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Aim: The aim of the study was to examine finisher and performance trends of ultrarunners in
the Marathon des Sables, the world’s largest multistage ultramarathon.
Methods: The age and running speed was analyzed for 6945 finishes of 909 women and
6036 men between 2003 and 2012 at the Marathon des Sables covering about 240 km in the
Moroccan desert.
Results: The number of finishes increased significantly for both women and men from
2003–2012. The annual number of finishes increased in age groups: 30–34 years (r2 = 0.50;
P = 0.021), 45–49 years (r2 = 0.81; P = 0.0004), and 50–54 years (r2 = 0.46; P = 0.029) for
women and in all age groups older than 35 years for men (35–39 years: r2 = 0.64, P = 0.0054;
40–44 years: r2 = 0.67, P = 0.0036; 45–49 years: r2 = 0.77, P = 0.0007; 50–54 years: r2 = 0.72,
P = 0.0018; 55–59 years: r2 = 0.42, P = 0.041; and 60–64 years: r2 = 0.67, P = 0.0038). The
fastest running speed was achieved by runners in the age group of 35–39 years for both sexes.
The mean age of overall finishers was 41.0 ± 9.1 years for women and 41.3 ± 9.5 years for
men. For men, running speed improved for athletes in the age group of 35–39 years (r2 = 0.44;
P = 0.036) and of 40–44 years (r2 = 0.51; P = 0.019), while it decreased for athletes in the age
group of 30–34 years (r2 = 0.66, P = 0.0039). For women, running speed remained stable during
the study period for athletes in all age groups.
Conclusion: These data suggest that the number of finishers of masters runners older than
40 years increased for both sexes at the Marathon des Sables, as has been previously observed
for single-stage ultramarathons. In contrast to women, men aged 35 to 44 years improved running
speed during the study period. Future studies are needed to investigate the reasons for the growing
numbers of masters athletes in endurance sports and their improvement in performance.
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Any running event over a distance longer than the classic marathon distance of 42.195
kilometers is defined as an ultramarathon.1 Ultramarathon running has become increasingly popular with a growing number of participants since the late 1980s.2–4 Several
studies investigated the influence on the performance of ultramarathon runners of
different aspects, such as anthropometry,5–7 training characteristics,8,9 sex,10 and age.4
Regarding age as a limiting variable for endurance performance, an increased number
of participating masters athletes (age .40 years) in marathons11,12 and ultramarathons2–4
has been reported. In the Western States 100-Mile Endurance Run, the participation of
masters runners increased between 1974 and 2007, and the mean age of male finishers
increased from 41 to 45–47 years over this period.2
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Considering performance and age, a slow decline in senior
athletes’ performance from the age of 50 years and older was
detected, and from the age of 75 years, a dramatic decline
was demonstrated for track and field events in the National
Senior Olympic Games held in 2001.13 The age-related
decline in running performance correlated with changes
of physiological and morphological characteristics with
increasing age.14,15 Nevertheless, regarding endurance events,
in general Masters athletes improved both their endurance and
their ultraendurance performance over time in the New York
City Marathon12 and in the Hawaiian Ironman Triathlon.16
Individual athletes improved their performance and the cohort
of the Masters athletes’ section recorded faster times. This
could be due to individual performance improvements, or
more likely, to the increasing popularity of running and the
events in question, raising the quality of the field where faster
individuals are substituting the slower individuals.
An influence of age on running times has also been
demonstrated for both sexes in ultramarathons.4 Due to the
increased number of participating masters athletes in the
Western States 100-Mile Endurance Run, the age of the top
performers increased for both sexes over time.2 Men achieved
their fastest running times at the age of 30–49 years.2 In the
Swiss Alpine Marathon, a 78 km mountain ultramarathon
held in Davos, Switzerland, an increased age for the fastest
running times for both sexes was found.17 From 1998 to 2011,
the age for the fastest running times increased for men from
34 to 38 years and for women from 32 to 39 years.17
The reported data about finisher rates and performance
trends of masters athletes refer predominantly to single-stage
endurance and ultraendurance events with a nonstop racing
time.11,12,16,17 The requirements of the athletes in multistage
races are different, particularly regarding the total length
of the race and that the time available for recovery is only
overnight. A few studies investigated the age-related finisher
rates and performance trends in multistage races, such as
the Marathon des Sables, a multistage ultramarathon over a
distance of about 240 km through the Moroccan desert.18 Abou
Shoak et al investigated finisher rates and performance trends
in multistage ultramarathons held between 1992 and 2010
around the world.19 They found that the Marathon des Sables
attracted the most multistage ultramarathoners worldwide.
There has been one study investigating the finisher rates and
performance trends at the Marathon des Sables focusing on
nationality and sex.20 Knoth et al reported that the number
of finishes increased for both sexes over time and that most
participants originated from Europe.20 Men were faster than
women with a higher sex difference compared to results from

