00:41:02 04:53:25 08:05:55

IRONMAN® Melbourne 699 06:20:41 00:44:39 04:53:25 09:00:18

IRONMAN® Kalmar 2362 06:21:22 00:36:57 04:58:51 08:16:05

IRONMAN® Austria 4229 06:28:07 00:43:47 04:53:35 08:53:08

Table 5. IRONMAN® races sorted by the fastest running split times (h:min:s) for men

Race n Mean SD Fastest Slowest

IRONMAN® Hawaii 23760 04:17:21 00:57:52 02:43:28 09:46:10

IRONMAN® Vitoria-Gasteiz 1435 04:21:00 00:43:49 02:54:48 07:04:58

IRONMAN® Tallinn 2895 04:21:50 00:47:02 02:49:41 07:48:28

IRONMAN® Portugal Cascais 1266 04:23:47 00:45:08 02:51:53 06:44:02

IRONMAN® Pays D’Aix 345 04:23:52 00:43:29 02:50:10 06:28:27

IRONMAN® Regensburg 2505 04:23:55 00:46:25 02:55:00 07:29:06

IRONMAN® Mallorca 5570 04:24:14 00:47:30 02:46:14 07:24:38

IRONMAN® Hamburg 5894 04:24:24 00:47:08 02:45:42 07:37:49

IRONMAN® Norway Haugesund 712 04:25:10 00:47:36 02:49:33 06:50:44

IRONMAN® Gdynia 550 04:25:33 00:44:11 02:55:41 06:31:29
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Table 7. IRONMAN® races sorted by the fastest overall race times (h:min:s) for men

Race n Mean SD Fastest Slowest

IRONMAN® Hawaii 23760 11:28:22 01:52:13 08:24:36 17:50:33

IRONMAN® Vitoria-Gasteiz 1435 11:30:45 01:19:33 08:46:18 15:26:59

IRONMAN® Copenhagen 14252 11:33:23 01:20:43 08:19:14 16:01:56

IRONMAN® Tallinn 2895 11:36:38 01:33:39 08:27:45 16:59:37

IRONMAN® Regensburg 2505 11:40:03 01:26:59 08:42:34 15:52:01

IRONMAN® Barcelona 9819 11:40:36 01:24:32 08:22:24 16:01:29

IRONMAN® Brazil Florianópolis 12466 11:42:48 01:29:36 08:36:29 17:32:34

IRONMAN® Austria 29032 11:44:39 01:31:56 08:31:37 16:59:59

IRONMAN® Hamburg 5894 11:45:32 01:29:25 08:12:43 15:48:47

IRONMAN® Mallorca 5570 11:49:27 01:33:25 08:16:48 16:23:56

Table 8. IRONMAN® races sorted by the fastest overall race times (h:min:s) for women

Race n Mean SD Fastest Slowest

IRONMAN® Vitoria-Gasteiz 137 12:22:45 01:28:34 09:33:34 15:42:38

IRONMAN® Hawaii 8426 12:24:28 01:38:31 09:11:16 17:03:36

IRONMAN® Copenhagen 2499 12:24:57 01:20:14 09:00:00 16:06:57

IRONMAN® Regensburg 321 12:28:29 01:30:29 09:49:53 15:55:22

IRONMAN® Brazil Florianópolis 1555 12:31:25 01:31:06 09:10:17 16:56:41

IRONMAN® Barcelona 1322 12:31:53 01:22:49 09:21:19 15:37:39

IRONMAN® Hamburg 774 12:31:55 01:24:19 09:08:07 15:47:17

IRONMAN® Tallinn 438 12:32:32 01:38:13 09:31:06 16:34:51

IRONMAN® Mallorca 695 12:32:57 01:33:46 09:30:50 16:17:34

IRONMAN® Austria 4229 12:51:05 01:38:29 09:14:16 17:10:50

Table 6. IRONMAN® races sorted by the fastest running split times (h:min:s) for women

