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Abstract

Knowledge of the age at which elite athletes achieve peak performance could provide invaluable infor-
mation for the athletes to plan their career, to carefully select sports events promising successful participa-
tion. We aimed to identify the age at which top athletes achieved their Olympic medals, and to observe
any changes in the average medal-winning age over the last decades. The age of Olympic medallists be-
tween 1960 Rome and 2016 Rio were collected using an online database. Data were gathered from the fol-
lowing individual sports: track and field, swimming, fencing (foil, épée, saber), triple jump, long jump, high
jump, and wrestling (57 events all together). The study evaluates and compares the trends in the age of the
winners in each discipline. Disciplines of this study show one of the two trends: the trend of increasing
age, or trend of decreasing in age. In those disciplines, in which the Olympic medallists were younger than
26 years at the beginning of the examination period, such as swimming, the medallists became older over
the decades. In those disciplines, however, in which the top three were older than 26 years at the begin-
ning of the examination period, such as fencers, younger and younger athletes won their Olympic medals
as time went by. The age and the trend in the changes of the age of the medallists in the examined disci-
plines support the theory of an optimal age, being around 26 years.

Keywords: Olympic medallists; peak performance; 26 years; optimal age; individual sports
Disciplines: sports science
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Absztrakt

MELY ELETKORBAN A LEGVALOSZINUBB EGY OLIMPIAI EREMSZERZES?

Annak ismerete, hogy egy sportolé milyen id6s koraban éri el teljesit6képessége maximumat, fontos
szempont lehet a sportoldi karrier tervezésében, illetve azon sportesemények kivalasztasaban, melyeken a
sportold eredményesen vehet részt. Munkank sordn — az utdbbi évtizedek olimpiai versenyeinek ered-
ményeit felhasznalva — azt az életkort kivantuk azonositani, amikor a sportolék eséllyel indulnak olimpiai
érmek megszerzéséért. Az elemzéshez az 1960-ban Rémaban és a 2016-ban Rio de Janeiroban rendezett
olimpiak kozotti 6sszes olimpia éremszerzéinek online adatbazisokban elérheté adatait hasznaltuk fel. A
kovetkezs egyéni sportiagakat értékeltiik: futds, szas, vivas (kard, tér, parbajtér), harmasugras, magasug-
ras, tavolugras és birkozas, Osszesen 57 versenyszam. Vizsgaltuk, hogy megfigyelhetS-e valamilyen trend az
éremszerzOk életkoranak valtozasaban. Megallapitottuk, hogy mind emelkedd, mind csékkend életkori
trendek azonosithatok, mégpedig tgy, hogy azon sportigak esetén, ahol az éremszerzOk a vizsgalt
peridédus elején 26 évnél fiatalabban voltak — dszas, futds —, ott az atlagos életkor emelkedése, mig amen-
nyiben 26 évnél idSsebbek voltak — vivas —, ott annak csékkenése volt igazolhatd. Osszességében
megallapithatd, hogy a vizsgalt versenyszamok esetén a 26 éves életkor tekinthet$ optimalisnak az olimpiai

éremszerzés szempontjabol.

Kulcsszavak: olimpiai érmesek, csucsteljesitmény, optimalis életkor, egyéni sportagak

Diszciplina: sporttudomany

INTRODUCTION

The modern Olympic Games, held every four
years with more than 200 nations participating, are
considered to be the world’s most prestigious
sports competition. Olympic medallists are flowers
of the nations, they are held in high regard and eve-
ryone respects them. Since the number of pattici-
pants is strictly limited (only qualified competitors
can enter for Olympic events), Olympic Games of-
ten serve as milestones in an athlete’s life.

Knowledge of the age at which elite athletes
achieve peak performance could provide invaluable
information for the athletes, their coaches, and
their clubs to plan a career, to carefully select
events and to make strategic decisions regarding
resource allocation. Adequate information about

incidental variances between the age of peak com-

petitive performance for different sports and
events might help the athlete who is over the hill
for a ,,young sport” to switch to another discipline
where his peak performance is yet to be reached.
The physiological parameters characterizing hu-
man capacities follow a biphasic pattern: perfor-
mance is limited at birth, increases to a maximum
and then decreases back to zero at death (Berthelot
et al, 2012). Both physical and intellectual skills fol-
low such a pattern, except, of course, when inju-
ries, illness, or amnesia ad intferim impair certain ca-
pabilities, which might favourably regained after-
wards. Various biological capacities typically reach
their peak at different stages of an individual’s life
(Simonton, 1988). It would, therefore, be reasona-
ble to assume that the age of peak competitive per-

formance varies between athletes from different
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sports and events, depending on the specific skills
and attributes required for success in a particular
event.

