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Background: Participation and performance trends for athletes by age group have been 

investigated for marathoners and ultramarathoners competing in races up to 161 km, but not 

for longer distances of more than 200 km.

Methods: Participation and performance trends in athletes by age group in the Badwater 

(217 km) and Spartathlon (246 km) races were compared from 2000 to 2012.

Results: The number of female and male finishers increased in both races across years 

(P , 0.05). The age of the annual five fastest men decreased in Badwater from 42.4 ± 4.2 years 

to 39.8  ±  5.7 years (r2  =  0.33, P  =  0.04). For women, the age remained unchanged at 

42.3 ± 3.8 years in Badwater (P . 0.05). In Spartathlon, the age of the annual five fastest 

finishers was unchanged at 39.7 ± 2.4 years for men and 44.6 ± 3.2 years for women (P . 0.05). 

In Badwater, running speed increased in men from 7.9 ± 0.7 km/hour to 8.7 ± 0.6 km/hour 

(r2 = 0.51, P , 0.01) and in women from 5.4 ± 1.1 km/hour to 6.6 ± 0.5 km/hour (r2 = 0.61, 

P , 0.01). In Spartathlon, running speed remained unchanged at 10.8 ± 0.7 km/hour in men 

and 8.7 ± 0.5 km/hour in women (P . 0.05). In Badwater, the number of men in age groups 

30–34 years (r2 = 0.37, P = 0.03) and 40–44 years (r2 = 0.75, P , 0.01) increased. In Spartathlon, 

the number of men increased in the age group 40–44 years (r2 = 0.33, P = 0.04). Men in age 

groups 30–34 (r2 = 0.64, P , 0.01), 35–39 (r2 = 0.33, P = 0.04), 40–44 (r2 = 0.34, P = 0.04), 

and 55–59 years (r2 = 0.40, P = 0.02) improved running speed in Badwater. In Spartathlon, no 

change in running speed was observed.

Conclusion: The fastest finishers in ultramarathons more than 200 km in distance were 40–45 

years old and have to be classified as “master runners” by definition. In contrast to reports of 

marathoners and ultramarathoners competing in races of 161 km in distance, the increase in 

participation and the improvement in performance by age group were less pronounced in ultra-

marathoners competing in races of more than 200 km.

Keywords: ultra-endurance, master runner, running speed, sex difference

Introduction
Endurance running became a mass phenomenon starting in the 1980s.1 The common 

running distances range from 10 km2,3 to ultramarathons between 100 miles4–6 and several 

thousand kilometers.7 An ultramarathon is defined as a running event involving a distance 

longer than the classical distance of 42.195 km for a marathon. The common ultrama-

rathon distances are 50 km, 100 km, 50 miles, and 100 miles.8 There are also famous 

ultramarathons with distances longer than 200 km, such as the Spartathlon in Greece,9 or 

the Badwater held in Death Valley, CA, USA.10 Furthermore, running races may be held 

in cities,11 in mountains,12 and in the desert.13 While in earlier years mostly non-masters 

(younger than 35 years) competed in marathon races,14 the number of finishers of higher 
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ages called “master athletes” is increasing.11 Master athletes 

