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Abstract: Pacing has been investigated in elite and master runners competing in marathon and
ultra-marathon races up to 100 km and 100 miles, but not in longer ultra-marathons. In this case study,
a 54-year-old master ultra-marathoner—intending to achieve as many kilometers as possible in a 48 h
run—was examined. The changes in running speed during the race and selected anthropometric
characteristics using bioelectrical impedance analysis (i.e., body mass and body water), during and
after the race, were analyzed. The runner achieved a total distance of 230 km and running speed
decreased non-linearly during the race. Body mass decreased, while percent body water increased,
non-linearly, across the race. There was no statistically significant relationship between the decrease
in body mass and the increase in percent body water. Considering the popularity of ultra-endurance
running races, the findings of the present study offered valuable insight in the pacing and changes of
body mass and body water during a 48 h run, and this information can be used by ultra-endurance
runners and practitioners working with them.
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1. Introduction

Pacing during endurance or ultra-endurance performance seems to have a considerable impact on
overall performance. Pacing describes how an athlete distributes his work and energy throughout
an exercise task [1]. In running, pacing strategies have been investigated for different distances,
such as half-marathon,[2] marathon [3–9], and ultra-marathon distances [10–13], and for both master
runners [3,6–9,11,13] and elite athletes [2,4,5].

In ultra-marathon running (i.e., any running distance longer than the marathon distance and/or
longer in duration than 6 h), little data are available for pacing in both elite and master athletes [14].
For ultra-marathon races, mainly elite athletes have been investigated, competing in 100 km [10–13]
and 100 mile [10] ultra-marathons. For master athletes (i.e., runners of 35 years and older), two studies
investigated the pacing trends in 100 km ultra-marathoners [11,13] and, in one case study, the pacing of
a 94-year-old runner in a 6 h run [15]. To the best of our knowledge, no further studies have ever
investigated the pacing strategy of a master ultra-marathoner competing in any ultra-marathon longer
than 6 h and/or 100 miles.

While the case study of the 94-year-old runner in a 6 h run also considered aspects of changes
in anthropometric characteristics [15], we have only limited data about changes in anthropometric
characteristics (e.g., body mass, body water) in ultra-marathoners competing in race distances longer
than 100 km. It is well known that an ultra-marathon leads to a decrease in body mass [16–18]; however,
the impact of a 48 h run has not been examined yet.
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So far, changes in anthropometric characteristics have only been investigated by comparing
pre-race and post-race values [16,17], with little data about the recovery period available [15].
Furthermore, we have no knowledge about changes in anthropometric characteristics during an
ultra-marathon, since measurements during a race were lacking in the literature. Changes of body
mass during a 24 h run have been examined in a laboratory setting in one study [19], which provided
a well-controlled experimental setting for research, but was not ecologically valid and did not monitor
the variation of body mass during recovery. A recent study was conducted looking at physiological
responses to a 100 mile ultra-marathon [20].

Considering the increasing popularity of 48 h ultra-marathon running, the knowledge about
pacing and acute physiological responses of body composition to this race, and post-exercise,
would be of practical and theoretical interest for ultra-marathon runners and exercise physiologists,
respectively [21]. Therefore, the aim of the present case study was (i) to investigate the pacing in
a master ultra-marathoner in a 48 h ultra-marathon by analyzing his lap times, and (ii) to analyze
changes in body composition (i.e., body mass, body water) during the race in 6 h intervals, and after
the race, in 24 h intervals.

2. Materials and Methods

2.1. The Runner

Our runner is a 53-year-old recreational master runner (80.1 kg, 177 cm, BMI 25.6 kg/m2) who
trains regularly and competes annually in several 6 h and 12 h ultra-marathons. While he completed,
in 2017, three 24 h runs, he intended to run a 48 h ultra-marathon in 2018. In the preparation for the
48 h run, he changed nothing during training compared to the preparation for the 24 h run, except that
he increased the weekly running volume in the last three months before the start from about 110 km to
a maximum of 150 km without changing running speed. The training sessions during preparation were
monitored by a Garmin GPS Smartwatch vívoactive™, which assisted the runner in maintaining a
mean running speed of 8–9 min/km, equivalent to 7.0–7.5 km/h (intended race speed). The participant
provided written informed consent, and the study was approved by the local institutional ethics
review committee.