Race n Mean SD Fastest Slowest

IRONMAN® Gdynia 51 04:30:43 00:39:50 03:32:06 06:18:04

IRONMAN® Norway Haugesund 113 04:31:16 00:41:21 03:20:34 06:14:01

IRONMAN® Hawaii 8426 04:32:37 00:50:27 03:03:38 08:01:14

IRONMAN® Mallorca 695 04:34:35 00:45:00 03:12:34 06:51:50

IRONMAN® Pays D’Aix 38 04:35:42 00:41:32 03:35:48 06:02:30

IRONMAN® Portugal Cascais 124 04:36:50 00:40:59 03:19:21 06:16:59

IRONMAN® Regensburg 321 04:37:23 00:44:59 03:17:18 06:56:45

IRONMAN® Hamburg 774 04:38:18 00:43:36 02:59:45 07:07:19

IRONMAN® Vitoria-Gasteiz 137 04:39:57 00:48:32 03:21:37 06:43:47

IRONMAN® Tallinn 438 04:41:28 00:48:41 03:13:11 06:56:41
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Overall race performance
Figure 5 shows the IRONMAN® races with the fastest 
overall race times. The fastest overall race times were 
achieved in IRONMAN® Vitoria-Gasteiz, IRONMAN® 
Copenhagen, and IRONMAN® Hawaii. Men achieved 
their fastest overall race times in IRONMAN® Hawaii, 
IRONMAN® Vitoria-Gasteiz and IRONMAN® 

Copenhagen (Table 7). For women, the fastest overall 
race times were achieved in IRONMAN® Vitoria-Gasteiz, 
IRONMAN® Hawaii and IRONMAN® Copenhagen 
(Table 8). For the overall race times, there are statistically 
significant differences among the locations [(p-values PR 
(>F) are zero or very small (p < 0.05)] for ‘event location’ 
and ‘sex’ and for the interaction ‘event location’ × ‘sex’. 

Environmental characteristics
Regarding swimming, the average water temperature 
was 20.4 ± 3.2 °C and most swimming courses were 
held in an ocean (4/10) (Table 9). For cycling, the 
average air temperature was 20.5 ± 2.0°C and most 
cycling courses were described as flat (6/10) (Table 10). 
Considering running, the average air temperature was 
19.2 ± 2.4 °C. Most running courses were described 
as flat (5/10) (Table 11). For overall race times, the 
average water temperatures were 20.7 ± 2.8 °C and the 
average air temperatures 23.0 ± 3.0 °C (Table 12). Most 
swimming courses were in a lake (7/10), most cycling 
courses were rolling (6/10) and most running courses 
were flat (7/10).

Discussion
The purpose of this study was to find the fastest 
event locations for IRONMAN® age group triathletes 
competing from 2002 to 2022. We found sex differences 
regarding the fastest overall race times, the fastest 
cycling and running courses, but not regarding the 
swimming courses. From the main results, we verified 
an influence of the event location and the sex on the race 
time. Previous studies discussed the influence of sex on 
endurance performance [7, 16, 21]. 
Few studies were conducted to understand the 
characteristics of event location in non-professional 
triathletes, which limits the comparison of the results. 
A common point among these three disciplines is the 
country where the competition occurs. Historically, the 
USA was the first country to host a triathlon competition. 
Trends in participation and performance also show that 
amateur competitors from the USA present the highest 
participation rates and performance levels compared 
to those from other countries [3]. In addition, the USA 
also concentrates on the higher number of competitions, 

