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Sex-specific differences in
performance and pacing in the
world’s longest triathlon in history
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Sex differences in performance and pacing in triathlon have been studied for IRONMAN triathlons
(3.8 km swimming, 180 km cycling and 42.195 km of running) and ultra-triathlons (i.e. Double-,
Triple-, Quintuple- and Deca Iron ultra-triathlons) corresponding to 2x, 3x, 5x and 10x the IRONMAN
triathlon distance. However, no study has to date investigated the sex difference in performance and
pacing in the longest triathlon held in history, the Triple Deca Iron ultra-triathlon covering 114 km of
swimming, 5,400 km of cycling and 1,266 km of running. A total of 14 triathletes (10 men and four
women) competed in the 2024 Triple Deca Ultra Triathlon in Desenzano del Garda, with four men and
three women officially finishing the race within the time limit. The data were analyzed to investigate
performance differences across disciplines (i.e. swimming, cycling, and running), pacing strategies
and sex differences. Variability was assessed using each discipline’s coefficient of variation (CV). The
relation-ships between CV and overall rankings were examined using linear regression analysis. Men
were faster in swimming (12.4%), cycling (24.8%) and running (8.5%). Cycling showed the greatest
pacing variability, while running exhibited steadier pacing, with more consistent athletes performing
better overall, reflecting the unique endurance challenges of this segment. Overall, men were

faster than women in all split disciplines, with the highest sex difference in cycling and the smallest
in running. The analysis revealed significant differences in both cycling and running times among
athletes. The variability in cycling times indicates diverse pacing strategies and endurance levels, while
the running times further highlight the individual performance dynamics of the athletes. The results
illustrate how variability in pacing affects cumulative performance and final rankings.
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There is an ongoing debate about whether women would be able to outperform men in ultra-endurance
performance!. While women have lower muscle strength, a smaller heart and blood volume, and a lower
hematocrit, they exhibit a greater muscle oxidative capacity and a better lipid metabolism?->. These physiological
differences may account for women’s superior performance in endurance events, which rely heavily on aerobic
metabolism, compared to shorter events that are more dependent on anaerobic metabolism. In some instances,
women were able to win ultra-endurance races ahead of all men®. Large studies with data analyses from ultra-
endurance races have shown, however, that there is a gap between women and men, where men were faster but
women are able to reduce the gap to men'”*.

For example, in trail-running of different race distances, the sex difference decreased with increasing race
distance, but the fastest men were always faster than the fastest women’. However, the kind of the endurance
discipline might be a decisive factor about whether women can outperform men. In ultra-cycling distances from
100, 200, 400 and 500 miles, men were faster than women in 100- and 200-mile races, but not in 400- and 500-
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mile races’. While women competing in ultra-endurance events were able to keep up with men in cycling but
not in running, the question of the role of sex on performance in another sport discipline such as swimming
remains. Indeed, a comprehensive analysis of successful finishers of the “Triple Crown of Open Water Swimming’
(Catalina Channel Swim, English Channel Swim, and Manhattan Island Marathon Swim) from 1875 to 2017
showed that women were ~0.06 km/h faster than men'®. Potential explanations for the better performance of
women in open-water long-distance swimming could be the rather low water temperatures and female body
characteristics such as a better buoyancy and a higher body fat percentage, besides a better fat oxidation>!1:12,
Regarding the sex difference in cycling where women were able to keep up with men in 400- and 500-mile races,
lower body mass and better fat oxidation might be decisive for female performance®!2.

Triathlon combines the three disciplines of swimming, cycling, and running in that order, and provides
an optimal model to study the role of sex on performance during different exercise modes. Sex differences
in triathlon races have been investigated for different race distances such as the Olympic distance!>!3, or the
IRONMAN distance!'>!* triathlon.

In general, the sex difference in both Olympic and IRONMAN distances narrowed over the years and
varied by both the discipline itself and the length of a discipline. In elite Olympic distance triathletes, the sex
difference in running performance was greater in the Olympic distance (~14%) than in IRONMAN distance
(~7%) triathlon. For non-elite IRONMAN triathletes, the sex difference in swimming (~ 12%) was smaller than
in cycling (~15%) and running (~18%)". At longer distances, a study investigating sex differences from the
IRONMAN to the Double Deca Iron ultra-triathlon (76 km swimming, 3,600 km cycling, 844 km running)
showed that the sex differences for the three fastest finishers ever for swimming, cycling, running and overall
race times for all distances from the IRONMAN to the Double Deca Iron ultra-triathlon were ~27.0%, ~24.3%,
~24.5%, and ~24.0%, respectively. Although women reduced the sex difference in the shorter long-distance
triathlon distances such as the IRONMAN distance, the sex gap widened in the longer triathlon distances such
as the Double and the Triple Iron ultra-triathlon'é.

