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Abstract: Anecdotal reports have assumed that women would be able to outrun men in long-
distance running. The aim of this study was to test this assumption by investigating the changes
in performance difference between sexes in the best ultramarathoners in 50-mile, 100-mile,
200-mile, 1,000-mile, and 3,100-mile events held worldwide between 1971 and 2012. The sex
differences in running speed for the fastest runners ever were analyzed using one-way analysis
of variance with subsequent Tukey—Kramer posthoc analysis. Changes in sex difference in run-
ning speed of the annual fastest were analyzed using linear and nonlinear regression analyses,
correlation analyses, and mixed-effects regression analyses. The fastest men ever were faster
than the fastest women ever in 50-mile (17.5%), 100-mile (17.4%), 200-mile (9.7%), 1,000-
mile (20.2%), and 3,100-mile (18.6%) events. For the ten fastest finishers ever, men were faster
than women in 50-mile (17.1%%1.9%), 100-mile (19.2%%1.5%), and 1,000-mile (16.7%=1.6%)
events. No correlation existed between sex difference and running speed for the fastest ever
(r*=0.0039, P=0.91) and the ten fastest ever (7?=0.15, P=0.74) for all distances. For the annual
fastest, the sex difference in running speed decreased linearly in 50-mile events from 14.6% to
8.9%, remained unchanged in 100-mile (18.0%18.4%) and 1,000-mile (13.7%%9.1%) events,
and increased in 3,100-mile events from 12.5% to 16.9%. For the annual ten fastest runners, the
performance difference between sexes decreased linearly in 50-mile events from 31.6%13.6%
to 8.9%=*1.8% and in 100-mile events from 26.0%+4.4% to 24.7%+0.9%. To summarize, the
fastest men were ~17%—20% faster than the fastest women for all distances from 50 miles to
3,100 miles. The linear decrease in sex difference for 50-mile and 100-mile events may suggest
that women are reducing the sex gap for these distances.
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Introduction

In an evolving world where performance differences between sexes in daily life (eg,
education and work) are fading in first world countries, women are challenging men
more and more in sports activities. The discussion about whether women will eventu-
ally outpace men in running or ultrarunning has been going on for decades and is still
ongoing.'” In the last few years, more cases of women outperforming men have been
made public.®® For example, Ann Trason won the 1989 US 24-Hour Championship in
Flushing Meadow Park and was the first woman ever to win a National Championship
in the United States.® In 2002 and 2003, Pamela Reed won the Badwater ultramarathon
by surpassing all men.” In 2007, the female Japanese ultramarathoner Hiroko Okiyama
won the 1,200 km multistage Deutschlandlauf ultramarathon.® These successes have
triggered speculation about whether the results were insignificant exceptions or
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represented a trend toward more-competitive women. Beneke
et al® provided an explanation for the hypotheses of women’s
future dominance in ultraendurance performance, suggest-
ing that the length of a race might confer an advantage for
women and that it should only be a question of time to find
a distance where women would dominate men.’

The discussion about performance differences between
sexes in sports is not focused on running only. Recently, Ye
Shiwen’s world record time in 400 m medley swimming at
the 2012 Olympic Games in London surprised the sports
community. The 16-year-old Chinese athlete swam the last
100 m 0.17 seconds faster than Michael Phelps had done just
minutes before.” Anecdotal reports like this nurture the discus-
sion about whether women will be able to outperform men.

Different research teams investigated whether women
would be able to outperform men at certain distances in
running and other sports. For example, Thibault et al'
reported a constant performance difference between sexes
of ~10.7% for running distances ranging from 100 m to
the classical marathon distance. Cheuvront et al* found a
stable performance difference between sexes of ~8%—14%
in running races from 1,500 m to the marathon. In longer
running distances, Coast et al'! reported for distances from
100 m to 200 km a mean performance difference between
sexes of ~12.4%, whereas the sex difference in performance
seemed to grow with increasing race distance. Therefore,
Beneke’s assumption of a decrease in performance differ-
ence between sexes with increasing race distance would be
disproved.?

Another approach of researchers was to extrapolate ret-
rospective data for prospective predictions about women’s
performance. During the 1990s, Whipp and Ward' expected
the intersection of running performance of the two sexes in
marathon running to happen around the millennium change,
which has, however, not occurred.'>!* They furthermore
projected that the performance difference between sexes
in races from 200 m to the marathon could disappear by
2050.! They based their assumption on the findings that the
world record progression in the various events (ie, 200 m,
400 m, 800 m, 1,500 m, 5,000 m, 10,000 m, and marathon)
was linear over an interval of approximately a century.! In
another study published in Nature, Tatem et al’ extrapolated
the 100 m Olympic running sprints results from 1904 to 2004
and projected that women will overtake men in the 2156
Olympic Games. However, not only conventional athletics
running distances were discussed. Bam et al’> questioned
whether women could outrun men in ultramarathon races
above 66 km in length.

