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Introduction

In recent years there has been an increased interest in investigating the effects of aging on endurance performance in runners [START_REF] Jokl | Master's performance in the New York City Marathon 1983-1999[END_REF][START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF][START_REF] Lepers | Do older athletes reach limits in their performance during marathon running? Age[END_REF][START_REF] Tanaka | Invited Review: Dynamic exercise performance in masters athletes: Insight into effects of primary human aging on physiological functional capacity[END_REF][START_REF] Tanaka | Endurance exercise performance in masters athletes: Ageassociated changes and underlying physiological mechanisms[END_REF][START_REF] Wright | Age-related rates of decline in performance among elite senior athletes[END_REF]. Over the last decade the participation of master athletes (> 40 years old) in these events has increased, especially in the longer running distances such as half-marathons [START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF], marathons [START_REF] Burfoot | The history of the marathon: 1976-present[END_REF][START_REF] Jokl | Master's performance in the New York City Marathon 1983-1999[END_REF][START_REF] Lepers | Do older athletes reach limits in their performance during marathon running? Age[END_REF][START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF], and ultra-marathons [START_REF] Hoffman | Performance trends in 161-km ultramarathons[END_REF][START_REF] Hoffman | The Western States 100-Mile Endurance Run: participation and performance trends[END_REF][START_REF] Hoffman | Historical analysis of participation in 161 km ultramarathons in North America[END_REF]. A recent analysis of the participation trend at the 'New York City Marathon' from 1980 to 2009 showed that over the three decades, the percent of finishers at the 'New York City Marathon' younger than 40 years decreased, while the percent of master finishers increased for both males and females [START_REF] Lepers | Do older athletes reach limits in their performance during marathon running? Age[END_REF].

Over the three decades 1980-1989, 1990-1999, and 2000-2009, male master athletes represented 36%, 45%, and 53% of total male finishers, respectively, while female master athletes represented 24%, 34%, and 40% of total female finishers, respectively.

Generally, the peak endurance performance is maintained until the age of 30 to 35 years, followed by a moderate decrease until the age of 50 to 60 years, and then a progressively steeper decline after the age of 70 to 75 years, independent of the distance and the sport's discipline [START_REF] Baker | Percentage decline in masters superathlete track and field performance with aging[END_REF][START_REF] Balmer | Indoor 16.1-km time-trial performance in cyclists aged 25-63 years[END_REF][START_REF] Donato | Declines in physiological functional capacity with age: A longitudinal study in peak swimming performance[END_REF][START_REF] Fleg | Role of muscle loss in the age-associated reduction in VO 2 max[END_REF][START_REF] Fuchi | Cardiovascular changes associated with decreased aerobic capacity and aging in long-distance runners[END_REF]Hunter et al. 2011;[START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF][START_REF] Tanaka | Invited Review: Dynamic exercise performance in masters athletes: Insight into effects of primary human aging on physiological functional capacity[END_REF][START_REF] Tanaka | Endurance exercise performance in masters athletes: Ageassociated changes and underlying physiological mechanisms[END_REF][START_REF] Wright | Age-related rates of decline in performance among elite senior athletes[END_REF]. Even if it is possible for a 70-yearold male athlete to finish a marathon in less than three hours [START_REF] Trappe | Marathon runners: How do they age?[END_REF], the gradient in declining performances increased notably after the age of 55 years for both sexes, and female performances tended to decline faster than those of males, especially in running [START_REF] Ransdell | Master athletes: An analysis of running, swimming and cycling performance by age and gender[END_REF].

Most studies examining endurance running performances in master athletes have focused on marathoners [START_REF] Burfoot | The history of the marathon: 1976-present[END_REF][START_REF] Jokl | Master's performance in the New York City Marathon 1983-1999[END_REF][START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF][START_REF] Trappe | Marathon runners: How do they age?[END_REF].

