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Participation and performance 
trends in short‑, medium, 
and long‑distance duathlon
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Participation and performance trends of male and female athletes have been thoroughly analyzed 
in various endurance sports. Knowing these trends can help coaches and athletes prepare for 
competitions and may influence their training strategy and career planning. However, duathlon 
events—consisted of two splits of running (Run1 and Run2) interspersed by a split of cycling (Bike)—
have not been thoroughly studied, unlike other endurance sports. The present study aimed to 
compare participation and performance trends in duathletes who competed in duathlon races hosted 
by World Triathlon or affiliated National Federations between 1990 and 2021. A total of 25,130 
results of age group finishers who competed in run‑bike‑run duathlon races of varying distances 
were analyzed with different general linear models. Races were divided into three distances: short‑
distance (up to 5.5 km run, 21 km bike, 5 km run), medium‑distance (5–10 km run, 30–42 km bike, 
7–11 km run) and long‑distance (at least 14 km run, 60 km bike, 25 km run). On average, women 
represented 45.6% of all finishers in short‑distance, 39.6% in medium‑distance and 24.9% in long‑
distance duathlon races. Throughout the years, men were consistently faster than women in all three 
race legs (Run 1, Bike, and Run 2) in all three distances across all age groups, and women could not 
reduce the performance gap. Concerning the age of peak performance, duathletes of the age group 
30–34 finished most often in the top three in short‑ and medium‑distance duathlons, whereas male 
duathletes of the age group 25–29 and female duathletes of the age group 30–34 finished most often 
in the top three in long‑distance duathlons. Women participated less, especially in longer distances, 
and were constantly slower than men. Duathletes of the age group 30–34 finished most often in the 
top three. Future studies should analyze participation and performance trends in further subgroups 
(e.g., elite athletes) and pacing behaviours.

Abbreviations
APP  Age of peak performance
GLM  General linear models
ITU  International Triathlon Union
WT  World Triathlon

Non-professional endurance sports have been consistently growing in popularity during the last decades. Accord-
ingly, the scientific community has studied participation and performance trends in various sports such as 
 triathlon1,2, distance  running3–5,  cycling6,7 and  duathlon8–10. Duathlon is a unique multi-discipline sport in which 
athletes compete in a run-bike-run format. It is internationally governed by Word Triathlon (WT), formerly the 
International Triathlon Union (ITU). WT distances include a sprint-distance (5 km run, 20 km bike, 2.5 km run), 
standard-distance (5–10 km run, 30–40 km bike, 5 km run), middle-distance (10–20 km run, 60–90 km bike, 
10 km run) and long-distance (10–20 km run, 120–150 km bike, 20–30 km run), but individual race distances 
can  vary11. Participation and performance trends in duathlons have been investigated before. Nonetheless, to 
the best of our knowledge, the current literature is either based on a specific  race8,10,12 or a specific  distance9.
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The performance gap between sexes is one of the main points of interest in endurance sports research. Con-
sistent with studies on other endurance  sports1,3–6,13, slower race times of women were observed in previously 
studied duathlon  events8–10. Recently, Romero-Ramos et al.9 analyzed performance differences, with regard to 
age and sex, of the top ten age group athletes competing in the ITU Duathlon World Championships from 2005 
to 2016 on the standard-distance length. Men outperformed women in all age groups in all race legs and with 
advancing age, the differences between both sexes  increased9. Previous investigations focused on the Powerman 
Zofingen with its two distances (short-distance: ~ 10 km run, 50 km bike, 5 km run; long-distance: ~ 10 km run, 
150 km bike, 30 km run)8,10. A consistent sex difference of ~ 18–19% in all race legs and total times was observed 
in the annual top ten elite athletes who participated in the long-distance races between 2002 and  201110. When all 
finishers of the short- and long-distance races from 2003 to 2017 were analyzed, the sex difference was similar in 
both versions (~ 8%)8. These differences in race times between females and males might be explained by physi-
ological, anthropometric, genetic, hormonal and psychological  factors13–15. However, the sex gap seems to be 
dependent on the race distance. In other endurance sports, such as distance running, the sex gap has been shown 
to decrease in ultra-endurance-distances15–17. In a study by Waldvogel et al.16, a higher sex gap was observed in 
50 mile (9.13%) than in 100 mile (4.41%) ultra-marathon races.