are defined as athletes typically older than 35 years of age and 

systematically training for, and competing in organized forms 

of sport specifically designed for older adults.15

A few studies have investigated participation and perfor-

mance trends of master runners mostly for distances up to 

marathon distance.11,14,16–18 Jokl et al examined the participa-

tion of master runners in the New York City Marathon over 

the 1983–1999 period.14 They showed for both sexes that the 

number of master runners increased at a greater rate than their 

younger counterparts. Furthermore, running times for the top 

50 male and female finishers over the past two decades  from 

1983 to 1999, showed a significantly greater improvement in 

the master age groups than in the younger age groups, whose 

performance levels plateaued.14

Lepers and Cattagni reported an increase in participation 

and an improvement in performance in master runners in the 

New York City Marathon to a greater extent for women com-

pared to men in the period 1980–2009.11 The running speed of 

master runners older than 64 years for men and 44 years for 

women increased significantly during the 1980–2009 period.11 

For 100  km ultramarathoners, Knechtle et  al reported an 

increase of the number of master finishers with an age-related 

decline in running speed at 60–64 years for both sexes.19

Besides participation trends in master runners, the age of 

peak running speed in marathoners20 and ultramarathoners12 

was recently investigated. While the age of peak running 

speed was found to be at around 30 years in marathoners,20 

it increased with the length (ie, duration) of the event to 

approximately 34–37 years in ultramarathoners.12 Generally, 

the age of peak performance in most endurance sports is 

maintained until the age of ∼30–35 years, followed by a mod-

erate decrease until between 35 and 70 years and then a pro-

gressively steeper decline after the age of ∼70–75 years.3,21,22 

This age of peak performance with an age-related decrease 

in performance has been shown to be independent of the 

distance and the sports discipline.16,17,23–25

The age of peak running speed was found to be higher in 

ultramarathoners6,12,19 compared to marathoners.20 For ultra-

marathoners, Knechtle et al recently showed for male and 

female 100 km ultramarathoners that the fastest runners were 

30–40 years old for men and 30–54 years old for women.19 

Hoffman and Wegelin reported that the fastest average run-

ning times in a 161 km ultramarathon, the Western States 

100-Mile Endurance Run, were achieved by athletes aged 

35–40 years.6 Reaburn and Dascombe hypothesized that 

maintaining both high-intensity and high-volume training 

could minimize the age-related decrease in running speed.15 

Therefore, the definition used by Reaburn and Dascombe15 

and World Masters Athletics26 that master runners were older 

than 35 years contradicts recent findings that the age of peak 

performance seemed to be above 35 years in ultramarathon 

races. Reaburn and Dascombe defined master athletes as 

athletes systematically training for and competing in a sport 

specifically designed for those over 35 years, but not for elite 

athletes.15 Although the exact age of peak ultrarunning speed 

has not been determined, running speed beyond the age of 

55 years decreases in both sexes, with a more pronounced 

effect in women than in men.27

The participation and performance trends in master run-

ners competing in ultramarathons longer than 161 km, such 

as Badwater and Spartathlon that cover distances of more 

than 200 km, are not known. The aim of the study was to 

analyze participation and performance trends in two major 

ultramarathons, Badwater and Spartathlon, held in North 

America and Europe, respectively, from 2000 to 2012, with 

a special emphasis on the age groups of the runners. Based 

upon present findings in the literature for marathoners and 

ultramarathoners, we hypothesized that (1) the number of 

athletes by age group would increase and (2) the performance 

of athletes by age group would improve over time in ultra-

marathons of more than 200 km in distance.

Methods
Performance and age were analyzed for all finishers in the 

Badwater and Spartathlon races between 2000 and 2012. The 

data set for this study was obtained from the race websites of 

Spartathlon9 and Badwater.10 This study was approved by the 

institutional review board of St Gallen, Switzerland, with a 

waiver of the requirement for informed consent given that the 

study involved the analysis of publicly available data.

Badwater
Badwater covers 217 km (135 miles) of highway nonstop 

across the Death Valley in California, USA. The event was 

first established as an official foot race in 1987 with five 

successful US participants. Since 1989, the race starts at 

Badwater, the lowest elevation in the western hemisphere at 

85 m below sea level and finishes at the Mt Whitney Portals 

at 2530 m above sea level. The course includes a total of 

3962 m of cumulative vertical ascent and 1433 m of cumula-

tive descent. In Death Valley in mid-July the average daily 

highs reach approximately 47°C and temperatures over 50°C 

are common.28 There are no aid stations along the course and 

runners need to rely on their own support crew. The number 

of participants is limited to 90 competitors.
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Spartathlon
Spartathlon, started in 1982, is a nonstop foot race covering 

246 km (152 miles) from Athens to Sparta in Greece. Since 

1983, the race has been held annually, each September. 

The course includes elevations that range from sea level to 

1200 m above sea level. The cumulative gain of elevation 

is approximately 1650 m and the route runs on tarmac road, 

trail, or mountain footpath.9 The weather conditions dur-

ing the race typically change between warm temperatures 

of about 27°C during the day and cold temperatures of 

about 5°C during the night. Aid stations are placed every 

3–5 km and provide competitors with water and food. Each 

of the 75 race control points has its own time limitations 

and runners arriving later than the official closing time 

will be eliminated from the race. The number of starters is 

limited to 350.