Sports can be divided into three event-type cate-
gories on the basis of the predominant attributes
(explosive power/sprint, endurance, and mixed/
skill) required for success in the given event (Allen
and Hopkins, 2015). In certain sports or events,
such as discus throw, javelin throw, 100 m track
and field or 50 m swimming, performance is main-
ly determined by explosive power or sprint. Mara-
thoners, ultra-cyclists, triathletes, or long-distance
swimmers, on the other hand, mainly require en-
durance to perform. Mixed skills (such as slickness,
suppleness, anticipation, etc.) limit the top pe-
formance of the fencers, golf, or tennis players (Al-
len and Hopkins, 2015). In some disciplines the
key to success is beyond the possibility to predict.
Other than individual capabilities, the success in
team sports is further influenced by harmony and
trust among the players, knowing each other’s
strengths and weaknesses. In case of sports requir-
ing special equipment the effects of the technologi-
cal advances (such as reduction in weight and in
resistance of the bikes) cannot be excluded. Not to
mention judgement-based sports, including figure-
skating, gymnastics, and combat sports, where the
performance would be difficult to connect to the
racer exclusively.

The first systematic review on the topic of age of
peak competitive performance of elite athletes
concluded that the age of peak performance de-
pended on the duration of the event (Allen and
Hopkins, 2015). In explosive power/sprint events,
younger athletes performed better in longer com-
petitions: in athletics throws (taking 1-5 s only) top
performance is estimated at 27 years, while in short
distance swimming (50 m, 100 m, 200 m distances,
taking 21-215 s) best results can be expected from
20-years-old competitors. Conversely, estimates for
endurance events increased with increasing event
duration. The longer the event, the older the age of

peak performance is estimated: in 2-15 min swim-
ming (200-1500 m distances) competitors at the
age around 20 years perform the best, while in
events longer than a day (such as ultra-distance cy-
cling) the peak performance is shifted towards 39
years. A possible interpretation of these observa-
tions is that to each event-duration in each sport
corresponds an ideal age, when the chances of
winning culminate. According to Allen and Hop-
kins (Allen and Hopkins, 2015), the linearly de-
creasing estimates with increasing event duration
for explosive powert/sprint events and the lineatly
increasing estimates with increasing event duration
for endurance events reverse at the age of 21 years
and events of 4 min duration. They have found in-
sufficient data to investigate trends for mixed/skill
events.

Sport performances showed strong development
over the last century (Berthelot et al, 2008), world
records break every other day, thanks to a myriad
of factors. Rising trends can be explained by train-
ing methods becoming more and more effective,
by wider range of modern sportswear and equip-
ment becoming available, by the number of sport
facilities increasing, by conscious nutrition strate-
gies and by the number of competitors increasing
by leaps and bounds. This development seems to
be slowing down recently, suggesting that a limit is
soon to be reached, beyond which the performance
cannot be sharpened any further.

In 2008 it was predicted that half of the world
records will practically not be broken anymore (the
improvement will not exceed 0.05% by 2027; 4). In
light of this the topic of age of peak performance
has become the focus of considerable research in-
terest across many sports and disciplines (Allen and
Hopkins, 2015).

The progressive development of sport perfor-
mances over the last decades raises the question as
to how the population concerned has been altered,
whether or not some definable, measurable charac-

teristics — such as age — of the top athletes contrib-
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uting the ascending performance could be identi-
fied. The aims of this research have been to identi-
fy the age at which top athletes achieved their
Olympic medals, and to observe any changes of the

average medal-winning age over the past 56 years.