which can be associated with the present results [9]. 
Additionally, the USA is one of the countries that have 
higher development in the disciplines of triathlon [26]. 
Nonetheless, the geographical characteristics of the place 
of competition were not explored previously. The lack 
of information about the role of physical characteristics 
in triathletes’ performance is related to the higher interest 
in understanding individual characteristics (e.g., training 
experience, age, sex, nutrition, and genetic factors)  
[21, 29, 38] that contribute to the higher achievement  
of the sports context. Previous publications, on the 
other hand, highlighted the complexity of the endurance 
activities as well as the importance of considering the 
athletes’ behavior as an outcome of the environmental 
responses [34].
We found that IRONMAN® Hawaii was the fastest 
race course for men and the second fastest course for 
women. The most likely explanation is that IRONMAN® 
Hawaii is the IRONMAN® World Championship and 
only the best female and male IRONMAN® age group 
triathletes can compete there [33]. When all races 
were considered, the fastest marathons were achieved 
in IRONMAN® Hawaii. Separated by sex, the fastest 
marathon was in IRONMAN® Hawaii for men and in 
third place for women. A potential explanation for this 
finding could be the fact that the personal best marathon 
time is for both male [35] and female [36] age group 
IRONMAN® triathletes an important predictor for  
a fast IRONMAN® race time. Another explanation 
could be that IRONMAN® Hawaii has a flat and fast 
running course [41].
The ambient temperatures for water and air were at 
~20-23  °C. Environmental conditions (e.g., hot, cold, 
humidity, wind, and altitude) have been considered  
a primary regulator of human performance and exercise 
[13, 40]. For instance, it was observed in age group 
marathoners competing in the Berlin Marathon that 
higher daily maximum temperatures and precipitation 
levels impaired performance [17]. Furthermore, with 
regard to the swimming discipline, it was previously 
suggested that water temperature, tides, currents, and 
waves influenced performance [1]. In cycling, it has been 
found that performance (power output) would decrease 
as a result of heat stress during self-paced exercise [42]. 
These observations highlighted the potential role of the 
environmental conditions in the various event locations 
and the effects of the environmental conditions on the 
athletes’ physiological self-regulation [6].
We found that most swimming courses were in a lake, 
most cycling courses were rolling and most running 
courses were flat. While we have a lot of knowledge 
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regarding the influence of the weather [23, 37], little is 
known about the influence of race course characteristics 
on endurance performance. In running, studies tried to 
investigate the differences between different running 
surfaces [8, 10]. A recent study investigating 72-hour 
ultra-marathoners found, however, that the fastest 
races are held on a track, followed by road running, 
and then trail running. Furthermore, flat race courses 
were leading to faster running speeds than hilly race 
courses [18]. More research is needed to investigate 
the importance of specific race course characteristics in 
endurance performance.
The present study does have limitations. Firstly, despite 
our intention to access the event location, no information 
regarding the race course characteristics was considered 
during the analysis. This is an important aspect to 
consider since it impairs the comprehension regarding the 
environmental factors that affect performance. Secondly, 
performance and environmental characteristics are 
dynamic phenotypes. In this sense, the prediction 
power of our analysis is limited. Thirdly, no individual 
characteristics or a specific analysis by sex were 
considered. Despite secondary data that has been 
used over the last years to understand the runners’ 
profile and pattern of participation and performance, 
no training (e.g., experience, training load) or 
morphological characteristics (e.g., body mass, body 
height) are available. Based on the increase in the 
use of this information to build the evidence about 
the influence of environmental conditions, event 
organizations and sports associations should consider 
obtaining additional information from competitors 
to be able to advance the comprehension of these 
groups and specificities. Our study, however, does not 
provide very detailed information about the physical 
(e.g., elevation changes, hills, slopes) or weather 
characteristics (e.g., windy velocity, humidity), or 
natural elements (open water swims in lakes, oceans, 
or rivers), that could provide a better comprehension 
regarding the variables associated with these results 
[7, 20, 40]. Future studies might investigate more 
deeply the role of the environmental characteristics of 
non-professional IRONMAN® triathlete results. From 
another perspective, the present study contributes to 
understanding event location that potentially influences 
performance in non-elite groups. Despite the fact that 
some of these participants use triathlon as a leisure 
sport, they devote time and financial resources to it, 
thus, indicating the importance of considering the best 
options (in terms of the possibility of performing well) 
of competitions. 

Conclusions
Despite differences regarding the event locations, the 
fastest race courses were identified in the USA and 
Spain. The fastest times were achieved in different event 
locations for the three different disciplines. Considering 
the increasing popularity of triathlon for age group 
athletes reflected in the relevant literature, our findings 
would have practical applications in the context of the 
optimal event location selection. 

Conflict of Interest 
The authors have no conflicts of interest to report. 

References
1.	 	Baldassarre R, Bonifazi M, Zamparo P, Piacentini MF. 

