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Abstract: It is well known that elderly people up to 90 years of age are able to finish a marathon.
We have no knowledge, however, how runners at the age of 90 years or older pace during a long
run. In this case report, we describe the pacing of a 94-year-old man competing in a 6-hour run
in order to prepare for a marathon at the age of 95 years in category M95. In the “6-StundenLauf ” held in Brugg, Switzerland, participants have to run as many laps of 0.934 km as possible
on a completely flat circuit within 6 hours to achieve as many kilometers as possible. Before
and after the competition we measured body weight, percentage of body fat, fat-free mass and
percentage of body water using a bioelectrical impedance scale. On the day before the start, 24
hours after the finish and then every 24 hours for the following 4 days, capillary blood samples
at a fingertip were drawn to determine hemoglobin, hematocrit, leukocytes, platelets, C-reactive
protein, creatine kinase, creatinine and potassium and sodium. The runner achieved 26 laps
during the 6 hours, equal to 24.304 km. Lap times increased continuously and running speed
decreased nearly linearly. A large main effect of time point (hours) of the race on running speed
was observed (p=0.015, h2=0.48) with running speed being slower in the last hour than that
in the first hour (3.5±1.4 km/h versus 5.3±0.4 km/h). Body mass decreased by 0.6%, percent
body fat by 1.4% and fat-free mass by 0.7%. During recovery, hemoglobin, hematocrit and the
number of thrombocytes increased, whereas the number of leukocytes remained unchanged.
C-reactive protein was highest on day 1 after the race and decreased by day 4 nearly to zero.
Creatine kinase was slightly elevated pre-race, highest the day after the race and remained
slightly elevated until day 4. Creatinine and potassium were increased pre-race but returned to
normal values during recovery. Sodium remained within normal values on all days. Based on the
linear decrease in running speed, we extrapolated for the marathon distance to run a marathon
in age group M95 (i.e., male marathoners aged 95–99 years). In the worst-case scenario (i.e.,
the athlete develops maximal fatigue), he would stop the race before 40 km, in the best scenario
(i.e., the athlete develops minimal fatigue), he would achieve an overall race time of ~8.3 hours
and in the most probable scenario (i.e., the athlete can continue in the same manner), the final
race time will be longer than 11 hours.
Keywords: master athlete, elderly, endurance, performance, running

Introduction

Correspondence: Beat Knechtle
Medbase St. Gallen Am Vadianplatz,
Vadianstrasse 26, St. Gallen 9001,
Switzerland
Tel +41 71 226 93 00
Fax +41 71 226 93 01
Email beat.knechtle@hispeed.ch

Master athletes (i.e., athletes older than 35 years) are continuously extending their
limits in athletic performance.1 It is well known that more and more elderly people
older than 75 years are able to run marathons.2–4 In case reports5–7 and analyses from
marathon races3,8 or World Championships,9 it has been reported that athletes of over
80 years or even over 90 years are able to finish a marathon. The world record in age
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group M85 was set by the Canadian Ed Whitlock on October
12, 2016, in Toronto, Canada, in a time of 03:56:38 h:min:s.
The world record in age group M90 in marathon running was
set on March 6, 2005, in Los Angeles by the US-American
Ernest Van Leeuwen in a time of 06:46:34 h:min:s.10 To date,
no official world record in age group M95 has been set and
accepted by World Master Athletics.
An important aspect in endurance sports such as running
is pacing. Pacing describes the tactical behavior of an athlete
during a competition.11 Pacing in running has been studied so
far for elite athletes over different distances such as a halfmarathon,12 a marathon13 and ultra-marathon running races
of different distances.14,15
Recently, pacing of age group marathoners competing in
the “New York City Marathon” up to the age group 80–84
years has been investigated.16,17 When pacing between the
different age group athletes was compared, differences were
found between younger and older athletes.18 Athletes in older
age groups paced relatively more even compared to athletes
in younger age groups, where the trend was more remarkable
in the relatively slower athletes. Overall, older runners pace
differently with smaller changes during the marathon than
younger runners with similar race time.19
We have, however, no knowledge about pacing in marathoners older than 90 years. In this case report, we analyze
the pacing of a 94-year-old runner who competed in a 6-hour
run in order to prepare for a marathon at the age of 95 years.
He has the official European record in the category M90
with 6:48 h:min5 and we expected that he would not be able
to run at the age of 94 years at the same running speed of
~6.19 km/h as he did at the age of 90 years.