MATERIAL AND METHODS
For this research, the age of Olympic medallists

between 1960 Rome and 2016 Rio were collected
using online database, the official website of the
(https:/ /www.olympic.org/).
Sports and disciplines were selected in our study by

Olympic  Games
the following inclusion and exclusion criteria.
Inclusion criteria:

- featured as Olympic event
individual

at least 10 competitions between 1960 and
2016

Exclusion criteria:
- disciplines requiring equipment, where the
technological development might have a
strong influence on the performance (shoot-
ing, pentathlon, cycling, canoe sprint, rowing)
disciplines where the ranking depends on the
judges’ scores (gymnastics artistic, diving)
disciplines where doping is repeatedly con-
firmed (weightlifting, boxing)
equestrian (equestrian dressage, equestrian

eventing, equestrian jumping)

The following sports were chosen: track and field,
swimming, fencing (foil, épée, sabre), triple jump,
long jump, high jump, and wrestling. In track and
field, nearly the full range of Olympic distances
were covered: the 100 m, 200 m, 400 m, 800 m,
1,500 m, 5,000 m, 10,000 m and marathon; hurdles
100 m (F), 110 m (M), 400 m (M, F); steeplechase
000 m (M). Altogether twenty events were chosen
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in long course pool swimming: freestyle 100 m (M,
F), 200 m (M, F), 800 m (F) and 1,500 m (M);
breaststroke 200 m (M, F) and 400 m (M, F); back-
stroke 100 m (M, F) and 200 m (M, F); overhand
stroke 100 m (M, F) and 200 m (M, F); medley 200
m (M, F).

In the statistical analysis the age of all three med-
allists (gold, silver, and bronze) were unweighted,
all data contributed equally to the results without
considering the place. Average age of the genders
were compared using Student’s t-test and Mann-
Whitney nonparametric test.

Evaluation of the trends in age of the winners in
each discipline were performed using analysis of
variance (ANOVA) and Kruskal-Wallis one-way
analysis of variance. Comparisons between the av-
erage age in 1960 and in 2016 are based on the
predicted values using linear regression. Figures
were created using SigmaPlot 12 software (Systat
Software Inc.).

RESULTS

The average age of Olympic medal winners varies
between disciplines and events. Swimmers are the
youngest (20.920.1 years), followed by the athletes
(being 4.7 years older than the swimmers), and
fencers win their medals at the age of 27.2+0.3
years. In some disciplines there are significant dif-
ferences between the medal winning age of men
and women.

In nearly all swimming events men are signifi-
cantly older then women (200 m freestyle is the on-
ly exception).

In 1500 m track and field and in high jump
women are significantly older then men. Olympic
medallist fencer men and women are of similar age.

The changes in the age of the medallists across
Olympic Games show differences between various
disciplines and events. Swimmers generally win
their gold, silver and bronze medals at older age
over time (Figure 1).
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Figure 1. Changes in the age of the top three male and female swimmers in the Olympic Games between 1960 and 2016. a:
100 m backstroke male, b: 200 m backstroke male, c: 100 m backstroke female, d: 200 m backstroke female. 1 alues are

presented as individual data (® first place, Y second place, M third place) with linear regression.

a b
32 32
| | *
30 30
28 28 s
26
T 6 B
o o 24
= 24 =
2 g2
22
(o] L] 20
20 18
18 16
16 . T . ) 14 . . T \
1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990 2000 2010 2020
year of the Olympics year of the Olympics
C d
30 28
28 26
26 24
24
£ T2
Q 22 o
= 2 20
57 %
© 18
18 ©
16 16
14 14
12

1970 1980 1990 2000 2010 2020

year of the Olympics

1960

For example, the predicted age of the women’s
100 m backstroke medallists was 15.9 years in
1960, which increased to 22.6 years by 2016. The
predicted age of the men’s 100 m backstroke med-
allists increased from 19.4 years in 1960 to 24.6
years in 2016.

The trend of increasing age showed in every
swimming events studied. By 2016, the average age
in Olympic swimming events approximated 22-23
years for women, and 24-25 years for men. Similar
to swimming events, trend of increasing in age was
observed in short distance running events (Figure
2). While the predicted age of women’s 100 m
track and field medallists was 21.3 years in 1960, it
increased to 29.1 years by 2016. The predicted age
of men’s 100 m track and field medallists was 23.5
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years in 1960, and it increased to 26.9 years by
2016. The average age of the top short distance
runners appears to approximate 26-28 years.