Age is another important aspect affecting performance in endurance sports. With advancing age, cellular 
deterioration and loss of tissue function occur, affecting physical performance in different manners based on the 
specific requirements of the  activity18–20. Compared to sprint races, the age of peak performance (APP) seems to 
be higher in endurance  races2,20. This relationship is also reflected in endurance events of different distances. For 
instance, Nikolaidis et al.12 investigated the APP in the short- and long-distance races of the Powerman Zofingen 
and reported that the fastest age group was younger in the short-distance race (age group 20–24) than in the long-
distance race (age group 25–29). Conversely, Romero-Ramos et al.9 reported a higher APP (age group 30–34) 
in both genders when the overall performance of the top ten athletes of each age group at the ITU Duathlon 
World Championships on the standard-distance was compared. As the race distances (~ 10 km run, 40 km bike, 
5 km run) were shorter compared to the short version of the Powerman Zofingen (~ 10 km run, 50 km bike, 
5 km run), the difference in the observed APP might be explained by the different study designs and the specific 
characteristics of the Powerman Zofingen. This highlights the importance of a more extensive dataset for a better 
understanding of the trends in  duathlon9,12. Up to now, no study regarding the APP in the sprint-distance exists.

The two disciplines, running and cycling, represent different types of locomotion with their own anthro-
pometric and physiological  correlates21,22. When the age-related performance decline of each discipline was 
analyzed separately, the cycling performance could be better maintained than the running performance in 
older  athletes8,9,23. This phenomenon was also observed in triathlon events, where the performance decline with 
increasing age was more prominent in swimming and running than in  cycling1.

Little is known so far concerning participation trends in duathlon. When investigating finishers of the Power-
man Zofingen from 2003 to 2017, 15.2% of all finishers in the long-distance and 15.9% of all finishers in the short-
distance were  women8. In the shorter ITU Duathlon World Championships (standard-distance), higher participa-
tion of women was observed from 2005 to 2016. Romero-Ramos et al.9 reported that 23.5% of all finishers were 
women. More studies have been conducted on triathlon races, with an increase in female participants observed 
since the  1980s1. Also, in triathlon, it seems that women tend to compete in shorter than longer  distances1,24–26.

Although the above-mentioned literature provides some information about participation and performance 
trends in duathlon, no study has investigated the worldwide trends across different race distances so far. Knowl-
edge of these trends would not only be interesting for scientists but could also help athletes and coaches prepare 
for races and could influence their training strategy depending on the sex and age of an athlete and the specific 
distance of a race. Furthermore, duathletes who are aware of different APPs in different race distances would be 
able to plan their career more precisely.

Therefore, the present study aimed to investigate the worldwide participation and performance trends in 
duathlon with an extensive dataset, including results from finishers who participated in duathlon races worldwide 
across different distances over several decades. Based upon the previously mentioned findings, we hypothesized 
firstly that more male than female finishers would be recorded for all distances and especially for longer distances, 
secondly, that men would be faster than women, thirdly that the sex gap would narrow throughout the years and 
fourthly, that the APP is higher in longer race distances.

Methods
Ethical approval and consent to participate. 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 partici-
pants 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.

