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Abstract 

Background  The sex difference in the three split disciplines (swimming, cycling, and running) and overall race 
times in triathlon races has mainly been investigated for the Olympic distance and IRONMAN® triathlon formats, 
but not for the half IRONMAN® distance, i.e., the IRONMAN® 70.3. The aim of the present study was to investigate 
the sex differences in IRONMAN® 70.3 by age group in 5-year intervals for the split disciplines of this race. Data 
from 823,459 records (625,393 males and 198,066 females) of all age group finishers (in 5-year intervals) competing 
in all official IRONMAN® 70.3 races held worldwide between 2004 and 2020 were analyzed, and sex differences by age 
group and split disciplines were evaluated.

Results  Males were faster than females in all split disciplines and all age groups. The sex difference was lower 
in swimming than in cycling and running and less pronounced for triathletes between 20 and 50 years of age. After 
the age of 60 years, females were able to reduce the sex difference to males in swimming and cycling, but not in 
running, where the reduction in the sex difference started after the age of 70 years. The lowest sex difference 
was in the age group 75 + years for swimming and cycling and in the age group 30–34 years for running. Across age 
groups, the sex difference was U-shaped in swimming and running, with an increase after 18–24 years in swimming 
and after 40–44 years in running. In contrast, the sex difference decreased continuously with the increasing age 
for cycling.

Conclusions  In conclusion, the study found that the sex difference in performance decreases with age in the IRON-
MAN® 70.3 race distance. However, females did not outperform males at older ages. Notably, sex differences were 
observed across different disciplines, with swimming displaying lower differences compared to cycling and running. 
These findings underscore the complex interplay between age, sex, and performance in endurance sports, emphasiz-
ing the need for additional research to understand the factors influencing these differences.
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Background
The sex difference in endurance performance is an 
important topic for athletes, coaches, and researchers in 
sports science and sports medicine. It seems to depend 
upon the discipline [1–3], the age of the athlete [3–5], the 
distance [6], and the duration of a performance [7–10]. 
Generally, males are faster than females in endurance 
disciplines [1, 11]. This has been reported for swimming 
[12–14], cycling [15, 16], and running [17, 18]. However, 
females were able to achieve a similar or even better per-
formance than males in specific situations. Recent studies 
reported that females reduced the gap to males in swim-
ming [7, 12, 19] and cycling [9, 20]. For long-distance 
swimming, it has been described that females can achieve 
similar performance to males [12, 21, 22]. Under certain 
circumstances, females in long-distance open-water 
swimming are even faster than males [23]. In distance-
limited ultra-cycling races covering 100 miles, 200 miles, 
400 miles, and 500 miles, males were faster than females 
in 100- and 200-mile races but not in 400- and 500-mile 
races [20]. In time-limited ultra-cycling races of 6 h, 12 h 
and 24  h duration, the sex differences in cycling speed 
decreased between males and females with increasing 
duration [9].

Reducing the sex difference in endurance performance 
also seems to depend on age. Several studies showed that 
reduced the gap between males with increasing age [7, 
12, 19]. In swimming, the reduction of the sex difference 
has been shown in age group pool swimmers compet-
ing in all strokes such as backstroke [24], butterfly [25], 
breaststroke [19], freestyle [5], individual medley [26], 
and in 3000  m open-water swimming [12]. Regarding 
cycling, in both distance- (i.e., 100 miles, 200 miles, 400 
miles, and 500 miles) [20] and time-limited (i.e., 6 h, 12 h, 
and 24 h duration) ultra-cycling races [9], elderly females 
reduced the gap to elderly males. Considering running, 
females reduced the gap to males in the ultra-marathon 
running [27]. An analysis for different running distances 
and durations (i.e., 5 km, 8 km, 10 km, 10 miles, 20 km, 
half-marathon, 25 km, 30 km, marathon, 50 km, 50 miles, 
100 km, 100 miles, 12 h, 24 h, 48 h and 144 h) showed 
that the sex difference in performance decreased with 

increasing age but not with increasing distance or dura-
tion [28].

Triathlon is a multi-sports discipline consisting of 
swimming, cycling, and running where the long-distance 
triathlon races such as the ‘IRONMAN® Hawaii’ covering 
a 2.4-mile swim (3.9 km), a 112-mile bike (180.2 km), and 
a 26.2-mile run (42.2  km) are held officially since 1981 
[29]. In recent years, however, the half-Ironman distance 
IRONMAN® 70.3 has become increasingly popular [30]. 
Each distance of the swim, bike and run segments is half 
the distance of that segment in a full IRONMAN® dis-
tance triathlon, where ‘70.3’ refers to the total distance 
in miles (113.0  km) of the race, consisting of a 1.2-mile 
(1.9 km) swim, a 56-mile (90 km) bike ride, and a 13.1-
mile (21.1 km) run.

While sex differences are usually assessed in one sports 
discipline, the triathlon offers a model to study the varia-
tion of females’ and males’ performance across different 
locomotion patterns and environments (i.e., swimming, 
cycling, and running) simultaneously. The aspect of sex 
difference in triathlon performance is well-investigated, 
especially for the Olympic distance triathlon covering a 
0.93-mile (1.5-km) swim, a 24.8-mile (40-km) bike, and a 
6.2-mile (10-km) run [31] and the IRONMAN®-distance 
triathlon [31]. The sex difference in the three split disci-
plines in a triathlon seems to depend upon the discipline 
[6, 32]. In both the Olympic distance triathlon [6] and 
the IRONMAN® distance triathlon [33], the sex differ-
ence in performance was less significant in cycling com-
pared to swimming and running. Furthermore, the sex 
difference in performance depends upon age. In the age 
group triathletes, the sex difference in overall race time 
increased with increasing age [34]. While the sex differ-
ence increased after the age of 35  years in the Olympic 
distance triathlon [10], the sex difference increased after 
the age of 55–60 years in the IRONMAN® distance tri-
athlon [4, 6]. In the IRONMAN® distance triathlon, the 
increase in the sex difference with increasing age depends 
upon the split discipline. In cycling and running, the sex 
difference in performance was greater in athletes of age 
groups older than 60  years than in athletes of younger 
ages [4].