Methods
The runner
Our runner is a 94-year-old man (71.4 kg, 173 cm, BMI
23.9 kg/m2) who has already successfully completed many
10 km runs, half marathons6 and some marathons in his life at
older ages.5 As a master runner, he won several gold medals at
the European Championships over 10 km and half marathon
in the events of the European Veteran Athletic Association
in the older age categories such as M80, M85 and M90.5,6
During the pre-race preparation, during and after the run,
his primary care physician monitored all training, competition and recovery phase. The runner provided his written
informed consent to the analysis and publication of his data.
As part of his preparation for the next marathon at the
age of 95 years in the category M95, he wanted to compete
in a 6-hour run for training purposes in order to reach as
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many kilometers as possible in a long training session. His
training in the pre-race preparation consisted of daily running
his usual lap during about 1 hour.

The race
On September 24, 2017, the start of the “6-Stunden-Lauf ”
in Brugg, Switzerland, was held.20 The course is located in
Schacheninsel in Brugg. It is a completely flat circuit of
0.934 km where athletes have to run as many laps as possible
within the time limit. With an electronic chip at the ankle,
each lap is measured by an official timekeeping company.
When the athlete enters the last lap, he takes a little sack with
the starting number on it and leaves it at the final whistle on
the edge of the road. The organizer then measures the distance
so that the full distance can be measured exactly.
The organizer offers a buffet where the runners have
available to them on each lap drink (e.g., water, tea warm,
caffeinated drinks, isotonic sports drink, broth, malt beer, red
bull, coffee) as well as food (e.g., pasta, potatoes, bread with
various pads such as cheese or jam, salt brezels, chips, peanuts, bars, cakes, chocolate, biscuits, fruits such as bananas,
oranges, watermelons, and grapes). Alternatively, the runners
can be supported by their own support crews. The runners can
also take individual breaks.
At the time of the start in the morning at 06:00 a.m., the
temperature was 9.6°C, which rose to 20.7°C in the noon.
The sky was practically cloud free.21

Measurement
Before the competition, we measured the body weight, the
percentage of body fat, the fat-free mass and the percentage
of body water using a bioelectrical impedance scale Tanita
BC-545 (Tanita, Arlington Heights, IL, USA) to repeat the
measurement after the run. The Tanita method was evaluated
and cross-validated using the dilution method for total body
water and dual energy X-ray absorptiometry for percent
body fat in 104 men and 101 women aged 16–78 years.22
In the same study, a reliability check of Tanita BC-545 was
conducted on 28 male runners prior to testing to ensure
reliability in determination of percent total body water and
no significant difference between the two trials was found
(p>0.05) with the intra-class correlation being high (r=0.99).
On the day before the start, 24 hours after the finish
and then every 24 hours for the following 4 days, capillary
blood samples were drawn from a fingertip. We measured
hemoglobin, hematocrit, leukocytes, platelets, C-reactive
protein, creatine kinase, creatinine, potassium and sodium.
Hematological analysis was performed with the ABX Micros
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Pearson correlation coefficient r examined the relationship of
race time and speed with lap. The magnitude of the correlations were evaluated as trivial, r<0.10; small, r=0.10–0.30;
moderate, r=0.30–0.50; large, r=0.50–0.70; very large,
r=0.70–0.90; and almost perfect r>0.90. A one-way analysis
of variance examined the differences among hours (i.e., how
many kilometers the athlete achieved hourly) across the race.
The magnitude of the differences was classified as trivial
(h2<0.01), small (0.01≤h2<0.06), medium (0.06≤ h2<0.14) and
large (h2≥0.14). Significance level was set at alpha=0.05. In
addition, we analyzed linear regression of running speed by
lap to predict race time for the marathon distance. Particularly,
we examined three scenarios: pessimistic, moderate or optimistic, and calculated the corresponding marathon race times.

Results
Performance

Changes of anthropometric and
laboratory results
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During the race, body mass decreased by 0.6%, percent body
fat by 1.4% and fat-free mass by 0.7% (Table 1). During the
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The athlete achieved 26 laps during the 6 hours, equal to 24.304
km. Lap times increased continuously during the 6 hours
(Figure 1) and consequently running speed decreased (Figure
2). A large main effect of the time point (hours) in the race
on running speed was observed (p=0.015, h2=0.48) with the
running speed in the last hour being slower than that of the
first hour (3.5±1.4 km/h versus 5.3±0.4 km/h) (Figure 3). Most
laps were completed at a running speed of 4.5 km/h (Figure 4).
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CRP 200 medical lab (HORIBA Medical, Montpellier,
France), and the analysis of the serum parameters was done
with the Fuji Dri-Chem 4000i analysis system (FUJIFILM
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Figure 1 Lap time during the race.
Note: Dash lines represent 95% CIs.
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recovery phase, hemoglobin, hematocrit and thrombocytes
increased, whereas leukocytes remained unchanged. C-reactive protein was highest on day 1 after the race and decreased
by day 4 nearly to zero. Creatine kinase was slightly elevated
pre-race, highest the day after the race and remained slightly
elevated until day 4. Creatinine and potassium were increased
pre-race but returned to normal values during the recovery.
Sodium remained within normal values on all days (Table 2).
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Table 1 Results of the bioelectrical impedance analysis
Parameter