Therefore, supporting these different theories, it should
only be a question of time to find a running distance
where women would close the sex gap and dominate men.
Different ultrarunning studies provided support for Beneke’s
assumptions.>!*'® A new approach in this field was to com-
pare the same runners over two different distances and to
evaluate the performance difference between sexes thereafter.
Speechly et al'” compared performances of both sexes in a
90 km event while assessing marathon times of female and
male runners. They found that women performed better than
men after 90 km. Hoffman'® did not confirm this finding
in a study matching both sexes in performance in a 50 km
race and then investigating their performance in 80 km and
161 km races. At least, women and men performed similarly
in ultramarathons of 80 km and 161 km distances.'s

Another concern about the sex difference in performance
was the sample size in the studies. Because a consider-
ably higher percentage of men finish ultramarathons than
women,'+!1*% the density of elite runners is lower in women
than in men. Therefore, larger cohorts are needed to find
significant results. For example, Deaner and Mitchell?! inves-
tigated the fastest running times in 342 US road races ranging
from 5 km to the marathon distance. They found that around
four times more men than women were running “relatively
fast,” which they defined as finishing a race within 110% of
the corresponding sex-specific world record. For example,
the 2012 Olympic “A” qualifying standard for the marathon
was 2 hours 15 minutes for men (9.2% over the current men’s
world record) and 2 hours 37 minutes for women (15.9% over
the current women’s world record).

The controversial discussion will be going on whenever
a woman tops men’s results. In running, this was expected
most likely to happen in ultraendurance events,® but it was
never systematically analyzed in races over a series of dif-
ferent ultradistances.!" Although women have been able to
beat men in some instances of running or ultrarunning,®”’
a performance difference between sexes of ~11%—12% in
endurance and ultraendurance performance will remain,'*!!
most probably due to differences in aerobic capacity and
muscular strength between women and men.*

A study including ultramarathon distances up to the lon-
gest road-race distances (such as 3,100 miles) is required to
evaluate whether women will outrun men sometime. In this
context, the first aim of the current study was to investigate
the best runners competing from 1971 to 2012 in 50-mile
to 3,100-mile ultramarathons for change in running perfor-
mance differences between sexes and to evaluate whether
women will outperform men in the next few years by using
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linear and nonlinear regression analyses. The second aim was
to determine the performance difference between sexes in
ultramarathon running for the fastest finishers ever.

Materials and methods
Ethics

All procedures used in the study met the ethical standards of
the Swiss Academy of Medical Sciences and were approved
by the Institutional Review Board of Kanton St Gallen,
Switzerland, with a waiver of the requirement for informed
consent of the participants given the fact that the study
involved the analysis of publicly available data.

Data sampling

All athletes who ever participated between 1971 and 2012
in a 50-mile, 100-mile, 200-mile, 1,000-mile, or 3,100-mile
ultramarathon were analyzed for participation, running speed,
age, and sex. The data set for this study was obtained from the
race website http://www.ultra-marathon.org of the Deutsche
Ultramarathon Vereinigung (DUV).22 The DUV was founded
in 1985 and has become the largest ultramarathon association

worldwide. Overall, 1,600 members collected race results of
ultramarathons held worldwide to build the most substantial
dataset of ultramarathon statistics in the world. However,
we are aware of the possibility that not all race results of
the mentioned distances may be listed by the DUV. Table 1
presents the year when the first race for a specific distance
was held, the number of events held in the first year of the
event, and the number of races held in 2012.

Data analysis

In total, 128,719 ultrarunners (26,837 women and 101,882
men) were included for data analysis (Table 2). To determine
the change in sex difference in peak running performance
across years, race times of the annual fastest and of the annual
ten fastest women and men were extracted from the race
results. Race distances given in miles were converted to
kilometers. To enable the comparability between different

Table I Number of events held during the period 1971-2012

Distance Year when Number of events Number
the first event  held in the first of events
was held year held in 2012

50 miles 1971 2 52

100 miles 1974 | I

200 miles 2012 | 3

1,000 miles 1984 | |

3,100 miles 2003 | |

Overall 6 168

Table 2 Total number of female, male, and overall finishers up to
and including 2012, by sex and distance

Finishers per Women Men Overall
distance

50 miles 18,688 (22.3%) 65,216 (77.7%) 83,904
100 miles 8,108 (18.2%) 36,519 (81.8%) 44,627
200 miles 3 (12.0%) 22 (88.0%) 25