Pacing is also an important aspect of endurance performance in general and also of ultra-triathlon
performance!”. A study investigating pacing in ultra-triathlons, including Double Iron, Triple Iron, Quintuple
Iron and Deca Iron ultra-triathlons held between 1985 and 2018, showed that there were differences in pacing
between sexes and at different race distances'®. Regarding the race distance, athletes invested less time in
swimming and cycling in the longer race distances, but more time in running as the race distance increased'.
Regarding the sex, women invested more time in cycling and less time in running in both Double and Triple
Iron ultra-triathlons'®.

The question now arises as to whether women might be able to outperform men in even longer triathlon
distances and whether and where differences in pacing between women and men exist. In the autumn of 2024,
the longest official triathlon in history was held as a race with the Triple Deca Iron ultra-triathlon covering
114 km swimming, 5,400 km cycling, and 1,266 km running (www.ultratriathlonitaly.com/). The objective of
this study was to analyze the race with the first aim of a potential sex difference in performance and the second
aim of a potential sex difference in pacing. Although one might assume that women might be able to outperform
men in even longer ultra-distances, our hypotheses were that (i) men would be faster in all three split disciplines
and (i) there would also be a sex difference in pacing in that men will exhibit more pacing variability than
women.

Method

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 the recognized ethical standards according to
the Declaration of Helsinki adopted in 1964 and revised in 2013.

Competition characteristics

The Triple Deca Iron ultra-triathlon started on September 1, 2024 with a 114 km swim in a 50 m pool ‘T Borghi
di Lugana’ south of Desenzano at Lake Garda in Northern Italy. The race was held for the first time in history.
During swimming, laps were recorded electronically and manually. Due to a malfunction in the electronic chip
system during swimming, the manual records were used. Each swimmer had a personal lap counter writing
down the time for each 100 m. After the swim, the athletes changed in transition zone 1 at the swimming pool
to the cycling split and had to make a transfer by cycling and supported by their crew to the ‘Parco Le Ninfee,
where the cycling course officially started. The athletes had to ride a transfer of ~4 km to the cycling course,
where they had to complete a total of 782 laps of ~7 km. The cycling course was described as 95% flat, but the
athletes had to cover an altitude of ~ 1,000 m per IRONMAN distance, resulting in ~ 30,000 m of altitude for the
5,400 km in cycling. After the last cycling lap, the athletes had to make the transfer back to ‘Parco Le Ninfee’ to
start the run. The run course started immediately near the finish of the cycling course at the pool of the ‘Parco
Le Ninfee. The run course was mere flat, on grass, dirt, and sand. They had to complete 1,186 running laps of
1.067 km to achieve the distance of 1,266 running km. The athletes were allowed to be supported by their own
crew in providing nutrition and equipment in all split disciplines. Nutrition was also provided by the organizer.
Support crews were not allowed to pace the athletes. Drafting was forbidden in cycling. At the cycling course,
the athletes had to build up a tent for their crew and to make rests. The same was then at the running course. For
swimming, the lap times were recorded manually and the final swim time was provided. Lap times in cycling and
running were recorded electronically using a chip system (www.raceresult.com/).
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Participants

A total of 14 triathletes (10 men and 4 women) signed in for the Triple Deca Iron ultra-triathlon. Upon the start
of the race, one man did not start. From the remaining nine men, five dropped out during the swim. Of the four
women, one also dropped out during the swim. The remaining four men and three women finished the race
within the time limit.

Data set and data preparation

The race data with split times and lap times for swimming, cycling, and running were obtained from the official
race website of the ‘Ultra Triathlon Italy’ (www.ultratriathlonitaly.com/). The split times for swimming, cycling,
and running were recorded for each athlete.

