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Background: Long-distance triathletes such as IRONMAN® and ultra-triathletes

competing in longer race distances continue to extend ultra-endurance limits.

While the performance of 60 IRONMAN®-distance triathlons in 60 days was

the longest described to date, we analysed in the present case study the

impact of split disciplines and recovery in one athlete completing 100

IRONMAN®-distance triathlons in 100 days. To date, this is the longest self-

paced world record attempt for most daily IRONMAN®-distance triathlons.

Methods: To assess the influence of each activity’s duration on the total time, the

cross-correlation function was calculated for swimming, cycling, running, and

sleeping times. The autocorrelation function, which measures the correlation of

a time series with itself at different lags, was also employed using NumPy.

Results: The moving average for swimming slightly increased in the middle of

the period, stabilizing at ∼1.43 h. Cycling displayed notable fluctuations

between ∼5.5 and 7h, with a downward trend toward the end. The moving

average for running remains high, between 5.8 and 7.2 h, showing consistency

over the 100 days. The moving average for total time hovered at ∼15 h, with

peaks at the beginning, and slightly declined in the final days. The cross-

correlation between swimming time and total time showed relatively low

values. Cycling demonstrated a stronger correlation with total time. Running

also exhibited a high correlation with total time. The cross-correlation

between sleep time and swimming time presented low values. In cycling, the

correlation was stronger. For running, a moderate correlation was observed.

The correlation with total time was also high. The autocorrelation for

swimming showed high values at short lags with a gradual decrease over time.

For cycling, the autocorrelation also began strong, decreasing moderately as

lags increased. Running displayed high autocorrelation at short lags, indicating

a daily dependency in performance, with a gradual decay over time. The total

time autocorrelation was high and remained relatively elevated with increasing

lags, showing consistent dependency on cumulative efforts across all activities.
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Conclusions: In a triathlete completing 100 IRONMAN®-distance triathlons in 100

days, cycling and running split times have a higher influence on overall times than

swimming. Swimming performance is not influenced by sleep quality, whereas

cycling performance is. Swimming times slowed faster over days than cycling

and running times. Any athlete intending to break this record should focus on

cycling and running training in the pre-event preparation.

KEYWORDS

swimming, cycling, running, sleep, endurance, ultra-Endurance, performance

Introduction

Over the past decade, the IRONMAN®-distance triathlon

covering 3.8 km of swimming, 180 km of cycling and 42.195 km

of running has attracted an increasing number of participants

globally, encompassing everyone from recreational (age group)

triathletes to elite (professional) competitors (1–4). This surge in

interest has spurred advancements in scientific research,

particularly focused on identifying the key performance-

determining factors and understanding the physiological

demands imposed by this sport (5). The IRONMAN®’s structure

with swimming, cycling, and running in this respective sequence,

demands not only elite level physical preparation but also

requires comprehensive psychological resilience and effective

recovery strategies to sustain performance across all stages of the

race (6, 7).

There are differences in performance between age group and

professional IRONMAN® triathletes. While the best age group

triathletes finish an IRONMAN® triathlon within ∼12–13 h for

men and ∼13–14 h for women (8), the fastest professional male

IRONMAN® triathletes finish the race below 8 h and the fastest

female IRONMAN® triathletes just above 8 h (9). Split times for

swimming, cycling and running are 0:50 h:min, 4:10 h:min, and

2:45 h:min for professional male and 0:55 h:min, 4:45 h:min, and

3:10 h:min for professional female IRONMAN® triathletes,

respectively (10).

It is observed that completing a single IRONMAN® requires

intense physical adaptations (11), but performing several

consecutive IRONMAN® distance races over days pushes these

limits to an extraordinary level (12, 13). Beyond these

physiological responses, additional factors significantly influence

athlete performance in long-distance events, including

psychological aspects (14), pacing (14–16), the influence of

environmental conditions on pacing (17, 18), race strategy (19),

sleep quality (20), and recovery strategies (21). External variables,

such as weather and environmental factors, can also interact with

physiological responses, further affecting daily performance,

recovery capacity, and overall health (22–24).