Duathlon events. Results of international events hosted by WT or affiliated National Federations were 
obtained from the results section of WT’s official  website27. To ensure comparability, we only included regular 
international duathlon races that were either World Championship or Continental Championship races, and 
excluded Cross- or Winter-Duathlons. A total of 187 races were identified, which have taken place from 1990 to 
2021. However, distances were not stated on the downloadable result lists. Therefore, information about the race 
distances had to be retrieved in multiple ways. The race distances were listed in the “Program notes” section for 
some participant groups. If this was not available, we searched the event page of a specific race with the three 
tabs “Event Info”, “Local Info” and “Contact” for any information. If no distance was available, we scanned the 
event page for an external link to the official event website of the race. If available, we thoroughly browsed this 



3

Vol.:(0123456789)

Scientific Reports |         (2023) 13:9303  | https://doi.org/10.1038/s41598-023-36050-2

www.nature.com/scientificreports/

website to find the relevant data. An external link was found for some races, but the website was no longer active 
or contained non-corresponding content. In this case, we searched for archived versions of the event website on 
the Wayback Machine of the Internet Archive to get any information regarding the  distances28. Nonetheless, no 
distances could be retrieved for some events/participant groups. We only included data of participant groups, if 
a clear association of a respective participant group with a specific distance was present. As individual race dis-
tances differed and did not always match a specific WT distance, we divided the races into three distances: short-
distance (up to 5.5 km run, 21 km bike, 5 km run), medium-distance (5–10 km run, 30–42 km bike, 7–11 km 
run) and long-distance (at least 14 km run, 60 km bike, 25 km run).

For the purpose of this study, we only included successful finishers of adult age group categories who com-
peted in a duathlon race in a run-bike-run race mode. Except for the age group 18–19 years, each age group 
covers a five-year period (20–24 years through to 85–89 years). Required data from the race results included 
the name of an athlete, the sex, the split times, the total time and the age group. The year and name of an event, 
obtained from the corresponding event page on WT’s website, and the distance were added. No races from the 
years 1990, 1992, 1996, 1997, and 2004 could be included. In short-distance duathlon, the first race that could be 
included was in 2011, in medium-distance duathlon in 1991, and in long-distance duathlon in 2002. Excluded 
were results from the 1997 Guernica ITU Duathlon World Championships, as the split times did not match the 
overall times in most cases, and the 2003 Affoltern ITU Duathlon World Championships, as the stated distance 
appeared to be wrong. Moreover, finishers with empty race times and statistical outliers in any of the race legs 
(slower/faster by three standard deviations from the mean) were excluded. In total, 66 races met the inclusion 
criteria.

Statistical analysis. Descriptive statistics were presented using mean ± standard deviation and frequencies. 
All data showed parametric distribution and homogeneity of variance through the Kolmogorov–Smirnov’s and 
Levene’s tests, respectively. Average speed (kilometers per hour (km/h)) was established as the dependent vari-
able for all models. General linear models (GLM) with two factors (two-way ANOVA) were applied for each dis-
tance (short, medium, and long) considering the independent factors “sex × age group” and “sex × calendar year”. 
Further GLM were conducted for men and women separately with “event distance × age group” as independent 
factors. Fisher’s least significant difference was applied as a post-hoc test to identify specific differences between 
independent factors. Partial eta square (ηp

2) was applied as a measure of effect size, considering ηp
2 = 0.01 as a 

small effect, ηp
2 = 0.06 as a moderate effect, and ηp

2 = 0.14 as a large effect. Statistical significance was defined as 
p < 0.05. All statistical analyses were carried out with Statistical Software for the Social Sciences  (IBM® SPSS v.25, 
Chicago, Ill, USA).

Results
A total of 25,130 finishers were included. Short-distance duathlon included 4641 men and 2118 women 
(n = 6759), medium-distance duathlon included 9970 men and 3921 women (n = 13,891), and long-distance 
duathlon included 3587 men and 893 women (n = 4480). Women’s participation in individual races ranged from 
18.5 to 55.9% in relation to men in short-distance duathlon (average: 45.6%), 13.3–51.7% in medium-distance 
duathlon (average: 39.6%) and 4.2–37.3% in long-distance duathlon (average: 24.9%). See Fig. 1 for detailed 
participation by sex and year.