Data analysis
Due to low participation in both races prior to 2000, only data 

between 2000 and 2012 were considered. Since we intended 

to analyze the change in age-related performance, all finish-

ers who were ranked without age were excluded from the 

analysis. In order to compare performance between the two 

races, running speed was calculated as:

Running speed [km/hour] = Running distance [km]/

Running time [hours]� (1)

The changes in running performance and in the age of 

peak performance of the top five overall men and women 

runners were analyzed for both races. The sex-based effects 

on running performance were also analyzed. Sex difference 

was calculated as:

we decided to analyze only the best annual performance 

(ie, fastest annual running speed) per age group, sex, and 

race.

Statistical analysis
In order to increase the reliability of the data analyses, each 

set of data was tested for normal distribution as well as for 

homogeneity of variances prior to statistical analyses. Nor-

mal distribution was tested using D’Agostino and Pearson 

omnibus normality tests and homogeneity of variances was 

tested using Levene’s test in the case of two groups and with 

Bartlett’s test in the case of more than two groups. To find 

significant changes in the development of a variable across 

years, linear regression analysis was used. To find significant 

differences between two groups, Student’s t-test was used in 

the case of normally distributed data (with additional Welch’s 

correction in the case of significantly different variances 

between the analyzed groups) and a Mann–Whitney test was 

used in the case of non-normally distributed data. Statistical 

analyses were performed using IBM SPSS Statistics (Version 

19; IBM Corporation, Armonk, NY, USA) and GraphPad 

Prism (Version 5; GraphPad Software, 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
Between 2000 and 2012, 663 men and 183 women finished 

Badwater and 1157 men and 141 women finished Spartathlon. 

The completion rate was higher in Badwater compared to 

Spartathlon (Table 1).

Change in participation
The number of both female and male finishes increased in 

both Badwater (Figure  1A) and Spartathlon (Figure  1B) 

across years. The age distribution of finishers is presented in 

Figure 2 for Badwater (Panel A) and Spartathlon (Panel B). 

In men the largest participation was in athletes in the age 

group 45–49 years in both races. For women, the largest 

participation was in age groups 40–44 and 45–49 years in 

Badwater, while in Spartathlon the largest participation was 

in the age group 50–54 years.

Change in age of the annual top five 
finishers
Over the years, the age of the annual five fastest men 

decreased in Badwater from 42.4  ±  4.2 years in 2002 to 

39.8 ± 5.7 years in 2012 (Figure 3A). For women, the mean 

age of the annual five fastest finishers remained unchanged 

Sex difference

Running speed in women
km

hour

Running sp

[%] =







− eeed in men
km

hour

Running speed in men
km

hour































× 100

(2)

To facilitate reading, all sex differences were converted 

to absolute values. To analyze the changes in age-related 

performance, athletes were separated into age groups 

of 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. Since 

the absolute participation per age group was very low, 
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at 42.3 ± 3.8 years in Badwater. In Spartathlon (Figure 3B), 

the age of the annual five fastest finishers was unchanged at 

39.7 ± 2.4 years for men and 44.6 ± 3.2 years for women.

Change in running speed of the annual 
top five finishers
In Badwater, both women and men became faster over years 

(Figure  4A). The running speed in men increased from 

7.9 ± 0.7 km/hour in 2000 to 8.7 ± 0.6 km/hour in 2012. In 

women, running speed increased from 5.4 ±  1.1 km/hour 

to 6.6 ± 0.5 km/hour. The sex difference in running speed 

remained stable at 19.8% ± 4.8%. In Spartathlon, running 

speed remained unchanged at 10.8 ± 0.7 km/hour for men and 

8.7 ± 0.5 km/hour for women (Figure 4B). The sex difference 

in running speed remained unaltered at 19.6% ± 2.5%.

Participation and performance trends  
for age group athletes
In Badwater, the number of male finishers in the age groups 

30–34 and 40–44 years increased (Figure 5A). In Spartathlon, 

the number of male finishers increased in the age group 

40–44 years (Figure 5B). Male athletes in the age groups 

30–34, 35–39, 40–44, and 55–59 years improved running 

speed in Badwater (Figure  6A). In Spartathlon, however, 

no change in running speed was observed for either women 

or men (Figure 6B).