Characteristics and challenges of open-water swimming 
performance: a review. Int J Sports Physiol Perform. 
2017;12(10):1275-1284. https://doi.org/10.1123/ijspp.20 
17-0230

2.	 Chalmers S, Shaw G, Mujika I, Jay O. Thermal strain 
during open-water swimming competition in warm water 
environments. Front Physiol. 2021;12:785399. https://
doi.org/10.3389/fphys.2021.785399

3.	 Dähler P, Rüst C, Rosemann T, Lepers R, Knechtle B. 
Nation related participation and performance trends in 
‘Ironman Hawaii’ from 1985 to 2012. BMC Sports Sci 
Med Rehabil. 2014;6:16. https://doi.org/10.1186/2052-
1847-6-16

4.	 Duncan C. This weekend’s Ironman North Carolina bike 
course shortened dramatically due to flooding. Triathlon 
Magazine. 2016;19 Oct. Retrieved from: https://
triathlonmagazine.ca/feature/weekends-ironman-north-
carolina-bike-course-shortened-dramatically-due-flooding/

5.	 Etxebarria N, Mujika I, Pyne D. Training and competition 
readiness in triathlon. Sports. 2019;7(5):101. https://doi.
org/10.3390/sports7050101

6.	 Ferraz R, Forte P, Branquinho L, Teixeira JE, Neiva H, 
Marinho DA, et al. The performance during the exercise: 
legitimizing the psychophysiological approach. In: 
Ferraz R, Neiva H, Marinho DA, Teixeira JE, Forte P,  
Branquinho L, editors. Exercise Physiology. London: 
IntechOpen; 2022. http://dx.doi.org/10.5772/intechopen. 
102578

7.	 Gay A, Zacca R, Abraldes J, Morales-Ortíz E, López-
Contreras G, Fernandes RJ, et al. Swimming with swimsuit 
and wetsuit at typical vs. cold-water temperatures (26 vs. 
18 ℃). Int J Sports Med. 2021;42(14):1305-1312. https://
doi.org/10.1055/a-1481-8473

8.	 Hébert-Losier K, Jensen K, Mourot L, Holmberg HC. 
The influence of surface on the running velocities of elite 
and amateur orienteer athletes. Scand J Med Sci Sports. 

https://doi.org/10.1123/ijspp.2017-0230
https://doi.org/10.1123/ijspp.2017-0230
https://doi.org/10.3389/fphys.2021.785399
https://doi.org/10.3389/fphys.2021.785399
https://doi.org/10.1186/2052-1847-6-16
https://doi.org/10.1186/2052-1847-6-16
https://triathlonmagazine.ca/feature/weekends-ironman-north-carolina-bike-course-shortened-dramatically-due-flooding/
https://triathlonmagazine.ca/feature/weekends-ironman-north-carolina-bike-course-shortened-dramatically-due-flooding/
https://triathlonmagazine.ca/feature/weekends-ironman-north-carolina-bike-course-shortened-dramatically-due-flooding/
https://doi.org/10.3390/sports7050101
https://doi.org/10.3390/sports7050101
http://dx.doi.org/10.5772/intechopen.102578
http://dx.doi.org/10.5772/intechopen.102578
https://doi.org/10.1055/a-1481-8473
https://doi.org/10.1055/a-1481-8473


TRENDS IN SPORT SCIENCES120 June 2025

KNECHTLE, VALERO, VILLIGER, ANDRADE, NIKOLAIDIS, FORTE, CUK, WEISS, ROSEMANN, THUANY

2014;24(6):e448-e455. Epub 2014 Mar 27. https://doi.
org/10.1111/sms.12224

9.	 Ironman. 170+ Triathlon Worldwide. Retrieved from: 
https://www.ironman.com/im703-races

10.	 Jensen K, Johansen L, Kärkkäinen OP. Economy in 
track runners and orienteers during path and terrain 
running. J Sports Sci. 1999;17(12):945-950. https://doi.
org/10.1080/026404199365335

11.	 Jeukendrup A. Nutrition for endurance sports: marathon, 
triathlon, and road cycling. J Sports Sci. 2011;29(Suppl 1): 
S91-S99. https://doi.org/10.1080/02640414.2011.610348

12.	 Kazimierczak M, Dąbrowska A, Adamczewska K, 
Malchrowicz-Mośko E. The impact of modern 
ultramarathons on shaping the social identity of runners. 
The case study of Karkonosze Winter Ultramarathon. Int 
J Environ Res Public Health. 2019;17(1):116. https://doi.
org/10.3390/ijerph17010116

13.	 Kenney W, Wilmore J, Costill D. Physiology of sport and 
exercise. Champaign: Human Kinetics; 2021.

14.	 Kimber N, Ross J, Mason S, Speedy D. Energy balance 
during an Ironman triathlon in male and female triathletes. 
Int J Sport Nutr Exerc Metab. 2002;12(1):47-62. https://
doi.org/10.1123/ijsnem.12.1.47