2.2. The Race

The runner started on 26 January 2018, in Athens, at the “13th Festival Athens Ultramarathon”,
with the 48 h run [22]. The event included a 24 h run, a 48 h run, a 6 day run, a 1000 km run, and a
1000 mile run. This event is part of the IAU (International Association of Ultrarunners) [23]. The race
takes place in the town of Glyfada, a suburb south of Athens. The area is located by the sea, and is in
the immediate vicinity of the old airport.

In this run, all participants have to run as many laps as possible, with one lap measuring exactly
1.0 km and being completely flat. The rounds are counted electronically with a chip system, whereby
the runners must weave two thin chips into their shoelaces of both shoes before the start. Each time the
target is traversed, the distance actually completed appears on a large monitor for the orientation of the
runners. The runner did not use a GPS watch to see his running speed while competing, but ran after
the feeling he had acquired during the training runs. The goal was to achieve a distance of 40–42 km
every six hours. To save energy for the second 24 h, he went for the first 24 h, so that he would run
around 150 km, thus, about 10 km slower than in the 24 h run, with the aim of reaching 300 km.

The start time was on Friday at 17:00. Temperatures were a maximum of 15 ◦C during the
day, and dropped to a minimum of 3 ◦C during the night. During the whole race time, there was no
precipitation, and the sky was cloudless. Day and night, a strong wind blew from the north. The runner
took care of the buffet of the organizer with water, coke, isotonic drink, energy bars, nuts, orange
wedges, as well as with his own food, which consisted mostly of sweets such as chocolate. Twice a day,
at lunch and dinner, there was a light hot meal provided by the organizer. Unfortunately, the offer of
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the organizer was very limited, and hot meals were missing completely during the cold nights. Thus,
the performance of the runner deteriorated in the second 24 h as he had to take more and more breaks
towards the end of the run, and partly had to insert long stages of marching.

2.3. Procedures

One hour before the start of the race, every 6 h during the race, immediately after the race,
and then every 24 h for three days, we measured body mass and percent body water using the Tanita
BC-545 Bioelectrical Impedance Scale (Tanita Corporation of America Inc., Arlington Heights, IL,
USA) [24]. Energy intake and energy output were not measured, since it is well known that during
long to very long endurance performances, the energy expenditure is higher than the energy intake,
and an energy deficit arises [25,26]. Furthermore, the estimation of the energy expenditure during
performance with the easy-to-use heart rate method, as a simple practical version for the competition,
is relatively inaccurate [25,26]. The fluid intake was recorded in each lap.

2.4. Statistical Analysis

All data were expressed as mean and standard deviation. The acceptable type I error was set at
p < 0.05. All statistical analyses were carried out using GraphPad Prism v. 7.0 (GraphPad Software,
San Diego, CA, USA) and IBM SPSS v.23.0 (SPSS, Chicago, IL, USA). A linear regression analysis
examined the variation of speed during race, and the relationship of body water with body mass.
Pearson correlation coefficient r was used to examine the relationship among the abovementioned
variables. Non-linear (4th grade) regression analysis examined the variation of anthropometric
characteristics during the race and three days post-race. Mean speed was calculated for each hour of the
race, and a one-way analysis of variance examined the main effect of hour of race on speed. Bonferroni
post hoc comparisons examined differences among hour of races for speed. The magnitude of these
differences was evaluated using partial eta square (η2

p).

3. Results

The runner achieved—in contrast to his plan for 300 km—a total distance of only 230 km. When
the average running speed is displayed in 6 h intervals, running speed decreased linearly (Figure 1).
However, when we plot running speed per lap, as a function of the distance covered (Figure 2) and the
elapsed time (Figure 3), then a non-linear decrease in running speed appears. A large main effect of
hour of race on running speed was observed (p < 0.001, ηp

2 = 0.761), with the fastest speed in the
1st hour (7.61 ± 0.59 km/h) and the slowest in the 46th hour (2.85 ± 2.19 km/h). When we display
running speed in this way, we see a sharp decrease in running speed within the first 6 h or during the
first marathon. From the 6th to the 36th hour in the race (or until about the 170th km) the decrease in
running speed was less pronounced. From the 37th to the 48th hour, running speed could even be
maintained until the finish, with a small final end-spurt.

Figure 1. Change in running speed during the race, presented in 6 h intervals.
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Figure 2. Change in running speed by lap during the completed distance.

