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Performance and pacing 
of professional IRONMAN 
triathletes: the fastest 
IRONMAN World Championship 
ever—IRONMAN Hawaii 2022
Beat Knechtle 1,2*, Ivan Cuk 3, Elias Villiger 4, Pedro Forte 5,6,7, Mabliny Thuany 8, 
Marilia Santos Andrade 9, Pantelis T. Nikolaidis 10 & Katja Weiss 2

Pacing during cycling and running in an IRONMAN triathlon has been investigated in only one study 
with elite IRONMAN triathletes. We have, however, no knowledge of how professional triathletes pace 
during an IRONMAN World Championship. To investigate the split-by-split speed, pacing strategies 
and pacing variability in professional female and male IRONMAN World Championship participants 
in the fastest IRONMAN World Championship ever in IRONMAN Hawaii 2022. For both cycling and 
running, 25 specific split times were recorded in each discipline. The best 30 men and 30 women overall 
were chosen from the official IRONMAN website database for further analysis. They were divided 
into three performance groups: Top 10, 11–20th place, and 21st–30th place. Mean speed, individual 
linear regressions with the corresponding correlation coefficients, and coefficient of variation were 
calculated to assess split-by-split speed, pacing strategies, and pacing variability, respectively. In 
both men’s and women’s cycling and running segments, the top ten participants exhibited faster 
split times compared to the slower performance groups. Notably, no discernible differences existed 
between the 11–20th and 21st–30th place in men’s cycling and women’s running times. Conversely, 
in men’s running and women’s cycling segments, those in the 11–20th place displayed quicker times 
than those in the 21st–30th place. In the cycling segment across all groups, men demonstrated a more 
negative pacing pattern (indicating an increase in speed), whereas women exhibited more consistent 
pacing. In the running segment, the top 10 men and all women’s groups showcased relatively similar 
slightly positive pacing profiles. However, men ranking 11–20th and 21st–30th displayed more 
pronounced positive pacing strategies, implying a more significant decline in speed over time. In 
terms of cycling, the variability in pacing remained relatively consistent across the three performance 
groups. Conversely, during the running segment, the top ten male triathletes and those in the 11–20th 
place displayed lower pacing variability than their counterparts in the 21st–30th position place and 
all women’s groups. In summary, performance and pacing were examined in professional male and 
female IRONMAN World Championship participants during IRONMAN Hawaii 2022. Top performers 
showed faster cycling and running split times, with differences in pacing strategies between sexes. 
The pacing was more consistent in cycling, while running pacing varied more, particularly among male 
triathletes in different performance groups.
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The IRONMAN Hawaii has a long tradition and has been held for decades as the IRONMAN World 
Championship1. Over the years, both professional2 and age group3 IRONMAN athletes have improved their 
performance. In 2022, the fastest IRONMAN Hawaii ever was held with 10 male athletes breaking the 8-h barrier 
and the Norwegian Gustav Iden setting a new course record of 7:40:24 h:min:s, including a new running course 
record of 2:36:15 h:min:s. Furthermore, six women finished below the 9-h mark4. It is, however, already under 
discussion if athletes might be able to break the 7-h barrier5.

Pacing is an important aspect of endurance performance6 and has also been investigated in different triathlon 
distances7, including the IRONMAN distance8–10. In the IRONMAN triathlon, pacing is—among other variables 
such as age, previous experience, sex, training, origin, anthropometry, physiology, and performance in split dis-
ciplines—an important race predictor11. Pacing is the ability to appropriately distribute energy during a sports 
event and is typically modulated based on speed and intensity during the race to achieve optimal performance12. 
There are several studies about pacing in cycling13,14, swimming15–17 and running18,19. However, the literature still 
requires more studies of triathlon-based competitions, especially the IRONMAN. That said, it is interesting to 
examine the relative performance in the separate disciplines (swimming, cycling, and running) of triathlon, i.e., 
whether a triathlete puts more effort in one discipline than in another, as well as within each discipline, espe-
cially in cycling and running where it is possible to study the variation of performance from one lap to another.

Considering the performance of Gustav Iden in IRONMAN Hawaii 2022 with both a new overall course 
record and a new course record in running, the question arises of which split discipline is the most important in 
an IRONMAN triathlon. A study investigating 343,345 athletes competing in 253 IRONMAN races found that 
the fastest IRONMAN triathletes were the relatively fastest in running and transition times15. Studies investi-
gating elite IRONMAN triathletes reported different conclusions about the most predictive split. One of them 
observed that cycling was the most predictive split discipline20, another concluded that cycling and running 
were the most predictive21 while a different one showed that running is the most predictive21,22. Obviously, no 
consensus exists on which split discipline is the most predictive in an IRONMAN triathlon.

Independent of the question of which split discipline is the most predictive in an IRONMAN triathlon, only 
one study investigated the pacing in elite IRONMAN triathletes in cycling and running23. When analyzing 7687 
cycling and 11,894 running split times of 1,392 IRONMAN triathletes, including 1263 men and 129 women, a 
positive pacing (i.e., a decrease in speed) was reported for both women and men23. It is important to know that 
elite triathletes are no specific group since IRONMAN triathletes are separated into professional triathletes and 
others (i.e., age group athletes or master athletes, or recreational athletes).

To date, we have no knowledge of how professional IRONMAN triathletes’ pace during an IRONMAN 
World Championship, especially not when several athletes broke the course record as it happened in 2022 in 
IRONMAN Hawaii. Knowledge about the way triathletes distribute their effort optimally among swimming, 
cycling, and running, as well as within disciplines, would be helpful in developing successful pacing strategies. 
Therefore, the aim of the study to investigate the split-by-split speed, pacing strategies and pacing variability in 
professional female and male IRONMAN World Championship participants in the fastest IRONMAN World 
Championship ever in IRONMAN Hawaii 2022. We compared pacing between the top 10, the 11th–20th place, 
and the 21st–30th place for both women and men for running and cycling. No comparison was possible for 
pacing in swimming because no electronically measured split times were available. Based upon existing data, we 
hypothesized (i) that running would be more predictive than cycling and (ii) pacing would be positive in both 
cycling and running for all performance groups independent of the sex of the athlete.