Marathon running performance for males and females is generally fastest, as indicated by world record performances, when individuals are 25 to 35 years old. A significant age-related decrease in marathon performance begins at the age of 35 years [START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Wright | Age-related rates of decline in performance among elite senior athletes[END_REF]. The time taken to complete a marathon gradually increases with age, with a substantial decrease in performance after the age of 70 years [START_REF] Trappe | Marathon runners: How do they age?[END_REF]. In recreational marathoners there was no relevant time difference, in running, between the ages of 20 and 55 years, however, after the age of 55 years mean running times significantly increased [START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF]). The mean marathon performance of the age groups 35 to 44 years and 45 to 54 years tends to be better than the corresponding performance in the age groups 25 to 34 years [START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF]. Regarding the marathon running performance for master runners older than 50 years, an improvement in performance has even been observed in recent years. It has also been suggested that master runners of 50 years and older improved their performance at a significantly greater rate than younger runners [START_REF] Jokl | Master's performance in the New York City Marathon 1983-1999[END_REF]). An analysis of the performance trend at the 'New York City Marathon' from 1989 to 2009, showed that during that period, the running times of master runners significantly decreased for males older than 64 years and for females older than 44 years, respectively [START_REF] Lepers | Do older athletes reach limits in their performance during marathon running? Age[END_REF].

To date, the age-related decline in running performance has been investigated in halfmarathoners [START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF], marathoners [START_REF] Jokl | Master's performance in the New York City Marathon 1983-1999[END_REF][START_REF] Lepers | Do older athletes reach limits in their performance during marathon running? Age[END_REF][START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF][START_REF] Leyk | Performance, training and lifestyle parameters of marathon runners aged 20-80 years: results of the PACE-study[END_REF][START_REF] Trappe | Marathon runners: How do they age?[END_REF]) and 161-km ultramarathoners [START_REF] Hoffman | Performance trends in 161-km ultramarathons[END_REF][START_REF] Hoffman | The Western States 100-Mile Endurance Run: participation and performance trends[END_REF][START_REF] Hoffman | Historical analysis of participation in 161 km ultramarathons in North America[END_REF]. However, no study has analyzed the age-related changes in 100-km road-running performance. Also, nowadays, elderly runners in ultra-marathons are able to finish within the time limit.

Recently, it has been reported that an 81-year-old athlete was able to finish a 100-km ultramarathon within 19h 44min [START_REF] Knechtle | Change of body composition in an 81 year old runner in a 100 km run[END_REF]. A 100-km ultra-marathon takes about three time longer than a 42 km conventional marathon for the best runners (World male record 6h 13min for 100 km versus 2h 04min for 42 km). The energetic demands and mechanical stresses are much greater during a 100-km ultra-marathon compared with a conventional 42 km run. For example, it has been demonstrated that long-distance running such as completing an ultra-marathon induced more impact-stress on the skeletal muscle than a marathon [START_REF] Kim | Changes in serum cartilage oligomeric matrix protein (COMP), plasma CPK and plasma hs-CRP in relation to running distance in a marathon (42.195 km) and an ultra-marathon (200 km) race[END_REF]). Therefore, it may be interesting to analyse the age and gender interactions in 100-km road-running performance.

The aims of the present study were (i) to investigate the participation and performance trends in 100-km ultra-marathon from 1998 to 2010 and (ii) to compare the male versus female agerelated change in 100-km running performance. Respecting existing literature regarding halfmarathon, marathon and 161-km ultra-marathon, we hypothesized (i) an increase in participation and an improvement of performance for both male and female master athletes and (ii) a more pronounced age-related decline in the 100-km running performance for female compared with male runners.

Methods

This study was approved by the Institutional Review Board of St. Gallen, Switzerland, with a waiver for the requirement of an informed consent, given that the study involved the analysis of publicly available data. For each race the age of the athletes and the run performance times of both the male and female finishers at the Biel 100-km ultra-marathon (Switzerland) were analysed from 1998 to 2010. The data set from this study was obtained from the race website (www.100km.ch) and from the Race Director. No race results were available before 1998 as this was the year when electronic registration of race results started and paper results were not available from the races held before this date. The Biel 100-km ultra-marathon generally takes place on the first weekend in June. The runners start the race at 10:00 p.m. The Biel 100-km ultra-marathon involves a total altitude change of 645 m. Two thirds of the course is on asphalt, and one third is on unpaved roads. Throughout the 100 km there are 17 aid stations at intervals of ~5 to ~10 km supplying a variety of food and beverages. The organiser offers hypotonic sport drinks, tea, soup, caffeinated drinks, water, bananas, oranges, energy bars, cakes and bread. The athletes are allowed to be supported by a cyclist in order to have additional food and clothing, if necessary.