428

submit your manuscript | www.dovepress.com

Dovepress

single-stage endurance races.20 It is of interest whether the
different requirements of multistage compared with singlestage endurance races affect not only the sex-related, but also
the age-related performance trends.
The aim of the present study is to investigate finisher rates
and performance trends of runners in different age groups in
the multistage ultramarathon Marathon des Sables between
2003 and 2012. Regarding existing literature about singlestage ultramarathons, we hypothesized an increase in the
number of finishes and an improvement in the performance
of masters runners, also in the world’s largest multistage
ultramarathon.

Materials and methods
All finishes in the Marathon des Sables between 2003 and
2012 were included in an analysis of age, sex, and running
speed. The data set for this study was obtained from the
website of the race.18 Data before 2003 were not available.
All procedures used in the study met the ethical standards of
the Swiss Academy of Medical Sciences21 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.

The race
The Marathon des Sables is an annually held multistage
ultramarathon over a distance of about 240 km through
the Moroccan desert.18 The number, lengths, and route of
the stages have changed every year since the first event in
1986. During the whole competition, the participants have
to carry their own equipment, including food and sleeping
gear except for water, which is restricted by the organization
dependent on the stage distance.18 The minimum weight
for the equipment is 6.5 kg, and the maximum weight is
15 kg, not including water. The athletes have to carry food
containing a minimum of 2000 calories per day. During the
race, the mean daytime temperature is 30°C, and at night, it
is 14°C.18 The minimum age for participation is 18 years. To
participate, the competitors must hold a medical certificate
including a resting electrocardiogram, obtained not more
than 30 days before the start of the race.18

Data analysis
Due to the changing number of stages and the changes in
stage length, running speed was calculated over the whole
competition to determine the performance of the athletes.
For the analysis of the change in running speed in both
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sexes and the change in sex difference across years, the
results of the annual top 25 female and male finishers were
pooled and analyzed. The top 25 finishers were chosen to
have study groups that are large enough to find reliable
results. For the analysis of the age-related finisher and
performance trends, the annual performance of the top five
female and male finishers were pooled and analyzed. An
additional inclusion criterion was at least five finishes in
at least 9 out of the 10 years. The age group had to have at
least five representatives in at least 9 out of 10 years with
possibly different individuals. The analysis was not following
individuals through time, but following trends in the cohorts
potentially with different individuals each year. For women,
all age groups between 25–29 years and 50–54 years and for
men all age groups between 18–24 years and 60–64 years
fulfilled the inclusion criteria. To examine the age-related
trends, the finishes were categorized in age groups 18–24,
25–29, 30–34, 35–39, 40–44, 45–49, 50–54, 55–59, 60–64,
65–69, 70–74, and 75–79 years.

