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Abstract
Background: A peak performance age depends on several variables.
Objective: The aim of our study was to identify the peak performance age of athletes in the Czech
Republic in terms of middle- and long-distance running and to find out whether it has changed over
the years that is between 1945 and 2019.
Methods: We determined the peak performance age of top fifty, twenty and five runners each year.
22,350 available performances were analysed. Sources of our data were the yearbooks of the Czech
Athletic Federation. We have also analysed the differences in peak performance ages across individual
disciplines. To determine the statistical significance of the age difference of runners competing on
individual tracks, we used the t-test, and through Cohen's d we determined the practical significance of
these differences.
Results: The peak performance age is significantly higher (p = .0015 and less) for longer tracks as
each shorter track demonstrated lower peak performance age. The age of the best runners in Czech
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Republic: 800 m: 23.92±1.77 years, 1500 m: 24.97±1.65, 3000 m steeple: 26.07±2.26 years, 5000 m:
26.51±2.30 years, 10000 m: 27.91±4.03 years, marathon: 30.88±2.42 years. We have observed the
lowest age   of runners during the period starting in the late 1960s to the mid-1980s.
Conclusions: The longer the track is, the higher the age of peak performance. This agrees with the
physiological requirements of each disciplines, and it also corresponds with the maturity level of
European athletes.
Key words: running, peak performance age, history, middle- and long-distance running, Czech
Republic

Introduction
A lot of studies deal with peak performance age. Some of them set the age of peak
performance using a group of medallists who participated in the world's top competitions.
There is no universal age of peak performance for running events (or for other sports). The
age is always related to a particular event and set of athletes, it also differs for various
populations [1-3] and it is also largely an individual matter [2]. The age of peak performance
is also influenced by genetic factors, adolescence age, and social and economic impacts. In
some communities and cultures, there may be some delay or acceleration in the age of peak
performance. A large number of studies indicate a similar age range of peak performance for
runners on individual tracks [3-6] but there are also studies that provide different results [1, 2].
Middle- and long-distance running represent a group of events that share some
common features which, however, make them also different from other athletic events [7, 8].
In particular, this applies to the structure of performance [7, 9]. Nevertheless, there are still
some differences between individual events, which are largely based on the somatic and
physiological requirements of individual events. The biggest difference is due to a dissimilar
proportion of applying aerobic and anaerobic processes which are involved in the creation of
the energy needed to achieve the performance. Therefore, for our sample of population we
assumed that the age of peak performance would be different for individual events [1, 2].
The length and contents of training and also the implementation or absence of
individual phases of sports training affect the peak performance age. Athletes who undergo
age-appropriate training utilising all stages of sports training are able to maintain their peak
performance longer and even maintain it at higher age. By contrast, athletes who use early
specialisation in training usually achieve peak performance sooner but are able to maintain it
for a shorter period only [4, 9-14]. The aim of our study was to identify the age of peak
performance in the Czech Republic in terms of middle- and long-distance running and to find
out whether it has changed over the last 75 years. Unlike studies that examined the age of
peak performance at global level [1-3, 5, 6, 15] we used a regional study carried out in a
country with ten million inhabitants, located in central Europe. The Czech Republic can boast
world-class runners such as Emil Zátopek, Josef Odložil, Jakub Holuša, etc.
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Methods
Participants
The subject of the study is a time-based research which starts after the end of the
Second World War and ends in our present. That means the study uses the entire period of
time from which records are available. We analysed the age structure of the top 50 runners
every year who were specialising in 800 m, 1,500 m, 3,000 m steeplechase (3,000 m st.),
5,000m, 10,000 m and in marathon between 1945 and 2019. Altogether we analysed 22,350
available times/performances achieved by athletes on the above tracks.
Procedures
The reported age for the given performance was given to the nearest 0.1 year. Sources
of our data were the yearbooks of the Czech Athletic Federation (ČAS) and the Czechoslovak
Association of Physical Education and Sport (ČSTV) [16-18]. These tables show the top
50 athletes of each season, except for the years 1945–1947, 1990 and 1991, when fewer
performances were recorded. An average from the best 50 performances after 1948 was used
in the analysis. In each event we observed the peak performance age during each season of a
narrow group of top athletes (top 5), wider group (top 20 athletes) and general group (top 50
athletes). We also analysed the differences in the peak performance age across individual
events.
Statistical analysis
By performing the t-test we determined the statistical significance of the differences in
the age of runners specialising in individual tracks. Using Cohen's d we determined the
practical significance of these differences.
Results
Figure 1 shows the progress of the performance age of the top 50 runners in the Czech
Republic in each event from 1945 (based on the available data) until 2019. It is obvious that
the lowest age of peak performance is the lowest for the shortest track and the highest for the
longest track. This relationship was also confirmed by statistical calculations, see Table 1. In
the group of the top 50 runners there are practically (with a large effect size) and statistically
(p <0.001) significant differences in the age in terms of individual events. We may say that
there is a direct proportion between the track’s length and the peak performance age.
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Figure 1. Age of peak performance in middle and long tracks in the Czech Republic between
1945 and 2019 showing the average age of the top 50 runners for each given year.