Discussion
This study intended to analyze participation and performance 

trends in Badwater and Spartathlon with a special emphasis 

on runners by age group. Based upon the present literature 

on marathoners and ultramarathoners, we hypothesized that 

(1) the number of athletes by age group would increase, 

and (2) the performance of athletes by age group would 

improve over time. The main findings were that (1) the fastest 

finishers were 40–45 years old in both races: (2) participation 

increased in age groups 30–34 and 40–44 years in Badwater 

and 40–44 years in Spartathlon: and (3) men in the age 

groups 30–34, 35–39, 40–44, and 55–59 years improved 

running speed in Badwater but not in Spartathlon.

Increased number of finishers in 
Badwater and Spartathlon across years
Both competitions showed a significant increase in the overall 

number of finishers. Both competitions limit the maximum 

number of participants and require participants to submit 

previous accomplishments, such as finishes in other ultra-

marathons, to qualify. Therefore, both competitions need 

a high level of performance in the interested participants 

or to increase the maximum number of participants. The 

number of master finishers aged 40–54 years in Spartathlon 

and 40–44 years in Badwater increased, while all other age 

groups showed no increase or rather a decrease in the number 

of finishers. For marathoners, Jokl et al showed that number 

of master participants increased at a greater rate than their 

younger counterparts for both sexes in the New York City 

Marathon, which is consistent with our findings.14 The age 

group of 45–49 years old had the largest number of finish-

ers in Badwater and Spartathlon for men and in Badwater 

for women. For women the age group of 50–54 years old 

had the largest number of finishers in Spartathlon, but due 

to the low numbers of female finishers, the age groups of 

Table 1 Starters, finishers, non-finishers, and non-finishers as a percentage of starters for both Badwater and Spartathlon

Badwater Spartathlon

Starters Finishers Non- 
finishers

Non-finishers as  
a % of starters

Starters Finishers Non- 
finishers

Non-finishers as  
a % of starters

2012 96 89 7 7.3 350 72 278 79.4
2011 94 81 13 13.8 350 143 207 59.1
2010 80 73 7 8.8 350 128 222 63.4
2009 86 75 11 12.8 350 133 217 62.0
2008 82 75 7 8.5 350 154 196 56.0
2007 84 78 6 7.1 350 125 225 64.3
2006 85 67 18 21.2 350 97 253 72.3
2005 81 67 14 17.3 350 102 248 70.9
2004 72 57 15 20.8 350 73 277 79.1
2003 73 46 27 37.0 350 84 266 76.0
2002 78 58 20 25.6 350 89 261 74.6
2001 71 55 16 22.5 350 82 268 76.6
2000 69 49 20 29.0 350 88 262 74.9
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35–39, 40–44, 45–49, and 50–54 years had a similar number 

of finishers. Eichenberger et al12 found that the Swiss Alpine 

Marathon, a 78 km mountain ultramarathon, had the highest 

number of finishers in the 40–44 years age group for both 

sexes, while Lepers and Cattagni11 found that the New York 

City Marathon had the largest number of finishers in the 

30–39 years age group. It therefore seems that there could be 

an interaction between the age of the age group with the larg-

est number of finishers and the length of the running race.

Running speed of the overall top five 
runners increased in Badwater
Running speed of the annual top five runners improved in 

Badwater but not in Spartathlon in both sexes. Although 

both races were established in the 1980s, the development 

of running speed seemed to be limited in the Spartathlon but 

not in the Badwater.

The Badwater is one of the most demanding races on 

earth, with temperatures well above 45°C and no aid stations 
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Figure 1 Change in the number of female and male finishers in Badwater (Panel A) and Spartathlon (Panel B) across years.
Note: For both women and men, the number of finishers increased in both races.
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along the course. It can be compared only to a few other offi-

cial competitions, such as the Marathon des Sables29 in terms 

of weather and temperature conditions. Air temperature var-

ies between 17°C–29°C for the lowest daily temperature and 

37°C–43°C for the highest daily temperature (Table 2).30

In Greece during July, the temperatures are more moderate, 

with an average of 26°C–28°C as the daily maximum.31 The 

Spartathlon covers fewer changes in altitude than Badwater 

and has moderate temperatures and weather conditions. It has 

been shown that moderate environmental conditions lead to a 

lower impairment of endurance performance.32–34 These more 

favorable weather conditions may lead to the Spartathlon 

becoming a more popular ultramarathon.8 Generally, each of 

these individual factors seems to be tougher in the Badwater 

compared to the Spartathlon.

