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Abstract

Objective: To establish reference data on required competition age regarding performance levels for both sexes, all
swimming strokes, and race distances and to determine the effect of competition age on swimming performance in
the context of other common age metrics. In total, 36,687,573 race times of 588,938 swimmers (age 14.2 + 6.3 years)
were analyzed. FINA (Fédération Internationale de Natation) points were calculated to compare race times between
swimming strokes and race distances. The sum of all years of race participation determined competition age.

Results: Across all events, swimmers reach top-elite level, i.e.>900 FINA points, after approximately 8 years of com-
petition participation. Multiple-linear regression analysis explained up to 40% of variance in the performance level
and competition age showed a stable effect on all race distances for both sexes (8=0.19 to 0.33). Increased race dis-
tance from 50 to 1500 m, decreased effects of chronological age (8=0.48 to — 0.13) and increased relative age effects
(8=0.02t0 0.11). Reference data from the present study should be used to establish guidelines and set realistic goals
for years of competition participation required to reach certain performance levels. Future studies need to analyze
effects of transitions between various swimming strokes and race distances on peak performance.

Keywords: Elite, Long-term athlete development, Reference data, Relative age, Swimming, Talent

Introduction
At international competitions, i.e. European champion-
ships, chronological age was related to success [1], pos-
sibly due to accumulated training time and competition
experience, i.e. deliberate practice, contributing to the
achievement of top-elite performance [2, 3]. As interna-
tionally successful swimmers reach peak performance
between 21 and 26 years of age and peak performance
duration is limited (2.6 +1.5 years) [4], swimmers may
have to start early to reach top-elite performance on time
and not to miss their window of opportunity.

While the concept of deliberate practice [2, 3] is hardly
discussed among experts in the field, it may not apply
to all sports to the same extent [5-7]. In some sports,
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athletes may require far less than the proposed 10 years
of deliberate practice [2, 3] to achieve international suc-
cess [7]. However, swimming is a highly technical sport
that requires athletes to perform in a very specific and
for mankind unusual environment. As water reduces
movement efficiency compared to on-land locomotion
[8], more practice in the specific environment may be
required for top-elite success in swimming. Addition-
ally, endurance sports, such as swimming, require a high
aerobic capacity and benefit from accumulated hours of
training over multiple years [9]. Therefore, the concept of
deliberate practice may be more important in swimming
compared to other sports and competition age may heav-
ily contribute to elite-age success.

Additionally, the relative age, i.e. age-related differ-
ence between athletes born early and late in the year,
affects talent selection and progression towards top-elite
performance [10, 11]. By the age of 8 years, early com-
pared to late in the year born individuals have a physical
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advantage of 10% [10]. Therefore, by the age of 13, twice
the number of Australian national level swimmers were
born early in the year [11]. The RAE was larger in male
compared to female swimmers [12, 13] and most pro-
nounced in short-distance events, butterfly (BU), and
breaststroke (BR) [12]. The RAE was most evident in the
younger age-categories and reversed towards senior age
[12]. Therefore, the main aim of the study was to deter-
mine the effect of competition age, i.e. accumulated years
of competition participation, on swimming performance
in the context of the other common age metrics, i.e. rela-
tive and chronological age. Additionally, reference data
were established for competition age required to reach
various performance levels across both sexes, all swim-
ming strokes, and all race distances.

Main text

Materials and methods

Subjects

In total, 36,687,573 race times of 588,938 swimmers
(males: 15.9+5.8 and females: 14.7 £4.7 years of age)
from the years 2000 until 2019 were included in the pre-
sent study. Data were provided from the official data-
base [14] of the European Swimming Federation LEN
(Ligue Européenne de Natation) with permission for
anonymized publication of the results. The study was
approved by the lead institution’s internal review board
for ethical affairs (Reg.-Nr. 139_LSP_VO01) and is in
accordance with the latest version of the code of conduct
of the World Medical Association for studies involving
human subjects (WMA Declaration of Helsinki). No con-
sent for participation was required as anonymized race
results were provided from a publicly available database
and analyzed ex post facto.

Data analysis

To compare race times between swimming strokes and
race distances, FINA (Fédération Internationale de Nata-
tion) points for each race time were calculated [15].
FINA points are the official method of the International
Swimming Association to relate race times to the current
world record, i.e. 1000 points.