Data analysis

The age and the race time (converted to minutes) of all finishers were analysed from 1998 to 2010 for both male and female runners.

Age and performance of the winners and the top 10 overall

Firstly, the age and the race time of both male and female winners were analyzed during the 13-years period. Secondly, the age and race time data was averaged across the first ten male and female finishers for each of these years. The magnitudes of the gender difference were examined by calculating the percent difference for the race times of the male versus female winners and of the top ten male versus female finishers.

Age-related changes in performance

In order to analyse the age-related change in running performances, we pooled data from 1998 to 2010 and distinguished the age groups as follows: 18-24 years, 25-29 years, 30-34 years, 35-39 years, 40-44 years, 45-49 years, 50-54 years, 55-59 years, 60-64 years, 65-69 years, 70-74 years and 75 years and older. Because of the the small participation of athletes older than 65 years, especially for females, we therefore considered only the performances of the best 20 male and female runners per age group during the 13-years period. In addition, the 100-km running time performance of each runner finishing in the top 20 of each age group was normalized to the mean time performance of the top 20 of the best performing age group for both males and females. Thus, the age-related declines in performance were expressed using a ratio calculated between the individual and the mean time performances of the best performing age group.

Statistical analysis

Data is reported as means  SD in the text. Linear regressions were used for estimating the changes of the selected variables in each year of the race. Pearson's correlation coefficients were used to assess the association between various variables (Statsoft, Version 6.1, Statistica, Tulsa, OK, USA). The ages of the female versus male winners were compared with an unpaired student's t-test. To determine if the age of the top ten male and female finishers differed over the years, a separate ANOVA with repeated measures for each year, with gender as the between-subject factor, was performed. One-way ANOVA was used to compare the race times between the different age groups for both male and female runners. A two way ANOVA (age x sex) was used to compare performance ratios between males versus females across age. Tukey's post hoc analyses were used to test differences within the ANOVA when appropriate. Statistical significance was accepted at P < 0.05.

Results

Participation trends

From 1998 to 2010, there was a total of 19,650 finishers (2,615 females and 17,035 males) at the Biel 100-km ultra-marathon. The number of finishers each year over the history of the event is shown in Figure 1. In these years, the average number of finishers per year was 1,312

 237 [range: 1,060-1,999] for male runners and 200  47 [range: 167-349] for females.

Females accounted on average for 13.3  1.4% of the field over the 13-years period. The greatest participation, in 2008, corresponded with the 50 th anniversary of the race.

Age of the 100-km ultra-marathoners

The mean age of the finishers during this period was 46.5  10.8 years for males, and 46.8  10.9 years for females. The age distribution of both male and female finishers during the 13year period is shown in 

Winner and top 10 overall age trends

Figure 4 shows the historical age trends of the female and male winners (Panel A) and top ten male and female top ten overall finishers (Panel B) between 1998 and 2010. The female winners were significantly (P < 0.01) younger than the male winners with 33.2  6.4 years versus 38.2  4.5 years, respectively. In contrast, ANOVA revealed no difference in the mean age of the top ten males and females over the years (P = 0.19). The mean age of the top ten female and male runners was 39.4  2.3 years and 40.4  1.9 years, respectively. During the period studied, both female and male winners' age remained stable across the years. In contrast, the mean age of the top ten overall increased significantly by 0.36 year per annum for female and by 0.37 year per annum for male, respectively. During this period, the top ten running time remained stable for females while it significantly increased by 2.4 min per annum for males.The average time difference between the top ten males and females was equal to 22  3 % [range: 18-27%].

Winner and top ten overall performance trends

Age-related changes in performance

The mean age-related changes in both male and female race times throughout 1998-2010 are shown in Figure 6. The race time increased in a curvilinear manner with advancing age.