Pacing strategy,35 fluid intake,36 and nutrition37 are of 

utmost importance in ultra-endurance disciplines and could 

be a major reason for the difference in development of run-

ning speed in the Badwater and the Spartathlon. The most 

demanding task for competitors in Spartathlon is the sharp 

cut-off at the time stations. Athletes who are not able to reach 

a time station within the time limit are taken out of the race.

Badwater
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Figure 2 Number of male and female finishers in Badwater (A) and Spartathlon (B) sorted by age group.
Notes: In men the highest participation was in the age group 45–49 years in both races. For women, the highest participation was in the age groups 40–44 and 45–49 years 
in Badwater, while in Spartathlon the highest participation was in the age group 50–54 years.
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Male athletes in age groups 30–34 to  
55–59 improved running speed in Badwater
Men improved overall running speed in age groups 30–34 to 

55–59 years in Badwater. In Spartathlon, however, men were 

not able to improve running speed regarding overall and age 

group performance. The fact that younger, but not master, 

runners improved at Badwater, while master runners main-

tained running speed at Spartathlon is a new phenomenon. 

Lepers and Cattagni reported improvements, especially in 

master marathoners, which are the contrary to our findings.11 

At Badwater, older master athletes in the age group of 55–59 

years improved their running speed too, which is consistent 

with the findings of Lepers and Cattagni for marathoners.11 

These authors reported that the running speed of male master 

runners within the 40–64 years age range plateaued while men 

older than 64 years and women older than 44 years improved 

running speed from 1980–2009. In Spartathlon, the mean 

running speed was not improved by runners of any age group 

even though participation dramatically increased over the 

years. It can be argued that the world’s elite athletes from each 

age group consistently participated and finished over the years 

and therefore the number of finishers had no influence on the 

Badwater
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Figure 3 Age of the annual top five women and men in Badwater (Panel A) and in Spartathlon (Panel B).
Note: The age of the top five men decreased in Badwater over the years.
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increase in the running speed of the top runners in an age group. 

Spartathlon’s rich history makes it unique, which could explain 

why the world’s elite runners of each age group in this kind of 

distance running participate in and finish this race.

Comparison of running speed between 
Badwater and Spartathlon for women 
and men
An important finding was that the sex difference in perfor-

mance was constant across years in both races, indicating that 

women seemed not to be able to close the sex gap in single 

stage ultramarathons of more than 200 km in length. The 

present findings suggest that women could soon match their 

running speed in Badwater with their speed in Spartathlon. 

Since men increased their running speed in Badwater as well 

and remained constant in Spartathlon, a closure of the gap 

in running speed between the races could be expected as 

well, but at a later date than the women. These results were 

fairly unexpected and surprising since many factors, such as 

change in altitude or temperatures, differ much between the 
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Figure 4 Running speed of the annual top five women and men in Badwater (Panel A) and in Spartathlon (Panel B).
Note: Women and men became faster in Badwater, but not in Spartathlon.
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two races. Although Badwater covers a shorter distance than 

Spartathlon (217 km versus 246 km), the change in altitude 

is more than twice as much (4000 m versus 1700 m). The 

American College of Sports Medicine reported a formula 

to calculate the effect of change in altitude (ie, elevation 

gain) on running speed.38 Furthermore, the temperature 

for Badwater, taking place in Death Valley (part of the 

Mojave desert), reaches much higher temperatures30 than 

Spartathlon.31 Parise and Hoffman described the influence 

of hot weather on running speed in a 160 km ultramarathon 

and showed that extreme heat impaired all runners abil-

ity to perform.39 A possible explanation for the closing of 

the running speed gap between the two races could be the 

human learning curve; ie, experience, which is of utmost 

importance in running, under such strenuous and above 

all unique conditions.40 Even so, a simple extrapolation of 

what up to now seemed curvilinear slopes is dangerous and 

could lead to false predictions.