Performance trends across age groups showed significant effects of both sex and age group for short-, 
medium-, and long-distance duathlon across all three race legs of the duathlon race (Run 1, Bike, Run 2). See 
Table 1 for details.

Pairwise comparisons showed that men had better performances than women across all age groups in all 
three race legs (Run 1, Bike, and Run 2) in all three duathlon distances. Finally, age group pairwise comparisons 
showed that, in short-distance duathlon, the age group was always significantly different from the previous one, 
but in medium-distance duathlon, the run performance started to drop at the age group 45–49 years in men and 
age group 50–54 years in women, whereas the bike performance started to drop at the age group 50–54 years 
in men and age group 55–59 years in women. In long-distance duathlon, the first running leg was stable until 
the age group 30–34 years in men and age group 50–54 years in women, whereas the bike performance and the 
second running leg were stable until the age group 50–54 years in both men and women. See Fig. 2.

Performance trends across calendar years showed significant effects of both sex and calendar years for short-, 
medium-, and long-distance duathlon across all three race legs of the duathlon race (Run 1, Bike, Run 2). See 
Table 2 for details.

Pairwise comparisons showed that men were consistently faster than women in all race legs and distances 
across all calendar years and no trend was observed that women reduced the sex gap throughout the years. 
Additionally, no apparent performance trend was seen in any distance throughout the years. See Fig. 3.

The GLM for men showed significant “event” and “age group” effects for Run 1 (event: F = 39.5, p < 0.001, 
ηp

2 = 0.52; age group: F = 76.9, p < 0.001, ηp
2 = 0.98; interaction: F = 9.5, p < 0.001, ηp

2 = 0.01), Bike (event: F = 24.5, 
p < 0.001, ηp

2 = 0.14; age group: F = 82.9, p < 0.001, ηp
2 = 0.96; interaction: F = 2.6, p < 0.001, ηp

2 < 0.01) and Run 
2 (event: F = 64.2, p < 0.001, ηp

2 = 0.54; age group: F = 75.2, p < 0.001, ηp
2 = 0.97; interaction: F = 6.0, p < 0.001, 

ηp
2 = 0.01). Similar results were found in women for Run 1 (event: F = 22.7, p < 0.001, ηp

2 = 0.18; age group: 
F = 65.7, p < 0.001, ηp

2 = 0.96; interaction: F = 2.0, p = 0.004, ηp
2 = 0.01), Bike (event: F = 13.8, p < 0.001, ηp

2 = 0.11; 
age group: F = 21.1, p < 0.001, ηp

2 = 0.88; interaction: F = 1.8, p = 0.016, ηp
2 = 0.01) and Run 2 (event: F = 38.9, 

p < 0.001, ηp
2 = 0.32; age group: F = 48.7, p < 0.001, ηp

2 = 0.95; interaction: F = 2.1, p = 0.002, ηp
2 = 0.01). See Fig. 4 

for details.
Pairwise comparisons for the men models showed that the average speeds in the three race distances differed 

from each other up to the age group 65–69 years in the running legs and age group 70–74 years in the cycling leg. 
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For the women models, a slower average speed was observed in long-distance races in comparison to the other 
distances up to the age group 55–59 years in the running legs and age group 60–64 years in the cycling leg (Fig. 4).

In the analyzed short- and medium-distance races, male and female athletes of the age group 30–34 years 
finished most often in the top three compared to other age groups. In long-distance races, men of the age group 
25–29 years and women of the age group 30–34 years finished most often in the top three. Overall, when all 
distances were considered, the age group 30–34 years was the most prevalent one in the top three in men and 
women. See Fig. 5 for details.

Discussion
This study intended to investigate the worldwide participation and performance trends of short-, medium- and 
long-distance duathlon over several decades. The participation in the investigated races did not increase over 
the years. This finding might not be generalized to the sport itself, as we considered only events hosted by WT 
or affiliated National Federations which were listed on WT’s website and did not compare the same races every 
year. Furthermore, the present study analyzed world and continental championships, but not local events, which 
may be preferred by age group athletes. Non-elite athletes often face real-world commitments and financial 

Figure 1.  Participation of men and women in short- (A), medium- (B), and long-distance (C) duathlon across 
calendar years.
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Table 1.  General linear model results with average speed as the dependent variable.