Statistical analysis

The data were analyzed to investigate performance differences across disciplines (swimming, cycling, and
running), pacing strategies and sex differences. Descriptive statistics, including means and standard deviations,
were computed for overall performance and segment times. Variability was assessed using the coefficient of
variation (CV) of each discipline. Inferential statistical methods were applied to identify significant differences.
The Kruskal-Wallis test was used for comparisons between individual athletes, and Mann-Whitney U tests were
performed to examine sex differences in performance times and consistency. Relationships between CV and
overall rankings were explored using linear regression analysis. All analyses were performed using statistical
software (IBM, SPSS v.26), with the significance level set at <0.05. Plots were created using Python libraries,
primarily Matplotlib for visualization and Pandas for data organization. Boxplots, scatter plots and bar charts
were generated to illustrate performance metrics, variability, and group.

Results

Performance breakdown in swimming, cycling, running, and overall times

Figure 1 present a comprehensive summary of the cumulative performance times in an ultra-triathlon, broken
down into swimming, cycling, and running split times, and overall race times. The swimming split times
(Fig. 1A) ranged from 67.98 h (1st man in swimming) to 98.47 h (4th man in swimming) in men; for the
women, 94.46 h (1st women in swimming) and 95.78 h (3rd women in swimming). The cycling split (Fig. 1B)
showed the greatest variability, with times ranging from 400.73 h (1st man in cycling) to 446.95 h (4th man in
cycling) for men; for the women, ranging between 443.75 h (1st women in cycling) and 535.90 h (3rd women
in cycling). This reflects significant differences in cycling endurance among participants. In the running split
(Fig. 1C), the 1st placed woman displayed a consistent pacing, completing it in 403.59 h, while the 3rd placed
woman recorded a longer time of 433.88 h. For the men, the 1 st concluded in 362.29 h and the 4th in 408.57 h.
Overall race times (Fig. 1D) highlight the 1 st placed man in cycling and running as the fastest overall finisher,

100= 600=

80=

__ 400+

D
=3
L

IS
=3
L

Time (hours)
Time (hours

200=

20=

1stM 2nd M 3rdM 4thm 1stw 2ndwW  3rdW 1stM 2nd M 3rdM 4thM 1stW 2ndW  3rdW

500 12004 B Swimming [ Cycling @8 Running

el 1000~

300

Time {hours)
Time {hours})

200=

100=

1stM  2ndM  3rdM  4thM  1stW 2ndW 3rdW 1stM  2ndM  3rdM  4thM  1stwW 2ndW 3rdW

Fig. 1. Comparison of split and total race times among participants across disciplines. (A) Swimming
split times among participants. (B) Cycling split times among participants. (C) Running split times among
participants. (D) Overall race times and discipline partial contribution.
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completing the event in 862.59 h, followed by the 2nd (887.96 h), 3rd (904.52 h) and 4th (926.65 h) men, then
the 1st, 2nd, and 3rd women.

The mean times for men and women across swimming, cycling, and running revealed consistent sex
differences. In swimming, men averaged 84.9 h, while women averaged 95.4 h, with an absolute difference
of 10.5 h (12.4%). In cycling, men averaged 419.5 h, and women averaged 523.6 h, showing the largest sex
difference of 104.1 h (24.8%). In running, men recorded an average time of 387.0 h, compared to 420.0 h for
women, resulting in an absolute sex difference of 33.0 h (8.5%).

The distribution of the cycling hours (Fig. 2A) among the participants highlights notable performance
trends. The boxplot for the cycling hours indicates that the 1st placed man demonstrates a relatively consistent
performance, with a median time comparable to that of the 2nd placed man and the 3rd placed man. However,
the 1st placed man exhibits slightly less variability compared to participants such as the 1st placed woman
and 3rd placed woman, whose distributions display wider interquartile ranges and outliers, reflecting greater
fluctuations in cycling performance. Similarly, the run hours boxplot (Fig. 2B) highlights that the 1st placed
male runner maintained a steady performance, with a median time slightly below that of the 2nd placed woman
and 1 st placed woman. The variability of the 1 st placed male runner’s performance remains moderate compared
to others, with participants like the 3rd placed woman and the 1st placed woman again showing broader
distributions and outliers, suggesting more variability in their running segments