There was a significant (P < 0.0001) age effect for both male and female race times. No significant difference in time was observed for the four age groups between 30 to 34 years and 45 to 49 years for males, and for the five age groups between 30 to 34 years and 50 to 54 years for females. In males, the race time was significantly (P < 0.01) longer for the age groups 50 to 54 years and older, 18 to 24 years and 25 to 29 years compared with the age groups between 30 to 34 years and 45 to 49 years. For females, the running times were significantly (P < 0.01) longer for the age groups 55 to 59 years and older, 18 to 24 years and 25 to 29 years compared with the age groups between 30 to 34 years and 50 to 54 years.

For both males and females, the performance ratios for the 100-km running decreased in a curvilinear manner with advancing age (see Figure 7). There was a significant interaction between age and sex for performance ratio (F = 18.2, P < 0.01). For the males, the performance ratio for age groups 45 to 49 years and above was significantly different from the best age group (i.e. 35 to 39 years). For the females, the performance ratio for age groups 50 to 54 years and above was significantly different from the best age group (i.e. 35 to 39 years). The performance ratio was significantly different (P < 0.01) between males and females for the age groups 18 to 24 years, 65 to 69 years, and 70 to 74 years.

Discussion

The first aim of the study was to investigate the participation and performance trends at the Biel 100-km ultra-marathon from 1998 to 2010. Regarding the participation trend over the studied period, the percentage of both male and female finishers decreased for the age groups comprised between 18 and 39 years, while it increased for the age groups comprised between 40 and 59 years. For the age group 60-69 years, the percentage of finishers slightly increased for male while it remained stable for female.

The age group with the largest participation in these 100-km ultra-marathoners was 40-49 years for both males (~36%) and females (~42%). By comparison, [START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF] described that in marathoners, the age groups from 35 to 54 years had the greatest percent of finishers with ~36%, surpassing the age segments of 25 to 34 years with ~13% and 55 to 64 years with ~12% by more than a factor of two, irrespective of the gender. [START_REF] Hoffman | Performance trends in 161-km ultramarathons[END_REF] analysed the participation and performance trends in 161-km ultra-marathoners from 1977 to 2008 in the USA. The annual finish rates increased initially and then remained unchanged to the early 1990s. The age group of 40 to 49 years showed the largest participation for both males and females [START_REF] Hoffman | The Western States 100-Mile Endurance Run: participation and performance trends[END_REF]). It appears therefore that the age group with the largest participation in 100-km ultra-marathoners was quite similar from marathoners and 161-km ultra-marathoners. A possible explanation for the relative decrease in 100-km finishers of the younger age groups might be that younger athletes are more and more attracted by other sport's disciplines with more technical abilities and higher intensities [START_REF] Bernard | Age-Related Decline in Olympic Triathlon Performance: Effect of Locomotion Mode[END_REF][START_REF] Baker | Aging performance for masters records in athletics, swimming, rowing, cycling, triathlon, and weightlifting[END_REF]. In contrast, the relative increase in 100-km finishers of the older age groups might be explained by the rapid increase in the older population in Switzerland [START_REF] Robine | Nonagenarians and centenarians in Switzerland, 1860-2001: a demographic analysis[END_REF], as well as the considerable increase in life expectancy over the last 20 years in Switzerland [START_REF] Savidan | Premature deaths in Switzerland from 1995-2006: causes and trends[END_REF][START_REF] Wanner | Demographic study of ages and causes of death which contribute to gender disparities in life expectancy--case of Switzerland (1969-1993)[END_REF].

Factors such as enjoyment, health and fitness benefits, social and competition appear the main drivers for involvement of master athletes [START_REF] Shaw | Motivation and psychological skills in the senior athlete[END_REF].