1,000 miles 31 (33.3%) 62 (66.7%) 93
3,100 miles 7 (10.0%) 63 (90.0%) 70
Overall 26,837 (20.8%) 101,882 (79.2%) 128,719

distances given in miles, all race times were converted to run-
ning speed (km/hour) using the equation [speed (km/hour)]
= [distance (km)]/[time (hours)]. The sex difference in
running speed was calculated using the equation ([running
speed in women] — [running speed in men])/[running speed
in men] X100, where the performance difference between
sexes was calculated for every pair of equally placed athletes
(eg, between male and female winner, between male and
female second place, etc) before calculating mean values
and standard deviations for all the pairs. When fewer than
the required number of athletes (ie, annual ten fastest) were
available in a specific year for a certain distance, the respec-
tive year and distance was excluded for statistical analysis.
To find the absolute peak running speed of the fastest runners
ever in these races, running speed of the overall top and the
overall top ten women and men ever were determined. The
performance difference between sexes in absolute peak run-
ning speed was determined by comparing the absolute peak
running speed of both sexes. The performance difference
between sexes for the top and the top ten ever women and men
were determined and compared as described above. To find a
relationship between performance difference between sexes
and running speed, the performance differences between
sexes were compared between the top and the top ten women
and men ever.

Statistical analysis

Each set of data was tested for normal distribution and for
homogeneity of variances prior to statistical analyses. Normal
distribution was tested using a D’ Agostino and Pearson omni-
bus normality test, and homogeneity of variances was tested
using a Levene’s test. Trends in participation were analyzed
using regression analysis with a “straight line” and “expo-
nential growth equation” model, whereas for each set of data
(eg, each sex), both models were compared using Akaike’s
Information Criteria (AIC) to decide which model showed the
highest probability of correctness. To determine changes in
performance and performance differences between sexes of

Open Access Journal of Sports Medicine 2015:6

submit your manuscript 9

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com
http://www.ultra-marathon.org

Zingg et al

Dove

the annual top and the annual top ten women and men, we used
a mixed-effects regression model with finisher as a random
variable to consider finishers who completed several races. We
included sex, distance, centered age, squared centered age, and
calendar year as fixed variables. We also considered interac-
tion effects between sex or distance and centered age, between
sex or distance and squared centered age, and between sex and
distance, and the final model was selected by means of AIC.
Since the change in performance difference between sexes in
endurance is assumed to be nonlinear,” we calculated both
the linear and nonlinear regression models for running speed
and performance difference between sexes. In order to find the
best model to explain the trend of the data, we compared the
best-fit nonlinear models to the linear model using AIC and
F-tests. To compare running speed and performance differ-
ences between sexes between multiple groups (eg, men versus
women or between different distances), a one-way analysis of
variance with subsequent Tukey—Kramer posthoc analysis (ie,
one family per row in case of two-dimensional array of data)
was used. A potential relationship between the performance
difference between sexes of the fastest runners and running
speed was investigated using correlation analysis. Statistical
analyses were performed using IBM SPSS Statistics (Version
22; IBM Corporation, Armonk, NY, USA) and GraphPad
Prism (Version 6.01; GraphPad Software, Inc., La Jolla, CA,
USA). Significance was accepted at P<<0.05 (two-sided for
Student’s #-tests). Data in the text and figures are given as
mean * standard deviation.

Results
Number of races, finishers and number

of finishers per race

The two most commonly held ultramarathon distances were 50
miles and 100 miles (Table 1). The number of events held in
50-mile (y =0.16x®17%), 100-mile (y = 0.35x%%) 200-mile
(v = 4.98x10716x©3>%) 1 000-mile (y = 0.03xx + 0.12) and
3,100-mile (y = 0.01x©!3%)) events increased exponentially.
In total, 128,719 ultrarunners, with 26,837 women (20.8%)
and 101,882 men (79.2%), finished a race in 50-mile, 100-
mile, 200-mile, 1,000-mile or 3,100-mile events (Table 2).
The number of finishers increased for both sexes in both
50-mile and 100-mile events. In 50-mile races, the increase
in female (y = 0.53x") and male (y = 5.93x®1%%) finish-
ers was exponential. An exponential increase in female (y =
2.46x01>%)) and male (y = 22.8x%12%) finishers was found in
100-mile events as well. The number of finishers in 200-mile,
1,000-mile, and 3,100-mile was low, with a total of 25, 93,
and 70 overall finishers, respectively (Table 2). The number of

finishers per race decreased for both sexes with increasing race
distance from 50 miles to 100 miles (Table 3). The number of
finishers per race was lower in the longer race distances and
was generally very low for 200-mile, 1,000-mile, and 3,100-
mile events (Table 3). The men-to-women ratio in the number
of finishers is presented in Table 4. In the first years of these
races, only men started. In 50-mile races, the first man finished
an event as early as 1971, while the first woman finished a
50-mile race in 1977. Female participation was low at first;
however, the men-to-women ratio decreased across years. The
mean value for the men-to-women ratio was highest in 50-mile
races and lowest in 3,100-mile races (Table 4).