Table 1 summarizes the number of laps (N), minimum and maximum values per lap, mean, and standard
deviation for cycling and running lap times. For the cycling split, the mean time based on 5,476 laps was
14:02:38:11 £5:14:39:37 dd: hh: mm: ss, ranging from a minimum of 13:17:46:25 dd: hh: mm: ss to a maximum
of 27:01:46:00 dd: hh: mm: ss. Men completed the cycling split on average faster compared to women. Table 1
presents the lap times for both cycling and running splits across different participant groups: For the total sample,
the average cycling split time was 14 days, 2 h and 38 min and the average running split time was 32 days, 0 h,
and 47 min, with both segments exhibiting substantial variation as reflected by the high standard deviations.
When broken down by sex, men had slightly faster average split times than women in both cycling (13 days, 3 h
vs. 15 days, 9 h) and running splits (30 days, 1 h vs. 34 days, 15 h). Among men, the 1st placed participant had
the fastest split times in both cycling (13 days, 12 h) and running (30 days, 3 h) segments, with progressively
slower times observed in subsequent ranks. Similarly, the 1st placed woman had faster average times (14 days,
6 h for cycling and 32 days, 10 h for running) than their lower-ranked counterparts. A notable trend was the
higher variability in split times for women, especially in the 3rd placed group, where the standard deviation
was particularly high, indicating a wider performance spread. Overall, these results highlight the performance
differences across sexes and ranks, as well as the considerable variability in split times within each group.

Group comparisons

The Kruskal-Wallis test revealed a statistically significant difference in cycling time (Fig. 3A) across athletes
(H(2)=9.73, p=.032). Also, statistically significant differences in running time (Fig. 3B) across the categories of
athletes were noted (H(2) =20.45, p <.001).

A significant difference in cycling time was observed between sex categories (H(1)=183.417, p<.001;
Fig. 4A), indicating a distinct performance gap. Similarly, running time differed significantly between sex
categories (H(1)=1318.130, p <.001; Fig. 4B), further reinforcing the influence of sex-related physiological and
biomechanical factors on endurance performance.

Figure 5 illustrates the CV for cycling and running lap times across participants, highlighting their consistency
in performance. Lower CV values reflect a greater consistency, while higher values indicate a greater variability
in performance. Across all participants, the CV for cycling times was consistently higher than for running times,
suggesting that cycling performance exhibited a greater variability than running. Among the athletes, the 3rd
placed woman overall demonstrated the most consistent performance with the lowest combined CV. In contrast,
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Fig. 2. Distribution of cycling and running times among participants. (A) Distribution of cycling times among
participants, with median and interquartile range highlighted. (B) Distribution of running times among
participants, with median and interquartile range highlighted.
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Sample/athlete N Minimum | Maximum | Mean Std. Deviation
Total Cycling split time | 5,476 | 13:17:46:25 | 27:01:46:00 | 14:02:38:11 | 5:14:39:37
Running split time | 8,302 | 21:14:50:16 | 44:06:29:45 | 32:00:47:36 | 5:11:51:50
Men Cycling split time | 3,129 | 13:17:46:25 | 22:07:27:04 | 13:03:41:49 | 5:03:07:28
Running split time | 4,744 | 21:14:50:16 | 39:09:01:12 | 30:01:51:00 | 4:18:09:49
‘Women Cycling split time | 2,347 | 15:06:25:38 | 27:01:46:00 | 15:09:13:09 | 5:23:04:06
Running split time | 3,558 | 23:07:09:34 | 44:06:29:45 | 34:15:23:03 | 5:07:50:07
1st man Cycling split time 782 | 15:08:11:38 | 21:16:09:43 | 13:12:20:31 | 4:22:02:05
Running split time | 1,186 | 21:21:02:17 | 38:10:53:18 | 30:03:47:14 | 4:18:30:37
2nd man Cycling split time 783 | 14:23:24:02 | 21:13:38:18 | 13:05:53:04 | 4:20:32:52
Running split time | 1,186 | 21:14:50:16 | 36:16:57:29 | 29:03:43:52 | 4:09:04:49
3rd man Cycling split time 782 | 14:09:06:23 | 21:21:07:54 | 13:02:08:21 | 5:07:02:31
Running split time | 1,186 | 21:22:36:52 | 37:18:19:53 | 29:20:15:50 | 4:14:08:39
4th man Cycling split time 783 | 15:07:13:31 | 25:11:32:53 | 15:08:42:54 | 5:22:19:13
Running split time | 1,186 | 25:13:12:48 | 42:13:31:58 | 34:14:12:24 | 5:00:16:45
1 st woman Cycling split time 782 | 15:06:25:38 | 23:06:08:38 | 14:06:29:00 | 5:08:00:34
Running split time | 1,186 | 23:07:09:34 | 41:08:49:30 | 32:10:52:28 | 5:07:02:17
2nd woman Cycling split time 782 | 13:17:46:25 | 22:07:27:04 | 12:18:25:08 | 5:09:54:16
Running split time | 1,186 | 22:08:37:47 | 39:09:01:12 | 31:03:37:05 | 5:01:12:21
3rd woman Cycling split time 782 | 15:09:24:59 | 27:01:46:00 | 16:12:27:35 | 6:08:49:59
Running split time | 1,186 | 27:11:04:28 | 44:06:29:45 | 36:21:04:18 | 4:17:08:41