Key Points 

•	 Males outperformed females in all split disciplines, overall race times, and all age groups.
•	 Variations in sex differences were observed across different disciplines, with swimming displaying lower differ-

ences compared to cycling and running.
•	 Sex differences in performance decreased with age.
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While the aspect of sex difference in the split and over-
all race times has been well investigated in the Olympic 
distance triathlon [6, 33] and in the IRONMAN® dis-
tance triathlon [33, 35], to the best of our knowledge, 
no study has ever investigated the sex difference in the 
IRONMAN® 70.3 performance. With the lower barrier 
of entry, more athletes, including a potentially larger pro-
portion of females, may be participating in IRONMAN® 
70.3 races compared to the longer-distance IRONMAN® 
events. Therefore, the aim of the present study was to 
investigate the sex differences in the split disciplines (i.e., 
swimming, cycling, and running) and overall race times 
by age group. Based upon the findings for both the Olym-
pic distance triathlon and the IRONMAN® distance tri-
athlon, we hypothesized to find performance differences 
between the split disciplines with a smaller sex differ-
ence in swimming compared to cycling. Considering the 
reduction of sex differences with age from the single dis-
ciplines where females’ participation rates are growing 
faster than the full IRONMAN® distance triathlon, we 
expected a reduction in the sex difference with increasing 
age where females would reduce the gap to males, espe-
cially in the higher age groups in IRONMAN® 70.3.

Methods
Ethical Approval
This study was approved by the Institutional Review 
Board of Kanton St. Gallen, Switzerland, with a waiver 
of the requirement for informed consent of the partici-
pants as the study involved the analysis of publicly avail-
able data (EKSG 01/06/2010). The study was conducted 
in accordance with recognized ethical standards accord-
ing to the Declaration of Helsinki adopted in 1964 and 
revised in 2013.

Data Set and Data Preparation
The race data was downloaded from the official IRON-
MAN® website (www.​ironm​an.​com) using a Python 
script (www.​python.​org) and consisted of over 1,3 mil-
lion records of both professional (PRO) and amateur 
(age group or master) IRONMAN® 70.3 triathletes. 
Each record represents one triathlete´s registration in 
an IRONMAN® 70.3 competition and includes the ath-
letes’ sex, age, country of origin, the year and the event 
location, the event status, and the times for swimming, 
running, cycling, and transitioning, among some other 
columns that were discarded. We analyzed all qualify-
ing age group finishers of all IRONMAN® 70.3 races 
recorded on the official IRONMAN® website between 
2004 and 2020. Data considered for this analysis were the 
times of each split discipline of the IRONMAN® 70.3 dis-
tance, considering swimming, cycling, running, and tran-
sition times (represented by transition 1—swimming for 

cycling, and transition 2—cycling for running) and the 
full race times (all in seconds), as well as the triathlete´s 
sex and age group. The athletes were sorted into 5-year 
age intervals (i.e., 18–24, 25–29, 30–34, 35–39, 40–44, 
45–49, 50–54, 55–59, 60–64, 65–69, 70–74, 75–79, 
80–84, and 85–89-years). Due to the low number of 
athletes older than 75  years, we combined the athletes 
from the age groups 75–79, 80–84, and 85–89  years in 
an overarching age group 75 + years. The exclusion crite-
ria were (i) athletes who did not start or finish, (ii) dis-
qualified athletes, (iii) records with missing split times, 
(iv) inconsistent times (i.e., impossible split times or 
final times smaller than split times, etc.) and (v) records 
missing essential information (i.e., age group, sex, etc.). 
Data were cleaned by discarding non-qualifying athletes 
(DNS = did not start, DNF = did not finish, DQ = dis-
qualified) and excluding professional athletes. Further-
more, we removed duplicates, checked for and removed 
impossible data, excluded null data, harmonized age and 
sex data, normalized time formats, harmonized country 
and event data, renamed dataset columns as needed, and 
sex max/min filters to discard outliers. After processing 
the raw data, the resulting dataset consisted of  852,722 
IRONMAN® 70.3 finishers’ records (645,639 males and 
207,083 females), including amateur (age group or mas-
ter) and professional triathletes’ records. Once profes-
sional triathletes records were excluded, the resulting 
dataset used in this analysis consisted of. 823,459 records 
(625,393 males and 198,066 females) IRONMAN® 70.3 
age group finishers.

Statistical Analysis
Histograms of the split and full race times by sex were 
plotted for the full sample of age group triathletes, show-
ing a normal distribution in all cases except for the run 
time, which is a bit right skewed. Violin plots were used 
to compare the split and full race times between the 
age groups and sexes, with statistical significance tested 
through ANOVA two-way tests. The change percentage 
between male and female average times in each group 
was also calculated for each split discipline and over-
all race time. Descriptive statistics are presented using 
mean, standard deviation, frequencies, and percentages. 
All analysis was done in a Colab Notebook (https://​colab.​
resea​rch.​google.​com/) with Python (www.​python.​org/) 
and associated libraries.

Results
Figure 1 shows in a pie chart the percentage of triathletes 
of each sex by event status. Around 20% of all partici-
pants who registered did not finish the race.

Figure  2 shows the female and male finishers trend 
between 2004 and 2020. The number of male finishers 

http://www.ironman.com
http://www.python.org
https://colab.research.google.com/
https://colab.research.google.com/
http://www.python.org/
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increased more than the number of female finishers. In 
2020, the number of finishers was dramatically reduced 
due to the COVID pandemic.

Figure 3 presents the trend of the average and best race 
times between 2004 and 2020. From 2010 it is possible to 
verify performance stability in both sexes, with a decline 
between 2019 and 2020.

Table  1 summarizes the number of finishers per age 
group and the corresponding statistical values of the race 
times. For females, most finishers were in the age group 
35–39  years, whereas the fastest females were in the 
age group 25–29  years. For males, again, most finishers 
were in the age group 35–39 years, but the fastest males 
were in the age group 18–24  years. Overall, race times 
increased with increasing age.

Figure  4 shows the split and overall race times his-
tograms for females and males. For females, the mean 

swim times were 40:55min:s (SD 08:08min:s), the mean 
cycling times 03:11:34h:min:s (SD 23:06h:min), the mean 
running times 02:15:01h:min:s (SD 25:22min:s), and the 
mean overall race times 06:16:18h:min:s (SD 51:25min:s). 
For males, the mean swim times were 38:42min:s (SD 
07:52min:s), the mean cycling times 02:54:29h:min:s (SD 
21:18min:s), the mean running times 02:05:14h:min:s 
(SD 26:10min:s), and the mean overall race times 
05:46:53h:min:s (SD 48:10min:s).