Given the complexity of physiological responses and external

factors impacting performance in ultra-endurance events, it is

essential to analyze how each discipline (i.e., swimming, cycling,

and running) contributes to overall race time (25) and how

variables, particularly sleep, affect performance in the context of

consecutive events (26, 27). Ultra-endurance studies indicate that

sleep is crucial for physical and mental recovery, directly

influencing the ability to sustain intense efforts in prolonged

competitions (26, 28). However, the interaction between sleep,

performance in each discipline, and the cumulative impact over

multiple days has yet to be fully investigated.

To date, one of the longest events in multi-day IRONMAN®

triathlons has been a case study investigating the completion of

33 IRONMAN®-distance triathlons in 33 days (29). Recently,

another triathlete completed even 60 IRONMAN®-distance

triathlons in 60 days (12). In the present case study, we

investigated the performance dynamics of an IRONMAN®

athlete who completed 100 IRONMAN®-distance triathlons in

100 consecutive days. Our analysis focused on understanding (i)

the contribution of each split discipline—swimming, cycling, and

running—to the total race time and the interrelation among

these disciplines, (ii) the influence of sleep duration on daily

performance in each division and overall time, and (iii) the

performance trends over the 100 days, examining both long-term

tendencies and the predictive effect of previous-day performances

on subsequent days. The findings would help future athletes

intending to complete daily an IRONMAN®-distance triathlon

over several consecutive days regarding the optimal pacing strategy.

Methodology

Ethical approval

This retrospective study analysing publicly available data 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.

The athlete

The male triathlete (age 45 years at the time of the event),

completed in 2021 during 100 days between March 1st and June

8th daily an IRONMAN®-distance triathlon. He set his own

rules as explained in the event website (https://www.ironcowboy.

com/conquer-100/). Before this actual record attempt, he had

completed 50 IRONMAN®-distance triathlons in 50 days in all
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50 US American states (https://www.redbull.com/us-en/iron-

cowboy-50-marathons-50-states-50-days). His personal best times

are 10:18 h:min for an IRONMAN® triathlon, 4:28 h:min for an

IRONMAN®70.3 triathlon, 1:56 h:min for an Olympic distance

triathlon, 3:14 h;min for a marathon, and 1:28 h:min for a half-

marathon (https://www.ironcowboy.com).

The event and the data

All locations of the split disciplines were presented on the event

website of the athlete (https://www.ironcowboy.com/conquer-100/).

The event started on March 1, 2021 and ended on June 9, 2021.

Swimming was held in the Lindon Aquatic Center, Lindon, Utah.

The athlete was wearing a sleeveless wetsuit. The cycling course

of 112.21 miles (180.58 km) was in the region of Provo on the

right side of Utah Lake. The run course of 25.12 miles (40.42 km)

was held in the region of Lindon, north of the region of Provo.

All rules are explained in the event website where drafting was

allowed in all three disciplines (https://www.ironcowboy.com/

conquer-100/). All split times were measured using a Garmin

Forerunner 945 wrist-based GPS watch (https://connect.garmin.

com/). Sleep time was measured using a Biostrap EVO PPG

sensor (https://biostrap.com/). The device provided daily sleep

tracking via photoplethysmographic signals. The athlete’s mean

sleep duration over the 100 days was ∼6 h and 44 min per night,

based on the data collected by the Biostrap EVO sensor. All data

were downloaded from the website of the athlete with his

permission (https://www.ironcowboy.com/conquer-100/).

Statistical analysis

A moving average, calculated with NumPy’s convolve function,

was used to smooth short-term fluctuations and emphasize

underlying trends in the time series. This function performs the

discrete, linear convolution of two one-dimensional sequences,

allowing us to compute the moving average over a sliding

window. To evaluate the relationship between the duration of

each activity and the total time, the cross-correlation function

was applied to swimming, cycling, running, and sleeping

durations. This function measures how two time series are

correlated at different time lags and was implemented using

NumPy’s “correlate” function. Cross-correlation was selected

because it allows us to investigate whether the time course of a

given activity (e.g., swimming) is temporally associated with

fluctuations in total performance, even with a potential delay or

anticipation. Additionally, we used the autocorrelation function

to assess the internal consistency and temporal structure of each

activity, identifying potential cycles or repeated patterns in

performance. While cross-correlation analyzes the relationship

between two distinct variables, autocorrelation evaluates how a

variable relates to itself over time. Autocorrelation was chosen as

it enables the detection of temporal dependencies within the

same variable over time, which is critical in understanding

pacing or fatigue patterns across repeated efforts. These analyses

allowed us to characterize temporal dependencies and

interactions between activities and total performance time across

the 100-day period. All analyses were conducted in Python.