Duathlon

Sex Age group Sex × Age group

F p ηp
2 F p ηp

2 F p ηp
2

Short

Run 1 180.6 < 0.001 0.66 58.2 < 0.001 0.99 5.0 < 0.001 0.01

Bike 147.2 < 0.001 0.20 68.2 < 0.001 0.99 1.5 0.14 < 0.01

Run 2 135.4 < 0.001 0.47 58.3 < 0.001 0.99 3.5 < 0.001 0.01

Medium

Run 1 231.0 < 0.001 0.38 108.7 < 0.001 0.99 4.3 < 0.001 0.01

Bike 104.7 < 0.001 0.04 71.0 < 0.001 0.99 1.4 0.16 < 0.01

Run 2 137.3 < 0.001 0.10 156.4 < 0.001 0.99 2.0 0.02 < 0.01

Long

Run 1 119.8 < 0.001 0.30 31.7 < 0.001 0.97 1.4 0.16 < 0.01

Bike 119.9 < 0.001 0.29 19.4 < 0.001 0.95 1.4 0.19 < 0.01

Run 2 41.6 < 0.001 0.10 23.0 < 0.001 0.95 1.15 0.32 < 0.01

Figure 2.  Average speed in the three duathlon race legs of men and women in short-, medium-, and long-
distance duathlon across age groups. * over line: statistical significance between all age groups; *: statistical 
significance in comparison to the previous age group; # over line: statistical significance for sex across all age 
groups.
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Table 2.  General linear model results with average speed as the dependent variable.

Duathlon

Sex Calendar year Sex × Calendar year

F p ηp
2 F p ηp

2 F p ηp
2

Short

Run 1 275.2 < 0.001 0.94 8.6 0.001 0.90 3.7 < 0.001 0.01

Bike 292.7 < 0.001 0.94 43.7 < 0.001 0.98 3.9 < 0.001 0.01

Run 2 230.5 < 0.001 0.93 10.4 < 0.001 0.91 3.3 < 0.001 0.01

Medium

Run 1 303.8 < 0.001 0.32 31.6 < 0.001 0.97 2.0 < 0.001 < 0.01

Bike 245.1 < 0.001 0.31 98.0 < 0.001 0.99 2.2 0.001 < 0.01

Run 2 177.7 < 0.001 0.24 25.0 < 0.001 0.96 2.1 0.001 < 0.01

Long

Run 1 870.6 < 0.001 0.96 70.9 < 0.001 0.98 0.56 0.91 < 0.01

Bike 714.4 < 0.001 0.96 65.2 < 0.001 0.99 0.78 0.19 0.99

Run 2 226.9 < 0.001 0.88 27.6 < 0.001 0.97 0.75 0.77 < 0.01

Figure 3.  Average speed in the three race legs of men and women in short-, medium-, and long-distance 
duathlon across calendar years. # over line: statistical significance for sex across all calendar years.
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constraints that can make it difficult for them to travel to events and  compete29. In other endurance sports, such 
as long-distance running and cycling, an increased participation rate was observed in recent  years30–32. In addi-
tion, the number of members in national federations has grown in the last decades. In Germany, for example, the 
number of members of the National Triathlon Federation has more than doubled between 2001 and  202233,34.

An important finding was the lower number of female duathletes compared to male duathletes in all dis-
tances across all years. Women accounted on average for 45.6% of finishers in short-distance duathlon, 39.4% in 
medium-distance duathlon and 24.9% in long-distance duathlon. The lower rate of women finishers in longer race 
distances is in accordance with previous findings in triathlon and might be explained by motivational reasons, 
differences in training behaviour and sociocultural  conditions1,35,36.