Figure 5 presents a set of violin plots showing the split 
and overall race time distribution by age group and sex. 
For all split disciplines and overall race times, males were 
always faster than females in all groups, although the dif-
ference is smaller in the swimming discipline than in the 
other two. It is worth noticing how close male and female 
swim time boxes are, with significant overlap, mainly in 
the low and mid-age groups compared to the bike or run 

Fig. 1  Participants by event status and sex (DNS = Did Not Start; DNF = Did Not Finish; DQ = Disqualified)

Fig. 2  The female and male finishers trend between 2004 and 2020
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splits (or to the overall finish time). This suggests that the 
performance of males and females in the water (swim-
ming) is less different between the sexes than on land 
(running and cycling). Also worth noticing is how the 
cycling times remain flatter than running and swimming 
times through the lower and middle age groups. This sug-
gests that the cycling discipline exhibits a more consist-
ent performance over the years.

ANOVA two-way tests were applied to the split and 
overall race times (Table  2). The results showed that, 
for each independent variable (i.e., age group and sex) 
and their interaction, the calculated p values PR(> F) 

were zero or almost zero, and hence it can be concluded 
that  the differences between age groups and sexes are 
statistically significant. The ANOVA test results tables 
follow:

Figure  6 presents the percent difference in time 
between females and males by age group and split dis-
ciplines. Males are always faster than females in all age 
groups. The sex difference was lower in swimming com-
pared to running and cycling. In swimming, the low-
est sex difference was in the age group 18–24  years 
(3.66%). In cycling, the lowest sex difference was in the 
age group 70–74  years (4.13%). In running, the lowest 

Fig. 3  The average (solid line) ± standard deviation (colored bars) and best race times for male and female participants in the Ironman 70.3 
between 2004 and 2020

Table 1  Descriptive information per age group in both sexes

n (sample size); std (standard deviation); min (minimum values); max (maximum values)

Age group Overall finish times hh:mm:ss (Females) Overall finish times hh:mm:ss (Males) Males-to-
females 
ration Mean Std Min Max n Mean Std Min Max

18–24 8129 06:10:20 00:49:42 04:16:35 09:20:33 22,484 05:38:38 00:51:04 03:51:35 09:25:05 2.76

25–29 26,130 06:09:29 00:49:16 04:09:34 09:42:12 63,093 05:40:45 00:50:00 03:51:31 09:13:07 2.41

30–34 35,555 06:10:04 00:49:17 04:18:56 09:38:53 102,127 05:41:16 00:48:39 03:44:09 09:32:12 2.87

35–39 37,189 06:13:18 00:49:06 04:17:54 09:58:19 123,729 05:43:27 00:47:38 03:52:49 09:41:22 3.32

40–44 35,910 06:16:18 00:48:30 04:16:58 09:41:35 123,659 05:46:34 00:46:44 03:53:09 09:30:51 3.44

45–49 26,993 06:20:14 00:47:10 04:16:24 09:42:21 92,523 05:49:47 00:46:15 03:59:34 10:08:49 3.42

50–54 16,879 06:26:25 00:47:17 04:29:09 09:41:47 55,880 05:54:25 00:45:53 04:10:00 09:20:56 3.31

55–59 7664 06:35:04 00:46:55 04:46:30 09:30:18 26,448 06:01:54 00:45:31 04:06:51 09:27:47 3.45

60–64 2766 06:49:32 00:47:40 04:52:12 09:45:20 10,332 06:13:00 00:46:09 04:23:09 09:39:09 3.73

65–69 665 07:05:10 00:42:24 05:10:06 09:18:45 3730 06:28:14 00:45:47 04:45:33 09:07:59 5.60

70–74 165 07:28:41 00:44:56 06:01:25 09:25:09 1142 06:52:49 00:44:10 05:06:02 09:28:55 6.92

75 +  21 07:43:26 00:46:32 06:21:01 09:13:50 246 07:18:36 00:46:55 04:23:22 08:57:47 11.71
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sex difference was in the age group 30–34 years (7.46%). 
The differences were less pronounced in swimming than 
in cycling and running between 20–24 and 50–54 years. 
After the age of 60–64 years, females were able to reduce 
the sex difference to males in swimming and cycling, 
but not in running, where the reduction started in the 
age group 70–74  years. The sex difference showed a 
kind of U-shaped curve in swimming and running, with 
an increase after 18–24  years in swimming and after 
40–44 years in running. In contrast, for cycling, the sex 
difference decreased continuously with increasing age.

Discussion
This study intended to investigate the sex difference in 
performance with increasing age in the IRONMAN® 
70.3 triathletes by split discipline and overall race times, 
with the hypotheses that differences would exist between 
the split disciplines, with a smaller difference in swim-
ming performance compared to cycling, and a reduction 
in the difference with age, where older females would be 
able to reduce the gap to males. Males were always faster 
than females. The sex differences in swimming were 
less pronounced than in cycling and running for all age 
groups. The differences were smaller in swimming for all 
age groups. After the age of 60 years, females were able 
to reduce the difference with males in swimming and 
cycling, but not in running, where the reduction in differ-
ence started after the age of 70 years. The lowest sex dif-
ference was observed in the age group 75 + years for both 

swimming and cycling and in the age group 30–34 years 
for running. Across all age groups, the sex difference was 
U-shaped for swimming and running, with an increase 
after 18–24 years in swimming and after 40–44 years in 
running. For cycling, the sex difference decreased con-
tinuously with increasing age.

Males Were Faster Than Females
The first important finding was that males were faster 
than females in all split disciplines, overall race times, 
and all age groups. The better performance of males com-
pared to females is most likely due to biological differ-
ences. Generally, male triathletes tend to have a higher 
muscle mass and bone density, potentially providing 
them with advantages in strength and power. On the 
other hand, female triathletes may possess a higher per-
centage of body fat, which can contribute to better buoy-
ancy in the water. Hormonal variations also play a role, 
as males typically have higher testosterone levels, poten-
tially enhancing their muscle development and aerobic 
capacity. However, it’s crucial to recognize that individual 
variations exist, and training, nutrition, and genetics sig-
nificantly impact athletic performance. Moreover, age is 
another factor in triathlon. Younger triathletes often pos-
sess greater speed, agility, and recovery capacity, enabling 
them to excel in short distances. In contrast, older tri-
athletes may have accumulated experience, mental forti-
tude, and endurance, making them well-suited for longer 

Fig. 4  Split and overall race times histograms for females and males
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Fig. 5  Violin plots of split and full race times by age group and sex. Swimming, cycling, running and overall race time from top to bottom
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distances where pacing and endurance play a crucial role 
[17, 36, 37].