15.	 Kisiolek J, Smith K, Baur D, Willingham B, Morrissey M, 
Leyh S, et al. Sleep duration correlates with performance 
in ultra-endurance triathlon. Int J Sports Physiol 
Perform. 2022;17(2):226-233. https://doi.org/10.1123/
ijspp.2021-0111

16.	 Knechtle B, Nikolaidis P. Sex differences in pacing 
during ‘Ultraman Hawaii’. PeerJ. 2016;4:e2509. https://
doi.org/10.7717/peerj.2509

17.	 Knechtle B, Valero D, Villiger E, Alvero-Cruz JR, 
Nikolaidis PT, Cuk I, et al. Trends in weather conditions 
and performance by age groups over the history of the 
Berlin Marathon. Front Physiol. 2021;12:654544. https://
doi.org/10.3389/fphys.2021.654544

18.	 Knechtle B, Villiger E, Weiss K, Valero D, Gajda R, 
Scheer V, et al. Analysis of the 72 h ultramarathon 
using a predictive XG Boost model. Sport Sci Health. 
2024;21:181-194. https://doi.org/10.1007/s11332-024-
01243-3

19.	 Korkia PK, Tunstall-Pedoe DS, Maffulli N. An 
epidemiological investigation of training and injury 
patterns in British triathletes. Br J Sports Med. 1994; 
28(3):191-196. https://doi.org/10.1136/bjsm.28.3.191

20.	 Lei T, Wang F. Looking ahead of 2021 Tokyo Summer 
Olympic Games: how does humid heat affect endurance 
performance? Insight into physiological mechanism 
and heat-related illness prevention strategies. J Therm 
Biol. 2021;99:102975. https://doi.org/10.1016/j.jtherbio. 
2021.102975

21.	 Lepers R. Sex difference in triathlon performance. 
Front Physiol. 2019;10:973. https://doi.org/10.3389/
fphys.2019.00973

22.	 Malchrowicz-Mośko E, Botiková Z, Poczta J. “Because 
we don’t want to run in smog”: problems with the 
sustainable management of sport event tourism in 
protected areas (a case study of national parks in Poland 
and Slovakia). Sustainability. 2019;11(2):325. https://
doi.org/10.3390/su11020325

23.	 Mantzios K, Ioannou LG, Panagiotaki Z, Ziaka S,  
Périard JD, Racinais S, et al. Effects of weather  
parameters on endurance running performance: 
discipline-specific analysis of 1258 races. Med Sci Sports 
Exerc. 2022;54(1):153-161. https://doi.org/10.1249/MSS. 
0000000000002769

24.	 Mountjoy M, Thomas A, Levesque J. The Female 
Triathlete. In: Migliorini S, editor. Triathlon Medicine. 
Cham: Springer Nature Switzerland; 2020. pp. 207-223. 
https://doi.org/10.1007/978-3-030-22357-1

25.	 Mueller SM, Knechtle P, Knechtle B, Toigo M. An 
Ironman triathlon reduces neuromuscular performance 
due to impaired force transmission and reduced leg 
stiffness. Eur J Appl Physiol. 2015;115(4):795-802. 
https://doi.org/10.1007/s00421-014-3051-2

26.	 Newland B, Kellett P. Exploring new models of elite sport 
delivery: the case of triathlon in the USA and Australia. 
Managing Leisure. 2012;17(2-3):170-181. https://doi.org/ 
10.1080/13606719.2012.674393

27.	 Olcina G, Crespo C, Timón R, Mjaanes JM, Calleja-
González J. Core temperature response during the 
marathon portion of the Ironman World Championship 
(Kona-Hawaii). Front Physiol. 2019;10:1469. https://doi.
org/10.3389/fphys.2019.01469

28.	 O’Reilly N, Gattinger A, Beselt E. Sponsorship sales in 
minor sport: the case of the 2013 International Triathlon 
Union World Duathlon Championships. CSSM. 2014; 
3(1):93-104. https://doi.org/10.1123/cssm.2014-0030

29.	 Piacentini MF, Vleck V, Lepers R. Effect of age on the 
sex difference in Ironman triathlon performance. Mov 
Sport Sci. 2019;104(2):21-27. https://doi.org/10.1051/
sm/2019030