Method
Data set and data preparation
The race data were manually downloaded from the official IRONMAN website (www.​ironm​an.​com) where we 
selected the race data from the 2022 edition of ‘IRONMAN Hawaii’. The website recorded the name, sex, per-
formance level (professional or age group athlete), country of origin, times of the split disciplines (swimming, 
cycling, and running), including the transition times (swimming to cycling and cycling to running). For both 
cycling and running, 25 specific split times were recorded. From the database, only the best 30 men and women 
were chosen for further analysis. They were consequently divided into three groups: Top 10, 11–20th place, and 
21st–30th place.

Statistical analysis
Prior to all analyses, descriptive statistics were calculated as mean, standard deviation, minimum and maximum. 
The Kolmogorov–Smirnov test and visual inspection of histograms and QQ plots confirmed the data distribution 
normality. To assess the split-by-split speed for cycling and running, two-way between-within ANOVAs were 
calculated separately for men and women. The main effects of split speed (25 splits), ranking (Top 10, 11–20th 
place, and 21st–30th place), and their interaction split speed × ranking was calculated.

Individual linear regressions were applied to the mean split speed for each of the 25 cycling and running 
laps. Individual linear regressions were calculated with the corresponding correlation coefficients (r) to assess 
pacing strategies (i.e., r > − 0.1 < 0.1 = Even pacing profile; r < − 0.1 = Positive pacing profile; r > 0.1 = Negative 
pacing profile). Furthermore, two-way between-between ANOVAs were performed separately on the Fisher 
Z-transformed correlation coefficients24 for cycling and running. The main effects of sex (men and women), 
ranking (Top 10, 11–20th place, and 21st–30th place), and their interaction sex × ranking were calculated, as well 
as Bonferroni post hoc test. The same two-way between-between ANOVAs were performed on the coefficient 
of variation (CV) to assess pacing variability. Since the CV data were expressed as percentages, data were log-
transformed for the ANOVAs, and then back-transformed according to existing methods25. Eta squared (ŋ2) was 
calculated for the ANOVAs where the effect size 0.01, 0.06, and above 0.14 were considered small, medium, and 

http://www.ironman.com


3

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15708  | https://doi.org/10.1038/s41598-023-42800-z

www.nature.com/scientificreports/

large, respectively26. All correlation coefficients were interpreted as small, r = 0.10–0.29; moderate, r = 0.30–0.49; 
and large, r = 0.50–1.0 (Cohen, 2013). The level of statistical significance was set at p < 0.05. All statistical tests 
were performed using Microsoft Office Excel 2017 (Microsoft Corporation, Redmond, WA, USA) and SPSS 26 
(IBM, Armonk, NY, USA).

Ethics 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.

Results
Split times and speed
Descriptive data (i.e., mean, standard deviation, minimum and maximum), specifically the time needed to 
complete each discipline, is shown in Table 1.

The data were presented separately for sex and ranking. The importance of this specific race was in the fact 
that the first ten men completed the IRONMAN World Championship triathlon in under 8 h. Furthermore, 6 out 
of 10 women achieved a time of under 9 h. That makes this race by far the fastest IRONMAN World Champion-
ship ever. A split-by-split analysis was performed separately for men and women to investigate this race further.

The two-way between-within ANOVAs were applied to assess split-by-split speed for cycling and running 
separately for men (Fig. 1) and women (Fig. 2). Regarding men cycling (Fig. 1, top panel), the significant main 
effects were observed in split speed [F(2,24) = 331.4, ŋ2 = 0.896, p < 0.01] and ranking [F(2,24) = 18.7, ŋ2 = 0.01, p < 0.01] 
but not in their interaction split speed × ranking [F(2,24) = 1.31, ŋ2 < 0.01, p = 0.262]. In particular, each split speed 
differs from the other (p < 0.01), while the top 10 triathletes were significantly faster than the other two groups 
(p < 0.01). No significant differences were observed between the 11–20th and the 21st–30th place. In men run-
ning (Fig. 1, bottom panel), the significant main effects were observed in split speed [F(2,24) = 322.6, ŋ2 = 0.761, 
p < 0.01], ranking [F(2,24) = 55.4, ŋ2 = 0.123, p < 0.01] and in their interaction split speed × ranking [F(2,24) = 4.08, 
ŋ2 = 0.02, p < 0.01]. In particular, each split speed differs from the other (p < 0.01) as well as each group (p < 0.01).

Regarding women cycling (Fig. 2, top panel), the significant main effects were observed in split speed 
[F(2,24) = 697.5, ŋ2 = 0.899, p < 0.01], ranking [F(2,24) = 27.8, ŋ2 = 0.04, p < 0.01] and in their interaction split 
speed × ranking [F(2,24) = 2.13, ŋ2 < 0.01, p = 0.02]. In particular, each split speed differs from the other (p < 0.01) 
as well as each group (p < 0.01). In women running (Fig. 2, bottom panel), the significant main effects were 
observed in split speed [F(2,24) = 208.6, ŋ2 = 0.748, p < 0.01] and ranking [F(2,24) = 7.12, ŋ2 = 0.05, p < 0.01] but not 
in their interaction split speed × ranking [F(2,24) = 1.11, ŋ2 < 0.01, p = 0.360]. In particular, each split speed differs 
from the other (p < 0.01), while only the Top 10 triathletes were significantly faster than triathletes from the 
21st–30th place (p < 0.01).