Regarding performance, men were faster than women in all race legs in all distances across all age groups 
and calendar years. There is extensive literature on factors that explain the differences in performance between 

Figure 4.  Average speed in the three race legs of men and women separately in short-, medium-, and long-
distance duathlon across age groups. ** over line: statistical significance between all three events; *: statistically 
significant from the other two events.
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men and women in endurance  sports13–15,36. In addition to physiological differences, such as the lower maximal 
oxygen uptake  (VO2max) in female athletes, morphological differences, social factors, psychological factors and 
differences in training characteristics have to be considered concerning the sex  gap13,37. Female athletes were 
able to reduce the sex gap in ultra-endurance sports throughout the years, for example, in most ultra-marathon 
 distances38 and ultra-cycling  distances7. However, our hypothesis was not confirmed, as we did not find such a 
trend in any of the investigated distances throughout the years. Based on past findings, the analyzed distances 
in this study were not long enough to see such a trend, as the physiological and morphological advantages of 
women (e.g., better fatigue resistance, greater substrate efficiency and lesser energetic demands) rather seem to 
play a role in ultra- and extreme  distances15.

Moreover, no apparent performance trend could be observed in any of the investigated distances throughout 
the years. While Nikolaidis et al.8 also found an unchanged performance of male and female finishers in the 
“Powerman Zofingen” from 2003 to 2017, Gallman et al.39 found an increased performance of the annual top 
ten male and female triathletes who competed at the Ironman Hawaii from 1983 to 2012. Methodological dif-
ferences, including sample size, time frame and statistical procedures, may be related to the differences in these 
findings. For example, Gallman et al.39 analyzed the results of the top ten elite athletes, whereas we analyzed all 
successful finishers of adult age group categories. In many studies on performance trends in marathon races, a 
phenomenon was observed that “the faster get faster and the slower get slower”40–43. It is important to note that 
we analyzed data from multiple races, with differences in drafting rules, weather conditions, and track specifica-
tions, and not one specific race over a period of time, what may have impacted the results.

Another finding was that in short-distance duathlon, a statistically significant decline in performance with 
increasing age groups could be observed from the first age group (20–24 years), whereas the performance in 
medium- and long-distance duathlon was relatively stable up to a specific age group. In the analyzed medium-
distance races, a statistically significant drop in performance in the first and second run was for the first time 
observed at the age group 45–49 years in men and 50–54 years in women, while the cycling performance 
dropped later at the age group 50–54 years in men and 55–59 years in women. Previous studies on multi-
discipline sports already showed that the age-related performance decline seems to be higher in running than 

Figure 5.  The number of athletes in each age group who finished in the analyzed races in the top three by sex 
and distance.
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in  cycling1,19,44,45. This might be related to the distinct characteristics of the two disciplines. Running is a weight-
bearing stretch–shortening activity with a predominantly eccentric type of muscle action compared to cycling, 
which is a non-weight-bearing activity with concentric  contractions46,47. However, it is noteworthy that in a 
study performed by Swinnen et al.48 running-specific training could improve running economy while the cycling 
economy could not be improved by cycling-specific training. Regarding long-distance duathlon, a statistically 
significant drop in performance in the first run was for the first time observed at the age group 30–34 years in 
men and 50–54 years in women, while in the cycling and second running leg performance dropped at the age 
group 50–54 years in men and women.

A reason that the performance in medium- and long-distance duathlon was relatively stable up to a specific 
age group in contrast to short-distance duathlon might be that generally, more experienced athletes compete 
in longer race distances and it was postulated before that the amount of experience is highly important for the 
performance in multi-discipline  sports49.