Regarding the performance trend of elite (i.e. top ten) 100-km runners during the 1998-2010 period, the results showed that both the male and the female winner times remained unchanged during the period studied. From 1998 to 2010, the fastest winner time was 409 min for males (110% of the male world record set in 1998 by Takahiro Sunada from Japan with 373 min) and 471 min (119% of the female world record set in 2000 by Tomoe Abe from Japan with 393 min) for females, respectively. The 100-km run at Biel involves a total altitude change of 645 m that may significantly increase the running times compared with a flat course. Surprisingly, the top ten female running times remained unchanged while the top ten male running times significantly increased during the 13-years period. The decrease in elite male running performance while elite female performance stabilized is difficult to explain; lower competitive elite male field across the years could be a possible explanation. The average gender difference in 100-km running performance between the top ten males and females over the 1998-2010 period was ~22%. This was consistent with previous studies. In marathoners and half-marathoners, the running times of the best female athletes were ~20% for marathons and ~22.5% for half-marathons, greater compared with males [START_REF] Leyk | Aged-related changes in marathon and halfmarathon performances[END_REF]. Similarly, in 161-km ultra-marathoners, the fastest females were ~20% slower than the fastest males [START_REF] Hoffman | Performance trends in 161-km ultramarathons[END_REF].

The second of the study aim was to compare the age-related change in 100-km ultramarathoners between males and females. We hypothesized a more pronounced age-related decline in 100-km running performance for female compared with male runners. The first interesting finding was that both male and female 100-km ultra-marathoners younger than 30 years were slower compared with male runners between 30 and 49 years, and female runners between 30 and 54 years. These findings were different from reports on marathoners. Finish time data for the top 50 finishers in the 'New York City Marathon' has demonstrated that, regardless of gender, the marathon times were either comparable in the age groups 20 to 29 years and 30 to 39 years, or were slightly slower in the younger age group; followed by a curvilinear increase in times for each advancing 10-year age group [START_REF] Jokl | Master's performance in the New York City Marathon 1983-1999[END_REF]). It has been previously suggested that the age of the peak performance increased with the length of the race (Schulz et al. 1987). The present data confirms this assumption since it appears that high-level performances in a 100-km ultra-marathon can be achieved at a higher age compared with a 42-km marathon. Our results suggest that 100-km ultra-marathoners can succeed until 50 years of age for males and until 54 years of age for females. Regarding endurance performance, a cumulative number of training years is required for peak performance but in contrast age-related changes in physiological (and psychological) factors lead to the decline in performance. For 100-km ultra-marathoners, increasing training experience and age-related declines in physical function may balance each other between the age of 30 and 50 to 54 years. [START_REF] Hoffman | Performance trends in 161-km ultramarathons[END_REF] showed, in 161-km ultra-marathoners, that beyond the age of 30-39 years the average finish times increased linearly with age. The female age group 40-49 years and the male age group 30-39 years had the fastest race times, where runners in younger and older age groups were slower. In females, the age group 40-49 years was ~5.5 % faster than the 30-39 years one; among the males, the age group 40-49 years was ~4.0 % slower than the 30-39 years one [START_REF] Hoffman | Performance trends in 161-km ultramarathons[END_REF]. In Hoffman and Wegelin's study relating to 161-km ultra-marathoners, the best times among females were observed for ultra-runners aged between 30 and 39 years. The examination of the best times among the males revealed that the performance of the 40-49 years age group was no different from agegroups 20-29 and 30-39 years [START_REF] Hoffman | The Western States 100-Mile Endurance Run: participation and performance trends[END_REF]. Both the moderate decline in running performance and the large number of successful master athletes suggest that master runners are able to maintain a high degree of physiological performance late into life [START_REF] Young | Career-span analyses of track performance: Longitudinal data present a more optimistic view of age-related performance decline[END_REF].

It has been previously observed a greater rate of decline in endurance performance (e.g. swimming, running and triathlon) in females compared to males [START_REF] Donato | Declines in physiological functional capacity with age: A longitudinal study in peak swimming performance[END_REF][START_REF] Lepers | Age and gender interactions in ultraendurance performance: insight from the triathlon[END_REF][START_REF] Ransdell | Master athletes: An analysis of running, swimming and cycling performance by age and gender[END_REF]. For example, Wright and Pericelli (2008) investigated 1,351 male and 1,248 female finishers in the 2001 National Senior Olympic Games. Between 30 and 50 years old, there were minimal changes in performance per annum.