Table 1.   Descriptive data of the time needed to complete each IRONMAN triathlon discipline. *Note that 
the transition times were outside our research focus, and consecutively, they are not included in this table. 
However, the total time consists of the transition times since the placement was based on that result.

Men Women

Top 10 11–20th place 21st–30th place Top 10 11–20th place 21st–30th place

Swimming

 Mean 0:50:08.80 0:49:47.30 0:49:48.40 0:55:22.10 1:00:13.40 1:05:47.70

 St. dev 0:02:00.96 0:01:41.07 0:01:26.69 0:02:36.55 0:04:40.36 0:07:34.78

 Min 0:48:15.00 0:48:15.00 0:48:18.00 0:50:56.99 0:51:41.00 0:57:54.99

 Max 0:52:57.00 0:52:50.00 0:51:44.00 0:58:08.00 1:04:56.00 1:19:47.00

Cycling

 Mean 4:11:51.70 4:19:47.40 4:20:43.80 4:44:06.80 4:59:19.40 5:10:32.30

 St. dev 0:04:31.09 0:05:33.69 0:05:05.83 0:04:47.45 0:05:56.85 0:12:58.72

 Min 4:04:35.99 4:09:02.99 4:14:16.00 4:36:10.00 4:51:56.00 4:57:09.00

 Max 4:21:52.00 4:25:07.00 4:27:49.99 4:55:03.00 5:09:59.00 5:36:31.00

Running

 Mean 2:44:01.50 2:51:31.10 3:04:59.30 3:09:06.50 3:17:02.90 3:26:37.70

 St. dev 0:04:25.76 0:05:06.05 0:04:45.75 0:10:29.76 0:08:05.55 0:14:05.71

 Min 2:36:15.00 2:45:34.00 2:59:08.00 2:51:44.00 3:00:31.00 3:09:25.00

 Max 2:49:28.00 3:02:16.00 3:13:31.00 3:23:44.99 3:26:30.00 3:49:20.00

Total

 Mean 7:50:50.30 8:06:03.10 8:20:45.00 8:53:36.40 9:21:57.80 9:48:36.50

 St. dev 0:07:08.70 0:03:55.67 0:05:02.42 0:11:18.54 0:06:15.44 0:13:28.74

 Min 7:40:24.00 8:00:50.00 8:13:40.00 8:33:46.00 9:11:03.00 9:32:56.99

 Max 7:58:20.00 8:12:46.00 8:27:14.00 9:07:49.00 9:31:24.00 10:14:48.0
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Pacing strategy
To assess the triathletes` pacing strategy, the two-way between-between ANOVAs were performed on Fisher 
Z-transformed correlation coefficients (derived from individual linear regression) separately for cycling and 
running. In cycling (Fig. 3, top panel), the significant main effect of sex [F(5,54) = 117.6, ŋ2 = 0.685, p < 0.01] 
was observed, while no significant effects were observed in the ranking [F(5,54) = 0.03, ŋ2 < 0.01, p = 0.973] and 
sex × ranking interaction [F(5,54) = 0.61, ŋ2 = 0.02, p = 0.548]. The Bonferroni post hoc test showed a significantly 

Figure 1.   Men’s split-by-split cycling and running speed.

Figure 2.   Women’s split-by-split cycling and running speed.
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greater coefficient of correlation in men than in women in all groups (p < 0.01), indicating men’s more negative 
pacing profiles.

In running (Fig. 3, bottom panel), the significant main effects of sex [F(5,54) = 117.6, ŋ2 = 0.685, p < 0.01], rank-
ing [F(5,54) = 0.03, ŋ2 < 0.01, p = 0.973] and the sex × ranking interaction [F(5,54) = 0.61, ŋ2 = 0.02, p = 0.548] were 
observed. The Bonferroni post hoc test showed a significantly greater coefficient of correlation in men in the 
11–20th (p < 0.05) and 21st–30th (p < 0.01) places than in the same women’s groups, indicating men’s more posi-
tive pacing profiles. Furthermore, men`s top 10 triathletes showed a significantly lower coefficient of correlation 
than triathletes from the 11–20th (p < 0.05) and 21st–30th (p < 0.01) place, indicating less positive pacing strategy.

Pacing variability
To assess the triathletes` variability in pacing, the two-way between-between ANOVAs were performed on 
the coefficient of variation (CV). Since the CV data were expressed as percentages, data were log-transformed 
for the ANOVAs, and then back-transformed. In cycling (Fig. 4, top panel), no significant main effect of sex 
[F(5,54) = 0.10, ŋ2 < 0.01, p = 0.754] and ranking [F(5,54) = 0.95, ŋ2 = 0.03, p = 0.392] were observed, while sex × ranking 
interaction was significant [F(5,54) = 3.917, ŋ2 = 0.06, p = 0.043]. The post hoc analysis showed that men triathletes 
placed from the 21st–30th place have lower pacing variability than the top 10 men and women placed from the 
21st–30th place (p < 0.05).

Contrary to cycling, in running (Fig. 4, bottom panel), the significant main effect of sex [F(5,54) = 48.5, 
ŋ2 = 0.474, p < 0.01] and ranking [F(5,54) = 7.98, ŋ2 = 0.228, p < 0.01] were observed, while their interaction 
sex × ranking interaction was not significant [F(5,54) = 0.92, ŋ2 = 0.03, p = 0.405]. The Bonferroni post hoc test 
showed that all women’s groups have more running variability than men`s (p < 0.01). Furthermore, men tri-
athletes from the 21st–30th place had more variability in the running than the other two groups (p < 0.05). In 
comparison, women triathletes from the 21st–30th place had more variability than the top 10 group (p < 0.05).