Table 1. Lap numbers (N), minimum, maximum, mean and std. Deviation for each category/athlete cycling
and running split times. Times are proved in dd: hh: mm: ss.
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Fig. 3. Inter-athlete differences in cycling and running times. (A) Cycling time across individual participants.
(B) Running time across individual participants. M: Men; W: Women.

the 4th placed man overall showed the highest combined CV, indicating the least consistent performance. These
trends suggest that consistency in both segments, particularly in cycling, may contribute significantly to overall
competitive performance.

The analysis of the relationship between the CV and rank revealed a negative correlation, where lower CV
values, indicating a higher consistency, were associated with better rankings (Fig. 6A). The 1st placed man
overall had one of the lowest combined CVs (~25.84%), while the 4th placed man overall exhibited the highest
combined CV (~29.30%). Cycling performance showed greater variability than running, as cycling CVs

Scientific Reports |

(2025) 15:28688 | https://doi.org/10.1038/s41598-025-14578-9 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

A B

o
500
550 T
500 450
v )
3 450 5
=] 2
< £ 400
] o A
£ - £
S 400 =
'a_‘ S
o < 350
350
i 300 —t=
300
[}
[} o
Male Female M;Ie Female

Fig. 4. Sex differences in cycling and running times. (A) Cycling time (in hours) compared between men and
women. (B) Running time (in hours) compared between men and women.
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Fig. 5. Coefficient of variation for cycling and running times across participants. The coefficient of variation
(%) for cycling (orange bars) and running (yellow bars) times is displayed for each participant.

were consistently higher across participants. Athletes with lower cycling CVs, such as the 3rd placed woman,
demonstrated improved rankings despite not achieving top positions overall. Overall, consistent performance
across segments positively impacted competitive standings in the ultra-triathlon event. A linear regression
analysis was conducted to evaluate the relationship between the combined CV and the rank in the ultra-triathlon
event (Fig. 6B). The model revealed a slightly negative relationship (=-0.247), indicating that lower CV values
(higher consistency) were associated with better rankings. However, this relationship was not statistically
significant (=0.75), likely due to the small sample size (=7), which limits the statistical power. The regression plot
illustrated the trend showing the variability of rank as a function of CV, but additional data and further analysis
would be required to confirm this relationship.
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Fig. 6. Relationship between participant rank and combined coefficient of variation in cycling and running.
(A) Correlation between rank and combined coefficient of variation. The scatter plot shows the relationship
between participant rank (y-axis) and their combined coeflicient of variation (%) for cycling and running
(x-axis). (B) Regression analysis: rank vs. combined coefficient of variation. The scatter plot illustrates the
relationship between participant rank (y-axis) and their combined coefficient of variation (%) for cycling and
running (x-axis), with a regression line included.

Discussion

This study investigated the sex differences in split and overall performances as well as the sex differences in
cycling and running performance in the longest ultra-triathlon in history with the hypotheses that sex differences
would exist. The main findings were (i) men were faster than women in all split disciplines, with the highest sex
difference in cycling and the smallest in running and (ii) cycling showed the greatest pacing variability, while
running exhibited steadier pacing, with more consistent athletes performing better overall.