Change in running speed across years

of the annual fastest runners

Figure 1 presents the change in running speed for the annual
fastest women and men in 50-mile to 3,100-mile events. In
50-mile races, running speed increased linearly and signifi-
cantly from 12.2 km/hour (1977) to 14.3 km/hour (2012) for
the annual fastest women but showed no change for men,
with a mean running speed of 14.4+1.0 km/hour (Table 5).
In 100-mile events, the annual fastest women increased peak
running speed significantly and nonlinearly (ie, polynomial
regression seventh degree, °=0.84, standard error =0.47),
from 5.44 km/hour (1978) to 10.71 km/hour (1978). The
annual fastest men increased peak running speed significantly
and linearly, from 6.79 km/hour (1971) to 13.82 km/hour
(2012) (Table 5). In 1,000-mile events, men’s peak running
speed decreased significantly and linearly from 5.65 km/hour
(1974) to 4.19 km/hour (2012) (Table 5). For 200-mile races,
not enough data were available for analysis. In 3,100-mile
events, men’s peak running speed increased significantly and
linearly, from 2.63 km/hour (2003) to 2.89 km/hour (2011).
For women, peak running speed increased significantly and
linearly, from 2.30 km/hour (2003) to 2.40 km/hour (2011)
(Table 5). There was a significant interaction for sex and race
distance in the 1,000-mile events.

Table 3 Male and female finishers for each distance from 1971—
2012

Distance (miles) 50 100 200 1,000 3,100
Number of races 1,129 860 5 29 10
Number of finishers 83,904 44,627 25 92 70
Number of male finishers 65,216 36,519 22 6l 63
Number of female finishers 18,688 8,108 3 31 7
Number of male finishers 57.76 42.46 440 210 6.30
per race

Number of female finishers ~ 16.55 9.43 0.60 1.07 0.70

per race
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Table 4 The number of women, men, and the men-to-women ratio for each distance across calendar years

Year 50 miles 100 miles 200 miles 1,000 miles 3,100 miles
w M M/W w M M/W w M M/W w M M/W w M M/W

1971 16

1972 4

1973 28

1974 32 |

1975 27

1976 34 |

1977 4 36 9 3

1978 70 | 29 29

1979 6 64 Il 6 112 19

1980 2 58 29 15 129 9

1981 13 159 12 18 128 7

1982 28 379 14 17 159 9

1983 25 366 15 35 175 5

1984 25 382 15 31 227 7

1985 33 408 12 25 161 6

1986 48 378 8 34 279 8 5

1987 4?2 317 8 23 238 10

1988 58 372 6 40 345 9 | 5 5

1989 6l 458 8 62 370 6 3 6 2

1990 75 444 6 65 359 6

1991 67 473 7 62 289 5

1992 79 534 7 35 278 8

1993 67 482 7 68 351 5 4 4 |

1994 79 591 7 56 341 6 4 2 |

1995 143 814 6 66 355 5 |

1996 178 964 5 133 837 6 2 9 5

1997 289 1,408 5 145 1,040 7 3 3 |

1998 319 1,621 5 242 1,180 5 | 6 6

1999 354 1,809 5 220 1,097 5 | | |

2000 342 1,642 5 241 1,247 5 3 2 |

2001 419 1,692 4 284 1,245 4 2 2 |

2002 478 1,777 4 260 1,188 5 | | |

2003 58l 1,985 3 322 1,398 4 3 | 4

2004 523 1,859 4 361 1,474 4 8

2005 700 2,321 3 360 1,557 4 | | |

2006 964 3,051 3 401 1,776 4 6 14

2007 1,166 3,599 3 480 1,980 4 | | |

2008 1,349 4,108 3 469 1,991 4 I

2009 1,915 5,853 3 660 2,613 4 I

2010 2,452 7,537 3 809 3,331 4 2 3 5 2 6

2011 2,859 8,964 3 926 3,760 4 | 8

2012 3,524 10,275 3 1,193 4,857 4 19 6 | 6

Mean 7 7 6 2 |

Abbreviations: M, men; M/W, men-to-women ratio; W, women.

Change in running speed across years

of the annual ten fastest runners

Figure 2 presents changes in running speed for the annual ten
fastest women and men in 50-mile and 100-mile events. In
50-mile races, peak running speed of the annual ten fastest
runners increased significantly and linearly for women, from
9.59+0.83 km/hour (1981) to 13.51+0.63 km/hour (2012), but
not for men, with a mean running speed of 13.6+0.8 km/hour
(Table 6). In 100-mile races, running speed increased in the

annual ten fastest women significantly and linearly, from
6.5110.68 km/hour (1980) to 9.96+0.34 km/hour (2012),
whereas running speed increased nonlinearly (ie, polynomial
regression, sixth degree, 7°=0.78, standard error =0.44) in the
annual ten fastest men, from 7.58+0.52 km/hour (1978) to
12.71£0.53 km/hour (2012) (Table 6). Running speed was
unchanged at 4.3+0.1 km/hour in the annual ten fastest men
in 3,100-mile events, while not enough data were available
for women. For 200-mile and 1,000-mile events, not enough
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Figure | Running speed across calendar years from 50-mile to 3,100-mile events for the annual fastest runners.