We need to consider in this context the age-related 
performance decline. Overall, endurance performance 
depends upon age [3, 38] and declines with increasing age 
[11, 39, 40]. An age-related performance decline is well-
described [13, 32, 41] and accounts for a ~ 1.25% decline 
per year [42]. The start of the age-related decline in per-
formance seems to depend upon the sports discipline 
[32, 35], the kind of physical activity [38], and the sex [3, 
32]. Generally, the age-related performance decline starts 
at ~ 30–35  years [32], remains fairly stable between ~ 35 
and ~ 50  years [3, 38], decreases linearly until the age 
of ~ 70  years [43], and starts to decrease exponentially 
after the age of ~ 70  years In the IRONMAN® 70.3, the 
oldest age group was 75–79 years and no athletes older 
than 80 years were recorded (see Table 1). Therefore, we 
cannot compare the sex differences in the 80 + age group.

Another consideration is the decrease in the sex differ-
ence in the 70 + age group (Fig. 6). This might be because 
only a very selected group of high-performing females 
compete at these old ages. The sample of males also 
includes older ages, bringing the average down and help-
ing to shorten the gap between males and females.

Smaller Sex Difference in Swimming Compared to Cycling 
and Running
A second important finding was that the sex difference in 
performance was smallest in swimming. For cycling and 

Fig. 5  continued

Table 2  ANOVA test results to the split and overall race t​ime​

​’Fi​nishTime ~​ ​C(A​geB​an​d) + C(S​e​x) ​+ C​(Ag​eBa​nd)​:C(​
Sex)’;’SwimTime ~ C(AgeBand) + C(Sex) + C(AgeBand):C(Sex)’; 
’BikeTime ~ C(AgeBand) + C(Sex) + C(AgeBand):C(Sex)’; 
’RunTime ~ C(AgeBand) + C(Sex) + C(AgeBand):C(Sex)’

​​​​
Finish time sum_sq Df F p value

Intercept 4.01e+12 1 488,589  < 0.001

AgeGroup 4.94e+10 11 547  < 0.001

Sex 2.16e+10 1 2627  < 0.001

AgeGroup:Sex 1.18e+09 11 13  < 0.001

Residual 6.76e+12 823,435 NaN NaN

Swim time

Intercept 4.17e+10 1 186,850  < 0.001

AgeGroup 1.32e+09 11 536  < 0.001

Sex 3.73e++07 1 167  < 0.001

AgeGroup:Sex 1.25e+08 11 51  < 0.001

Residual 1.84e+11 823,435 NaN NaN

Bike time

Intercept 1.09e+12 1 646,399  < 0.001

AgeGroup 3.62e+09 11 195  < 0.001

Sex 7.76e+09 1 4619  < 0.001

AgeGroup:Sex 1.66e+08 11 9  < 0.001

Residual 1.38e+12 823,435 NaN NaN

Run time

Intercept 5.10e+11 1 220,121  < 0.001

C(AgeBand) 1.66e+10 11 650  < 0.001

C(Sex) 2.61e+09 1 1128 3.44e− < 0.001

C(AgeBand):C(Sex) 7.72e+08 11 30  < 0.001

Residual 1.91e+12 823,435 NaN NaN
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running, the difference in cycling was higher in younger 
and lower in older age groups, whereas for running, the 
difference was lower in younger and higher in older age 
groups. Our hypothesis to find a smaller sex difference in 
performance in swimming compared to cycling could be 
confirmed.

Generally, sex differences in endurance performance 
seemed to depend upon the discipline. It has been 
reported that sex differences were generally smaller in 
swimming compared to running [2, 3, 35] and cycling [3, 
16, 35]. A very likely explanation that females reduced the 
gap to males in swimming can be attributed to their dis-
tinct body shape, characterized by higher body fat, which 
provides enhanced insulation against the cold water and 
improved buoyancy in the leg region and differs from 
that of male swimmers who tend to accumulate fat in the 
central region [45]. During dynamic swimming with var-
ying velocities, the swimmer generates movement in the 
surrounding water, akin to an additional mass. Female 
swimmers exhibit a lower absolute and relative added 
mass compared to male swimmers, indicating that differ-
ences in body shape between the sexes may be associated 
with this added mass phenomenon [46].

In the Olympic distance triathlon and the Ironman dis-
tance triathlon, the sex difference was lower in cycling 
compared to swimming and running [6, 33]. We found 
sex differences for cycling and running across all age 
groups. Considering the age-related performance decline 
again, the decline differs in triathlon between the differ-
ent race distances [34, 47] and the split disciplines [47]. 
Regarding the split disciplines, the age-related perfor-
mance decline in triathlon is less pronounced in cycling 

compared to swimming and running [32, 34]. Regard-
ing the race distances, the magnitude of the perfor-
mance declines in cycling and running performances 
with advancing age for the Olympic distance triathlons 
are less pronounced than for the Ironman distance races 
[34] and the age-related performance decline in cycling 
and running is greater in the Ironman triathlon than in 
the Olympic distance triathlon [47]. The differences in 
cycling and running across age groups in Ironman® 70.3 
athletes might be explained by the difference in split dis-
tances between the Olympic and the Ironman distance 
triathlon.

Sex Differences by Split Disciplines and Age Groups
A third important finding was that females were able 
to reduce the sex difference to males after the age of 
60  years in swimming and cycling, but not in running 
where the reduction in sex difference started later at the 
age of 70 years. Since the number of finishers decreased 
with increasing age, this might lead to a selection bias 
and may reduce the statistical significance. However, an 
increase in participation of age group athletes in recent 
decades has been reported for different sports disciplines 
such as marathon running, ultra-marathon running [48], 
and long-distance triathlon [47]. It has been shown that 
master or age group athletes have improved performance 
in different sports disciplines such as swimming [19], 
ultra-marathon running [49], and Olympic distance tri-
athlon [6].

Age group athletes seem to be able to dominate cer-
tain sports disciplines such as ultra-marathon running 
[49]. Several studies showed that the best athletes in 

Fig. 6  Percent change in time between females and males by age group and split disciplines
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endurance performance became faster as they got older. 
This has been reported in the ultra-cycling [26], long-
distance open-water swimming [23] and long-distance 
triathlon [50]. Furthermore, the number of female age 
group athletes has increased more than the number 
of male age group athletes in sports disciplines such as 
marathon [48] and triathlon [34]. These aspects might 
explain that the reduction in sex difference started later 
in age in running compared to swimming and cycling.

A further interesting finding was that the split disci-
plines showed differences regarding sex difference. The 
least significant sex differences were in the age group 
75 + years in swimming and cycling and in the age group 
30–34  years in running. The differences in these three 
split disciplines might be explained by the physical, 
physiological, and anthropometric differences between 
females and males [1, 51–53]. However, females have 
lower muscular fatigability and faster recovery during 
endurance exercise [53]. The lower fatigability might be 
due to the greater proportional area of type I muscle fib-
ers [51]. Furthermore, swimming is a non-weight-bearing 
sports discipline, such as is cycling, whereas running is a 
weight-bearing discipline.