Results

Moving average of performance in
modalities

The moving average for swimming shows a slight increase in the

middle of the period, stabilizing at ∼5,148 s (Figure 1A). Cycling

displays notable fluctuations between ∼19,800 and ∼25,200 s, with

a downward trend toward the end (Figure 1B). The moving

average for running remains high, between ∼20,880 and

∼25,920 s, showing consistency over the 100 days (Figure 1C). The

moving average for total time hovers ∼54,000 s, with peaks at the

beginning and a slight decline in the final days (Figure 1D).

Cross-correlation between total time and
modalities

The cross-correlation between swimming time and total time

shows relatively low values, with peaks around 0.2–0.3

(Figure 2A). Cycling demonstrates a stronger correlation with

total time, with values between 0.4 and 0.6 (Figure 2B). Running

also exhibits a high correlation with total time, reaching up to

0.6 (Figure 2C). The correlation between swimming and running

presents low values, around 0.2 (Figure 2D), while the correlation

between cycling and running is moderate, reaching 0.3

(Figure 2E). The relationship between swimming and cycling

shows moderate peaks of up to 0.2 (Figure 2F). These results

indicate a stronger association between cycling and running than

with swimming, which appears to be more independent.

Cross-correlation between sleep and
modalities

The cross-correlation between sleep time and swimming time

presents low values, between 0.2 and −0.2 (Figure 3A). In

cycling, the correlation is stronger, ranging from 0.4 to 0.6

(Figure 3B). For running time, a moderate correlation is

observed, with peaks between 0.3 and 0.4 (Figure 3C). The

correlation with total time is also high, reaching values between

0.4 and 0.6 (Figure 3D). These results indicate a higher

correlation of sleep with cycling and total time.

Autocorrelation analysis of performance in
modalities

The autocorrelation for swimming shows high values at short

lags, close to 1 at lag 0, with a gradual decrease over time

(Figure 4A). For cycling, the autocorrelation also begins strong,

Knechtle et al. 10.3389/fspor.2025.1554342

Frontiers in Sports and Active Living 03 frontiersin.org

https://www.redbull.com/us-en/iron-cowboy-50-marathons-50-states-50-days
https://www.redbull.com/us-en/iron-cowboy-50-marathons-50-states-50-days
https://www.ironcowboy.com
https://www.ironcowboy.com/conquer-100/
https://www.ironcowboy.com/conquer-100/
https://www.ironcowboy.com/conquer-100/
https://connect.garmin.com/
https://connect.garmin.com/
https://biostrap.com/
https://www.ironcowboy.com/conquer-100/
https://doi.org/10.3389/fspor.2025.1554342
https://www.frontiersin.org/journals/sports-and-active-living
https://www.frontiersin.org/


close to 1 at lag 0, decreasing moderately as lags increase

(Figure 4B). Running displays high autocorrelation at short lags,

indicating a daily dependency in performance, with a gradual

decay over time (Figure 4C). The total time autocorrelation is

high at lag 0 and remains relatively elevated with increasing lags,

showing consistent dependency on cumulative efforts across all

activities (Figure 4D). Notably, swimming exhibits the most rapid

decay in autocorrelation, while cycling and total time show a

slower decline, and running presents a moderate decay over

longer periods.

Discussion

Moving average of performance by split
disciplines

During the 100 days, swimming performance declined, cycling

performance improved, and running performance remained

relatively stable. The total time per day increased in the first days

and decreased in the last days. The most likely explanation for

the increase in cycling performance is the fact that the athlete

started drafting after a certain time in the event. In multi-day

triathlons, swimming performance tends to deteriorate over

extended periods of competition due to the accumulation of

fatigue, which negatively impacts stroke efficiency and overall

performance. In a case study of a triathlete completing 33

IRONMAN®-distance triathlons in 33 days, a similar pattern was

observed during multi-day events, where swimming times

progressively increased due to the repetitive strain (29). The

increase in swimming times in this case could be attributed to a

gradual decline in physical and mental energy as the event

progressed. Swimming performance might also have changed due

to biomechanical changes due to neuromuscular fatigue as well

as general fatigue (30, 31).