Over the next 25 years, from 50 to 75 years, the percentage change in performance per annum was three times the rate seen from 30 to 50 years (males, 1.46% per annum; females, 2.52% per annum, respectively). After the age of 75 years, the rate of performance decline per annum increased dramatically, with 10.29% for females and 4.1% for males, respectively. In the present study, the age-related decline in performance was similar between males and females until the age of 64 years but was significantly greater after for females compared with males. A first reason for this gender difference may partly be explained by selection bias. Indeed, there were a smaller number of female 100-km runners in the older age groups with females accounted for ~13% of all finishers from 1998 to 2010 ; which was lower than the female participation of ~20% in the 161-km ultra-marathons in the USA [START_REF] Hoffman | Historical analysis of participation in 161 km ultramarathons in North America[END_REF]. Social and psychological factors that leading to an improved performance in master runners should also be considered. It is possible that males are gaining more competitive opportunities as they age, or that they are seeking out competition later in life or later in their career [START_REF] Ransdell | Master athletes: An analysis of running, swimming and cycling performance by age and gender[END_REF]). In addition, as age increases master athletes do not have the same intrinsic drive to train as hard as they did when younger [START_REF] Korhonen | Biomechanical and skeletal muscle determinants of maximal running speed with aging[END_REF][START_REF] Reaburn | Endurance performance in masters athletes[END_REF][START_REF] Spirduso | Physical Dimensions of Aging, 2nd edition[END_REF]. [START_REF] Reaburn | Endurance performance in masters athletes[END_REF] reported genderbased differences in motivation with increasing age. Initially, males were more motivated by achievement and females by health, social interaction, and enjoyment. Over time, both male and female athletes ranked social interaction as the most important motivator for participation in master athletic events. Greater decrease in training volume and intensities in elderly female runners compared with their male counterpart may be the result of a change in intrinsic drive to train hard between male and female [START_REF] Korhonen | Biomechanical and skeletal muscle determinants of maximal running speed with aging[END_REF][START_REF] Okonek | Longitudinal analysis of change in sports performance of women between the ages of 30 and 75: a comparison between peak and leisure sports participation[END_REF][START_REF] Reaburn | Endurance performance in masters athletes[END_REF][START_REF] Spirduso | Physical Dimensions of Aging, 2nd edition[END_REF]. Apart from these socio-psychological reasons, physiological factors may also explain the gender difference in 100-km running performance with advancing age.

According to [START_REF] Reaburn | Endurance performance in masters athletes[END_REF], the physiological factors affecting endurance performance with increasing age are maximum oxygen consumption (VO 2 max), maximal heart rate, stroke volume, lactate threshold, economy of movement, muscle fiber type, activity of aerobic enzymes, blood volume and skeletal muscle mass. We should first address the finding that the females were able to achieve the same 100-km running performance time until the age of 54 years. At approximately 50 years old, females are generally peri-or postmenopausal [START_REF] Bernis | Environmental contexts of menopause in Spain: comparative results from recent research[END_REF][START_REF] Dratva | Is age at menopause increasing across Europe? Results on age at menopause and determinants from two population-based studies[END_REF]). In recent years, the age at menopause has shifted higher [START_REF] Dratva | Is age at menopause increasing across Europe? Results on age at menopause and determinants from two population-based studies[END_REF]). This might be a reason why the female peak performance has been maintained in the older age groups. Increased physical activity may also have increased the menopausal-related changes in bone mass. Physically active postmenopausal females show an increase in bone mineral density [START_REF] Hagberg | Moderate physical activity is associated with higher bone mineral density in postmenopausal women[END_REF] which may lead to a shift of the postmenopausal osteoporosis to higher ages [START_REF] Gibson | Determinants of bone density and prevalence of osteopenia among female runners in their second to seventh decades of age[END_REF], thus related to a reduced physical activity with increased morbidity and mortality [START_REF] Compston | Clinical and therapeutic aspects of osteoporosis[END_REF]. At the age of ~50 years, body weight and waist circumference increase in females. In addition, lean body mass and skeletal muscle mass decrease and fat mass increases [START_REF] Ho | Menopausal transition and changes of body composition: a prospective study in Chinese perimenopausal women[END_REF]Showers et al. 2007;[START_REF] Sternfeld | Physical activity and changes in weight and waist circumference in midlife women: findings from the Study of Women's Health Across the Nation[END_REF]). As the time after the menopause increases, the increases in fat mass and body weight become greater [START_REF] Guo | Aging, body composition, and lifestyle: the Fels Longitudinal Study[END_REF]. It has been shown that maintaining or increasing participation in regular physical activity contributes to prevention or attenuation of those gains [START_REF] Sternfeld | Physical activity and changes in weight and waist circumference in midlife women: findings from the Study of Women's Health Across the Nation[END_REF]).