Figure 3. Change in running speed by lap during the completed time. * Different from running speed of
the first hour. Error bars represent standard deviation.

Regarding the variables measured using bioelectrical impedance analysis (BIA) (Figure 4),
body mass decreased during the race, reaching its lowest value 24 h after the race, and then rising after
the race. The percentage of body water increased, especially during the second half of the race.

Figure 4. Change in body mass and percent body water during and after the race.

Since the percentage of body water showed a counterbalancing course to body mass, we examined
their correlation (Figure 5). There was no statistically significant association between body mass and
percent body water (r = −0.56, p = 0.061). Nevertheless, it should be noted that their correlation
approached statistical significance of a large magnitude.
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Figure 5. Correlation between percent body water and body mass.

Table 1 presents hydration, body mass, body water, and speed in 6 h intervals during the race.
The correlations among these parameters can be seen in Figure 6.

Table 1. Hydration, and changes in body mass, body water, and performance, during the race.

Variables
Race Time (h)

6 12 18 24 30 36 42 48

Hydration (L) 2.9 1.2 0.9 0.5 0.5 0.1 0.3 0.2
Body mass (kg) 81.5 80.2 79.9 79.5 80.3 79.9 78.5 79.1
Body water (%) 59.7 60.7 59.5 61.5 61.4 62.2 63.3 63.7
Speed (km/h) 6.8 6.2 6.0 5.3 5.0 2.7 3.5 3.0

Figure 6. Correlation of hydration with body mass, body water, and speed.

With regards to the breaks, the first one occurred at the 32nd hour of the race, after having
completed 182 km (Figure 7). The breaks (n = 8) had a duration of 34:31 ± 22:01 (min:s), and ranged
from 19:45 (min:s) to 1:27:41 (h:min:s).
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Figure 7. Occurrence of break during the race. Dashed lines represent 95% confidence intervals.

4. Discussion

4.1. Decrease in Running Speed

We assumed that our runner could maintain the relatively low running speed, of just above the
walking speed, constant over 48 h. When we now look at the running speed in 6 h intervals, running
speed decreased linearly over time. However, when we look at the single laps, the running speed
decreased non-linearly. A positive pacing strategy with a continuous decrease in speed during a race
is commonly seen in ultra-endurance performances, such as in cyclists crossing the United States
in the “Race Across America” [27], or in a cyclist in a self-paced world record attempt, in 24 h road
cycling [28].

A possible explanation for the non-linear decrease in running speed could be the depletion of
intramyocellular glycogen and lipids in the legs of the runner. The runner started with a relatively
high running speed, and then the pace dropped relatively fast within a few hours. This first phase,
with a fast drop in running speed, may have been due to the breakdown of intramuscular glycogen
as a rapidly available source of energy [29]. In the further course of the race, the intra-myocellular
lipids of the legs may have been used as another high-energy substrate [30], since these lipids are an
important high-energy substrate for prolonged endurance exercise [31].

4.2. Change in Body Mass

Body mass decreased during the 48 h of the race. Often, the decrease in body mass is due to
the decrease in body fat during an ultra-endurance performance [32,33], and the decrease in body
mass during a race is related to race speed [32,33]. In the literature, there are several case reports and
field studies of athletes who have competed in 24 h races [34–37]. However, there were only two case
reports of cyclists where aspects of energy deficit [38] and a decrease in body fat [39] were examined in
ultra-endurance performances lasting for 48 h. While in the one case, as expected, a pronounced energy
deficit of more than 3000 kcal was detected [38], the other case showed a reduction in fat mass of 1 kg,
with the greatest decrease being found between the 12th and 24th hours [39]. Since, in this second case,
specific metabolites of lipid metabolism were examined using nuclear magnetic resonance at regular
intervals in the urine, no steady state could be detected in the metabolism.
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4.3. Changes in Body Water during the Race

BIA showed that body water initially decreased, then increased and remained elevated after the
race. The increase in body water is most likely due to an expansion of plasma volume. This plasma
volume expansion is observed during prolonged endurance exercise, such as a marathon [40],
and is explained by a shift of protein into the intravascular compartment, as well as sodium
retention by the kidney [41]. The measurements of body compartments using BIA are strongly
dependent on body water. BIA induces a small current flowing throughout the body. This current
measures the percentage of body water as a parameter for lean body mass [42]. It was surprising
that that lean body mass in our runner increased after the race in the following days. Based on
the results of the BIA, we assume that body water expanded into fat-free mass (lean body mass),
and not into fat mass. During very long endurance exercise, body mass may increase [43], which can be
attributed to an edema of skeletal muscle, as demonstrated, in one case, using DEXA (dual-energy
X-ray absorptiometry) [44].