Cycling performance, on the other hand, improved over time,

likely due to the athlete’s strategic decision to incorporate drafting

after the initial days of the event. Especially, the effect of drafting

increases with the position in the group of cyclists (32).

Furthermore, drafting has many positive physiological effects

FIGURE 1

Moving average of performance in modalities. (A) Moving average for swimming. (B) Moving average for cycling. (C) Moving average for running.

(D) Moving average for total time.
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(33), where the cyclists use to save about 7% of mechanical power

for uphill (33), 4%–42% of drag saving in a velodrome (34), and in

single pacelines configurations, the drag reduces about 68% (35).

However, for the present study, these conditions were impossible

to control.

Drafting, which reduces air resistance and minimizes the

energy required to maintain speed, allows for faster cycling

splits, as demonstrated by Abbiss et al., who found that drafting

significantly lowered energy expenditure and increased

performance in long-distance cycling events (17). This effect

could explain the observed improvement in cycling times,

which showed a notable reduction in total cycling time as the

event progressed. Cycling time typically decreased by 5%–10%

in the later days, similar to the improvement reported in a case

study of a triathlete completing 60 IRONMAN®-distance

triathlons in 60 days (12).

Running performance remained stable, with minimal

fluctuations throughout the 100 days. This stability could be due

to the athlete’s adaptive pacing strategy, where the most taxing

leg—running—requires careful energy management to prevent

early fatigue. As Wu et al. (14) found, runners in long-duration

triathlons often adopt a conservative approach, ensuring

consistent pacing to avoid dramatic fluctuations in performance,

mainly when dealing with cumulative fatigue from the prior

swim and cycle legs. Despite fatigue, the athlete maintained

relatively stable run times, reflecting a strategic approach to avoid

overexertion. The total time per day increased in the early days,

likely due to the athlete’s adjustment to the repetitive nature of

the event, and later decreased as the athlete adapted to the

physical strain (12). A similar pattern was reported by Kisiolek

et al. (26), where athletes experienced higher cumulative times at

the start of ultra-endurance events, followed by a decrease as

they optimized their performance and recovery strategies.

A reduction in total time of up to 10%–15% by the final days

was observed, largely attributed to improved recovery and

pacing efficiency.

The athlete’s ability to sleep and recover effectively during the

event likely contributed to this decrease in total time, with sleep

duration correlating positively with performance improvements,

as found by Dallam et al. (22). The physiological mechanism

underlying this observation was the positive role of sleep on

neural, metabolic, and immune-endocrine functions (36).

Accordingly, it was previously supported that an increase of sleep

duration at night or through napping could ameliorate physical

performance in athletes (37). The improvement in cycling and

stable running times, despite the high volume of consecutive

IRONMAN®-distance races, also supports the findings of

Nikolaidis et al. (27), who emphasized the importance of

recovery strategies and pacing in maintaining ultra-endurance

performance. Therefore, the trends observed in this case align

with existing literature on ultra-endurance events, where athletes

adapt to the physical and mental stressors of consecutive events,

resulting in optimized pacing and recovery strategies that

contribute to improved performance over time.

Pacing in a marathon is influenced by different variables such

as gender, age, performance, pack, and physiological and

psychological factors (38). Pacing during a multi-day event with

running a marathon daily showed no major variations between

days (39). In multi-day IRONMAN®-distance triathlons, the

cycling split had an influence on the subsequent running split (40).