In triple jump, long jump, and high jump events,
where the Olympic medallists were younger than
26.1 years in 1960, the average age of the top three
increased in both genders, similar to swimmers,
and short distance runners. Studying the age of
long distance runners revealed, however, a reverse
tendency compared to the changes observed in the
age of swimmers, short distance runners, or jump-
ers. The Olympic medallist marathon runners were
28.9 years old in 1960, and 27.6 years old in 2016.
The predicted age of men’s 10 km track and field
medallists was 27.9 years in 1960, and it decreased
to 24.7 years by 2016 (Figure 3).
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Figure 2. Changes in the age of the medallists in male (a) and female (b) runners (100 m distance) in the Olympic Games
between 1960 and 2016. Values are presented as individual data (® first place, Y second place, W third place) with linear

regression.
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Figure 3. Changes in the age of the medallists in male sabre (a) and male marathon (b) in the Olympic Games between
1960 and 2016. Values are presented as individual data (® first place, ¥ second place, W third place) with linear regres-
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In those running events, where the predicted age
of the top three was older than 26 years in 1960,
the age of the Olympic medallists shifts towards
younger ages by 2016. Similar trends can be ob-
served in the age of sabreurs (Figure 3). The aver-
age age of the top three male sabre fencers de-
creased from 30.1 years (1960) to 25.6 years (2010).

In summary, disciplines of this study form two
groups. In those disciplines, in which the Olympic
medallists were younger than 26.1 years at the be-
ginning of the examination period (44 disciplines
altogether), the medallists became older over the
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decades. The only exceptions are male 800 m track
and field (from 25.1 years to 24.4 years), female
800 m track and field (from 25.9 years to 25.6
years) and wrestling flyweight (from 25.9 years
to24.8 years).

In those 13 disciplines, however, in which the
top three were older than 26.1 years at the begin-
ning of the examination period, younger and
younger athletes win their Olympic medals as time
goes by. Only exception is male wrestling super
heavyweight (from 26.6 years to 27.0 years, Figure
4).
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Figure 4. Changes in the age of the medallists in the Olympic Games between 1960 and 2016. Each solid line represents a
discipline of the followings: female freestyle 100 m, 200 m, 800 m, backstroke 100 s, 200 m, breaststroke 200 m, 400 m,
overband stroke 100 m, 200 m, medley 200 my female running 100 m, 200 m, 400 2, 800 m, 1500 m; female hurdles
100 1, 400 2y female bigh jump, long jump; female foil fencing; male freestyle 100 2, 200 m, 1500 m, backstroke 100 m,
200 m, breaststroke 200 m, 400 m, overhand stroke 100 m, 200 m, medley 200 m; male running 100 m, 200 m, 400 m,
800 m, 1500 m, 5000 m, 10,000 m, marathon; male steeplechase 3000 my; male hurdles 110 w1, 400 my; male triple
Jump, high jump, long jump; male foil fencing, épée fencing, sabre fencing; male wrestling flyweight, lightweight, welterweight,

middleweight, heavyweight and super heavyweight. The dotted line shows 26.1 years of age.
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DISCUSSION The contribution of these easy-to-improve skills

The physiological parameters characterizing hu-
man capacities show a biphasic development of
growth and decline. Physical and intellectual skills
evolving after birth correlate with biolo-gical de-
velopment, with growing of the body and with
learning. Sport performances are influenced by an-
thropometric data (such as height, body mass index
or body fat percentage), speed, strength, slickness,
age at specialization, intensity, length and frequency
of the trainings, and a series of factors. The devel-
opment of some capacities can be highly enhanced
by learning, by practice or by experience, while
other skills are hard to influence by such actions.
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and hard-to-influence capacities to the success of
an elite athlete likely depends on the sporting
event.