4.4. Limitations, Strength and Practical Applications

Considering the different acute physiological responses to ultra-endurance exercise varying
for duration [45,46], the findings in the present study should be generalized with caution to other
ultra-marathon races. Moreover, the specific physiological and training characteristics of the case
study might be a limitation of this research. In addition, it has been shown that outcome measures of
fat and fat-free mass, provided by BIA, might be misleading when the conditions of measurement
varied across repeated measures. These conditions might include time of the day, body position,
hydration, recent consumption of foods and drinks, the ambient and skin temperature, recent physical
activity, and state of repletion of the urinary bladder. Recent studies analyzed the effect of physical
exercise, and fluid loss through sweating and fluid intake [47] or food [48]. This was the first study
conducted on pacing in a 48 h ultra-marathon and, as such, is a novel contribution to the literature.

5. Conclusions

In a master runner competing in a 48 h run, running speed decreased non-linearly during the race
as a positive pacing. While body mass decreased, body water increased. Considering the popularity of
ultra-endurance running races [49,50], the findings of the present study offered valuable insight in the
pacing and changes of body mass and body water during a 48 h run and recovery, and this information
can be used by ultra-endurance runners and practitioners working with them.

Author Contributions: All authors contributed equally to this work. B.K. and P.T.N. participated in the
conceptualization, methodology, software, validation, formal analysis, investigation, resources, data curation,
writing—original draft preparation, writing—review and editing, visualization. T.R. participated in the
writing—review and editing, supervision, project administration and funding acquisition.

Funding: This research received no external funding.

Acknowledgments: The assistance of the technical staff participating in the collection of the data and the
support of the master athlete during the race is gratefully acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Abbiss, C.R.; Laursen, P.B. Describing and understanding pacing strategies during athletic competition.
Sports Med. 2008, 38, 239–252. [CrossRef] [PubMed]

2. Hanley, B. Pacing profiles and pack running at the iaaf world half marathon championships. J. Sports Sci.
2015, 33, 1189–1195. [CrossRef] [PubMed]

3. March, D.S.; Vanderburgh, P.M.; Titlebaum, P.J.; Hoops, M.L. Age, sex, and finish time as determinants of
pacing in the marathon. J. Strength Cond. Res. 2011, 25, 386–391. [CrossRef] [PubMed]

http://dx.doi.org/10.2165/00007256-200838030-00004
http://www.ncbi.nlm.nih.gov/pubmed/18278984
http://dx.doi.org/10.1080/02640414.2014.988742
http://www.ncbi.nlm.nih.gov/pubmed/25483017
http://dx.doi.org/10.1519/JSC.0b013e3181bffd0f
http://www.ncbi.nlm.nih.gov/pubmed/20224445


Sports 2018, 6, 136 8 of 10

4. Angus, S.D. Did recent world record marathon runners employ optimal pacing strategies? J. Sports Sci. 2014,
32, 31–45. [CrossRef] [PubMed]

5. Hanley, B. Pacing, packing and sex-based differences in olympic and iaaf world championship marathons.
J. Sports Sci. 2016, 34, 1675–1681. [CrossRef] [PubMed]

6. Nikolaidis, P.T.; Knechtle, B. Pacing in age group marathoners in the “new york city marathon”. Res. Sports
Med. 2018, 26, 86–99. [CrossRef] [PubMed]

7. Nikolaidis, P.T.; Knechtle, B. Effect of age and performance on pacing of marathon runners. Open Access J.
Sports Med. 2017, 8, 171–180. [CrossRef] [PubMed]

8. Nikolaidis, P.T.; Knechtle, B. Do fast older runners pace differently from fast younger runners in the
‘New York City marathon’? J. Strength Cond. Res. 2017. [CrossRef] [PubMed]

9. Santos-Lozano, A.; Collado, P.S.; Foster, C.; Lucia, A.; Garatachea, N. Influence of sex and level on marathon
pacing strategy. Insights from the new york city race. Int. J. Sports Med. 2014, 35, 933–938. [CrossRef]
[PubMed]