Other factors leading to an improved performance in female master runners until the age of 54 years should also be considered. [START_REF] Ransdell | Master athletes: An analysis of running, swimming and cycling performance by age and gender[END_REF] described the smallest gender differences for running over 100 m, 800 m, 1,500 m, 5,000m, 10,000 m and the marathon in the age group 45 to 49 years. It is possible that females are gaining more competitive opportunities as they age, or that they are seeking out competition later in life, after childbirth, or later in their career [START_REF] Ransdell | Master athletes: An analysis of running, swimming and cycling performance by age and gender[END_REF]. Further reasons for the maintenance of running performance with age in 100 km female ultra-marathoners might be improved nutrition with an increased use of ergogenic supplements [START_REF] Striegel | The use of nutritional supplements among master athletes[END_REF], less over-use injuries despite increased age [START_REF] Knobloch | Acute and overuse injuries correlated to hours of training in master running athletes[END_REF], and less age-related diseases with increased morbidity and mortality [START_REF] Chevalier | Sports-related acute cardiovascular events in a general population: a French prospective study[END_REF]). However, [START_REF] Taunton | A retrospective case-control analysis of 2002 running injuries[END_REF] reported that females accounted for significantly more over-use injuries of the lower limbs, depending upon age and training history.

The age-related decline in 100-km running performance was greater for females compared with males after the age of 64 years. The decrease in running performance after the age of ~50 years can be explained in part by a decrease in skeletal muscle mass. A decreased muscle mass plays a role in the age-related decrease in VO 2 max in master endurance athletes [START_REF] Proctor | Skeletal muscle mass and the reduction of VO 2 max in trained older subjects[END_REF] thus leading to an impaired performance with increasing age. The decline in endurance performance appears primarily due to an age-related decrease in VO 2 max [START_REF] Reaburn | Endurance performance in masters athletes[END_REF] where gender differences in the rate of the age-related decline in VO 2 max are common [START_REF] Weiss | Gender differences in the decline in aerobic capacity and its physiological determinants during the later decades of life[END_REF]. Between 20 and 80 years old, the muscle area decreases by ~40% [START_REF] Lemmer | Age and gender responses to strength training and detraining[END_REF]. Muscle tissue analyses showed that both slow-and fast-twitch fibres decline with increasing age, although the loss of fast-twitch fibres is greater [START_REF] Korhonen | Biomechanical and skeletal muscle determinants of maximal running speed with aging[END_REF]. This is probably because of fibre atrophy as opposed to loss of inherent force production of the myofibrils [START_REF] Lemmer | Age and gender responses to strength training and detraining[END_REF]. Because muscle crosssection is related to overall muscular force production, strength declines with age. Females have a lower skeletal muscle mass compared to males, independent of the age and aging causes a similar decline in aerobic capacity in both genders, when expressed per kilogram of appendicular muscle mass [START_REF] Proctor | Skeletal muscle mass and the reduction of VO 2 max in trained older subjects[END_REF]. With advancing age, females tend to lose skeletal muscle mass more rapidly than males [START_REF] Spirduso | Physical Dimensions of Aging, 2nd edition[END_REF]. This may explain partly the greater age-related decline in 100-km running performance for females compared with males after the age of 64 years.