30.	 Poczta J, Malchrowicz-Mosko E. Mass triathlon 
participation as a human need to set the goals and 
cross the borders. How to understand the triathlete?. 
Olimpianos – Journal of Olympic Studies. 2020;4:244-
254. http://dx.doi.org/10.30937/2526-6314.v4.id114

31.	 Poczta J, Malchrowicz-Mośko E. Running as a form of 
therapy socio-psychological functions of mass running 
events for men and women. Int J Environ Res Public 
Health. 2018;15(10):1-15. https://doi.org/10.3390/ijerph 
15102262

https://doi.org/10.1111/sms.12224
https://doi.org/10.1111/sms.12224
https://doi.org/10.1080/026404199365335
https://doi.org/10.1080/026404199365335
https://doi.org/10.1080/02640414.2011.610348
https://doi.org/10.3390/ijerph17010116
https://doi.org/10.3390/ijerph17010116
https://doi.org/10.1123/ijsnem.12.1.47
https://doi.org/10.1123/ijsnem.12.1.47
https://doi.org/10.1123/ijspp.2021-0111
https://doi.org/10.1123/ijspp.2021-0111
https://doi.org/10.7717/peerj.2509
https://doi.org/10.7717/peerj.2509
https://doi.org/10.3389/fphys.2021.654544
https://doi.org/10.3389/fphys.2021.654544
https://doi.org/10.1007/s11332-024-01243-3
https://doi.org/10.1007/s11332-024-01243-3
https://doi.org/10.1136/bjsm.28.3.191
https://doi.org/10.1016/j.jtherbio.2021.102975
https://doi.org/10.1016/j.jtherbio.2021.102975
https://doi.org/10.3389/fphys.2019.00973
https://doi.org/10.3389/fphys.2019.00973
https://doi.org/10.1249/MSS.0000000000002769
https://doi.org/10.1249/MSS.0000000000002769
https://doi.org/10.1007/978-3-030-22357-1
https://doi.org/10.1007/s00421-014-3051-2
https://doi.org/10.1080/13606719.2012.674393
https://doi.org/10.1080/13606719.2012.674393
https://doi.org/10.3389/fphys.2019.01469
https://doi.org/10.3389/fphys.2019.01469
https://doi.org/10.1123/cssm.2014-0030
https://doi.org/10.1051/sm/2019030
https://doi.org/10.1051/sm/2019030
http://dx.doi.org/10.30937/2526-6314.v4.id114
https://doi.org/10.3390/ijerph15102262
https://doi.org/10.3390/ijerph15102262


TRENDS IN SPORT SCIENCESVol. 32(2) 121

FINDING THE FASTEST RACE LOCATIONS FOR NON-ELITE IRONMAN® AGE GROUP TRIATHLETES

32.	 Puccinelli PJ, Lima GHO, Pesquero JB, de Lira CAB, 
Vancini RL, Nikolaids PT, et al. Previous experience, 
aerobic capacity and body composition are the best 
predictors for Olympic distance triathlon performance: 
predictors in amateur triathlon. Physiol Behav. 2020; 
225:113110. https://doi.org/10.1016/j.physbeh.2020.11 
3110

33.	 Puccinelli P, Sacchelli AN, Seffrin A, Knechtle B, Weiss K, 
Andrade MS. Origin and age group of the fastest amateur 
triathletes competing in ‘Ironman Hawaii’ between 2003 
and 2019. Sports Med Health Sci. 2023;6(1):70-75. 
https://doi.org/10.1016/j.smhs.2023.07.008

34.	 Renfree A, Casado A. Athletic races represent complex 
systems, and pacing behavior should be viewed as an 
emergent phenomenon. Front Physiol. 2018;9:1432. 
https://doi.org/10.3389/fphys.2018.01432

35.	 Rüst CA, Knechtle B, Knechtle P, Rosemann T, Lepers R. 
Personal best times in an Olympic distance triathlon and 
in a marathon predict Ironman race time in recreational 
male triathletes. Open Access J Sports Med. 2011;2:121-
129. https://doi.org/10.2147/OAJSM.S23229

36.	 Rüst CA, Knechtle B, Wirth A, Knechtle P, Ellenrieder B, 
Rosemann T, et al. Personal best times in an Olympic 
distance triathlon and a marathon predict an ironman race 
time for recreational female triathletes. Chin J Physiol. 
2012;55(3):156-162. https://doi.org/10.4077/CJP.2012.
BAA014