This sight exceedingly explains Allen’s and Hop-

kins’ (2015) observation, that in the shortest events
requiring mostly explosive power or sprint, older
atletes performed better, and estimates decreased
with increasing event duration. One of the shortest
events (1-5 s) are the athletics throws, where the
need to precisely and rapidly perform a sequence of
complex motor patterns clearly requires many years
of training and experience to master (Hollings,
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Hopkins and Hume, 2014). Sport events being a
little longer (10-55 s) are tipically track sprint
events or short distance swimming, where the per-
formance is more likely to depend on raw power
than on aquisition and application of a specific skill
(Hollings, Hopkins and Hume, 2014), explaining
why younger athletes are more likely to win.

Aging is accounted for the natural decline of our
capacites. Endurance athletes older than 40 years
(;,Masters”) show ,,exceptionally successful aging”,
since many of them deliver impressive exercise per-
formance and physiological parameters (Tanaka
and Seals, 2008). Most of the winning times of the
first modern Olympic games held in 1896 have
been set by athletes older then 40 years old (the
winning time of the marathon winner in 1896 —
who was 23 at that time — was even set by a 73
years old runner since then). The number of older
adults participating in competitive events has in-
creased in the past 100 years at a much greater rate
than that of young adults. This, and the changes in
training and nutritional practices together im-
proved the peak performance of Masters athletes
dramatically (Ericsson, 1993). It is known, that per-
formance in long distance running — requiring en-
durance primarily — can be maintained until the age
of 35 years approximately, and it only shows a
slight reduction until 50-60 years of age, when the
decline of performance becomes steeper (Tanaka
and Seals, 2003).

The first comprehensive article of age of peak
performance of top athletes was published in 1988
by Schulz and Curnow (Schulz and Curnow, 1988).
They have noted that although the absolute levels
of peak performance among the top athletes im-
proved dramatically in the previous 100 years, the
age at which peak performance was achieved had
remained practically unchanged. They have also
noticed that optimal age depended on the disci-
pline, and they have mentioned that the age golf
players, who reached their highest level of perfor-
mance at the age of 31 years at that time, already
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showed a slight movement towards younger ages.
They have estimated the age of competitors at their
peak performance in sports requiring mostly sprint
or explosive power to be at about the eatly twen-
ties; while in sports requiring mostly endurance,
practice, and learning to be at about the late twen-
ties or even the ecarly thirties. Since their work
many researchers have suggested, that the peak
performance of the top athletes is not exclusively
determined by biological factors, but it is highly in-
fluenced by learning, experience, mental resilience,
and motivation (Knechtle, Wirth and Rosemann,
2010); (Parry et al.,, 2011) which may culminate at
much older ages than biological factors do. It is a
common finding that the age of the best ultra-
marathon runners (any running distance longer
than the classical marathon distance of 42.195 km,
like 50 miles, 100 miles, 24 h, 6 days or 10 days)
increase with increasing race distance (Knechtle et
al., 2014). The previus experience seems to be so
dominant to succeed, that the number of finishes is
one of the most important predictors for successful
outcome in different ultra-endurance disciplines
(Knechtle et al, 2011); (Hoffman and Parise, 2015).
With increasing number of finishes in the same ul-
tra-marathon distance, the performance is expected
to improve although the athletes become older
(Knechtle at al, 2014). Although the current study
does not include ultra-endurance disciplines, the
findings support these trends. The age of gold
medal winner men of 100 m freestyle swimming
(requiring sprint and explosive power mostly) in
the period examined was 21.9£0.7 years, compared
to 28.61+1.3 years, the age of gold medal winner sa-
breurs (sabre requires learning, practice, and expe-
rience mostly). It must be noted, though, that
swimmers reach their peak performance much
younger than athletes from most other sports, even
from those requiring sprint and explosive power
mostly. It is likely that extremely eatly specialisation
contributes to the eatly peaking phenomenon ob-

served in swimmers (Vaeyens et al. reported that
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among the Olympians of 2004 the mean age of
specialisation was 8 years for swimmers, while it
was 14 years for athletics competitors; (Vaeyens et
al., 2009).