Notes: (A-D) Women. (E-H) Men.

data were available. There was a significant interaction for
race distance and both sex and age for 100-mile events.

Change in performance difference
between sexes in running speed
across years in the annual fastest

and annual ten fastest

The performance difference between sexes decreased lin-
early in the annual fastest runners in 50-mile events, from
14.6% (1977) to 8.9% (2012), but remained unchanged in

the annual fastest runners in 100-mile (18.0%%8.4%) and
1,000-mile (13.7%%9.1%) events. In 3,100-mile events,
the performance difference between sexes increased from
12.5%(2003) to 16.9% (2011) (Figure 3, Table 7). There was
a significant interaction for race distance and age for 3,100-
mile events (Table 7). For the annual ten fastest runners, the
performance difference between sexes decreased linearly
in 50-mile races, from 31.6%%3.6% (1981) to 8.9%+1.8%
(2012), and in 100-mile events, from 26.0%%4.4% (1980)
to 24.7%10.9% (2012) (Figure 4, Table 8).
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Table 5 Coefficients and standard errors from multivariate
regression models for running speed of the annual fastest runners
for each calendar year

C SE P-value
Intercept —44.47 9.77 <0.001
Sex (female) —-1.51 0.15 <0.001
Year 0.026 0.0048 <0.001
Distance
3,100 miles —6.38 0.35 <0.001
1,000 miles —-5.55 0.25 <0.001
100 miles —-1.60 0.16 <0.001
Age
Linear 0.019 0.015 0.193
Squared 0.002 0.001 0.193
Interaction sex X distance
Female x 3,100 miles 0.698 0.660 0.292
Female x 1,000 miles 0.993 0.311 0.002
Female x 100 miles 0.148 0.022 0.460
Interaction distance X age linear
3,100 miles x age 0.057 0.167 0.734
1,000 miles x age —0.009 0.020 0.633
100 miles x age 0.006 0.017 0.702
Interaction distance X age?
3,100 miles x age? —0.006 0.010 0.535
1,000 miles x age? —0.003 0.002 0.067
100 miles x age? —0.002 0.002 0.352
Interaction sex x age
Female x age -0.014 0.015 0.325
Interaction sex x age?
Female x age? 0.0007 0.0012 0.560
Abbreviations: C, coefficient; SE, standard error.
A 50 miles women
E ~ - Polynomial regression
€9 —— Linear
=
] v
o |
g ° ? ¥
2 o
'E 7 9! ..’:. ,,/;L{;‘?io ¢
2 s T
g6t __—=1Th 1
= —
o
g5 /
z; 1970 1975 1980 1985 1990 1995 2000 2005 2010
Year

100 miles women

Change in running speed (km/h) 00

Running speed of the fastest finishers
ever

Figure 5 presents the running speed for all distances
from 50 miles to 3,100 miles for the fastest runners
ever, the ten fastest runners ever, and all finishers. Men
were running faster than women for all distances when
the fastest runners ever were considered. For the ten
fastest finishers ever, men were faster in 50-mile and
100-mile events, but not in 1,000-mile races. When all
finishers were considered, men were faster in 50-mile
and 100-mile races, but not in 200-mile, 1,000-mile, and
3,100-mile events.

Performance differences between sexes

for the fastest finishers ever

Figure 6 summarizes the performance differences between
sexes for the fastest finishers ever from 50-mile to 3,100-
mile events and for the ten fastest finishers ever for 50-mile,
100-mile, and 1,000-mile events. In 200-mile and 3,100-mile
events, fewer than 10 women ever finished (Table 2). The
fastest men ever were faster than the fastest women ever
in 50-mile (17.5%), 100-mile (17.4%), 200-mile (9.7%),
1,000-mile (20.2%), and 3,100-mile (18.6%) events. For
the ten fastest finishers ever, men were faster than women
in 50-mile (17.1%%1.9%), 100-mile (19.2%%1.5%), and
1,000-mile (16.7%=%1.6%) events.
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<
g 12
=
T 1
2 .
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c ]
c 9 A
2 s4ivede ed o " .4’
=T+ ——Torto—31+—t |
% g 7 33 o.'—‘ﬁ'v“—
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Year
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9

Change in running speed (km/h) O

3 4 /
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Year Year
Figure 2 Running speed across calendar years from 50-mile and 100-mile events for the annual ten fastest runners.
Notes: (A and B) Women. (C and D) Men.
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Table 6 Coefficients and standard errors from multivariate
regression models for running speed of the annual ten fastest
runners for each calendar year

C SE P-value

Intercept —62.31 4.14 <0.0001
Sex (female) —1.51 0.059 <0.0001
Year 0.035 0.0020 <0.0001
Distance

100 miles -1.82 0.051 <0.0001
Age

Linear —0.0036 0.0048 0.451

Squared —0.00017 0.00051 0.734
Interaction sex X distance

Female x 100 miles 0.196 0.650 0.003
Interaction distance X age linear

100 miles x age 0.015 0.0050 0.002
Interaction distance X age?