Discussion
This study intended to investigate the split-by-split speed, pacing strategies, and pacing variability in professional 
female and male IRONMAN World Championship participants in the fastest IRONMAN World Championship 
ever in IRONMAN Hawaii 2022. By comparing pacing between the top 10, the 11–20th place, and the 21st–30th 
place for both sexes, we hypothesized for all performance groups that running would be more predictive of 
overall performance than cycling, and pacing would be positive (i.e., the speed would decrease across the split) 
in both cycling and running.

The main findings were as follows:

Figure 3.   Mean correlation coefficients calculated from the individual linear regressions of the 25 cycling and 
running laps speed. r > − 0.1 < 0.1 = Even pacing profile; r < − 0.1 = Positive pacing profile; r > 0.1 = Negative pacing 
profile). #p < 0.05, ##p < 0.01 for main effect of sex. *p < 0.05, **p < 0.01 for the main effect of ranking.
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1.	 The top 10 were faster in cycling and running than lower-placed athletes

The first important finding was that ten fastest women and men were faster than athletes in both cycling and 
running in the 11–20th and 21st–30th place. In contrast, the top 10 male IRONMAN triathletes had slower swim-
ming times (Table 1) than other groups. However, no split times were provided for swimming, thus not allowing 
further investigation. For the two slower performance groups, the 11–20th were faster than the 21st–30th place 
in the men’s running and women’s cycling, implying that men would need to improve running and women 
cycling to enter the top twenty in IRONMAN Hawaii, and athletes who were in the 11–20th group would need 
to improve both running and cycling to enter to top ten in IRONMAN Hawaii.

The first important finding was that the top ten male and female athletes surpassed those in 11–30th posi-
tions in both cycling and running. In contrast, the leading male IRONMAN triathletes showed slower swimming 
times (Table 1) compared to other groups, with no available split times for further analysis. Among the slower 
performance groups, those ranked 11–20th showed better performance in men’s running and women’s cycling 
than those in 21st–30th positions. This highlights the necessity for men to enhance their running and women to 
improve their cycling to secure a top twenty position in IRONMAN Hawaii. Moreover, athletes in the 11–20th 
group would need to excel in both running and cycling to attain a top ten position in the competition.

Little was known regarding pacing in the IRONMAN triathlon23. More studies investigated pacing in shorter27 
or longer28 triathlon distances. Especially, little to nothing was known regarding pacing in triathlons by perfor-
mance groups. In the Sprint distance, Olympic distance, and the IRONMAN 70.3 distance triathlon races, an even 
swimming pacing strategy was adopted across all distances. During cycling, pacing varied for the three distances. 
In running, the pacing was negative in the Sprint distance triathlon and positive in the Olympic distance and the 
IRONMAN 70.3 distance triathlon27. In races covering x-times the full IRONMAN distance, the fastest triathletes 
spent relatively more time swimming and cycling and less time running, showing the importance of running 
in longer triathlon races28. Future studies would need to investigate differences between performance groups 
in professional IRONMAN triathletes regarding anthropometry, training, and equipment. This might provide 
further insights in the performance differences of the fastest professional IRONMAN triathletes.

2.	 Differences in pacing strategies during cycling and running between women and men

Figure 4.   Mean coefficient of variation (%) of the 25 cycling and running laps speed. #p < 0.05, ##p < 0.01 for 
main effect of sex. *p < 0.05, for the main effect of ranking.
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A second important finding was that men overall paced more negatively in cycling while women paced rather 
evenly, whereas in running the ten fastest men and all three female groups paced slightly more positive. Men 
in the two slower performance groups showed more pronounced positive pacing implying that slower male 
triathletes might try to adopt more even pacing to improve results.

The differences between the sexes might be explained by differences in anthropometry and training in female 
and male triathletes29–31. Female triathletes had a lower body mass, a lower body height, a lower skeletal mass 
and a lower BMI compared to male triathletes30, but a higher percent body fat30,31. It is reported that female 
triathletes invested fewer weekly training hours on average and covered fewer training kilometers in all split 
disciplines than male triathletes31. Furthermore, swimming and cycling speed in training was higher in male 
triathletes30. However, running speed in training was higher in female triathletes30. Sex differences between the 
energetic metabolisms could also be associated with the fact that the women paced rather evenly. Women showed 
a greater proportional area of type I muscle fibers, economize more carbohydrates during prolonged exercise, and 
are more effective in the usage of fatty acids than the males, demonstrating a more uniform pacing strategy and 
less fatigue following long-distance aerobic exercise32. It has also been shown that variables of anthropometry 
and training were differently related to overall race times in female and male triathletes31. For example, it has 
been reported that the body fat percentage is related to the overall race times in male triathletes31, where average 
weekly training volume was not related30. In contrast, in female triathletes, the average weekly training volume 
was related to the overall race times30,31. Another study found that the somatotype was a strong predictor in male 
triathletes. For female triathletes, however, no correlation between somatotype, training, and the race could be 
found29. This highlights the lack of research on female triathletes, where anthropometrics, training intensity and 
volume, and racing performance seem to be important topics for future research.

Psychological differences between males and females have an effect on pacing as a result of competitiveness. 
Males are widely recognized for their stronger inclination toward direct competition in contrast to females33, a 
characteristic often attributed to their heightened sense of competitiveness34. This affects the pacing strategy in 
the form of a more aggressive start resulting in a steeper decline.

3.	 Differences in pacing variability between performance groups and sexes

A third and last important finding was that pacing variability did not change across the three performance 
groups in cycling. It should be highlighted that the athletes adopted a negative pacing strategy (i.e., an increase in 
speed during the race) in cycling. An interpretation of this pacing strategy from a biophysical perspective might 
be the elevations of the course, especially considering the decrease of elevation towards the end of the cycling 
race. It has been proposed that an optimal pacing strategy is increasing power in uphill sections and decreasing 
power when traveling downhill35,36.