10. Tan, P.L.; Tan, F.H.; Bosch, A.N. Similarities and differences in pacing patterns in a 161-km and 101-km
ultra-distance road race. J. Strength Cond. Res. 2016, 30, 2145–2155. [CrossRef] [PubMed]

11. Rust, C.A.; Rosemann, T.; Zingg, M.A.; Knechtle, B. Do non-elite older runners slow down more than
younger runners in a 100 km ultra-marathon? BMC Sports Sci. Med. Rehabil. 2015, 7. [CrossRef] [PubMed]

12. Lambert, M.I.; Dugas, J.P.; Kirkman, M.C.; Mokone, G.G.; Waldeck, M.R. Changes in running speeds in a
100 km ultra-marathon race. J. Sports Sci. Med. 2004, 3, 167–173. [PubMed]

13. Knechtle, B.; Rosemann, T.; Zingg, M.A.; Stiefel, M.; Rust, C.A. Pacing strategy in male elite and age group
100 km ultra-marathoners. Open Access J. Sports Med. 2015, 6, 71–80. [CrossRef] [PubMed]

14. Knechtle, B.; Nikolaidis, P.T. Physiology and pathophysiology in ultra-marathon running. Front. Physiol.
2018, 9, 634. [CrossRef] [PubMed]

15. Knechtle, B.; Nikolaidis, P.T. Pacing in a 94-year-old runner during a 6-h run. Open Access J. Sports Med. 2018,
9, 19–25. [CrossRef] [PubMed]

16. Kao, W.F.; Shyu, C.L.; Yang, X.W.; Hsu, T.F.; Chen, J.J.; Kao, W.C.; Polun, C.; Huang, Y.J.; Kuo, F.C.; Huang, C.I.;
et al. Athletic performance and serial weight changes during 12- and 24-h ultra-marathons. Clin. J. Sport Med.
2008, 18, 155–158. [CrossRef] [PubMed]

17. Knechtle, B.; Knechtle, P.; Wirth, A.; Rüst, C.A.; Rosemann, T. A faster running speed is associated with
a greater body weight loss in 100-km ultra-marathoners. J. Sports Sci. 2012, 30, 1131–1140. [CrossRef]
[PubMed]

18. Rust, C.A.; Knechtle, B.; Knechtle, P.; Wirth, A.; Rosemann, T. Body mass change and ultraendurance
performance: A decrease in body mass is associated with an increased running speed in male 100-km
ultramarathoners. J. Strength Cond. Res. 2012, 26, 1505–1516. [CrossRef] [PubMed]

19. Millet, G.Y.; Banfi, J.C.; Kerherve, H.; Morin, J.B.; Vincent, L.; Estrade, C.; Geyssant, A.; Feasson, L.
Physiological and biological factors associated with a 24 h treadmill ultra-marathon performance. Scand. J.
Med. Sci. Sports 2011, 21, 54–61. [CrossRef] [PubMed]

20. Best, R.; Barwick, B.; Best, A.; Berger, N.; Harrison, C.; Wright, M.; Sparrow, J. Changes in pain and nutritional
intake modulate ultra-running performance: A case report. Sports 2018, 6, 111. [CrossRef] [PubMed]

21. Freund, W.; Weber, F.; Billich, C.; Schuetz, U.H. The foot in multistage ultra-marathon runners: Experience in
a cohort study of 22 participants of the trans Europe footrace project with mobile mri. BMJ Open 2012, 2,
e001118. [CrossRef] [PubMed]

22. Dayrunners, Athens International Ultramarathon Festival. Available online: www.dayrunners.gr
(accessed on 1 September 2018).

23. International Association of Ultrarunners. Available online: www.iau-ultramarathon.org/ (accessed on
1 September 2018).