100 miles x age? —0.00053 0.00053 0316
Interaction sex x age

Female x age -0.0022 0.0054 0.688
Interaction sex X age?

Female x age? 0.00069 0.00055 0.213

Abbreviations: C, coefficient; SE, standard error.

Correlation between performance differences
between sexes and running speed

Figure 7 presents the correlations between sex difference in run-
ning performance and running speed in men. The performance
differences between sexes for the top and the top ten women
and men ever were compared with running speed of men to
find a potential relationship between sex difference and running
speed. For both the fastest finishers ever (°=0.0039, P=0.91)
and the ten fastest finishers ever (°=0.15, P=0.74), we found
no correlation between sex difference and running speed.
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Discussion

This study intended to investigate the change in performance
differences between sexes in running speed for the annual
fastest ultramarathoners competing in events ranging from
50 miles to 3,100 miles and to determine the performance
differences between sexes in running speed for the fastest
finishers ever. The most important findings were 1) an expo-
nential increase in events and finishers, 2) an improvement
in running speed for the fastest women but not for all men
groups, 3) a decrease in performance difference between
sexes for the annual fastest in 50-mile events, an unchanged
performance difference between sexes for the annual fastest
in 100-mile events, and an increase in performance difference
between sexes for the annual fastest in 3,100-mile events,
4) the annual ten fastest women reduced the performance
difference between sexes in 50-mile and 100-mile events,
and 5) the performance difference between sexes for the
fastest and ten fastest women and men was at ~17% for all
race distances.

Men-to-women ratio of finishers was

lowest in the longest race distances

The low number of female finishers is well-known in ultra-
marathons.'#!'%1%2 The men-to-women ratio of finishers was
highest in 50-mile and 100-mile and lowest in 1,000-mile
and 3,100-mile. Therefore, women still represent a minor-
ity in ultraendurance running events. Similar findings were
reported in recent studies.'®? For example, in the 161 km
Western States 100 Endurance Run, the number of finish-
ers increased more in women than in men to ~20% of the
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Figure 3 Sex differences across calendar years from 50-mile (A), 100-mile (B), 1,000-mile (C), and 3,100-mile (D) events for the annual fastest runners.
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Table 7 Coefficients and standard errors from multivariate
regression models for sex differences of the annual fastest runners
for each calendar year

C SE P-value

Intercept 669.81 179.87 <0.001
Year -0.32 0.90 0.001
Distance

3,100 miles —45.55 20.33 0.001

1,000 miles —4.57 322 0.159

100 miles 1.43 1.92 0.458
Age

Linear 0.12 0.35 0.973

Squared —0.15 0.64 0811
Interaction distance X age linear

3,100 miles x age 12.00 4.70 0.018

1,000 miles x age —-0.56 0.54 0.299

100 miles x age 0.20 0.45 0.653
Interaction distance X age?

3,100 miles x age? -0.57 0.26 0.045

1,000 miles x age? 0.08 0.72 0.222

100 miles x age? 0.0l 0.75 0.792

Abbreviations: C, coefficient; SE, standard error.

total finishers in 2008." Similar findings have also been
reported for other countries. Knechtle et al** reported an
average of ~13% female finishers in the 100 km Lauf Biel
held in Switzerland. For longer running distances, Knoth
et al® reported only 12.9% female finishers for a multistage
Marathon des Sables ultramarathon held in Morocco."
These numbers fit to our results, with a men-to-women ratio
of ~5:1.

In both 50-mile and 100-mile events, the annual ten
fastest women could reduce the performance difference
between sexes in running speed across years. Besides those
trends, the men-to-women ratio decreased for both distances
across years. Therefore, it seemed that the density of elite
female runners increased because more women partici-
pated. Hunter and Stevens'® investigated the performance
difference between sexes in the New York City Marathon in

>
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athletes competing between 1980 and 2010. They reported
that lower participation rates and less depth among female
competitors could amplify the sex difference in running
speed.”® This raises the question of what would happen
if an equal number of men and women would compete in
ultraendurance sports. Men seemed to be in the majority
in ultraendurance events,'*'%!*20 go the question remains
hypothetical. We might never know the full part of the sex
difference in performance due to the disproportion of female
finishers. This might impact the behavior of choosing a run-
ning distance as more (mostly older) elite men might avoid
the higher performance density of male marathon running?
and instead move to ultramarathons.

Women reduced the performance
difference between sexes linearly

in 50-mile and 100-mile events

It has been postulated that the performance difference between
sexes in sports follows a nonlinear trend.* Reinboud®
addressed this topic and found that linear models were not
suitable to explain changes in sex differences in running over
time. However, in the present findings, the sex difference in
running speed decreased linearly in the last ~40 years in the
annual fastest runners in 50-mile races and in the annual ten
fastest runners in 50-mile and 100-mile events. Due to the
lower number of female finishers in longer distances, for
1,000-mile and 3,100-mile events we could perform only the
regression for the annual fastest. In this regression, no change
in performance difference between sexes occurred. Based on
these findings, women reduced the performance difference
between sexes in 50-mile and 100-mile events and due to the
linear decrease they may continue reducing this gap.