Sex differences in split times

The analysis demonstrated significant differences in the split times for swimming, cycling, and running
between women and men. Men consistently achieved faster times in all three split disciplines, which can be
attributed to differences in both endurance performance and pacing strategies. The sex differences were 12.4%
in swimming, 24.8% in cycling and 8.5% in running. Overall, women had higher mean times in all segments,
with the cycling displaying the most significant variation in absolute and percentage terms. Therefore, we can
confirm our hypothesis that men were faster than women. Men were faster than women even though this was
the longest triathlon distance ever although it was argued that women might be faster than men in ultra-long
distances. This observation is consistent with recent research by Hunter and Senefeld'®, who found that men
outperformed women in many physical capacities such as speed, strength, and power, particularly after male
puberty. Furthermore, there is a consensus that these sex differences are due to anatomical and physiological
differences?.

Regarding sex differences in triathlon races, among the top ten IRONMAN triathletes who participated in
IRONMAN Hawaii between 1981 and 2007, men were faster than women, with sex differences of 9.8 +£2.9% in
swimming, 12.7 £2.0% in cycling and 13.3+3.1% in running'®. The sex differences between IRONMAN and
Triple Deca Iron ultra-triathletes might be due to the length of the event. A study investigating the sex difference
in swimming (7.8 km), cycling (360 km) and running (84 km) of 1,591 men and 155 women finishing a Double
Iron ultra-triathlon between 1985 and 2012 showed that men were 5.1+5.0% faster in swimming, 8.3+3.5%
faster in cycling and 4.2+3.4% faster in running?®!. It seems that already increasing to two times the classical
IRONMAN distance showed that men were considerably faster in cycling and the sex difference was smallest
in running.

It is a general belief in science that men are faster than women in endurance sports’** where this sex
difference is mainly due to biological differences"**?*. An important aspect regarding triathletes and specialists
for single endurance disciplines is the fact that ultra-endurance triathletes are not similar to ultra-endurance
swimmers?!, ultra-endurance cyclists® or ultra-endurance runners®® regarding anthropometry and training.
Furthermore, ultra-distance triathletes such as Triple Iron ultra-triathletes are also different compared to
IRONMAN triathletes?”. Obviously, ultra-endurance triathletes competing in the very long races are a highly
selected population. A successful somatotype of an ultra-distance triathlete seems to be a triathlete who is
smaller but heavier than an IRONMAN triathlete and with a higher body mass index, with shorter limbs and
higher limb circumferences than an IRONMAN triathlete’”. An ultra-triathlete seems to be smaller and more
compact than an IRONMAN triathlete.

Looking at the sex difference in ultra-endurance specialists (i.e. ultra-swimmers, ultra-cyclists, ultra-runners),
women can swim faster than men in open-water long-distance swimming®®?. In ultra-endurance cycling, men
are faster than women?°-3? where the sex differences are ~ 20% in the Race Across AMerica (RAAM) considering
one of the longest ultra-cycling races in the world*’. However, women were not slower than men in shorter
ultra-cycling races such as 400- and 500-miles races’. In ultra-running, men were always faster than women in
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all ultra-marathon race distances from the shortest to the longest34‘36. Overall, women can be faster than men
in some specific ultra races in specific single disciplines, but not in races with combined disciplines such as an
ultra-long triathlon race covering 30 times the full IRONMAN distance.

Variability in pacing in the split disciplines

The analysis highlighted distinct patterns in performance across cycling and running splits. Running showed
a steady pacing, with consistent athletes (i.e. even pacing) performing better overall. The results emphasized
how variability in pacing impacted cumulative performance and final rankings. The analysis revealed significant
differences in both cycling and running times among athletes. The variability in cycling times indicated diverse
pacing strategies and endurance levels, while the running times further highlighted the athletes’ individual
performance dynamics. The CV highlighted performance consistency across cycling and running. Lower CV
values indicated a higher consistency, which correlated with better rankings. Cycling exhibited more variability
compared to running across participants. Although a regression analysis suggested a slightly negative relationship
between CV and rank, the results were not statistically significant, emphasizing the need for further data to
solidify these trends.

A potential explanation for the high variability in cycling could be the change in altitude. Overall, the athletes
had to complete 782 cycling laps of ~7 km with ~45 m of altitude change per lap, leading to ~30,000 m of
changes in altitude for the 5,400 cycling kilometers. In contrast, the running course was rather flat, so there was
less variability in running. Little is known in the scientific literature about pacing variability in very long ultra-
endurance races®. Overall, the length of a race!”*® and the performance level of the athlete!” seemed to have an
influence on pacing variability. A potential explanation for the differences in pacing variability between cycling
and running could be anthropometric and physiological differences between women and men?2%3. Women
with a lower body mass might have an advantage in climbing hills compared to men where men with a higher
body mass might have in contrast an advantage in the descents of a cycling course. Regarding the physiological
aspects, women with a greater fatigue resistance, a greater substrate efficiency, and a lower energetic demand
might have an advantage in longer races although men have a higher muscular strength?>%.