World record) 3

FINA points [a.u.] = 1000 x < -
Race time

Analysis step 01 From the 2019 race data, each individ-
ual swimmer’s best race, i.e. most FINA points, was used
to establish the ranking for each race category. As race
categories were defined: (a) all events including all swim-
ming strokes and all race distances from 50 to 1500 m; (b)
each swimming stroke, i.e. BU, backstroke (BA), BR, free-
style (FR), individual medley (IM), using pooled data of
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its 50, 100, and 200 m races; (c) each race distance using
the 50, 100, 200, 400, 800, and 1500 m FR events. The
rankings were established based on long-course races,
due to their superior recognition, i.e. at the Olympics,
compared to short-course events (25 m pool length).
Analysis step 02 Within each race category, each swim-
mer was tracked retrospectively, and the races extracted
for every year from 2000 to 2019. Total number of years
with race times of the particular race category deter-
mined competition age. As short-course races contrib-
ute to the training and development process, short- and
long-course races were included for determination of
competition age (Additional file 1: Fig. S1). The analysis
was performed for male and female swimmers individu-
ally. Data processing was performed with Python [16]
using the ‘pandas’ library [17] and Microsoft Excel (Excel
2016, Microsoft Corporation, Redmond, WA, USA).

Statistical analysis

Participants aged beyond the mean=three standard
deviations of the race category were removed as outliers
[18]. Normality was investigated with standardized resid-
uals showing a random pattern across predicted values in
the scatter plot, a Gaussian distribution in the histogram,
and a straight diagonal line in the Q-Q plot [18]. Multi-
ple linear regression analysis was used to assess the effect
of competition age [years] in the context of the other
common age metrics, i.e. relative [month of birth] and
chronological age [years]. Swimming performance, i.e.
FINA points, were used as dependent variable. Collinear-
ity was controlled with a tolerance >0.10 and a variance
inflation factor <10 [18]. An alpha-level < 0.05 indicated a
significant effect. The statistical analysis was performed
using JASP statistical software package version 0.14
(JASP-Team, University of Amsterdam, Amsterdam, The
Netherlands).

Results

Across all events, swimmers that reached a performance
level of>900 FINA points accumulated approximately
8 years of competition practice (males 7.7 £4.2 years and
females 8.0£3.2 years). Table 1 shows the descriptive
analysis of competition age for different levels of swim-
ming performance.

Regression analysis explained up to 40% of variance in
swimming performance, i.e. FINA points, and showed
a significant effect of competition age, chronological
age, and relative age (P<0.001). Regarding race dis-
tances, there was a stable effect of competition age from
50 to 1500 m in males (8=0.21 to 0.33, Table 2) and
females (8=0.19 to 0.33, Table 3). However, the effect
of chronological age decreased the longer the race dis-
tance in males (8=0.48 to —0.12) and females (5=0.39
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Table 1 Descriptive analysis of competition age (mean = standard deviation) required to reach various performance levels based on

FINA points
FINA points
1000-900 900-800 800-700 700-600 600-500 500-400 400-300 300-200 200-100 100-0
Males
Subjects [n] 155 2167 8490 22,247 40,894 51,045 53,351 55,757 52,577 20,164
Chronological age [years] 235436  21.74£33 20.1+32 188£34 177+38 171£49 163+59 151+£63 143461 149+70
Competition age [years]
All events 7.7+42 66+38 52437 45434 42433 38+29 30+£23 23£16 18%1.1 144+09
Butterfly 100+£37 74440 64+£39 60+39 57437 53433 45427 36421 28%16 24+14
Backstroke 89441 71+38 52+£37 52+38 50£36 47433 40£26 30£19 21+£13 15£09
Breaststroke 62+30 72+£40 59440 54439 51+36 48+34 42428 31421 21+14 1.6+1.1
Freestyle 89+4.1 70£4.1 59439 51436 47434 43+£31 32+£23 24415 18+£1.2 14409
Individual medley 93+6.1 7.7 £4.1 63+40 56437 52433 5030 41+24 31+£18 23413 24417
50 m Freestyle 130£00 68437 6.31+4.0 58439 54437 50432 39425 30+17 23413 20+1.1
100 m Freestyle 88+38 73+42 62+40 55+36 50£34 45429 34+£22 2616 20£12 16£1.0
200 m Freestyle 7.7+£50 70+40 65+40 55437 504+33 48+29 38+23 29+17 23414 19+14
400 m Freestyle 77+40 64137 55439 49433 49433 47+£28 40+£25 31421 26116 26123
800 m Freestyle 76+56 73+£39 55+£36 54435 49433 49428 45428 37+£25 33424 32422
1500 m Freestyle 92447 6.5+3.7 56439 52434 5030 49428 43+£27 35424 31422 29409
Females
Subjects [n] 1 1365 7026 19,673 39,591 54,373 58,562 54,930 37,143 9317
Chronological age [years] 214427 209438 191+£32 1734£29 162+29 155437 150+48 142456 140+61 148+73
Competition age [years]
All events 80+32 6.8+£39 50+£33 43+32 39430 37427 30422 22415 1610 14+£08
Butterfly 11.0+46 70+42 60+£36 56437 53434 50430 43+£26 33+£21 24+£15 19+13
Backstroke 74427 72£39 55436 48+36 45433 43+29 37424 27418 18+1.2 15410
Breaststroke 94+38 734138 56£37 48+36 45433 43430 39+£25 27£19 18+£13 15£10
Freestyle 8.6+3.1 72+40 57437 47434 44431 42428 33422 23+16 1711 14409
Individual medley 84419 75+39 58436 52435 50+32 47427 38+£23 28+17 23+14 27124
50 m Freestyle 83+26 8347 6.1+4.1 52436 50433 46+28 35422 24415 1711 14+£10
100 m Freestyle 88+19 80+44 60+37 53435 48+32 45+£28 35422 26+17 19+£12 16+1.1
200 m Freestyle 103+£37 74+£39 60436 51£34 49431 46427 37+£22 28+£18 22+£13 21£15
400 m Freestyle 40+14 76+42 6.1+38 52433 49431 46+27 41+£24 32420 26+18 32427
800 m Freestyle 73435 71443 64+40 52+34 53+£31 49427 45425 37+£24 34+£28 28+17
1500 m Freestyle 85+6.2 88145 70438 6.14+35 59433 57428 57427 504+29 40422 26116