Drafting during running also has an effect on the running performance37 and is permitted in an IRONMAN 
triathlon. However, drafting is less effective in running than in cycling due to the lower achieved speed38. As 
a result, we might expect that less prepared triathletes will vary more in marathon pacing due to a slowdown 
caused by an inability to stay in the pack. Furthermore, frequent acceleration and deceleration can increase the 
risk of injury due to greater impact forces on the musculoskeletal apparatus39.

Particularly novel findings of this study were that the two fastest male performance groups showed a lower 
running variability (i.e., a more even pacing) than the slowest performance group and all three female perfor-
mance groups. However, previous studies showed that women paced more evenly in marathons than men40,41. 
In contrast, differences seemed to exist between the sexes regarding pacing in marathon running since another 
study reported that men seemed to slow more in a marathon than women42. Little is known, however, regard-
ing the sex differences in pacing in triathlon. In ULTRAMAN Hawaii, a triathlon covering three stages during 
three days, women paced differently than men. Performance in the fastest women decreased on day 1 but was 
maintained on days 2 and 3. Performance in the fastest men decreased on day 1 and day 2 but improved on day 
343. Future studies need to investigate reasons for pacing differences between female and male triathletes.

Evidently, the pacing variability seems not quite as important for professional triathletes in cycling, while less 
variable groups achieve better results in the running. In particular, slower men and all women might try reducing 
pacing variability to achieve better results. To date, very little is known regarding the sex differences in triathlon 
performance44 and in pacing during triathlon45,46. Stevenson et al. investigated the sex differences in performance 
in the top ten female and male age group triathletes for age groups 18–24 to 60–64 years for Sprint, Olympic, 
and IRONMAN 70.3 triathlons during the 2009–2011 World Championships. Sex differences in overall race 
times were highest in both the youngest and the oldest age groups for all triathlon distances, where the largest 
sex differences existed for swimming44. Le Meur et al.45 investigated the differences in pacing between female 
and male elite triathletes a World Cup Olympic distance competition with drafting during cycling. Speeds in 
swimming and running decreased similarly for both women and men. Male athletes were faster than women in 
the transition from swimming to cycling, pushing the pace harder during the swim-to-cycle transition, contrary 
to the women. Women showed more changes in speed due to sloping changes during cycling and running45. 
However, drafting is allowed in Olympic distance triathlon but not in the full IRONMAN distance triathlon; 
therefore, comparisons are difficult. A study investigating pacing in multi-stage triathlons covering the daily 
distance of 5-times, 10-times, and 20-times the full IRONMAN distance showed that men achieved a stable 
cycling performance whether they competed in 5-times, 10-times, or 20-times the full IRONMAN distance. 
The cycling performance influenced the subsequent running split depending upon whether they competed 
in 5-times, 10-times, or 20-times the full IRONMAN distance46. Future studies need to investigate the pacing 
differences between the sexes and the split disciplines more deeply. We also need to consider the course profile 
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in cycling (Fig. 5) and running (Fig. 6), showing that the racecourse is not flat. Up-hill and down-hill sections 
might differently influence female and male cycling and running performance8,10.

Limitations
Τhis study is not free of limitations since aspects of food47 and fluid48 intake, the influence of dehydration49 and 
heat50, mental toughness51 and equipment51 for IRONMAN could not be included. On the other hand, its strength 
is its novelty and practical applications considering that this data analysis provides insights on the pacing strategy 
of the fastest professional IRONMAN triathletes.

Conclusion
In summary, this study investigated split-by-split speed, pacing strategies, and pacing variability in male and 
female IRONMAN World Championship participants during the IRONMAN Hawaii 2022 race. The analysis 
revealed that the top ten performers exhibited faster cycling and running split times compared to their slower 
counterparts, while differences in pacing strategies emerged between men and women, with men showing 
more negative pacing during cycling and women maintaining a steadier pace. Additionally, pacing variability 
remained consistent in cycling across performance groups, whereas in running, differences were observed with 
lower pacing variability seen in the top ten male triathletes and those ranking 11–20th compared to those in 
the 21st–30th position and all female groups. These findings highlight the significance of pacing strategies in 
IRONMAN triathlons and suggest areas for further research into factors influencing pacing differences and their 
impact on overall performance.

Data availability
All athlete data was downloaded from the official IRONMAN website (www.​ironm​an.​com).

Received: 17 February 2023; Accepted: 14 September 2023

References
	 1.	 Lepers, R. Analysis of Hawaii ironman performances in elite triathletes from 1981 to 2007. Med. Sci. Sport. Exerc. 40, 1828–1834. 

https://​doi.​org/​10.​1249/​MSS.​0b013​e3181​7e91a4 (2008).
	 2.	 Gallmann, D., Knechtle, B., Rüst, C. A., Rosemann, T. & Lepers, R. Elite triathletes in “Ironman Hawaii” get older but faster. Age 

(Dordr) 36, 407–416. https://​doi.​org/​10.​1007/​s11357-​013-​9534-y (2014).
	 3.	 Lepers, R., Rüst, C. A., Stapley, P. J. & Knechtle, B. Relative improvements in endurance performance with age: Evidence from 25 

years of Hawaii Ironman racing. Age (Dordr) 35, 953–962. https://​doi.​org/​10.​1007/​s11357-​012-​9392-z (2013).
	 4.	 Foster, C. & Lacke, S. Hawaii Ironman World Championships 2022 Results: Gustav Iden Victorious With A New Course Record, 

<https://​www.​triat​hlete.​com/​cultu​re/​news/​hawaii-​ironm​an-​world-​champ​ionsh​ips-​2022-​resul​ts-​gustav-​iden/> (2022).
	 5.	 Jolicoeur Desroches, A. & Goulet, E. D. B. Is a sub 7-h Ironman(TM) possible?. Front. Sport. Act. Living 4, 866599. https://​doi.​org/​

10.​3389/​fspor.​2022.​866599 (2022).
	 6.	 Abbiss, C. R. & Laursen, P. B. Describing and understanding pacing strategies during athletic competition. Sport. Med. 38, 239–252. 

https://​doi.​org/​10.​2165/​00007​256-​20083​8030-​00004 (2008).
	 7.	 Wu, S. S., Peiffer, J. J., Brisswalter, J., Nosaka, K. & Abbiss, C. R. Factors influencing pacing in triathlon. Open Access J. Sport. Med. 