The age of peak running speed
The age of peak running performance was found to be 

at ∼42 years in Badwater for both sexes and at ∼39 years 

for men and ∼45 years for women in Spartathlon. Therefore, 

the fastest finishers in both races were classified as master 

runners.15,26 The age of the fastest runners showed no changes 

across years in both races. Although the number of finishers 
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Figure 5 Changes in the number of age group finishers in Badwater (Panel A) and Spartathlon (Panel B).
Notes: In Badwater, the number of men in the age groups 30–34 and 40–44 years increased. In Spartathlon, the number of men in the age group 40–44 years increased.
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in both races constantly increased over time, the age of peak 

running speed was constant in both races. In Badwater, the 

age of the annual top five men and the annual top five women 

was ∼42 years of age. In Spartathlon, however, the annual 

top five women were ∼45 years old and therefore older than 

the annual top five men who were ∼39 years of age. The top 

runners in both races had a higher age of peak running speed 

than the top runners in other well-known races such as the 

New York City Marathon11 or the Swiss Alpine Marathon.12 

With increasing length and duration of an event, the age 

of peak performance seems to increase. Hunter et al found 

the age of peak running speed in flat city marathons to be 

∼30 years for both sexes.20 Eichenberger et al12 described in 

the 78 km Swiss Alpine Marathon an age of peak running 
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Figure 6 Changes in running speed for finishers by age group in Badwater (Panel A) and Spartathlon (Panel B).
Notes: Men in the age groups 30–34, 35–39, 40–44, and 55–59 years improved running speed in Badwater. In Spartathlon, however, no change in running speed was 
observed for either women or men.

Table 2 Lowest and highest temperatures in Death Valley, 
California, USA during Badwater races41

  Race  
dates

Lowest  
temperature (°C)

Highest 
temperature (°C)

2012 July 16–18 19.0 37.8
2011 July 11–13 17.8 38.3
2010 July 12–14 24.0 41.0
2009 July 13–15 22.8 41.1
2008 July 14–16 21.7 36.7
2007 July 23–25 24.1 41.1
2006 July 24–26 28.9 43.3
2005 July 10–12 21.1 37.8
2004 July 12–14 21.0 41.0
2003 July 22–24 21.1 41.1
2002 July 23–25 20.0 39.4
2001 July 25–27 17.2 37.2
2000 July 27–29 20.5 41.2
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speed of ∼34–37 years from 1998–2011 and Hoffman and 

Wegelin6 found the age of peak running speed to be between 

35–40 years in the Western States 100-Mile Endurance Run. 

Considering these findings, Badwater and Spartathlon, with 

distances approximately one third longer than a 100 mile 

race, could be expected to have an even higher age of peak 

running speed.

Conclusion
Both Badwater and Spartathlon have increased in interest as 

the number of finishers constantly grew in both races from 

2000 to 2012. While the running speed of the best runners 

plateaued in Spartathlon, it increased in Badwater for both 

men and women during this time period. The age of peak 

running performance was ∼42 years in Badwater for both 

sexes and ∼39 years for men and ∼45 years for women in 

Spartathlon. The fastest finishers in both races were classi-

fied as master runners. Reaburn and Dascombe15 defined 

master athletes as athletes systematically training for and 

competing in a sport specifically designed for older adults, 

but not for elite athletes. However if to win a race means that 

the athlete is of an elite level the definition of master athlete 

needs to be re-evaluated for ultramarathoners competing in 

ultramarathons of more than 200 km. A possible new defini-

tion for ultra-endurance master athlete could be the age of 

40 years and higher.6,12 

We need to explain why older athletes are able to perform 

at this high level at an age beyond the normal age for optimal 

athletic performance.41 Future studies need to investigate 

where the limit of the interaction between ages of peak 

running speed and length (ie, duration) of a competition is. 

The comparison of recent studies seems to show that the 

age of peak ultrarunning performance increases with the 

increasing length of the race.6,12 Furthermore, the question 

must be raised if the definition of a master athlete should not 

only include the physical condition,41 but also experience of 

an athlete.40 The motivations of the runners competing in 

ultramarathons and the origins of these athletes needs further 

investigation.42
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