24. Jebb, S.A.; Cole, T.J.; Doman, D.; Murgatroyd, P.R.; Prentice, A.M. Evaluation of the novel tanita body-fat
analyser to measure body composition by comparison with a four-compartment model. Br. J. Nutr. 2000, 83,
115–122. [CrossRef] [PubMed]

25. Bircher, S.; Enggist, A.; Jehle, T.; Knechtle, B. Effects of an extreme endurance race on energy balance and
body composition—A case study. J. Sports Sci. Med. 2006, 5, 154–162. [PubMed]

http://dx.doi.org/10.1080/02640414.2013.803592
http://www.ncbi.nlm.nih.gov/pubmed/23879745
http://dx.doi.org/10.1080/02640414.2015.1132841
http://www.ncbi.nlm.nih.gov/pubmed/26736042
http://dx.doi.org/10.1080/15438627.2017.1393752
http://www.ncbi.nlm.nih.gov/pubmed/29064284
http://dx.doi.org/10.2147/OAJSM.S141649
http://www.ncbi.nlm.nih.gov/pubmed/28860876
http://dx.doi.org/10.1519/JSC.0000000000002159
http://www.ncbi.nlm.nih.gov/pubmed/28746247
http://dx.doi.org/10.1055/s-0034-1367048
http://www.ncbi.nlm.nih.gov/pubmed/24886929
http://dx.doi.org/10.1519/JSC.0000000000001326
http://www.ncbi.nlm.nih.gov/pubmed/26808845
http://dx.doi.org/10.1186/2052-1847-7-1
http://www.ncbi.nlm.nih.gov/pubmed/25973205
http://www.ncbi.nlm.nih.gov/pubmed/24482594
http://dx.doi.org/10.2147/OAJSM.S79568
http://www.ncbi.nlm.nih.gov/pubmed/25848325
http://dx.doi.org/10.3389/fphys.2018.00634
http://www.ncbi.nlm.nih.gov/pubmed/29910741
http://dx.doi.org/10.2147/OAJSM.S155526
http://www.ncbi.nlm.nih.gov/pubmed/29440939
http://dx.doi.org/10.1097/JSM.0b013e31815cdd37
http://www.ncbi.nlm.nih.gov/pubmed/18332691
http://dx.doi.org/10.1080/02640414.2012.692479
http://www.ncbi.nlm.nih.gov/pubmed/22668199
http://dx.doi.org/10.1519/JSC.0b013e318231a7b5
http://www.ncbi.nlm.nih.gov/pubmed/22614141
http://dx.doi.org/10.1111/j.1600-0838.2009.01001.x
http://www.ncbi.nlm.nih.gov/pubmed/19883385
http://dx.doi.org/10.3390/sports6040111
http://www.ncbi.nlm.nih.gov/pubmed/30287789
http://dx.doi.org/10.1136/bmjopen-2012-001118
http://www.ncbi.nlm.nih.gov/pubmed/22619270
www.dayrunners.gr
www.iau-ultramarathon.org/
http://dx.doi.org/10.1017/S0007114500000155
http://www.ncbi.nlm.nih.gov/pubmed/10743490
http://www.ncbi.nlm.nih.gov/pubmed/24198693


Sports 2018, 6, 136 9 of 10

26. Knechtle, B.; Enggist, A.; Jehle, T. Energy turnover at the race across america (raam)—A case report. Int. J.
Sports Med. 2005, 26, 499–503. [CrossRef] [PubMed]

27. Heidenfelder, A.; Rosemann, T.; Rüst, C.A.; Knechtle, B. Pacing strategies of ultracyclists in the “race across
America”. Int. J. Sports Physiol. Perform. 2016, 11, 319–327. [CrossRef] [PubMed]

28. Knechtle, B.; Bragazzi, N.L.; Rosemann, T.; Rust, C.A. Pacing in a self-paced world record attempt in 24-h
road cycling. Springerplus 2015, 4, 650. [CrossRef] [PubMed]

29. Mueller, S.M.; Anliker, E.; Knechtle, P.; Knechtle, B.; Toigo, M. Changes in body composition in triathletes
during an ironman race. Eur. J. Appl. Physiol. 2013, 113, 2343–2352. [CrossRef] [PubMed]

30. Zehnder, M.; Christ, E.R.; Ith, M.; Acheson, K.J.; Pouteau, E.; Kreis, R.; Trepp, R.; Diem, P.; Boesch, C.;
Décombaz, J. Intramyocellular lipid stores increase markedly in athletes after 1.5 days lipid supplementation
and are utilized during exercise in proportion to their content. Eur. J. Appl. Physiol. 2006, 98, 341–354.
[CrossRef] [PubMed]

31. Van Loon, L.J.C.; Koopman, R.; Stegen, J.H.C.H.; Wagenmakers, A.J.M.; Keizer, H.A.; Saris, W.H.M.
Intramyocellular lipids form an important substrate source during moderate intensity exercise in
endurance-trained males in a fasted state. J. Physiol. 2003, 553, 611–625. [CrossRef] [PubMed]