5, 223–234. https://​doi.​org/​10.​2147/​oajsm.​S44392 (2014).
	 8.	 Johnson, E. C. et al. Bike and run pacing on downhill segments predict Ironman triathlon relative success. J. Sci. Med. Sport 18, 

82–87. https://​doi.​org/​10.​1016/j.​jsams.​2013.​12.​001 (2015).

Figure 5.   The course profile for the cycling split.

Figure 6.   The course profile for the running split.

http://www.ironman.com
https://doi.org/10.1249/MSS.0b013e31817e91a4
https://doi.org/10.1007/s11357-013-9534-y
https://doi.org/10.1007/s11357-012-9392-z
https://www.triathlete.com/culture/news/hawaii-ironman-world-championships-2022-results-gustav-iden/
https://doi.org/10.3389/fspor.2022.866599
https://doi.org/10.3389/fspor.2022.866599
https://doi.org/10.2165/00007256-200838030-00004
https://doi.org/10.2147/oajsm.S44392
https://doi.org/10.1016/j.jsams.2013.12.001


9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:15708  | https://doi.org/10.1038/s41598-023-42800-z

www.nature.com/scientificreports/

	 9.	 Abbiss, C. R. et al. Dynamic pacing strategies during the cycle phase of an Ironman triathlon. Med. Sci. Sport. Exerc. 38, 726–734. 
https://​doi.​org/​10.​1249/​01.​mss.​00002​10202.​33070.​55 (2006).

	10.	 Pryor, J. L. et al. Pacing strategy of a full ironman overall female winner on a course with major elevation changes. J. Strength Cond. 
Res. 32, 3080–3087. https://​doi.​org/​10.​1519/​jsc.​00000​00000​002807 (2018).

	11.	 Knechtle, B. et al. Variables that influence Ironman triathlon performance—What changed in the last 35 years?. Open Access J. 
Sport. Med. 6, 277–290. https://​doi.​org/​10.​2147/​oajsm.​S85310 (2015).

	12.	 Skorski, S. & Abbiss, C. R. The manipulation of pace within endurance sport. Front. Physiol. https://​doi.​org/​10.​3389/​fphys.​2017.​
00102 (2017).

	13.	 Knechtle, B. et al. Biophysical characterization of the first ultra-cyclist in the world to break the 1,000 km barrier in 24-h non-stop 
road cycling: A case report. Front. Cardiovasc. Med. https://​doi.​org/​10.​3389/​fcvm.​2022.​990382 (2022).

	14.	 Knechtle, B., Rosemann, T. & Nikolaidis, P. T. Pacing and changes in body composition in 48 h ultra-endurance running—A case 
study. Sports 6, 136 (2018).

	15.	 Knechtle, B., Käch, I., Rosemann, T. & Nikolaidis, P. T. The effect of sex, age and performance level on pacing of Ironman triathletes. 
Res. Sport. Med. 27, 99–111. https://​doi.​org/​10.​1080/​15438​627.​2018.​15467​03 (2019).

	16.	 Morais, J. E. et al. Stability analysis and prediction of pacing in elite 1500 m freestyle male swimmers. Sport. Biomech. https://​doi.​
org/​10.​1080/​14763​141.​2020.​18107​49 (2020).

	17.	 Morais, J. E., Barbosa, T. M., Forte, P., Pinto, J. N. & Marinho, D. A. Assessment of the inter-lap stability and relationship between 
the race time and start, clean swim, turn and finish variables in elite male junior swimmers’ 200 m freestyle. Sport. Biomech. https://​
doi.​org/​10.​1080/​14763​141.​2021.​19522​98 (2021).

	18.	 Billat, V., Vitiello, D., Palacin, F., Correa, M. & Pycke, J. R. Race analysis of the world’s best female and male marathon runners. 
Int. J. Environ. Res. Public Health https://​doi.​org/​10.​3390/​ijerp​h1704​1177 (2020).

	19.	 Midgley, A. W., McNaughton, L. R. & Jones, A. M. Training to enhance the physiological determinants of long-distance running 
performance. Sport. Med. https://​doi.​org/​10.​2165/​00007​256-​20073​7100-​00003 (2007).

	20.	 Sousa, C. V. et al. Cycling as the best sub-8-hour performance predictor in full distance triathlon. Sports (Basel) https://​doi.​org/​
10.​3390/​sport​s7010​024 (2019).

	21.	 Figueiredo, P., Marques, E. A. & Lepers, R. Changes in contributions of swimming, cycling, and running performances on overall 
triathlon performance over a 26-year period. J. Strength Cond. Res. 30, 2406–2415. https://​doi.​org/​10.​1519/​jsc.​00000​00000​001335 
(2016).

	22.	 Sousa, C. V. 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. https://​doi.​org/​10.​3389/​fphys.​2021.​654552 (2021).