A last important finding regarding the sex differences 
was the different curves for the three split disciplines. 
In swimming, the sex difference followed a U-shaped 
curve with a less significant sex difference in the age 
group 18–24, increased until the age group 40–74 and 
decreased in the age group 70–74 years. In other words, 
female IRONMAN® 70.3 triathletes seemed to be able 
to reduce the gap to males after the age of 75 + years 
in swimming. It has been well-described that elderly 
females were able to reduce the gap to elderly males in 
pool swimming, where females achieved a similar per-
formance after the age of 80  years and older for differ-
ent strokes and disciplines [7, 19, 25]. The swim distance 
seems, however, to be relevant. While pool swimmers 
compete in no longer than 1500  m freestyle [54], the 
IRONMAN® 70.3 triathletes must swim 1.9  km dur-
ing their competition. Female swimmers can achieve a 
similar performance for longer swimming distances in 
the age group 75–79 as male swimmers in 3000 m open-
water swimming [12].

A limitation of the present study was the specific char-
acteristics of this triathlon format [55, 56]. For instance, 
it has been observed that the IRONMAN® 70.3 had dif-
ferent predictors than Sprint- and Olympic-distance tri-
athlon and the IRONMAN® 140.6 [56]. Thus, caution 
would be needed when generalizing our findings to other 
triathlon formats. Further limitations to consider are the 
wide age range of participants from different socio-cul-
tural backgrounds which complicates the understanding 

of changes in sex differences, and the lower number of 
females in each age group influencing the results as seen 
in running. The strength of our study was the large data-
set that was analyzed, which allowed drawing safe con-
clusions about the variation of sex differences by age and 
discipline in the IRONMAN® 70.3. These findings have 
practical applications for triathletes, especially in set-
ting long-term goals, and could help coaches optimize 
their training routine in the context of their age and sex 
accordingly and achieve better final results.

Conclusions
In conclusion, the findings suggest that, for the IRON-
MAN® 70.3 race distance, the sex difference between 
males and females becomes less pronounced with 
increasing age, similar to what has been observed in 
single endurance disciplines such as swimming. How-
ever, females were not able to outperform or achieve 
parity with males at older ages, as has been reported in 
other individual distances like swimming and cycling. 
The patterns of sex differences across the split disci-
plines did not follow a consistent trend and were mostly 
U-shaped across all age groups. Notably, swimming 
exhibited lower sex differences compared to cycling 
and running across all age groups. Overall, these results 
emphasize the complex interplay between age, sex, and 
performance in endurance sports. While females dem-
onstrated a reduction in the sex difference with age, their 
performance did not surpass that of males in later years. 
These findings underscore the need for further explora-
tion of factors influencing sex differences in endurance 
events and the broader context of performance in ath-
letic competitions.

Abbreviations
ANOVA	� Analysis of variance
DNS	� Did not start
DNF	� Did not finish
DQ	� Disqualified
Pro	� Professional

Acknowledgements
Not applicable.

Author Contributions
BK and KW drafted the manuscript, DV performed the statistical analysis and 
prepared methods and results, EV obtained the data, MT, MSA, PTN, and IC 
helped drafting the final version. All authors read and approved the final 
manuscript.

Funding
No funding.

Availability of Data and Materials
For this study, we have included official results and split times from the official 
IRONMAN® website (www.​ironm​an.​com).

http://www.ironman.com


Page 11 of 12Knechtle et al. Sports Medicine - Open            (2023) 9:88 	

Declarations

Ethics 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 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.

Consent for Publication
Not applicable.

Competing Interests
The authors Beat Knechtle, David Valero, Elias Villiger, Mabliny Thuany, Marilia 
Santos Andrade, Pantelis T. Nikolaidis, Ivan Cuk, and Katja Weiss declare no 
competing interests.

Author details
1 Medbase St. Gallen am Vadianplatz, Vadianstrasse 26, 9001 St. Gallen, Switzer-
land. 2 Institute of Primary Care, University of Zurich, Zurich, Switzerland. 3 Ultra 
Sports Science Foundation, Pierre‑Benite, France. 4 Klinik für Allgemeine Innere 
Medizin, Kantonsspital St. Gallen, St. Gallen, Switzerland. 5 Faculty of Sports, 
University of Porto, Porto, Portugal. 6 Department of Physiology, Federal Uni-
versity of Sao Paulo, São Paulo, Brazil. 7 School of Health and Caring Sciences, 
University of West Attica, Athens, Greece. 8 Faculty of Sport and Physical Educa-
tion, University of Belgrade, Belgrade, Serbia. 

Received: 12 February 2023   Accepted: 13 September 2023

References
	1.	 Millard-Stafford M, Swanson AE, Wittbrodt MT. Nature versus nurture: 

Have performance gaps between men and women reached an asymp-
tote? Int J Sports Physiol Perform. 2018;13(4):530–5. https://​doi.​org/​10.​
1123/​ijspp.​2017-​0866.

	2.	 Senefeld J, Joyner MJ, Stevens A, Hunter SK. Sex differences in elite swim-
ming with advanced age are less than marathon running. Scand J Med 
Sci Sports. 2016;26(1):17–28. https://​doi.​org/​10.​1111/​sms.​12412.

	3.	 Ransdell LB, Vener J, Huberty J. Masters athletes: an analysis of running, 
swimming and cycling performance by age and gender. J Exerc Sci Fit-
ness. 2009;7(2):S61–73. https://​doi.​org/​10.​1016/​S1728-​869X(09)​60024-1.

	4.	 Piacentini MF, Vleck V, Lepers R. Effect of age on the sex difference in Iron-
man triathlon performance. Mov Sport Sci. 2019;104(2):21–7. https://​doi.​
org/​10.​1051/​sm/​20190​30.

	5.	 Gloor RU, Knechtle B, Knechtle P, Rüst CA, Haupt S, Rosemann T, et al. 
Sex-related trends in participation and performance in the “Swiss Bike 
Masters” from 1994–2012. Percept Mot Skills. 2013;116(2):640–54. https://​
doi.​org/​10.​2466/​30.​Pms.​116.2.​640-​654.

	6.	 Etter F, Knechtle B, Bukowski A, Rüst CA, Rosemann T, Lepers R. Age and 
gender interactions in short distance triathlon performance. J Sports Sci. 
2013;31(9):996–1006. https://​doi.​org/​10.​1080/​02640​414.​2012.​760747.

	7.	 Nikolaidis PT, Knechtle B. Performance trends in individual medley events 
during FINA World Master Championships from 1986 to 2014. J Sports 
Med Phys Fitness. 2018;58(5):690–8. https://​doi.​org/​10.​23736/​s0022-​4707.​
17.​06992-4.