32. Knechtle, B.; Knechtle, P.; Rosemann, T.; Oliver, S. Atriple iron triathlon leads to a decrease in total body
mass but not to dehydration. Res. Q. Exerc. Sport 2010, 81, 319–327. [CrossRef] [PubMed]

33. Knechtle, B.; Schwanke, M.; Knechtle, P.; Kohler, G. Decrease in body fat during an ultra-endurance triathlon
is associated with race intensity. Br. J. Sports Med. 2008, 42, 609–613. [CrossRef] [PubMed]

34. Knechtle, B.; Knechtle, P.; Rosemann, T. No exercise-associated hyponatremia found in an observational
field study of male ultra-marathoners participating in a 24-h ultra-run. Phys. Sportsmed. 2010, 38, 94–100.
[CrossRef] [PubMed]

35. Bescos, R.; Rodriguez, F.A.; Iglesias, X.; Benitez, A.; Marina, M.; Padulles, J.M.; Torrado, P.; Vazquez, J.;
Knechtle, B. High energy deficit in an ultraendurance athlete in a 24-h ultracycling race. In Baylor University
Medical Center Proceedings; Taylor & Francis: Abingdon-on-Thames, UK, 2012; Volume 25, pp. 124–128.

36. Chlíbková, D.; Knechtle, B.; Rosemann, T.; Žákovská, A.; Tomášková, I.; Shortall, M.; Tomášková, I. Changes
in foot volume, body composition, and hydration status in male and female 24-h ultra-mountain bikers.
J. Int. Soc. Sports Nutr. 2014, 11, 12. [CrossRef] [PubMed]

37. Chlíbková, D.; Knechtle, B.; Rosemann, T.; Tomášková, I.; Chadim, V.; Shortall, M. Nutrition habits in 24-h
mountain bike racers. SpringerPlus 2014, 3, 1–11. [CrossRef] [PubMed]

38. Stewart, I.B.; Stewart, K.L. Energy balance during two days of continuous stationary cycling. J. Int. Soc.
Sports Nutr. 2007, 4, 15. [CrossRef] [PubMed]

39. Knechtle, B.; Knechtle, P.; Kohler, G. The effect of 1,000 km nonstop cycling on fat mass and skeletal muscle
mass. Res. Sports Med. 2011, 19, 170–185. [CrossRef] [PubMed]

40. Traiperm, N.; Gatterer, H.; Burtscher, M. Plasma electrolyte and hematological changes after marathon
running in adolescents. Med. Sci. Sports Exerc. 2013, 45, 1182–1187. [CrossRef] [PubMed]

41. Pastene, J.; Germain, M.; Allevard, A.M.; Gharib, C.; Lacour, J.R. Water balance during and after marathon
running. Eur. J. Appl. Physiol. Occup. Physiol. 1996, 73, 49–55. [CrossRef] [PubMed]

42. Hoffer, E.C.; Meador, C.K.; Simpson, D.C. Correlation of whole-body impedance with total body water
volume. J. Appl. Physiol. 1969, 27, 531–534. [CrossRef] [PubMed]

43. Knechtle, B.; Marchand, Y. Variations of the body weight and the skinfold thickness in an athlete during a
very long lasting endurance exercise. Schweiz. Z. Sportmed. Sporttraumatol. 2003, 51, 174–178.

44. Knechtlel, B.; Zapf, J.; Zwyssig, D.; Lippuner, K.; Hoppeler, H. Energy turnover and muscle structure in
long-duration exercise: A case study. Schweiz. Z. Sportmed. Sporttraumatol. 2003, 51, 180–187.