Rist et al. (2014) studied a very similar question
to ours: they determined the age and its changes
across years of peak swimming performance for
clite Swiss freestyle swimmers between 1994 and
2012. They investigated the association between
age and swimming speed of the annual ten fastest
men and women swimmers in each distances. For
freestyle women, mean age of peak swimming
speed increased in 50 m from 18.9 to 20.4 years,
but decreased in 1500 m from 25.0 to 18.1 years,
while it did not change significantly in 100-800 m
distances. Men in peak swimming speed showed a
tendency of ,,getting younger” in 50 m only, in all
other distances the mean age at peak performance
remained unchanged over the years. These results
reveal that an investigation in a significantly shorter
time period (16 years compared to 56), and alt-
hough including a higher number of participants
(70059 compared to 2205), but still limited to a
single area (Switzerland compared to the interna-
tional Olympic Games) observations might both
agree (50 m women) or disagree (50 m men) with
ours.

The trend of the age of peak endurance perfor-
mance increasing these last decades was examined
by Gallmann et al. (Gallmanna et al., 2014). The
age of the top ten triathletes in ,,Jronman Hawaii”
(considered as the Ironman World Championship)
was investigated between 1983 and 2012. They ob-
served, that the age of elite triathletes, both men
and women, increased over the last three decades,
while their performances improved. The mean age
of the annual top ten finishers increased from
2615 years to 3515 years for women and from
27%£2 years to 34£3 years for men, while the over-
all race time decreased from 671216 min to 56618
min for women, and from 583124 min to 509%6

min for men. Ironman triathlons covering 3.8 km
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swimming, 180 km cycling and 42 km running rep-
resent endurance sports exceedingly, and since they
are complex enough, their study is also suitable to
reveal differences between the age of peak perfor-
mance of various endurance disciplines. Consider-
ing the split disciplines, Gallmann et al. (2014)
found the age to increase in all three disciplines,
namely in swimming, in cycling, and in running,
similarly in both genders, while the tendency to
improve the performance was only apparent in the
cycling and running split times for both men and
women, swimming split time did not reduce for
women (the latter might be related to the observa-
tion that the best female swimmers were signifi-
cantly younger than the best cyclists).

Allen et al. (Allen, Vandenbogaerde, and Hop-
kins, 2014) employed a different method to de-
scribe the age of peak performance: they identified
the age at which top athletes achieved their best
performance. They searched for annual best times
of male and female swimmers who were top 16 in
pool events at the 2008 or 2012 Olympics, from
each swimmer’s earliest available competitive per-
formance through to 2012. They have estimated
the peak performance of male swimmers at the age
of 24.2%2.1 years, with 2.6%1.5 years peak-
performance window, which is in agreement with
the observations regarding the age of male swim-
mers. According to Allen et al. (2014) female
swimmers can achieve their peak performance at
the age of 22.5%2.4 years, and similar to men, their
performance does not decline for another 2.6£1.5
years. The significantly lower optimal age for fe-
male swimmers is also in accordance with the find-
ings of this work.

The analysis of the Olympic disciplines covered
by this study seems to outline an ,,optimal” age: in
those disciplines, in which the winners were
younger than 26.1 years at the beginning of the ex-
amination petiod, the medallists became older over
the decades. In those disciplines, however, in
which the winners were older than 26.1 years at the
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beginning of the examination period, younger and
younger athletes won their Olympic medals as time
went by. Some data suggest, that the age of 26.1
years might be a ,universal optimal age” in hu-
mans. Berthelot et al. (2012) estimated the age of
peak performance of the world’s best athletes,
swimmers, and chess players being at 26.1 years.
This observation might be explained by biological
and physiological factors which peak at similar age,
such as pulmonary functions (Schoenberg, Beck
and Bouhuys, 1978), cognitive capacity (Salthouse,
2009), (Kithnert
Nieschlag, 2004), or peak bone mineral density
(Boot et al., 2010).

It has to be mentioned, though, that while the
age, and the trend in changes of the age of the

reproductive  functions and

medallists in the disciplines examined in this work
perfectly matches the theory presuming the pres-
ence of an optimal age, certain disciplines surely do
not follow such patterns. Counterexamples are eas-
iest to demonstrate among ultradistance competi-
tors (Knechtle et al., 2014); (Hoffman and Parise,
2015); (Gallmann et al., 2014); (Hoffman and We-
gelin, 2009). Overall, peak performance in endur-
ance events is probably reached at much older ages
than in explosive power/ sprint events.
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