Statistical analysis
To increase the reliability of data analysis, each data set was
tested for normal distribution as well as for homogeneity
of variances in advance of statistical analyses. Normal
distribution was tested using a D’Agostino–Pearson omnibus
normality test and homogeneity of variances was tested using
a Levene’s test in the case of two groups and with a Bartlett’s
test in the case of more than two groups. To test for significant
changes in the development of a variable across the years,
linear regression was used. A Student’s t-test was performed
in the case of two groups, to test for differences between the
numbers of women and men, the age of all female and male
participants, and between the age of the top 25 women and
men, per year. A one-way analysis of variance with subsequent
Tukey–Kramer post hoc analysis was performed in the case
of more than two groups to test for differences between the
numbers of participants and the performance in age groups.
Statistical analyses were performed using IBM Statistical
Package for the Social Sciences Statistics (Version 19, IBM
SPSS, Chicago, IL, USA) and GraphPad Prism (Version 5,
GraphPad Software, Inc, La Jolla, CA, USA). Significance
was accepted at P , 0.05 (two-sided for t-tests). Data in the
text are given as mean ± standard deviation.

Results
Overall finisher trends
Data from 6945 f inishes, including 909 women and
6036 men, have been analyzed from the Marathon des
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Sables between 2003 and 2012. The number of finishes
increased from 37 (2003) to 107 (2012) for women and from
272 (2003) to 687 (2012) for men. Men showed, with a mean
number of 603.6 ± 146.2 finishes, a higher number of finishes
than women, with a mean number of 90.9 ± 26.7 finishes
(P , 0.0001). During the study period, the mean percentage
of female finishers was 13.0% ± 1.2%. Both women and men
showed an increase in the number of finishes (Figure 1).

Finisher trends of the
different age groups
For both sexes, the age group 40–44 years showed the greatest
number of finishes during the study period (Figure 2).
Regarding the number of finishes per age group, an increased
number of finishers of masters runners was recorded for both
sexes (Figure 3). The annual number of female finishers
increased in age groups 30–34, 45–49, and 50–54 years
(Table 1). In men, the annual number of finishers increased
in age groups 35–39, 40–44, 45–49, 50–54, 55–59, and
60–64 years (Table 1).

Age trends of the finishers
Over time, the mean age remained unchanged in both sexes
(Figure 4). The mean age of overall finishers was 41.0 ± 9.1
years for women and 41.3 ± 9.5 years for men. There was
no difference in the overall mean age between women and
men (P . 0.05). Regarding the annual overall finishers, men
(38.5 ± 7.1 years) were significantly younger than women
(39.9 ± 7.5 years; P = 0.005). The annual top 25 men showed
an increase in age (r2 = 0.66; P = 0.0042), whereas the
mean age of the annual top 25 women remained unchanged
(Figure 5).

Changes in running speed
for different age groups
Figure 6 presents the changes in running speed for female
and male runners over the years from 2003–2012. An increase
in running speed could not be observed in any age group
for females (Table 2). Regarding the annual top five female
finishers in each age group, runners in the 25–29 years age
group had a mean speed of 5.3 ± 0.7 km per hour slower
(P , 0.05) than runners in all other age groups, except for
the top five female finishers in the 50–54 year old age group
with a mean running speed of 5.9 ± 0.6 km per hour. The
runners in the 35–39 years age group with a mean speed of
7.3 ± 0.8 km per hour were significantly faster (P , 0.05)
than runners in the 45–49 years and 50–54 years age groups.
In women, the top five finishers in each age group did not
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Figure 1 Changes in the number of male and female finishers across the years.

reach a significantly faster running speed than the other age
groups. There was no improvement in the running speed
within the different female age groups over the observed
time period.
Regarding the annual top five male finishers in each
age group, runners in the age group of 18–24 years had

1300

a mean speed of 6.6 ± 0.7 km per hour significantly
slower (P , 0.05) than runners in the other age groups,
except for the top five male finishers in the age groups
of 55–59 and 60–64 years. Finishers in the age group of
30–34 years became slower during the study period and
those in the age group of 35–39 and 40–44 years became
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Figure 3 Change in the number of finishes per age group during the study period for women (A) and men (B).
Note: R² and P-value of linear regression are given in case of a significant change.

faster during the observed 10-year period (Table 2).
Again, no single age group of the annual top five male
finishers reached a significantly faster running speed than
the others.