A possible explanation for this finding might be the
investigated time span of ~40 years from 1972-2012, which
might be too short for a firm data analysis. Whipp and Ward!
reported similar findings in 1992 for marathon runners.
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Figure 4 Sex differences across calendar years in 50-mile and 100-mile events for the annual ten fastest runners.
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Table 8 Coefficients and standard errors from multivariate
regression models for sex differences of the annual ten fastest
runners for each calendar year

C SE P-value

Intercept 638.63 48.71 <0.0001
Year —-0.31 0.024 <0.0001
Distance

100 miles 0.960 0.500 0.0056
Age

Linear -0.0190 0.0620 0.750

Squared —0.0042 0.0092 0.642
Interaction distance X age linear

100 miles x age 0.0027 0.083 0.974
Interaction distance X age?

100 miles x age? 0.0092 0.011 0.427

Abbreviations: C, coefficient; SE, standard error.

Today, we know that the performance difference between
sexes in marathon running is a polynomial change rather than
a linear change.”> We assume to see a similar development
in ultramarathon running in the next years. In distances of
200 miles and longer, women might not reduce the perfor-
mance difference between sexes. The reason for this finding
remains unclear. A possible explanation might be the low
number of overall finishers in 200-mile, 1,000-mile, and
3,100-mile events.

Running performance differences
between sexes with no change with

increasing distance

Although a few women were able to beat men in ultramarathon
races,® we found a performance difference between sexes
of ~17% for all race distances. This performance difference
between sexes was higher compared to the ~11%—12% reported
by Thibault et al'® and Coast et al.!! Starting from ~15% in
50-mile events, the performance difference between sexes in
running speed increased up to ~22% in 3,100-mile races for
the annual fastest runners. Indeed, the performance difference
between sexes in running speed showed no change between
50-mile and 3,100-mile events for the fastest runners ever.
Therefore, the hypothesis that women will outrun men in
longer ultramarathons cannot be confirmed.?

Concerning running, the triathlon is an interesting compa-
rable sport, as running is part of it. In triathlon, the changes in
sex difference in performance across the years differ among the
various ultradistances.?*?” While the performance difference
between sexes in the [ronman World Championship “Ironman
Hawaii” decreased for overall race times,?®? it increased in
Triple Iron ultratriathlons and in Deca Iron ultratriathlons.?
Of interest are the split times in the ultratriathlon, as they
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Figure 5 Running speeds from 50-mile to 3,100-mile events.

Notes: (A) Fastest runner ever. (B) Ten fastest runners ever. (C) All finishers.
#P<0.0001.

Abbreviation: NS, nonsignificant.

can be directly compared to ultrarunning. Riist et al** found
a decrease in the performance difference between sexes in
running split times in Ironman triathlons but not in Double,
Triple, or Deca Iron ultratriathlons. Women therefore reduced
the performance difference between sexes only in Ironman
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Figure 6 Sex difference in running speed from 50-mile to 3,100-mile events.
Notes: (A) Fastest runner ever. (B) Ten fastest runners ever. *P<<0.05; **P<<0.01.
Abbreviation: NS, nonsignificant.

triathlons, where their participation rate was the highest
among ultratriathlons.*® Furthermore, the sex difference in
performance increased with increasing length of an event,
from ~11.3% in the Ironman World Championship Hawaii
“Ironman Hawaii”? to ~30% in Deca Iron ultratriathlons.?
The performance difference between sexes in running
speed showed no change between 50-mile and 3,100-mile
events when the ten fastest finishers for each distance were

considered. In other sports such as swimming, a decrease in sex
difference of performance was reported with increasing race
distance.’*2 Wild et al*? found that female finalists and cham-
pions at the Olympic Games and FINA World Championships
reduced the performance difference between sexes with
increasing race distance. However, in single events, the sex
difference in performance was unchanged. For example, in the
26.4 km open-water ultraswim Marathon Swim in Lake Zurich,
Switzerland, the sex difference in open-water ultraswimming
performance of ~11.5% remained unchanged between 1987
and 2011.' The investigation of longer swimming distances
may show that women might be able to outperform men in
swimming with increasing race distance. This may raise the
question whether the performance difference between sexes in
ultrarunning would decrease as well with increasing distance.
As a result of the low finisher numbers in 200-mile, 1,000-
mile and 3,100-mile events, a statistic analysis of the fastest
ten finishers ever could not be performed. Therefore, further
studies may be required, including other distances longer than
100 miles, such as 200 km or 1,000 km events.