A study investigating 969 finishers (849 men, 120 women) in 46 ultra-triathlons (e.g., Double-, Triple-,
Quintuple- and Deca Iron ultra-triathlons) showed that different pacing patterns were observed by event and
performance level'”. In Double and Triple Iron ultra-triathlon, the faster athletes paced more evenly with
less variation than moderate or slower athletes!”. The variation in pacing speed increased with the length of
a race!’. In longer ultra-triathlon distances, such as Quintuple and Deca Iron ultra-triathlon, there was no
significant difference in pacing variation between faster, moderate, and slower athletes!’”. A study investigating
the influence of performance level and sex on pacing in a shorter (56.3 km) ultra-trail running race showed that
pacing variability (CV%) was higher in high-level finishers, thus showing a greater ability to adapt their pace
to the course profile than low-level finishers®. A study investigating pacing in time-limited ultra-marathons of
different durations reported that finishers in the 24-hour events showed the most variable pacing’. And a study
investigating pacing among the most successful runners in the 161-km Western States Endurance Run (WSER)
showed that the mean CV of running speed was lower for the winners than for the other top-5 finishers and that
CV of running speed was related to finish time for the 10 fastest finish times at the WSER. Overall, the fastest
race times are achieved when running speed fluctuations are limited*!.

Sex differences in ultra-endurance performance

Men were faster than women in all split disciplines where the sex differences were 12.4% in swimming, 24.8% in
cycling and 8.5% in running. It is well-known that the men-to-women performance gap in traditional endurance
sport such as marathon running remains at ~ 10%>?. In ultra-endurance performance, the disparity has been
reported as low as 4% despite the markedly lower number of women and women can even outperform men
in cold-water long-distance swimming??. These specific performance differences for weight bearing and non-
weight bearing exercises are most likely explained by anthropometric and physiological differences between
women and men where men have a higher body mass, a higher muscle mass, a greater strength and a greater
aerobic capacity and where women in turn have a greater fatigue resistance, a greater substrate efficiency, less
muscle fatigability, a faster recovery and lower energetic demands?>?*. Psychological aspects should, however,
also be considered*?*3. For example, in marathon running, women exceeded men on the motivational scales
for weight concern, affiliation, psychological coping, life meaning, goal achievement and self-esteem and they
scored lower on competitive motivation***>. This might be similar in ultra-marathon running?.

Practical applications and limitations

This study offers important practical applications, such as the use of strategies that reduce performance
variability, especially in cycling and running, to improve overall performance. In addition, it highlights the need
for personalized training, considering the differences between segments and between sexes. The CV is indicated
as a useful metric to monitor consistency and to guide race strategies. On the other hand, some limitations
should be considered. One limitation is that we have not considered sleep times. Athletes participating in such a
race might follow a different tactic with slower or longer rest periods, which could have a considerable impact on
overall performance. External factors, such as weather conditions and nutritional strategies, were not included
in the analysis. We did not consider support and nutrition, both of which have a considerable influence on ultra-
endurance performance. In addition, environmental conditions such as precipitation, temperature and wind
were not considered. Lap times in swimming were not recorded electronically and, therefore, unfortunately not
available for analysis. The small sample size of four men and three women who finished the race within the time
limit limits the generalization of the results.
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Conclusion

In summary, men were faster in swimming, cycling, and running, with the sex difference being greatest in
cycling. Cycling showed the greatest pacing variability, reflecting the unique endurance challenges of this
segment. Running, on the other hand, exhibited steadier (even) pacing, with consistent athletes performing
better overall. The results illustrate how variability in pacing affects cumulative performance and final rankings.
The analysis revealed significant differences in both cycling and running times among athletes. The variability in
cycling times indicates diverse pacing strategies and endurance levels, while the running times further highlight
the individual performance dynamics of the athletes.

Data availability

Availability of Data and Materials For this study, we have included official results and split times from the official
race website (www.ultratriathlonitaly.com/). The datasets used and/or analyzed during the current study are
available from the corresponding author on reasonable request.
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