Conclusion

Although this study lacks some data about factors of endurance performance such as physiological and anthropometric parameters, training characteristics, previous experience (Knechtle et al. 2010a;Knechtle et al. 2010b;Knechtle et al., 2010c;[START_REF] Knechtle | What is associated with race performance in male 100 km ultra-marathoners: Anthropometry, training or marathon best time?[END_REF] and environmental conditions of the race [START_REF] Ely | Impact of weather on marathonrunning performance[END_REF][START_REF] Wegelin | Variables associated with odds of finishing and finish time in a 161-km ultramarathon[END_REF][START_REF] Vihma | Effects of weather on the performance of marathon runners[END_REF], it provides valuable data because master runners present a unique model to study the effects of high levels of physical training into older age [START_REF] Tanaka | Invited Review: Dynamic exercise performance in masters athletes: Insight into effects of primary human aging on physiological functional capacity[END_REF]. The percentage of both male and female 100-km finishers for the age groups comprised between 40 and 59 years increased during the 1998-2010 period. According to the top ten elite performances, the best age for a 100-km ultra-marathon performance is about 39-40 years, for both males and females. The age-related decline in performance was similar between males and females until the age of 64 years, but after 64 years it was significantly greater for females compared to males. The reasons for such a greater age-related decline in performance of female master runners compared with male master runners in the higher age groups are not clear. Differences in training volume and motivation, aerobic capacity, orthopaedic, nutrition, bone density, hormonal status, muscle mass, body composition, muscle typology for elderly female compared with male counterpart require further investigations. 

Figure legends

Figure 3

Changes in the percentage of finishers per age group from 1998 to 2010, males (upper panel) and females (lower panel). In both males and females, the percentage of finishers decreased over this 13 year period for the age groups 18 to 29 (males: r = -0.69, P = 0.009; females: r = -0.71, P = 0.007) and 30 to 39 (males: r = -0.98, P = 0.0001; females: r = -0.83, P = 0.0005), while it increased in the age groups 40 to 49 (males: r = 0.79, P = 0.0013; females: r = 0.83, P = 0.0004) and 50 to 59 (males: r = 0.82, P = 0.0006; females: r = 0.78, P = 0.0018). The percentage of male finishers in the age groups 60-69 slightly increased (r = 0.56, P = 0.047), but remained stable in females (r = -0.28, P = 0.35).

Figure 4

Age of the overall male and female winners (Panel A) and mean ( SE) age of the overall top ten male and female finishers (Panel B) in the Biel 100-km ultra-marathon from 1998 to 2010.

The dotted line and solid line represent the linear regressions for the females and the males, respectively.

Figure 5

Performance times of the overall male and female winners in Biel 100-km ultra-marathon from 1998 to 2010 (see Panel A). Mean ( SD) performance times of the top ten overall male and female finishers over the same period (see Panel B). The dotted line and solid line represent the linear regressions for the females and the males, respectively.

Figure 6

Age-related changes in running performance in the Biel 100-km ultra-marathon. Data was pooled from 1998 to 2010. Values are means  SD. For males (n=240), race time was significantly (P<0.01) longer for the age groups 50-54 and older, 18 to 24 and 25-29, compared with the age groups between 30-34 and 45-49. For females (n=220), race time was significantly (P < 0.01) longer for the age groups 55-59 and older, 18-24 and 25-29, compared with age groups between 30-34 and 50-54. NS : Non significant difference between age groups from 30-34 and 45-49 for males, and from 30-34 and 50-54 for females.

Figure 7

Age-related declines in 100-km running performances for male (n=240) and female (n=220) runners expressed using a ratio calculated between the individual and the mean time performances of the best performing age group (mean  SD). For male, the performance ratio for age groups 45-49 years (full arrow) and above was significantly different from the best age group (i.e. 35-39 years). For female, the performance ratio for age groups 50-54 years (dotted arrow) and above was significantly different from the best age group (i.e. 35-39 years). *: P < 0.01 : Significantly different from female for the same age group. 
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 2 The 10 year age bracket with the largest participation was 40 to 49 for both sexes. Master runners older than 40 years represented 73% of the total finishers. The change in the percentage of finishers per age group from 1998 to 2010 for both males and females are presented in Figure3. Over this 13-year period, the percentage of finishers decreased for the age groups 18 to 29 years and 30 to 39 years, while it increased for the age groups 40 to 49 years and 50 to 59 years for both males and females. The percentage of finishers slightly increased for males in the age group 60 to 69 years and remained stable for females in the age group 60 to 69 years.
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 5 Figure5shows the historical performance trends of the female and male winners (Panel A)
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