	8.	 Reichert T, Kanitz AC, Delevatti RS, Bagatini NC, Barroso BM, Kruel LF. 
Continuous and interval training programs using deep water running 
improves functional fitness and blood pressure in the older adults. Age 
(Dordr). 2016;38(1):20. https://​doi.​org/​10.​1007/​s11357-​016-​9882-5.

	9.	 Scholz H, Sousa CV, Baumgartner S, Rosemann T, Knechtle B. Changes 
in sex difference in time-limited ultra-cycling races from 6 hours to 24 
hours. Medicina. 2021. https://​doi.​org/​10.​3390/​medic​ina57​090923.

	10.	 Yang S, Yang F, Gao Y, Su Y, Sun W, Jia S, et al. Gender and age differences 
in performance of over 70,000 Chinese finishers in the half-and full-
marathon events. Int J Environ Res Public Health. 2022. https://​doi.​org/​10.​
3390/​ijerp​h1913​7802.

	11.	 Ganse B, Kleerekoper A, Knobe M, Hildebrand F, Degens H. Longitudinal 
trends in master track and field performance throughout the aging pro-
cess: 83,209 results from Sweden in 16 athletics disciplines. Geroscience. 
2020;42(6):1609–20. https://​doi.​org/​10.​1007/​s11357-​020-​00275-0.

	12.	 Knechtle B, Nikolaidis PT, Rosemann T, Rüst CA. Performance trends in 
3000 m open-water age group swimmers from 25 to 89 years competing 
in the FINA World Championships from 1992 to 2014. Res Sports Med. 
2017;25(1):67–77. https://​doi.​org/​10.​1080/​15438​627.​2016.​12586​47.

	13.	 Gava P, Ravara B. Master World Records show minor gender differences 
of performance decline with aging. Eur J Transl Myol. 2019;29(3):8327. 
https://​doi.​org/​10.​4081/​ejtm.​2019.​8327.

	14.	 Eichenberger E, Knechtle B, Knechtle P, Rüst CA, Rosemann T, Lepers R, 
et al. Sex difference in open-water ultra-swim performance in the longest 
freshwater lake swim in Europe. J Strength Cond Res. 2013;27(5):1362–9. 
https://​doi.​org/​10.​1519/​JSC.​0b013​e3182​65a3e9.

	15.	 Rüst CA, Knechtle B, Rosemann T, Lepers R. Men cross America faster than 
women–the “Race Across America” from 1982 to 2012. Int J Sports Physiol 
Perform. 2013;8(6):611–7. https://​doi.​org/​10.​1123/​ijspp.8.​6.​611.

	16.	 Salihu L, Rüst CA, Rosemann T, Knechtle B. Sex difference in draft-legal 
ultra-distance events—a comparison between ultra-swimming and 
ultra-cycling. Chin J Physiol. 2016;59(2):87–99. https://​doi.​org/​10.​4077/​
cjp.​2016.​bae373.

	17.	 Hallam L, Amorim F. Expanding the gap: an updated look into sex differ-
ences in running performance. Front Physiol. 2022;12:804149. https://​doi.​
org/​10.​3389/​fphys.​2021.​804149.

	18.	 McClelland EL, Weyand PG. Sex differences in human running per-
formance: Smaller gaps at shorter distances? J Appl Physiol (1985). 
2022;133(4):876–85. https://​doi.​org/​10.​1152/​jappl​physi​ol.​00359.​2022.

	19.	 Knechtle B, Nikolaidis PT, Rosemann T, Rüst CA. Performance trends in 
age group breaststroke swimmers in the FINA World Championships 
1986–2014. Chin J Physiol. 2016;59(5):247–59. https://​doi.​org/​10.​4077/​cjp.​
2016.​Bae406.

	20.	 Baumgartner S, Sousa CV, Nikolaidis PT, Knechtle B. Can the performance 
gap between women and men be reduced in ultra-cycling? Int J Environ 
Res Public Health. 2020. https://​doi.​org/​10.​3390/​ijerp​h1707​2521.

	21.	 Eichenberger E, Knechtle B, Knechtle P, Rüst CA, Rosemann T, Lep-
ers R. Best performances by men and women open-water swimmers 
during the “English Channel Swim” from 1900 to 2010. J Sports Sci. 
2012;30(12):1295–301. https://​doi.​org/​10.​1080/​02640​414.​2012.​709264.

	22.	 Zingg M, Knechtle B, Rüst CA, Rosemann T, Lepers R. Age and gender 
difference in non-drafting ultra-endurance cycling performance—the 
“Swiss Cycling Marathon.” Extrem Physiol Med. 2013;2(1):18. https://​doi.​
org/​10.​1186/​2046-​7648-2-​18.

	23.	 Knechtle B, Rosemann T, Lepers R, Rüst CA. Women outperform men in 
ultradistance swimming: the Manhattan Island Marathon Swim from 
1983 to 2013. Int J Sports Physiol Perform. 2014;9(6):913–24. https://​doi.​
org/​10.​1123/​ijspp.​2013-​0375.

	24.	 Unterweger CM, Knechtle B, Nikolaidis PT, Rosemann T, Rüst CA. 
Increased participation and improved performance in age group back-
stroke master swimmers from 25–29 to 100–104 years at the FINA World 
Masters Championships from 1986 to 2014. Springerplus. 2016;5(1):645. 
https://​doi.​org/​10.​1186/​s40064-​016-​2209-2.

	25.	 Knechtle B, Nikolaidis PT, Rosemann T, Rüst CA. Performance trends in 
master butterfly swimmers competing in the FINA world championships. 
J Hum Kinet. 2017;57:199–211. https://​doi.​org/​10.​1515/​hukin-​2017-​0061.

	26.	 Rüst CA, Rosemann T, Lepers R, Knechtle B. Gender difference in cycling 
speed and age of winning performers in ultra-cycling - the 508-mile “Fur-
nace Creek” from 1983 to 2012. J Sports Sci. 2015;33(2):198–210. https://​
doi.​org/​10.​1080/​02640​414.​2014.​934705.

	27.	 Waldvogel KJ, Nikolaidis PT, Di Gangi S, Rosemann T, Knechtle B. Women 
reduce the performance difference to men with increasing age in ultra-
marathon running. Int J Environ Res Public Health. 2019. https://​doi.​org/​
10.​3390/​ijerp​h1613​2377.