Table 1. Practical significance of the age of peak performance in individual events for 50 best
runners each year between 1945 and 2019
800 m
800 m
1,500 m
3,000 m st.
5,000 m
10,000 m
marathon

0.90
2.26
3.27
4.96
5.27

1,500 m
0.90
1.21
2.41
4.07
4.80

3,000 m st. 5,000 m
2.26
3.27
1.21
2.41
1.43
1.43
3.13
1.54
4.26
3.34

10,000 m
4.96
4.07
3.13
1.54
2.42

marathon
5.27
4.80
4.26
3.34
2.42

Note: All differences are also statistically significant at p ˂ .001 level.
As for the group of best 20 runners (see Figure 2), which represents the wider group of
top runners in each event, we see that the results are almost identical with those for the top 50
runners in the given event. The age is statistically significantly different for individual tracks,
and it increases in terms of statistical significance gradually from the shortest to the longest
(see Table 2). These differences are also practically significant with a large effect size, except
for 1,500 and 3,000 m steeplechase, where the differences are practically significant with a
medium effect size.
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Figure 2. Age of peak performance for middle and long tracks in the Czech Republic showing
the average of top 20 runners for each given year during the period between 1945 and 2019.

Table 2. Practical significance of the difference in peak performance age between individual
events for the top 20 runners each year
800 m
800 m
1,500 m
3,000 m st.
5,000 m
10,000 m
marathon

1.02
1.76
2.50
3.47
2.74

1,500 m
1.02
0.68
1.59
2.59
2.38

3,000 m st. 5,000 m
1.76
2.50
0.68
1.59
0.99
0.99
1.98
0.96
2.13
1.70

10,000 m
3.47
2.59
1.98
0.96
1.25

marathon
2.74
2.38
2.13
1.70
1.25

Note: All differences are also statistically significant at p ˂ .001 level.
In the group of top 5 runners in each event (see Figure 3), which represents a narrow
group of best runners, they are consistent with the results demonstrated by the group of top 20
runners in the given event.
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Figure 3. Age of peak performance for middle and long tracks in the Czech Republic showing
the average of top 5 runners for each given year during the period between 1945 and 2019.

Table 3. Practical significance of the difference in the peak performance age between
individual events for the top 5 runners per each year
800 m
800 m
1,500 m
3,000 m st.
5,000 m
10,000 m
marathon

0.54
1.07
1.56
2.39
2.18

1,500 m
0.54
0.65
1.19
2.06
1.96

3,000 m st. 5,000 m
1.07
1.56
0.65
1.19
0.54
0.54
1.25
0.75
1.57
1.27

10,000 m
2.39
2.06
1.25
0.75
0.84

marathon
2.18
1.96
1.57
1.27
0.84

Note: All differences are also statistically significant at p ˂ .001 level, excluding: 800 m ×
1,500 m (p = .0012), 3,000 m st. × 5,000 m (p = .0015).
The age is statistically different for individual tracks, and it increases from the shortest
to the longest - the significance of the statistic is increasing gradually (see Table 3). These
differences are also practically significant with a large effect size, with the exception of the
following track pairs: 800 m and 1,500 m, 1,500 and 3,000 m steeplechase, 3,000 m
steeplechase and 5,000 m, 5,000 m and 10,000 m, 10,000 m and marathon, i.e. track pairs that
are closest to each other. For these pairs of tracks, the differences are statistically significant
with a medium effect size.
The average age of the best runners in each year and in each group (from the top five
to the top fifty in each year) is shown in Table 4. These data confirm the increase in the age
with the increasing track length.
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Table 4. Age (average ± SD) of the best runners in different groups between 1945 and 2019 in
individual events

800 m
1,500 m
3,000 m st.
5,000 m
10,000 m
marathon

top 50 in
each year age [years]
22,60 ± 0,89
23,44 ± 0,96
24,59 ± 0,87
26,07 ± 1,19
27,93 ± 1,21
32,77 ± 2,51

top 30 in
each year age [years]
22,79 ± 0,95
23,72 ± 1,05
24,63 ± 0,89
26,02 ± 1,23
27,69 ± 1,22
32,12 ± 4,50

top 20 in
each year age [years]
22,96 ± 1,00
24,05 ± 1,09
24,83 ± 1,11
26,12 ± 1,48
27,59 ± 1,59
31,73 ± 4,41

top 10 in
each year age [years]
23,25 ± 1,24
24,39 ± 1,34
25,13 ± 1,51
26,15 ± 1,68
27,70 ± 1,81
31,17 ± 4,28

top 5 in
each year age [years]
23,73 ± 1,52
24,50 ± 1,30
25,54 ± 1,78
26,47 ± 1,96
27,94 ± 1,97
30,71 ± 4,26

top 3 in
each year age [years]
23,92 ± 1,77
24,97 ± 1,65
26,07 ± 2,26
26,51 ± 2,30
27,91 ± 4,03
30,88 ± 2,42