	23.	 Angehrn, N., Rüst, C. A., Nikolaidis, P. T., Rosemann, T. & Knechtle, B. Positive pacing in elite IRONMAN triathletes. Chin. J. 
Physiol. 59, 305–314. https://​doi.​org/​10.​4077/​cjp.​2016.​Bae418 (2016).

	24.	 Silver, N. C. & Dunlap, W. P. Averaging correlation coefficients: Should Fisher’s z transformation be used?. J. Appl. Psychol. 72, 
146–148. https://​doi.​org/​10.​1037/​0021-​9010.​72.1.​146 (1987).

	25.	 Stewart, A. M. & Hopkins, W. G. Seasonal training and performance of competitive swimmers. J. Sport. Sci. 18, 873–884. https://​
doi.​org/​10.​1080/​02640​41007​50017​805 (2000).

	26.	 Cohen, J. Statistical Power Analysis for the Behavioral Sciences 2nd edn (1988).
	27.	 Wu, S. et al. Pacing strategies during the swim, cycle and run disciplines of sprint, Olympic and half-Ironman triathlons. Eur. J. 

Appl. Physiol. 115, 1147–1154. https://​doi.​org/​10.​1007/​s00421-​014-​3096-2 (2015).
	28.	 Knechtle, B., de Sousa, C. V., Simões, H. G., Rosemann, T. & Nikolaidis, P. T. Effects of the performance level and race distance on 

pacing in ultra-triathlons. J. Hum. Kinet. 67, 247–258. https://​doi.​org/​10.​2478/​hukin-​2018-​0079 (2019).
	29.	 Kandel, M., Baeyens, J. P. & Clarys, P. Somatotype, training and performance in Ironman athletes. Eur. J. Sport Sci. 14, 301–308. 

https://​doi.​org/​10.​1080/​17461​391.​2013.​813971 (2014).
	30.	 Knechtle, B. et al. Differential correlations between anthropometry, training volume, and performance in male and female Ironman 

triathletes. J. Strength Cond. Res. 24, 2785–2793. https://​doi.​org/​10.​1519/​JSC.​0b013​e3181​c643b6 (2010).
	31.	 Knechtle, B., Wirth, A., Baumann, B., Knechtle, P. & Rosemann, T. Personal best time, percent body fat, and training are differently 

associated with race time for male and female ironman triathletes. Res. Q. Exerc. Sport 81, 62–68. https://​doi.​org/​10.​1080/​02701​
367.​2010.​10599​628 (2010).

	32.	 Besson, T. et al. Sex differences in endurance running. Sport. Med. https://​doi.​org/​10.​1007/​s40279-​022-​01651-w (2022).
	33.	 Deaner, R. O., Addona, V. & Mead, M. P. U. S. masters track participation reveals a stable sex difference in competitiveness. Evol. 

Psychol. 12, 848–877 (2014).
	34.	 Deaner, R. O., Lowen, A., Rogers, W. & Saksa, E. Does the sex difference in competitiveness decrease in selective sub-populations? 

A test with intercollegiate distance runners. PeerJ 3, e884. https://​doi.​org/​10.​7717/​peerj.​884 (2015).
	35.	 Atkinson, G., Peacock, O., St Clair Gibson, A. & Tucker, R. Distribution of power output during cycling: Impact and mechanisms. 

Sport. Med. 37, 647–667. https://​doi.​org/​10.​2165/​00007​256-​20073​7080-​00001 (2007).
	36.	 Atkinson, G., Peacock, O. & Passfield, L. Variable versus constant power strategies during cycling time-trials: Prediction of time 

savings using an up-to-date mathematical model. J. Sport. Sci. 25, 1001–1009. https://​doi.​org/​10.​1080/​02640​41060​09447​09 (2007).
	37.	 Zouhal, H. et al. Drafting’s improvement of 3000-m running performance in elite athletes: Is it a placebo effect?. Int. J. Sport. Physiol. 

Perform. 10, 147–152. https://​doi.​org/​10.​1123/​ijspp.​2013-​0498 (2015).
	38.	 Millet, G. P. & Vleck, V. E. Physiological and biomechanical adaptations to the cycle to run transition in Olympic triathlon: Review 

and practical recommendations for training. Br. J. Sport. Med. 34, 384. https://​doi.​org/​10.​1136/​bjsm.​34.5.​384 (2000).
	39.	 Verheul, J. et al. Biomechanical loading during running: can a two mass-spring-damper model be used to evaluate ground reaction 

forces for high-intensity tasks?. Sport. Biomech. 20, 571–582. https://​doi.​org/​10.​1080/​14763​141.​2019.​15842​38 (2021).
	40.	 Cuk, I., Nikolaidis, P. T. & Knechtle, B. Sex differences in pacing during half-marathon and marathon race. Res. Sport. Med. 28, 

111–120. https://​doi.​org/​10.​1080/​15438​627.​2019.​15938​35 (2020).
	41.	 Nikolaidis, P. T. & Knechtle, B. Pacing in age group marathoners in the “New York City Marathon”. Res. Sport. Med. 26, 86–99. 

https://​doi.​org/​10.​1080/​15438​627.​2017.​13937​52 (2018).
	42.	 Deaner, R. O., Carter, R. E., Joyner, M. J. & Hunter, S. K. Men are more likely than women to slow in the marathon. Med. Sci. Sport. 

Exerc. 47, 607–616. https://​doi.​org/​10.​1249/​mss.​00000​00000​000432 (2015).
	43.	 Knechtle, B. & Nikolaidis, P. T. Sex differences in pacing during “Ultraman Hawaii”. PeerJ 4, e2509. https://​doi.​org/​10.​7717/​peerj.​

2509 (2016).
	44.	 Stevenson, J. L., Song, H. & Cooper, J. A. Age and sex differences pertaining to modes of locomotion in triathlon. Med. Sci. Sport. 