	28.	 Sousa CV, da Silva Aguiar S, Rosemann T, Nikolaidis PT, Knechtle B. 
American masters road running records—the performance gap between 
female and male age group runners from 5 Km to 6 days running. Int J 
Environ Res Public Health. 2019;16(13):2310. https://​doi.​org/​10.​3390/​ijerp​
h1613​2310.

https://doi.org/10.1123/ijspp.2017-0866
https://doi.org/10.1123/ijspp.2017-0866
https://doi.org/10.1111/sms.12412
https://doi.org/10.1016/S1728-869X(09)60024-1
https://doi.org/10.1051/sm/2019030
https://doi.org/10.1051/sm/2019030
https://doi.org/10.2466/30.Pms.116.2.640-654
https://doi.org/10.2466/30.Pms.116.2.640-654
https://doi.org/10.1080/02640414.2012.760747
https://doi.org/10.23736/s0022-4707.17.06992-4
https://doi.org/10.23736/s0022-4707.17.06992-4
https://doi.org/10.1007/s11357-016-9882-5
https://doi.org/10.3390/medicina57090923
https://doi.org/10.3390/ijerph19137802
https://doi.org/10.3390/ijerph19137802
https://doi.org/10.1007/s11357-020-00275-0
https://doi.org/10.1080/15438627.2016.1258647
https://doi.org/10.4081/ejtm.2019.8327
https://doi.org/10.1519/JSC.0b013e318265a3e9
https://doi.org/10.1123/ijspp.8.6.611
https://doi.org/10.4077/cjp.2016.bae373
https://doi.org/10.4077/cjp.2016.bae373
https://doi.org/10.3389/fphys.2021.804149
https://doi.org/10.3389/fphys.2021.804149
https://doi.org/10.1152/japplphysiol.00359.2022
https://doi.org/10.4077/cjp.2016.Bae406
https://doi.org/10.4077/cjp.2016.Bae406
https://doi.org/10.3390/ijerph17072521
https://doi.org/10.1080/02640414.2012.709264
https://doi.org/10.1186/2046-7648-2-18
https://doi.org/10.1186/2046-7648-2-18
https://doi.org/10.1123/ijspp.2013-0375
https://doi.org/10.1123/ijspp.2013-0375
https://doi.org/10.1186/s40064-016-2209-2
https://doi.org/10.1515/hukin-2017-0061
https://doi.org/10.1080/02640414.2014.934705
https://doi.org/10.1080/02640414.2014.934705
https://doi.org/10.3390/ijerph16132377
https://doi.org/10.3390/ijerph16132377
https://doi.org/10.3390/ijerph16132310
https://doi.org/10.3390/ijerph16132310


Page 12 of 12Knechtle et al. Sports Medicine - Open            (2023) 9:88 

	29.	 Lepers R. Analysis of Hawaii ironman performances in elite triathletes 
from 1981 to 2007. Med Sci Sports Exerc. 2008;40(10):1828–34. https://​
doi.​org/​10.​1249/​MSS.​0b013​e3181​7e91a4.

	30.	 Ironman. 170+ Triathlon Worldwide 2022 [cited 2022 10 November]. 
Available from: https://​www.​ironm​an.​com/​im703-​races.

	31.	 Sousa CV, Nikolaidis PT, Knechtle B. Ultra-triathlon-pacing, performance 
trends, the role of nationality, and sex differences in finishers and non-
finishers. Scand J Med Sci Sports. 2020;30(3):556–63. https://​doi.​org/​10.​
1111/​sms.​13598.

	32.	 Etter F, Knechtle B, Rüst CA, Rosemann T, Lepers R. The age-related 
decline in Olympic distance triathlon performance differs between males 
and females. J Sports Med Phys Fit. 2013;53(3):261–7.

	33.	 Lepers R. Sex difference in triathlon performance. Front Physiol. 2019. 
https://​doi.​org/​10.​3389/​fphys.​2019.​00973.

	34.	 Lepers R, Knechtle B, Stapley P. Trends in triathlon performance: effects 
of sex and age. Sports Med. 2013;43(9):851–63. https://​doi.​org/​10.​1007/​
s40279-​013-​0067-4.

	35.	 Lepers R, Maffiuletti NA. Age and gender interactions in ultraendur-
ance performance: insight from the triathlon. Med Sci Sports Exerc. 
2011;43(1):134–9. https://​doi.​org/​10.​1249/​MSS.​0b013​e3181​e57997.

	36.	 Cheuvront SN, Carter R, Deruisseau KC, Moffatt RJ. Running perfor-
mance differences between men and women:an update. Sports 
Med. 2005;35(12):1017–24. https://​doi.​org/​10.​2165/​00007​256-​20053​
5120-​00002.

	37.	 Wells CL, Plowman SA. Sexual differences in athletic performance: Bio-
logical or Behavioral? Phys Sportsmed. 1983;11(8):52–63. https://​doi.​org/​
10.​1080/​00913​847.​1983.​11708​602.

	38.	 Westerståhl M, Jansson E, Barnekow-Bergkvist M, Aasa U. Longitudi-
nal changes in physical capacity from adolescence to middle age in 
men and women. Sci Rep. 2018;8(1):14767. https://​doi.​org/​10.​1038/​
s41598-​018-​33141-3.

	39.	 Reusser M, Sousa CV, Villiger E, Alvero Cruz JR, Hill L, Rosemann T, 
et al. Increased participation and decreased performance in recrea-
tional master athletes in “Berlin Marathon” 1974–2019. Front Physiol. 
2021;12:631237. https://​doi.​org/​10.​3389/​fphys.​2021.​631237.

	40.	 Ganse B, Drey M, Hildebrand F, Knobe M, Degens H. Performance 
declines are accelerated in the oldest-old track and field athletes 80 to 94 
years of age. Rejuvenation Res. 2021;24(1):20–7. https://​doi.​org/​10.​1089/​
rej.​2020.​2337.

	41.	 Gava P, Giuriati W, Ravara B. Gender difference of aging performance 
decay rate in normalized Masters World Records of Athletics: much less 
than expected. Eur J Transl Myol. 2020;30(1):8869. https://​doi.​org/​10.​
4081/​ejtm.​2019.​8869.

	42.	 Gava P, Kern H, Carraro U. Age-associated power decline from running, 
jumping, and throwing male masters world records. Exp Aging Res. 
2015;41(2):115–35. https://​doi.​org/​10.​1080/​03610​73x.​2015.​10016​48.

	43.	 Tanaka H, Seals DR. Invited review: dynamic exercise performance in 
Masters athletes: insight into the effects of primary human aging on 
physiological functional capacity. J Appl Physiol (1985). 2003;95(5):2152–
62. https://​doi.​org/​10.​1152/​jappl​physi​ol.​00320.​2003.