Increase in sex difference in running

speed for the annual fastest in 3,100-mile
A further important finding was a decrease in performance
differences between sexes for the annual fastest in 50-mile
events, an unchanged performance difference between sexes
for the annual fastest in 100-mile events, and an increase in
performance difference between sexes for the annual fastest
in 3,100-mile events. Basically, the best women were able to
close the sex gap in the shortest ultramarathon distance (ie,
50 miles) but the sex difference widened in the longest ultra-
marathon distance (ie, 3,100 miles). These differences might
be explained by differences in anthropometry and physiology
between women and men. However, a more likely reason might
be the lack of experience in women competing in the very long
ultramarathon distances. Women have not been competing in
the ultralong distances for very long."' This lack of experience
might be the reason for the sex difference in performance apart
from any physical or physiological differences.!! This is also
reflected in the differences in the men-to-women ratio of finish-
ers from 50-mile to 3,100-mile events and in the lower number
of female finishers in the very long ultramarathons.

Anthropometric and physiological
considerations

A possible explanation for why the fastest women can com-
pete with the fastest men in swimming but not in running
might be explained by anthropometric and physiological
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Figure 7 Sex differences in relation to running speed from 50-mile to 3,100-mile events.

Notes: (A) Fastest runners ever. (B) Ten fastest runners ever.

differences between women and men.*** A higher body-fat
percentage could be an advantage while swimming in cold
water,* whereas it may be a disadvantage to carry the excess
weight over long distances in running.* Another important
difference in anthropometry between sexes is bone density,
which seemed to have an important influence in buoyancy

for swimmers but may favor stronger bone structure and
therefore fewer injuries.* Men have a higher skeletal muscle
mass than women,**3” which could impact performance as
muscle mass is lost in ultraendurance running.*
Physiological characteristics such as maximum oxygen
uptake***! might explain the sex difference in peak running
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speed.!* Men have larger hearts and therefore both a higher
stroke volume and a higher cardiac output.** The vasculariza-
tion of the skeletal muscle mass is lower in women due to their
lower blood volume.*® This finding results in a ~15%-25%
lower maximum oxygen uptake in female than in male
athletes.’*** Therefore, different anthropometric parameters
seem to impact performance differently in distinct sports.
The comparison of sex difference in performance in differ-
ent sports may therefore be impossible. Furthermore, these
physiological differences might be influenced by training
characteristics.*

Other differences between women and men to explain sex
differences in performance are differences in muscle fiber
type, muscle fiber length, pennation angle, and fascicle
length.* The differences in muscle fiber characteristics are
due to the higher concentrations of circulating testosterone in
men.* Also, body mass, hemoglobin content, and substrate
utilization play significant roles in weight-bearing ultraen-
durance events.

Strengths, weaknesses, limitations,

and implications for future research

The strength of the study is that the statistical analysis included
both linear and nonlinear regression analyses, as the change
in performance difference between sexes in endurance is
assumed to be nonlinear.” Furthermore, the data set is the
most extensive for ultramarathons in miles so far. A weakness
could be that some events from 50 miles to 3,100 miles were
not recorded in the records of the Deutsche Ultramarathon
Vereinigung and therefore their results were lost for the data
set.”? The increase in the number of both male and female
runners in ultramarathons across years could bias the results
itself. The performance density in male runners might be
higher than in female runners since more men than women
are running these distances. More gifted male runners may be
attracted to this sport and they may train harder than women
so that these environmental factors may be misinterpreted
as a genetic difference. Training characteristics might influ-
ence running performance and explain some part of the sex
difference found here.** Deaner* studied distance running to
show a sex difference in competitiveness. He concluded that
at least some part of what was considered a given genetic
difference in performance can be attributed to men’s greater
training motivation.

One of the major confounders is the limitation of retro-
spectively evaluating times and not being able to observe
other measures that may influence outcome, ie, physiologi-
cal and psychological factors. The study is limited because

variables such as physiological parameters,*® anthropometric
characteristics,*® training data,*’ previous experience,* nutri-
tion,*>° fluid intake,*' and environmental conditions>? were
not considered. These variables may have had an influence on
race outcome. There will be a relative inability to evaluate the
decrease in performance differences between sexes in longer
ultramarathon distances due to the limited data of female
ultramarathoners competing in the very long ultramarathons.
Future studies need to investigate running events held in
kilometers and time-limited races held in hours and days to
increase the sample size of women in ultramarathons. Future
studies should also investigate the motivation of female
ultramarathoners compared to male ultramarathoners. Most
probably, women have become more motivated to compete
faster and to beat men in ultramarathons.

Conclusion

In ultramarathons from 50 miles to 3,100 miles held between
1971 and 2012, the number of events and finishers increased
exponentially, the men-to-women ratio decreased across
years and was highest in 50-mile events and lowest in
3,100-mile events, the sex difference in running speed for
the annual fastest in 50-mile events decreased, remained
unchanged for the annual fastest in 100-m