Age of fastest running speed
Regarding the top 25 male and female finishers, for both
sexes, the fastest running speed was reached by athletes
International Journal of General Medicine 2013:6

in age group 35–39 years for women with a mean running
speed of 7.4 ± 0.9 km per hour and for men with a mean
running speed of 10.7 ± 1.0 km per hour. In women, the age
group with the fastest running speed was not significantly
different from that of the 40–44 year old age group with a
mean running speed of 7.0 ± 0.8 km per hour. In men, the
fastest running speed was not significantly different from that
of the 30–34 year old age group with a mean running speed
submit your manuscript | www.dovepress.com
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Table 1 Change in the number of female and male finishers per
age group
Sex

Age group

r2

P

Female

25–29
30–34
35–39
40–44
45–49
50–54
18–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
64–64

0.18
0.50
0.27
0.06
0.81
0.46
0.004
0.0002
0.21
0.64
0.67
0.77
0.72
0.42
0.67

0.21
0.021
0.11
0.48
0.0004
0.029
0.85
0.96
0.18
0.0054
0.0036
0.0007
0.0018
0.041
0.0038

Male

of 10.6 ± 1.3 km per hour, or from that of the 40–44 year-oldage group with a mean running speed of 10.6 ± 0.8 km per
hour (Figure 7).

Discussion
The aim of this study was to investigate finisher rates and
performance trends of runners in different age groups
competing in the multistage ultramarathon Marathon
des Sables between 2003 and 2012. Based upon existing
literature we hypothesized that there would be an increase

in finishers and an improvement in the performance of
masters runners over this time period. The main findings
were: (1) an increase in finishers over the studied period
for both sexes; (2) an increase in the number of finishers
for masters runners ($40 years) for both sexes during the
study period; (3) an improvement in running speed for men
in age group 35–44 years; and (4) the fastest running speed
was achieved at the age of 35–44 years for women and
30–44 years for men.

Growing number of participants
and masters runners
The first important finding was an increased number of
finishers for both women and men. Within the investigated
10-year period the number of finishers increased by 289%
for women and by 252% for men, whereas the mean number
of male finishers was higher than that of the females.
A growing number of participants in ultramarathon running
over the years has been previously described for single-stage
endurance events in the Western States 100-Mile Endurance
Run in the USA2 and in the 100 km Lauf Biel in Switzerland.4
Apart from these trends reported for single races, the
number of participants increased in longer ultramarathons,
such as the Badwater Ultramarathon and the Spartathlon
Ultra Race,22,23 and in time-limited races, such as 24-hour
ultramarathons.24
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Figure 4 Changes in the mean age of all male and female finishers during the study period.
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Figure 5 Changes in the mean age of the annual top 25 male and female finishers during the study period.

The increase in participants in the Marathon des Sables
might also be due the showcase of the race in the media.
The Marathon des Sables is ranked by the Discovery
Channel as the “toughest footrace on earth.”25 Another
website ranks the Marathon des Sables at fourth position
behind the Yukon Arctic Ultra, Badwater Ultramarathon, and
Antarctica Marathon.26 Several websites that report up to date
information on ultramarathon running and race reports.27–29
Another potential explanation for the increase in participants
could be due to the increase in the general population over
time. Knoth et al showed that most of the participants in the
Marathon des Sables originated from European countries,
such as France and the UK.20 The general population increase
was important to the results, as was the economic background
of the Marathon des Sables’ participants; the entry fee is
very high.20
The race seemed to have enjoyed an above-trend
participation rate in 2005 and 2010. These milestone
years could explain an increase in participation most
probably due to an increased presence in mass media,
such as Eurosport30 or YouTube.31 The below-trend decline
in 2006 and 2011 – and to some extent also in 2012 –
might be explained by the fact that potential racers were
looking for new challenges. These athletes may compete
in other races or other challenges, such as the Yukon
Arctic Ultra,32 the Jungle Ultra Marathon,33 the Badwater