37.	 Schroeder AN, Suriano ZJ, Kliethermes SA, Asplund CA, 
Roberts WO. Using wet bulb globe temperature and 
physiological equivalent temperature as predicative 
models of medical stress in a marathon: analysis of 30 
years of data from the Twin Cities Marathon. Clin J Sport 
Med. 2023;33(1):45-51. Epub 2022 Oct 5. https://doi.
org/10.1097/JSM.0000000000001079 

38.	 Sinisgalli R, de Lira CAB, Vancini RL, Puccinelli 
PJG, Hill L, Knechtle B, et al. Impact of training 
volume and experience on amateur Ironman triathlon 

performance. Physiol Behav. 2021;232:113344. https://
doi.org/10.1016/j.physbeh.2021.113344 

39.	 Sousa CV, Aguiar S, Olher RR, Cunha R, Nikolaidis PT, 
Villiger E, et al. What is the best discipline to predict 
overall triathlon performance? An analysis of Sprint, 
Olympic, Ironman® 70.3, and Ironman® 140.6. Front 
Physiol. 2021;12:654552. https://doi.org/10.3389/fphys. 
2021.654552

40.	 Stearns R, Nolan J, Huggins R, Maresh CM, Munõz CX, 
Pagnotta KD, et al. Influence of cold-water immersion on 
recovery of elite triathletes following the ironman world 
championship. J Sci Med Sport. 2018;21(8):846-851. 
https://doi.org/10.1016/j.jsams.2017.12.011

41.	 Swan A. Ironman Hawaii Course Preview: The Route to 
Victory. Runner’s World. 2010;4 Oct. Retrieved from: 
www.runnersworld.com/uk/training/triathlon/a765654/
ironman-hawaii-course-preview-the-route-to-victory/

42.	 Tatterson AJ, Hahn AG, Martini DT, Febbraio MA. 
Effects of heat stress on physiological responses and 
exercise performance in elite cyclists. J Sci Med Sport. 
2000;3(2):186-193. https://doi.org/10.1016/S1440-2440 
(00)80080-8

43.	 Thuany M, Valero D, Villiger E, Forte P, Weiss K, 
Nikolaidis PT, et al. A machine learning approach to 
finding the fastest race course for professional athletes 
competing in Ironman® 70.3 races between 2004 and 
2020. Int J Environ Res Public Health. 2023;20(4):3619. 
https://doi.org/10.3390/ijerph20043619

44.	 Weiss K, Sousa C, Thuany M, Cuk I, Nikolaidis P, 
Knechtle B. Differences in pacing during cycling and 
running in ultra-triathlons – The example of ‘Swissultra’. 
Eur Rev Med Pharmacol Sci. 2022;26(14):4959-4968. 
https://doi.org/10.26355/eurrev_202207_29281

45.	 Wu S, Peiffer J, Brisswalter J, Nosaka K, Abbiss C. 
Factors influencing pacing in triathlon. Open Access  
J Sports Med. 2014;5:223-234. https://doi.org/10.2147/
oajsm.S44392

https://doi.org/10.1016/j.physbeh.2020.113110
https://doi.org/10.1016/j.physbeh.2020.113110
https://doi.org/10.1016/j.smhs.2023.07.008
https://doi.org/10.3389/fphys.2018.01432
https://doi.org/10.2147/OAJSM.S23229
https://doi.org/10.4077/CJP.2012.BAA014
https://doi.org/10.4077/CJP.2012.BAA014
https://doi.org/10.1097/JSM.0000000000001079
https://doi.org/10.1097/JSM.0000000000001079
https://doi.org/10.1016/j.physbeh.2021.113344
https://doi.org/10.1016/j.physbeh.2021.113344
https://doi.org/10.3389/fphys.2021.654552
https://doi.org/10.3389/fphys.2021.654552
https://doi.org/10.1016/j.jsams.2017.12.011
https://doi.org/10.1016/S1440-2440(00)80080-8
https://doi.org/10.1016/S1440-2440(00)80080-8
https://doi.org/10.3390/ijerph20043619
https://doi.org/10.26355/eurrev_202207_29281
https://doi.org/10.2147/oajsm.S44392
https://doi.org/10.2147/oajsm.S44392