Discussion
The situation in Central Europe was very complicated after the end of the Second
World War and it was not easy to do sports. However, these conditions were improving
rapidly and supported a quick development of sports. In Czechoslovakia, the number of
available stadiums was increasing steadily, especially during the 1960s. The first athletics hall
was opened in 1968 in Jablonec and two years later the first track with artificial surface was
built in Strahov, Prague. Tracks in Ostrava and Třinec quickly followed [19-21]. The
construction of three other halls and several other tracks with artificial surface followed and in
1988 seven Tartan surface stadiums were available in the Czech Republic. From the 1950s,
sport became not only a part of social life, but also an instrument of propaganda. This was one
of the reasons why top-level sport was supported by the state [19-21]. Improved conditions
for athletes were mainly provided in so-called army sports clubs and the best state support
available in the mid-1970s was provided through top sports centres (SVS) [20, 22]. Changes
after 1989 caused the breakdown of the existing system which provided a lot of support for
our athletes and, as a result, a major decline in the performance of top athletes belonging to
the wider group, followed [23]. They are still not able to establish and provide a full
replacement for the previous support system [21, 23].
We have recorded the lowest age   of runners during the period starting in the late
1960s to the mid-1980s, both for a group of the top 50 runners in the given year and for the
top 20 and top 5 runners in the given year. This period corresponds with the period of peak
running performances achieved in the Czech Republic [23] which was also the period during
which the state provided the highest support for top-level sport [22]. The average performance
in the marathon event shows a different course than the other events in all monitored groups.
The reason may be that this event is very different from others. It is the only one of the
monitored events where the athletes compete outside of the stadium. A marathon is the only
event where unregistered competitors may enrol. Nevertheless, some of these athletes “end
up” among the 50 best athletes of the season. These athletes are usually significantly older
than the average marathon runner. This has been evident mainly in the last 25 years. Looking
at the numbers of participants in individual marathon events we see that it has become quite
fashionable to run a marathon [8, 24]. The increase in the age of marathon runners has been
gradually occurring, particularly after 1995, which corresponds with the great running boom
in the Czech Republic [21] due to the need to make up for the absence of spontaneous and
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natural exercise [8, 25]. From that year on, a series of half marathon and marathon races
started in the Czech Republic where endurance running has become very popular.
Another difference of this event is that top-level athletes usually compete in the
marathon track only twice a year [7]. It is true that the longer the race track, the smaller the
number of top-level starts are possible, which is again due to the nature of the event [8, 25].
That is why external influences (especially the weather) play a major role in marathon
running as there may be no opportunity to improve the performance in the next race.
The difference in the age   is more significant the greater the difference in track
length. This is consistent with other studies that deal with this topic [3, 5, 6, 26] as well as
with the characteristics of individual events and the physiological requirements of each event
[7, 8]. Some studies dealing with global sporting competitions show that the age of peak
performance in endurance events is different (lower) than those mentioned in our conclusions.
This is due to the success of African runners who achieve peak performance earlier in their
lives than runners from central Europe [1, 2, 15]. In our sample of the top five runners - in
each year, the peak performance age for middle-distance tracks is less than 1 year lower, for
endurance runs it is 0.5-1.5 years higher than the peak performance age published Vobr [5]
for world medallists, and it is almost identical with the conclusions of the study focusing on
the age of medallists who competed at the Olympic Games until 1980 [3] when African
runners were not so dominant.
The peak performance age established by our survey confirms that under Central
European conditions it is advisable to avoid premature specialisation and focus on ageappropriate training instead. Many talents who reach the age when they should be at their best
performance levels are no longer active athletes [10]. This suggests that long-term systematic
work leads to peak performance, and it should not end at adolescence age.
We may say that the greatest fluctuations in the peak performance age seen during the
monitored period are in marathon running. The age curve of the best runners in the Czech
Republic corresponds, to a certain extent, with the level of support athletes receive from the
state. During the previous period when many top sports centres existed and where multiply
more runners specialising in various events were supported, the peak performance age was
significantly lower than it is now. We believe, however, that the results provided by our study
can be helpful and useful when planning for preparations, training programmes or for sport
strategies.
Conclusion
In our study we have presented the age level of the best runners specialising in middle
and long tracks in the Czech Republic and Czechoslovakia after the end of the Second World
War all the way to 2019 during individual years. We have found significant differences in the
age of peak performance between individual events and we may conclude that the longer the
track is, the higher the age of peak performance. This actually agrees with the period of
individual peak motor abilities and physiological requirements of each event, and it also
corresponds with the maturity level of European athletes. We have also established the
progress of the peak performance age over the monitored period. We may say that the greatest
fluctuations in the peak performance age during the monitored period are seen in marathon
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running, where the period with the highest level of performance in history (1970s and 1980s)
corresponds to the lowest age of runners and vice versa.
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