International Journal of General Medicine 2013:6

Ultramarathon,22,23 the Iditarod Trail International,34 or The
Barkley Marathons.35
The male/female ratio of the number of finishers in
endurance running events with a lower number of female
finishers has been previously reported for the New York
City Marathon.12 This phenomenon might be caused by
the fact that women started participating in ultramarathons
later than men did, showing an increase in the number of
finishers in recent years.2 Evolutionary psychology could
be another explanation for the male dominance in sports.36
A sex difference in enduring competitiveness has already
been investigated, in which it was postulated that men have
a greater training motivation.37
Women signif icantly increased their number of
finishers in the Marathon des Sables in age groups 30–34
and 45–54 years over the investigated time period. Men
increased the number of finishers in all age groups from
35 to 64 years. For women, similar results were reported
in a short distance triathlon, the Zürich Triathlon, with an
increased number of finishers of female triathletes aged
from 40 to 54 years.38 Our findings regarding this increased
number of finishers for masters runners and the increased
age of the top 25 male finishers during the study period
corresponds to previous findings for single-stage events. At
the Western States 100-Mile Endurance Run, an increased
number of finishers of masters runners over the years and
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Figure 6 Changes in running speed of the top five athletes per age group for women (A) and for men (B).
Note: R² and P-value of linear regression are given in case of a significant change during the study period.

increasing ages of the top performers for both sexes has
been shown.2 Similar results were reported for the New
York City Marathon.12 This increased number of masters
finishers in ultramarathons could be explained by the
increasing life expectancy39 and the growing proportion
of elderly people in our society,40 but further studies are
needed.
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Improved running speed
of male masters runners
Male masters runners in the age group 40–44 years
improved running speed over the study period in the
Marathon des Sables. This improvement of masters athletes’
performance is in accordance with reported data for singlestage endurance events. Masters athletes also improved
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Table 2 Change in running speed of female and male finishers
per age group
Sex

Age group

r2

P

Female

25–29
30–34
35–39
40–44
45–49
50–54
18–24
25–29
30–34
35–39
40–44
45–49
50–54
55–59
60–64

0.20
0.0048
0.15
0.015
0.10
0.0046
0.086
0.14
0.66
0.44
0.51
0.00065
0.13
0.0000039
0.23

0.18
0.84
0.25
0.77
0.36
0.85
0.41
0.27
0.0039
0.036
0.019
0.94
0.28
0.98
0.15

Male

performance over the years in the New York City Marathon12
and in the Hawaiian Ironman Triathlon.16 A possible reason
for this improved performance of masters runners could be
their greater competition experience with ultraendurance
events.9 Similarly, for long-distance inline skaters, it has been
shown that previous experience can be used as an important

predictor for race performance.41 Masters athletes may
have better opportunities to recover from races since they
compete less than younger athletes. In addition, the higher
participation of masters athletes over the years increases
the opportunity for improved performance. Further studies
are needed to investigate the reasons for the improved
performance of masters athletes over the years.
In the Marathon des Sables, only male masters athletes
in the age group of 40–44 years improved their performance,
while the performance of the older masters athletes in the age
groups between 45 and 64 years remained stable. Changes of
body composition with aging have been previously described,
such as a decreased skeletal muscle mass,42 a decreased fatfree mass, a decreased appendicular skeletal muscle mass,
a decreased body cell mass, and a decreased total body
potassium with increasing age.43 These age-related changes
are described to be associated with decreased performance
where a positive correlation between body fat and race
times in masters half-marathoners44 and between body
mass and race performance in ultraendurance runners have
been shown.6 In addition, Tanaka and Seals reported on the
decreased VO2 max with aging and on the association with
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11.0
10.5
10.0
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9.0
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5.0
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4.0
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18–24
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45–49