When we analyzed the average speeds of men and women separately in the three race distances across 
the different age groups, particular differences could be observed. In men, a statistically significant difference 
between the average speeds of the three race distances could be observed up to the age group 65–69 years in 
both running legs and 70–74 years in the cycling leg. In women, on the other hand, only the average speed 
in long-distance duathlon was statistically significantly slower compared to the other two distances up to the 
age group 55–59 years in both running legs and 60–64 years in the cycling leg. Interestingly, no statistically 
significant difference could be observed between the average speeds of women in short- and medium-distance 
races. Although this phenomenon does not make physiological sense, it indicates that women have a lot of 
room for performance improvement in short-distance duathlon. In many endurance sports, it was previously 
shown that women adopted a more conservative pacing strategy than  men50–53. This might be explained by dif-
ferences regarding confidence, decision-making, risk perception and  willingness53. For example, compared to 
men, women showed relatively lower speeds in the beginning and relatively higher speeds at the end of a 100 km 
ultra-marathon  race54. One explanation could be that women did not allocate their energy resources in the best 
suitable manner. More studies are necessary to confirm or refute these results.

The only knowledge we have so far regarding pacing in a duathlon is derived from studies by Nikolaidis 
et al., who analyzed the effect of  aging23, sex and performance  level50 as well as the combined effect of aging and 
performance  level55 on pacing. However, these studies are based solely on the “Powerman Zofingen” results from 
2003 to 2017 with its two distances (10 km run, 50 km bike, 5 km run; ~ 10 km run, 150 km bike, 30 km run). 
The authors reported that women adopted a steadier pace and were relatively faster in the second  run50. To the 
best of our knowledge, no information regarding pacing behaviours in short-distance duathlon exists.

Regarding the APP, male and female athletes of the age group 30–34 years finished most often in the top three 
in short- and medium-distance races. This confirms past findings by Romero-Ramos et al.9 who analyzed the 
performance of the top ten athletes of each age group who competed at the ITU Duathlon World Champion-
ships from 2005 to 2016 and found that athletes of the age group 30–34 years performed best in the standard-
distance (~ 10 km run, 40 km bike, 5 km run). In long-distance duathlon, men of the age group 25–29 years and 
women of the age group 30–34 years finished most often in the top three in our study. Therefore, our hypothesis 
that the APP is higher in longer race distances could not be confirmed. This is in contrast to a study by Kne-
chtle et al.2, who analyzed the different APPs of world-class triathletes in different race distances. The authors 
reported that men achieved the best performance at 27.1 ± 4.9 years in the Olympic distance, 28.0 ± 3.8 years in 
the Half-Ironman distance and 35.1 ± 3.6 years in the Ironman distance, while women were best at 26.6 ± 4.4, 
31.6 ± 3.4 and 34.4 ± 4.4 years respectively. However, besides the differences regarding the modes of locomotion, 
the methodological approach was different and we were only able to determine the age group of the finishers 
and not their exact age.

Limitations, strengths, and implications for future research. A limitation of this study is the use 
of secondary data. We were not able to consider important factors related to endurance performance in ath-
letes of different competitive levels, such as anthropometric and physiological variables, training status, previous 
experience, drafting rules, technical equipment, track specifications and weather conditions. Due to the use 
of secondary data, we cannot exclude that some distances have been rounded. Moreover, data was missing in 
certain years. Other methodological designs, such as longitudinal studies, could offer more information about 
the effect of aging on duathlon performance. Nevertheless, this is the first study that investigated worldwide 
participation and performance trends in duathlon with results from finishers who participated in duathlon races 
worldwide across three different distances over several decades. Future studies should collect data about the 
above-mentioned variables and analyze participation and performance trends in further subgroups (e.g., elite 
athletes) as well as pacing behaviours in short-distance duathlon and the association between place of competi-
tion, participation and performance trends.

Conclusion
More men than women competed in all distances and especially in longer distances. Men were generally faster 
across all age groups and no trend regarding the sex gap was observed at any distance throughout the years. The 
APP did not increase with an increase in the race distance. Men and women of the age group 30–34 finished 
most often in the top three in short- and medium-distance races, whereas in long-distance races, men of the age 
group 25–29 and women of the age group 30–34 finished most often in the top three.
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