FIGURE 2

Cross-correlation between total time and modalities. (A) Cross-correlation between swimming time and total time. (B) Cross-correlation between

cycling time and total time. (C) Cross-correlation between running time and total time. (D) Cross-correlation between swimming and running

times. (E) Cross-correlation between cycling and running times. (F) Cross-correlation between swimming and cycling times.
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Cross-correlation between split and
total times

Over the 100 days, we found a stronger association between

cycling and running than with swimming, which appeared to be

more independent. This can be justified by considering the

physiological demands and relationships between these

disciplines in ultra-endurance events. Cycling and running are

more physically demanding and closely related in terms of

overall endurance and energy systems activities (41). Cycling and

running performance in endurance athletes are often correlated

due to the shared muscular endurance required, as both rely

heavily on lower body strength and aerobic capacity (42). The

stronger association between cycling and running in the present

study could be attributed to the fact that both disciplines require

a sustained effort and similar muscle groups, resulting in more

consistent performance across the two activities (41). In contrast,

swimming, being a non-weight-bearing activity, demands

different energy systems and muscle groups, particularly engaging

the upper body, and tends to be more independent of the other

two activities (43). This is consistent with findings in ultra-

endurance triathlon studies, where the correlation between swim

times and other race splits (such as cycling and running) tends

to be lower due to the different physiological demands each

discipline places on the body (29, 44, 45). Regarding, swimming,

physiological issues will arise but biomechanical and neuromotor

factors are also likely to influence the athlete’s ability to maintain

swimming performance (31, 46). Therefore, while cycling and

running exhibit a stronger association due to shared endurance

and muscular requirements, swimming’s independent nature

reflects its distinct physiological demands, leading to a lower

correlation with the other race splits (41).

Cross-correlation between sleep and split
disciplines

We found a low correlation for swimming, a strong correlation

for cycling, a moderate correlation for running and a high

correlation for total times, indicating a higher correlation of sleep

with cycling and total time. The high correlation between sleep

and total time further supports the idea that sleep recovery plays

FIGURE 3

Cross-correlation between sleep time and performance modalities. (A) Cross-correlation between sleep time and swimming time. (B) Cross-

correlation between sleep time and running time. (C) Cross-correlation between sleep time and cycling time. (D) Cross-correlation between sleep

time and total time.
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a critical role in overall performance across all disciplines (47).

Studies, such as those by Nikolaidis et al. (27) and Kisiolek et al.

(26) have shown that sleep duration directly impacts

performance in ultra-endurance events, with sleep correlating

strongly with the ability to maintain overall race performance

across multiple days (48). Therefore, a higher amount of sleep

correlates with better total race times, reflecting the importance

of rest in sustaining energy levels for both the athlete and their

cumulative performance (49). However, based upon existing

knowledge, not only the duration of sleep is important, but also

the quality of sleep (50) However, in the present study, the sleep

duration was considered due to the participant data

collection system.

Cycling and running, which constitute the majority of an

IRONMAN® race (∼52% and ∼35% of total race time,

respectively (51), involve repetitive high-impact movements that

can lead to muscle strain and joint stress (44). In contrast,

swimming, which accounts for only about 11% of the race time,

is a low-impact activity that generally exerts less stress on the

musculoskeletal system (52). This differential impact is further

supported by findings that highlight the oxidative stress and

muscle damage associated with prolonged cycling and running,

which are less pronounced in swimming (53).

Cycling, in particular, involves a continuous and prolonged

effort that requires sustained physical and mental engagement for

several hours per day (54, 55). These characteristics make it

especially sensitive to the effects of reduced sleep. The high

correlation between sleep duration and cycling time may reflect

the challenges of maintaining energy, coordination, and pacing

when sleep is insufficient—factors that are especially critical in

endurance cycling. Previous studies with cyclists (56, 57) and

triathletes (26) have shown that a better sleep quality is

associated with an improved competitive performance.

In endurance athletes, the physical stress from high-intensity

activities such as cycling and running can lead to increased

production of reactive oxygen species (ROS) and inflammatory

markers, which have been linked to sleep quality issues (53).

Chronic inflammation can disrupt sleep patterns, leading to

difficulties in achieving restorative sleep, which is essential for

recovery and performance (58). It has been shown that athletes

experiencing higher levels of inflammation report poorer sleep

quality, which can further exacerbate fatigue and hinder recovery

(59). This cycle of inflammation and sleep disruption can be

particularly detrimental for Ironman athletes, who rely on

optimal recovery to maintain their training regimens and

performance levels (60).