	44.	 Senefeld JW, Hunter SK. Are masters athletic performances predictive of 
human aging in men and women? Mov Sport Sci Sci Mot. 2019;104:5–12.

	45.	 Avlonitou E, Georgiou E, Douskas G, Louizi A. Estimation of body 
composition in competitive swimmers by means of three different 
techniques. Int J Sports Med. 1997;18(5):363–8. https://​doi.​org/​10.​
1055/s-​2007-​972647.

	46.	 Caspersen C, Berthelsen PA, Eik M, Pâkozdi C, Kjendlie PL. Added 
mass in human swimmers: age and gender differences. J Biomech. 
2010;43(12):2369–73. https://​doi.​org/​10.​1016/j.​jbiom​ech.​2010.​04.​022.

	47.	 Knechtle B, Rüst CA, Knechtle P, Rosemann T, Lepers R. Age-related 
changes in ultra-triathlon performances. Extreme Physiol Med. 
2012;1(1):5. https://​doi.​org/​10.​1186/​2046-​7648-1-5.

	48.	 Hunter SK, Stevens AA. Sex differences in marathon running with 
advanced age: Physiology or participation? Med Sci Sports Exerc. 
2013;45(1):148–56. https://​doi.​org/​10.​1249/​MSS.​0b013​e3182​6900f6.

	49.	 Zingg MA, Knechtle B, Rüst CA, Rosemann T, Lepers R. Analysis of partici-
pation and performance in athletes by age group in ultramarathons of 
more than 200 km in length. Int J Gen Med. 2013;6:209–20. https://​doi.​
org/​10.​2147/​ijgm.​S43454.

	50.	 Gallmann D, Knechtle B, Rüst CA, Rosemann T, Lepers R. Elite triathletes 
in ‘Ironman Hawaii’ get older but faster. Age (Dordr). 2014;36(1):407–16. 
https://​doi.​org/​10.​1007/​s11357-​013-​9534-y.

	51.	 Besson T, Macchi R, Rossi J, Morio CYM, Kunimasa Y, Nicol C, et al. Sex 
differences in endurance running. Sports Med. 2022. https://​doi.​org/​10.​
1007/​s40279-​022-​01651-w.

	52.	 Bassett AJ, Ahlmen A, Rosendorf JM, Romeo AA, Erickson BJ, Bishop ME. 
The biology of sex and sport. JBJS Rev. 2020;8(3):e0140. https://​doi.​org/​
10.​2106/​jbjs.​Rvw.​19.​00140.

	53.	 Santisteban KJ, Lovering AT, Halliwill JR, Minson CT. Sex differences in 
VO2max and the impact on endurance-exercise performance. Int J Environ 
Res Public Health. 2022;19(9):4946. https://​doi.​org/​10.​3390/​ijerp​h1909​
4946.

	54.	 Lara B, Del Coso J. Pacing strategies of 1500 m freestyle swimmers in the 
world championships according to their final position. Int J Environ Res 
Public Health. 2021. https://​doi.​org/​10.​3390/​ijerp​h1814​7559.

	55.	 Wu S, Peiffer J, Brisswalter J, Nosaka K, Lau W, Abbiss C. Pacing strategies 
during the swim, cycle and run disciplines of sprint, Olympic and half-
Ironman triathlons. Eur J Appl Physiol. 2015;115(5):1147–54. https://​doi.​
org/​10.​1007/​s00421-​014-​3096-2.

	56.	 Sousa CV, Aguiar S, Olher RR, Cunha R, Nikolaidis PT, Villiger E, et al. What 
is the best discipline to predict overall triathlon performance? An analysis 
of sprint, Olympic, Ironman® 70.3, and Ironman® 14.06. Front Physiol. 
2021. https://​doi.​org/​10.​3389/​fphys.​2021.​654552.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1249/MSS.0b013e31817e91a4
https://doi.org/10.1249/MSS.0b013e31817e91a4
https://www.ironman.com/im703-races
https://doi.org/10.1111/sms.13598
https://doi.org/10.1111/sms.13598
https://doi.org/10.3389/fphys.2019.00973
https://doi.org/10.1007/s40279-013-0067-4
https://doi.org/10.1007/s40279-013-0067-4
https://doi.org/10.1249/MSS.0b013e3181e57997
https://doi.org/10.2165/00007256-200535120-00002
https://doi.org/10.2165/00007256-200535120-00002
https://doi.org/10.1080/00913847.1983.11708602
https://doi.org/10.1080/00913847.1983.11708602
https://doi.org/10.1038/s41598-018-33141-3
https://doi.org/10.1038/s41598-018-33141-3
https://doi.org/10.3389/fphys.2021.631237
https://doi.org/10.1089/rej.2020.2337
https://doi.org/10.1089/rej.2020.2337
https://doi.org/10.4081/ejtm.2019.8869
https://doi.org/10.4081/ejtm.2019.8869
https://doi.org/10.1080/0361073x.2015.1001648
https://doi.org/10.1152/japplphysiol.00320.2003
https://doi.org/10.1055/s-2007-972647
https://doi.org/10.1055/s-2007-972647
https://doi.org/10.1016/j.jbiomech.2010.04.022
https://doi.org/10.1186/2046-7648-1-5
https://doi.org/10.1249/MSS.0b013e31826900f6
https://doi.org/10.2147/ijgm.S43454
https://doi.org/10.2147/ijgm.S43454
https://doi.org/10.1007/s11357-013-9534-y
https://doi.org/10.1007/s40279-022-01651-w
https://doi.org/10.1007/s40279-022-01651-w
https://doi.org/10.2106/jbjs.Rvw.19.00140
https://doi.org/10.2106/jbjs.Rvw.19.00140
https://doi.org/10.3390/ijerph19094946
https://doi.org/10.3390/ijerph19094946
https://doi.org/10.3390/ijerph18147559
https://doi.org/10.1007/s00421-014-3096-2
https://doi.org/10.1007/s00421-014-3096-2
https://doi.org/10.3389/fphys.2021.654552

	Comparing the Performance Gap Between Males and Females in the Older Age Groups in IRONMAN® 70.3: An Internet-Based Cross-Sectional Study of More Than 800,000 Race Records
	Abstract 
	Background 
	Results 
	Conclusions 

	Key Points 
	Background
	Methods
	Ethical Approval
	Data Set and Data Preparation
	Statistical Analysis

	Results
	Discussion
	Males Were Faster Than Females
	Smaller Sex Difference in Swimming Compared to Cycling and Running
	Sex Differences by Split Disciplines and Age Groups

	Conclusions
	Acknowledgements
	References