Pre-race

Post-race

Absolute change

Percent change

Body mass (kg)
Body fat (%)
Body water (%)
Visceral fat mass (kg)
Fat-free mass (kg)

71.4
14.5
64.3
14
58.1

71.0
14.3
64.0
14
57.7

−0.4
−0.2
−0.3
0
−0.4

−0.6
−1.4
−0.5
0
−0.7

Table 2 Results of the laboratory analyses
Parameter

Reference

Pre-race

Day 1

Day 2

Day 3

Day 4

Hemoglobin
Hematocrit
Leukocytes
Thrombocytes
C-reactive protein
Creatine kinase
Creatinine
Potassium
Sodium

14.0–18.1 mg/L
37%–51%
3.8–10.7 G/l
130–394 G/l
<5 mg/L
40–200 U/l
53–97 μmol/L
3.8–5.0 mmol/L
136–149 mmol/L

16.3
52.5
8.9
246
0.0
259*
103*
5.5*
140

16.2
50.3
9.6
220
17.5*
1194*
86
4.3
142

16.4
52.0
8.8
238
8.1*
528*
83
4.5
143

16.5
53.4
7.5
239
3.4
435*
83
4.5
141

17.2
55.1
8.7
256
1.7
401*
89
4.4
144

Note: *Out of reference.

Discussion
We found in this 94-year-old runner a continuous and linear
decrease in running speed (i.e., positive pacing) during the
6 hours and only some minor changes in anthropometric and
laboratory analyses.
Regarding the results of the bioelectrical impedance
analysis, the stress on the body can be rated as minor. This
is most probably due to the low running speed of ~6 km/h at
the beginning and then turning to walking at a mean walking
speed of ~4.5 km/h. Regarding the overall performance, mean
walking speed was ~4.0 km/h, due to two longer breaks in laps
11 and 24 (Figure 1). The decrease in fat-free mass was most
probably due to the depletion of intramyocellular glycogen
stores as it has been described for long-distance triathletes.23
Creatine kinase generally increases after a longer run as
a measure of skeletal muscle damage24 where the increase
depends on the age of the athlete and the length of the race.25,26
An explanation for the relatively low increase in creatine
kinase might be the low fat-free mass of the athlete due to
his older age. With increasing age, fat-free mass decreases
and the decrease in muscle fibers cannot be prevented by
increased physical exercise.27 Considering skeletal muscle
damage, also C-reactive protein increased. Similarly to
creatine kinase, the post-race increase in C-reactive protein
depends on age and length of the race.25
Plasma sodium was held with the reference range at
pre-race, post-race and during the days after the race. Exercise-associated hyponatremia – defined as plasma sodium
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concentration below 135 mmol/L – is often found in slow runners.28 To date, old age has not been identified as a potential risk
factor for exercise-associated hyponatremia, although elderly
marathon runners compete rather slowly.8 Based on these
laboratory data, we can assume that running during 6 hours by
a trained 94-year-old man has no negative impact on health.
The present 94-year-old runner was not able to increase
running speed in the final laps for an end spurt. Recently, a
final end spurt has been described in master runners competing in the “New York City Marathon”17 independent of the
age.19 On the other hand, older master runners adopt a more
even pacing than their younger counterparts, i.e., they present smaller changes in their speed,17 which might explain the
absence of an end spurt in the runner of this study. This is most
probably due to the age-related decrease in skeletal muscle
with changes in fiber type, with a shift toward a higher percentage of type I fibers causing slowdown in master athletes.
When we consider the rather linear increase in lap times
with a mainly linear decrease in running speed, we might
extrapolate the performance to the marathon distance since
this runner intends to run a marathon at the age of 95 years
in M95 in 1 year. When we extrapolate his actual running
speed, we may consider a pessimistic scenario (i.e., the athlete
develops maximal fatigue after the actually completed 24 km),
a moderate scenario (i.e., the athlete can continue after 24
km with the same running speed) and an optimistic scenario
(i.e., the athlete develops minimal fatigue and/or improves
performance due to improvements in training) (Table 3). In
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the worst-case scenario, the athlete would stop the race before
40 km; in the best scenario, he would achieve an overall race
time of ~8.3 hours and in the most probably scenario; and
in the final race time will be longer than 11 hours (Table 3).
This dramatic increase in overall race time from 6:48:55
h:min:s at the age of 90 years5 to ~8.3 hours at his best must
be expected regarding the analysis of the development of
marathon race times of the outstanding Canadian marathoner
Ed Whitlock.29 His age-related performance decline increased
after the age of 80 years and was drastically amplified after the
age of 85 years despite the exceptional running performances
for his advanced age (Table 4).
One could also question the quality of the performance
level of our runner in order to extrapolate his data for a potential world record in marathon running in M95. Considering
the official world records in master marathoners regarding
World Master Athletics (Table 4), Ernest Van Leeuwen
achieved a marathon race time of 6:46 h:min at the age of 92
years in 2005, whereas the official European record of our
runner is 6:48:55 h:min:s, which is only 2 minutes more than