FIGURE 4

Autocorrelation analysis of performance in modalities. (A) Autocorrelation for swimming. (B) Autocorrelation for cycling. (C) Autocorrelation for

running. (D) Autocorrelation for total time.
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Autocorrelation analysis of performance in
the split disciplines

We found that swimming exhibited the most rapid decay in

autocorrelation, while cycling and total time showed a slower

decline, and running presented a moderate decay over longer

periods. Swimming, as the first discipline in an Ironman event, tends

to have a unique performance pattern characterized by a rapid

decline in autocorrelation. This can be attributed to the shorter

duration of the swim segment, which typically constitutes only about

11% of the total race time (52, 61). As a result, even small absolute

fluctuations in swimming performance may represent proportionally

large variations relative to the segment’s total time, leading to greater

statistical variability across days (62). Additionally, the swimming

segment is often influenced by factors such as water conditions and

the absence of buoyancy aids like wetsuits, which can further

exacerbate performance variability (63). This combination of short

duration and sensitivity to external factors may explain the rapid

decay in autocorrelation observed in swimming.

In contrast, cycling showed a slower decline in autocorrelation.

This discipline accounts for the majority of the race time

(approximately 52%) and allows for more strategic pacing and

energy management (52, 61). The longer duration of cycling

provides athletes with the opportunity to stabilize their

performance over time, resulting in a more gradual decay in

autocorrelation. Studies have indicated that cycling performance

has improved over the years, suggesting that athletes are becoming

more adept at managing their energy and pacing during this

segment (64, 65). Running, while presenting a moderate decay in

autocorrelation, reflects a different set of challenges. As the final

discipline, running performance can be significantly affected by

the cumulative fatigue from the previous segments (66). The

variance in running times among athletes is notable, with some

studies indicating that running performance can fluctuate more

than swimming and cycling due to the physiological demands

placed on the body at this stage of the race (67, 68). This

moderate decay in autocorrelation suggests that while running

performance is stable, it is still susceptible to the effects of fatigue

and pacing strategies employed during the earlier segments.

Strength, weakness, and implications for
future research

This case study is not free of limitations. Overall, the athlete

decided during the course of the event to ask friends to cycle

with him in order to be able to draft. This helped him to achieve

faster cycling split times and, consequently, also faster running

split times resulting in faster total times. Adopting this practice,

his overall daily hours became reduced and he could have more

sleep and recovery. A further limitation is that we have no data

about the athlete’s nutrition or hydration. Furthermore, the

athlete set his own rules for his event and—based on the raw

data of the split times—after day 20 he was drafting because his

cycling split times became considerably faster. This drafting had

for sure an effect on the following marathon and on overall time.

This detail matters as it could skew the data. Aspects such as

temperature (69), altitude (70) and psychological strain (71)

could not be considered. Uncontrolled factors like mental fatigue

(72), injury risk (73), and nutrition tracking (74) were also not

considered. Strength of this case study was its novelty as it

provided a unique dataset to study the interplay between sleep,

pacing and performance. Future research should examine this

topic in a large sample of athletes.

Practical applications

For athletes and coaches, any athlete intending to complete

several daily IRONMAN®-distance triathlons in a row needs to

carefully plan the single stages swimming, cycling, and running, in

order to have enough recovery time for sleep. Overall, the focus

should be on cycling and an even pacing should be obtained. More

specifically, any athlete intending to break this record should focus

on cycling and running training in the pre-event preparation.

Conclusion

In summary, in a triathlete completing 100 IRONMAN®-

distance triathlons in 100 days, the cross-correlation between split

times and total times indicated a stronger association between

cycling and running than with swimming, which appeared to be

more independent. The cross-correlation between sleep and split

times showed a higher correlation of sleep with cycling and total

time than with swimming and running. The auto-correlation

analysis revealed that swimming exhibited the most rapid decay in

autocorrelation, while cycling and total time showed a slower

decline, and running presented a moderate decay over longer

periods. Future case studies should include nutrition and

hydration strategy, environmental conditions, psychological aspects

(e.g., mental fatigue, motivation) and overuse injuries which all

might have an influence on split and overall performance.
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