45. Klapcinska, B.; Waskiewicz, Z.; Chrapusta, S.J.; Sadowska-Krepa, E.; Czuba, M.; Langfort, J. Metabolic
responses to a 48-h ultra-marathon run in middle-aged male amateur runners. Eur. J. Appl. Physiol. 2013,
113, 2781–2793. [CrossRef] [PubMed]

46. Waskiewicz, Z.; Klapcinska, B.; Sadowska-Krepa, E.; Czuba, M.; Kempa, K.; Kimsa, E.; Gerasimuk, D. Acute
metabolic responses to a 24-h ultra-marathon race in male amateur runners. Eur. J. Appl. Physiol. 2012, 112,
1679–1688. [CrossRef] [PubMed]

47. Berneis, K.; Keller, U. Bioelectrical impedance analysis during acute changes of extracellular osmolality in
man. Clin. Nutr. 2000, 19, 361–366. [CrossRef] [PubMed]

http://dx.doi.org/10.1055/s-2004-821136
http://www.ncbi.nlm.nih.gov/pubmed/16037895
http://dx.doi.org/10.1123/ijspp.2015-0051
http://www.ncbi.nlm.nih.gov/pubmed/26215121
http://dx.doi.org/10.1186/s40064-015-1445-1
http://www.ncbi.nlm.nih.gov/pubmed/26543784
http://dx.doi.org/10.1007/s00421-013-2670-3
http://www.ncbi.nlm.nih.gov/pubmed/23748466
http://dx.doi.org/10.1007/s00421-006-0279-5
http://www.ncbi.nlm.nih.gov/pubmed/16902796
http://dx.doi.org/10.1113/jphysiol.2003.052431
http://www.ncbi.nlm.nih.gov/pubmed/14514877
http://dx.doi.org/10.1080/02701367.2010.10599680
http://www.ncbi.nlm.nih.gov/pubmed/20949852
http://dx.doi.org/10.1136/bjsm.2007.040956
http://www.ncbi.nlm.nih.gov/pubmed/18048432
http://dx.doi.org/10.3810/psm.2010.12.1831
http://www.ncbi.nlm.nih.gov/pubmed/21150148
http://dx.doi.org/10.1186/1550-2783-11-12
http://www.ncbi.nlm.nih.gov/pubmed/24661412
http://dx.doi.org/10.1186/2193-1801-3-715
http://www.ncbi.nlm.nih.gov/pubmed/25674455
http://dx.doi.org/10.1186/1550-2783-4-15
http://www.ncbi.nlm.nih.gov/pubmed/17974033
http://dx.doi.org/10.1080/15438627.2011.582827
http://www.ncbi.nlm.nih.gov/pubmed/21722005
http://dx.doi.org/10.1249/MSS.0b013e3182831a93
http://www.ncbi.nlm.nih.gov/pubmed/23274613
http://dx.doi.org/10.1007/BF00262808
http://www.ncbi.nlm.nih.gov/pubmed/8861668
http://dx.doi.org/10.1152/jappl.1969.27.4.531
http://www.ncbi.nlm.nih.gov/pubmed/4898406
http://dx.doi.org/10.1007/s00421-013-2714-8
http://www.ncbi.nlm.nih.gov/pubmed/24002469
http://dx.doi.org/10.1007/s00421-011-2135-5
http://www.ncbi.nlm.nih.gov/pubmed/21879351
http://dx.doi.org/10.1054/clnu.2000.0133
http://www.ncbi.nlm.nih.gov/pubmed/11031076


Sports 2018, 6, 136 10 of 10

48. Slinde, F.; Rossander-Hulthen, L. Bioelectrical impedance: Effect of 3 identical meals on diurnal impedance
variation and calculation of body composition. Am. J. Clin. Nutr. 2001, 74, 474–478. [CrossRef] [PubMed]

49. Nikolaidis, P.T.; Knechtle, B. Age of peak performance in 50-km ultramarathoners—Is it older than in
marathoners? Open Access J. Sports Med. 2018, 9, 37–45. [CrossRef] [PubMed]

50. Nikolaidis, P.T.; Knechtle, B. Performance in 100-km ultra-marathoners—At which age it reaches its peak?
J. Strength Cond. Res. 2018. [CrossRef] [PubMed]

© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/ajcn/74.4.474
http://www.ncbi.nlm.nih.gov/pubmed/11566645
http://dx.doi.org/10.2147/OAJSM.S154816
http://www.ncbi.nlm.nih.gov/pubmed/29535560
http://dx.doi.org/10.1519/JSC.0000000000002539
http://www.ncbi.nlm.nih.gov/pubmed/29489731
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	The Runner 
	The Race 
	Procedures 
	Statistical Analysis 

	Results 
	Discussion 
	Decrease in Running Speed 
	Change in Body Mass 
	Changes in Body Water during the Race 
	Limitations, Strength and Practical Applications 

	Conclusions 
	References