the official world record. We think, indeed, that our calculations and extrapolations may be very reliable for a potential
future world record in marathon running in M95.
The most likely explanation for a dramatic decrease in
running performance from the 8th to the 9th decade is the
decrease in maximum oxygen uptake (VO2max). In a 91-yearold man who had completed 627 marathons and 117 ultramarathons over 42 years, VO2max declined from 43 mL/kg/
min to 20 mL/kg/min between the age of 68 and 89 years. It
was also found that his marathon times were highly correlated
with his VO2max.30 Regarding our runner, he achieved a VO2max
of 31 mL/kg/min at the age of 90 years before his marathon
of 6:48:55 h:min:s.5 Most probably, our runner will be able
to run a marathon at the age of 95 years, with only VO2max as
limiting factor. Similarly, in an 81-year-old man who competed in 591 marathons, a curvilinear decrease in marathon
race times occurred when he reached the 9th decade. There
was a significant relation between the decrease in VO2max and
marathon race times, and the decrease in VO2max was strongly
correlated with the increase in age.7

Table 3 Extrapolation of the actual performance for the marathon distance
Parameter

Scenarios for running a marathon at the age of 95 years

Speed (y) versus lap (x)
End speed (at x=45.2)d
Start speed (at x=1)
Average speede
Marathon time

Pessimistica

Moderateb

Optimisticc

y=−0.113 x + 4.798
−0.31 km/h
4.69 km/h
2.19 km/h
---f

y=−0.075 x + 5.378
1.99 km/h
5.30 km/h
3.65 km/h
11.6 h

y=−0.038 + 5.958
4.24 km/h
5.92 km/h
5.08 km/h
8.3 h

Notes: aThe pessimistic scenario considers that the athlete develops maximal fatigue, i.e., the highest slope value and the lowest y-intercept value of 95% CI are applied.
b
The moderate scenario considers that the speed follows the average trend across time, i.e., the best-fit values are applied. cThe optimistic scenario considers that the
athlete develops minimal fatigue, i.e., the lowest slope value and the highest y-intercept value of 95% CI are applied. d42.195 km/0.934 km per lap=45.2 laps. eIt is calculated
as the quotient (start speed + end speed)/2. fSince the end speed is negative, the athlete will be expected to abandon the race at the (4.798/0.113=42.4) 43rd lap or 39.6 km.

Table 4 Master world records in marathon running following World Master Athletics
Age group

Time (h:min:s)

Name

Nationality

Age
(years)

Date

Location

M 35
M 40
M 45
M 50
M 55
M 60
M 65
M 70
M 75
M 80
M 85
M 90

2:03:59
2:08:46
2:15:51
2:19:29
2:25:56
2:36:30
2:41:57
2:54:48
3:04:54
3:15:54
3:56.38
6:46:34

Haile Gebrselassie
Andres Espinosa
Kjell-Erik Stahl
Titus Mamabolo
Piet van Alphen
Yoshihisa Hosaka
Derek Turnbull
Ed Whitlock
Ed Whitlock
Ed Whitlock
Ed Whitlock
Ernest Van Leeuwen

ETH
MEX
SWE
RSA
NED
JPN
NZL
CAN
CAN
CAN
CAN
USA

35
40
45
50
55
60
65
73
76
80
85
92

28/09/2008
28/09/2003
29/09/1991
20/07/1991
19/04/1986
01/02/2009
12/04/1992
26/09/2004
15/04/2007
16/10/2011
16/10/2016
06/03/2005

Berlin, GER
Berlin, GER
Berlin, GER
Durban, RSA
Rotterdam, NED
Beppu City, JPN
London, GBR
Toronto, CAN
Rotterdam, NED
Toronto, CAN
Toronto, CAN
Los Angeles, USA

Note: Data are taken from www.world-masters-athletics.org/records/nonstadiamen.pdf.
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Limitations
This case study is limited by the athlete’s physiological,
psychological and training characteristics. Strength of the
study was its novelty, since limited data existed on pacing
of old master runners. Considering the increased participation of master runners in endurance and ultra-endurance
races, these findings have practical applications for coaches
and fitness trainers working with them. The findings of the
present study add to the body of the existing literature17–19
suggesting a relatively even pacing in the older master
runners.

Conclusion
In conclusion, a 94-year-old runner shows a linear decrease
in running speed during a 6-hour run with no final end spurt.
Extrapolation of his actual race performance for a planned
marathon at the age of 95 years would lead to an expected
marathon race time of ~8.3 hours in the best case.
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