Exerc. 45, 976–984. https://​doi.​org/​10.​1249/​MSS.​0b013​e3182​7d17eb (2013).
	45.	 Le Meur, Y. et al. Influence of gender on pacing adopted by elite triathletes during a competition. Eur. J. Appl. Physiol. 106, 535–545. 

https://​doi.​org/​10.​1007/​s00421-​009-​1043-4 (2009).
	46.	 Weiss, K. et al. Differences in pacing during cycling and running in ultra-triathlons—The example of “Swissultra”. Eur. Rev. Med. 

Pharmacol. Sci. 26, 4959–4968. https://​doi.​org/​10.​26355/​eurrev_​202207_​29281 (2022).
	47.	 Pfeiffer, B. et al. Nutritional intake and gastrointestinal problems during competitive endurance events. Med. Sci. Sport. Exerc. 44, 

344–351. https://​doi.​org/​10.​1249/​MSS.​0b013​e3182​2dc809 (2012).
	48.	 Meyer, M. et al. Ad libitum fluid intake leads to no leg swelling in male Ironman triathletes—An observational field study. J. Int. 

Soc. Sport. Nutr. 9, 40. https://​doi.​org/​10.​1186/​1550-​2783-9-​40 (2012).

https://doi.org/10.1249/01.mss.0000210202.33070.55
https://doi.org/10.1519/jsc.0000000000002807
https://doi.org/10.2147/oajsm.S85310
https://doi.org/10.3389/fphys.2017.00102
https://doi.org/10.3389/fphys.2017.00102
https://doi.org/10.3389/fcvm.2022.990382
https://doi.org/10.1080/15438627.2018.1546703
https://doi.org/10.1080/14763141.2020.1810749
https://doi.org/10.1080/14763141.2020.1810749
https://doi.org/10.1080/14763141.2021.1952298
https://doi.org/10.1080/14763141.2021.1952298
https://doi.org/10.3390/ijerph17041177
https://doi.org/10.2165/00007256-200737100-00003
https://doi.org/10.3390/sports7010024
https://doi.org/10.3390/sports7010024
https://doi.org/10.1519/jsc.0000000000001335
https://doi.org/10.3389/fphys.2021.654552
https://doi.org/10.4077/cjp.2016.Bae418
https://doi.org/10.1037/0021-9010.72.1.146
https://doi.org/10.1080/026404100750017805
https://doi.org/10.1080/026404100750017805
https://doi.org/10.1007/s00421-014-3096-2
https://doi.org/10.2478/hukin-2018-0079
https://doi.org/10.1080/17461391.2013.813971
https://doi.org/10.1519/JSC.0b013e3181c643b6
https://doi.org/10.1080/02701367.2010.10599628
https://doi.org/10.1080/02701367.2010.10599628
https://doi.org/10.1007/s40279-022-01651-w
https://doi.org/10.7717/peerj.884
https://doi.org/10.2165/00007256-200737080-00001
https://doi.org/10.1080/02640410600944709
https://doi.org/10.1123/ijspp.2013-0498
https://doi.org/10.1136/bjsm.34.5.384
https://doi.org/10.1080/14763141.2019.1584238
https://doi.org/10.1080/15438627.2019.1593835
https://doi.org/10.1080/15438627.2017.1393752
https://doi.org/10.1249/mss.0000000000000432
https://doi.org/10.7717/peerj.2509
https://doi.org/10.7717/peerj.2509
https://doi.org/10.1249/MSS.0b013e31827d17eb
https://doi.org/10.1007/s00421-009-1043-4
https://doi.org/10.26355/eurrev_202207_29281
https://doi.org/10.1249/MSS.0b013e31822dc809
https://doi.org/10.1186/1550-2783-9-40


10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:15708  | https://doi.org/10.1038/s41598-023-42800-z

www.nature.com/scientificreports/

	49.	 Sousa, C. V. et al. Hydration status after an ironman triathlon: A meta-analysis. J. Hum. Kinet. 70, 93–102. https://​doi.​org/​10.​2478/​
hukin-​2018-​0096 (2019).

	50.	 Olcina, G., Crespo, C., Timón, R., Mjaanes, J. M. & Calleja-González, J. Core temperature response during the marathon portion 
of the Ironman World Championship (Kona-Hawaii). Front. Physiol. https://​doi.​org/​10.​3389/​fphys.​2019.​01469 (2019).

	51.	 Meggs, J., Chen, M. A. & Koehn, S. Relationships between flow, mental toughness, and subjective performance perception in 
various triathletes. Percept. Mot. Skills 126, 241–252. https://​doi.​org/​10.​1177/​00315​12518​803203 (2019).

Author contributions
B.K. and I.C. conceptualized the study. B.K. and I.C. designed the methodology. The formal analysis was done by 
I.C. The data was curated by EV. The original draft was prepared by B.K., K.W., and I.C. P.T.N., M.T., and M.S.A. 
helped in drafting the final version. All authors have read and agreed to the published version of the manuscript.

Competing interests 
Beat Knechtle, Ivan Cuk, Elias Villiger, Pedro Forte, Mabliny Thuany, Marilia Santos Andrade, Pantelis T. 
Nikolaidis, and Katja Weiss declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to B.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

https://doi.org/10.2478/hukin-2018-0096
https://doi.org/10.2478/hukin-2018-0096
https://doi.org/10.3389/fphys.2019.01469
https://doi.org/10.1177/0031512518803203
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Performance and pacing of professional IRONMAN triathletes: the fastest IRONMAN World Championship ever—IRONMAN Hawaii 2022
	Method
	Data set and data preparation
	Statistical analysis
	Ethics approval

	Results
	Split times and speed
	Pacing strategy
	Pacing variability

	Discussion
	Limitations

	Conclusion
	References