50–54

55–59

60–64

65–69

Age groups (years)
Figure 7 Mean (±SD) performance of the best 25 male and female finishers per age group during the 2003–2012 period.
Note: NS indicates age groups that were not significantly different from each other.
Abbreviations: SD, standard deviation; NS, not significant.
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a decline in endurance running performance.45 The impact
of these age-related physiological changes on masters
athletes’ performance might be greater in the multistage
Marathon des Sables when compared with other singlestage ultramarathons, due to the higher requirements on
the athletes. Accordingly, a correlation between marathon
running performance and air temperature has been shown
where running speed decreased with increasing ambient
temperature.46 Reasons why athletes aged older than 45 years
were unable to improve their performance could include the
greater total length of the race and the reduced opportunities
for recovery time during the race. In addition, an association
between training volume and performance in ultramarathons
was described by Knechtle et al.8 Another explanation for
our finding could be the lower training volumes of masters
endurance athletes compared to their younger colleagues.14
Only male masters athletes in the Marathon des Sables
could improve their performance, while the performance
of female masters athletes remained stable. This phenomenon could be explained by sex differences, for example,
women having a smaller VO2 max47 and numerous other sex
differences regarding the anatomy, physiology, biomechanics, and psychology, as described by Lynch and Hoch.48
In the Marathon des Sables with its multiple stages, the
impact of these sex differences on performance could be
potentially greater, resulting in only male athletes being
able to improve their performance over the study period.

Age of peak performance
The age range of athletes with the fastest running speed in
the Marathon des Sables was 35–44 years for women and
30–44 years for men, similar to those found in other singlestage ultramarathons, such as the 100 km Lauf Biel, with an
age spread of 30–49 years.4 In slight contrast, Hoffman and
Fogard reported that the mean age of peak performance for
161 km ultramarathoners was about 45 years.49 Due to the
higher requirements of the multistage Marathon des Sables,
being younger than 45 years could be beneficial for achieving
the fastest running times. Accordingly, Graham et al found
an increased fatigue and reduced vigor for athletes during
a desert ultramarathon.50 Due to the age-related decline of
VO2 max, which is described to be strongly associated with
decreased performance,45 being younger than 45 years could
also be beneficial for reaching peak performance in the
Marathon des Sables. Furthermore, an increase in the body
mass index with aging in the general population has been
reported.51 Another possible explanation for the superiority
of the younger athletes regarding the fastest running speed
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could be the lower body mass index when compared with
masters athletes, which has been described to be associated
with a faster performance time in ultramarathoners.5 An
explanation for the finding that athletes older than 30 years
reached the fastest running times could be their greater
experience with competing in ultraendurance events. 9
Accordingly, a high training volume is described as being
more important for a faster performance than anthropometric
variables.8

Limitations and implications
for future research
This study is limited due to the inability to include some
factors such as anthropometric parameters,5,6,52 training
characteristics,8,9 origin of the athletes,19,20,53,54 nutrition,55–57
overuse injuries,58,59 motivation,60 heat,46,61 and previous
experience in ultraendurance events.9,41 Also, the effect of
meteorological conditions on the running speed could be
of interest.46,52,62 To increase the validity of the comparison
between sex differences, higher numbers of female athletes
are needed. More data for further statistical analyses are
needed to investigate the influence of environmental
conditions on the running speed.

Conclusion
In the multistage Marathon des Sables, an increase in the
annual number of finishes in age groups 30–34 and 45–54
years for women and in all age groups older than 35 years
for men was shown. As reported in the current literature
for single-stage ultramarathons, the number of finishers of
masters runners older than 40 years increased for both sexes
and male masters runners improved their running speed. In
contrast to women, men aged 35–44 years had improved
running speed. Further studies are needed to investigate
finisher and performance trends of masters athletes in other
multistage ultraendurance sports and to investigate the
reasons for the growing number of masters athletes and their
improvement in performance.
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