to —0.13). The effect of relative age was fairly small yet
increased with race distance from 50 to 1500 m in males
(5=0.02 to 0.11) and females (8=0.03 to 0.08).

Discussion

Swimmers accumulated approximately 8 years of com-
petition practice to reach top-elite level, i.e.>900 FINA
points, regardless of event. The present descriptive data
show years of competition practice needed to reach vari-
ous performance levels for each swimming stroke and
race distance. While the regression model explained up
to 40% of variance in swimming performance depend-
ing on the event, the effect of competition age remained

stable across all race distances. The effect of chronologi-
cal age continuously decreased, and the effect of relative
age continuously increased the longer the race distance,
i.e. from 50 to 1500 m.

Previous studies showed the largest relative age effect
at early junior age that decreased the older the swim-
mers [10] and even reversed towards senior age [12]. As
the present study analyzed swimming performance up
to elite age, the before mentioned aspect is one explana-
tion as to why the relative age effect was comparatively
smaller in the regression model than the other age met-
rics. With a particular interest on the RAE and potential
differences between swimming strokes and sexes [12,
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Table 2 Multiple linear regression analysis of swimming performance, i.e. FINA points, as dependent variable and competition
(comp.) [years] age, relative age [month of birth], and chronological (chronol.) [years] age as predictors with standardized (beta_i) and
unstandardized (b_i) regression coefficients in male swimmers

Regression model Regression coefficients

n R? F p beta_i b i ti p
All events Comp. age 034 246 74 <0.001
39,487 0.25 Fiaj30483=4326 <0.001 Relative age 0.08 4.2 18 <0.001
Chronol. age 0.24 7.0 52 <0.001
Butterfly Comp. age 0.24 14.3 54 <0.001
42,926 0.29 Faaz0n) = 5897 <0001 Relative age 003 16 8 <0001
Chronol. age 0.39 130 86 <0.001
Backstroke Comp. age 0.24 15.5 39 <0.001
23,603 036 F 3500 = 4400 <0001 Relative age 004 18 7 <0007
Chronol. age 044 16.7 72 <0.001
Breaststroke Comp. age 0.28 17.5 46 <0.001
22,258 0.34 Fajpa2s4=3878 <0.001 Relative age 0.04 18 7 <0.001
Chronol. age 040 134 66 <0.001
Freestyle Comp. age 033 220 69 <0.001
34,759 032 Fia34755= 5502 <0.001 Relative age 0.05 25 11 <0.001
Chronol. age 034 10.9 70 <0.001
Individual medley Comp. age 0.14 7.7 18 <0.001
16,070 033 Fajr0se = 2635 <0001 Relative age 0.04 18 6 <0001
Chronol. age 048 204 63 <0.001
50 m Freestyle Comp. age 033 19.7 85 <0.001
52,043 030 Fajsaose = 7304 <0001 Relative age 003 15 9 <0007
Chronol. age 032 8.1 82 <0.001
100 m Freestyle Comp. age 0.24 15.6 45 <0.001
28,309 0.40 Fiajps305=6390 <0.001 Relative age 0.02 09 4 <0.001
Chronol. age 048 200 89 <0.001
200 m Freestyle Comp. age 0.21 12.6 32 <0.001
20,225 033 Fapoan=3279 <0.001 Relative age 0.03 1.5 6 <0.001
Chronol. age 043 183 65 <0.001
400 m Freestyle Comp. age 0.26 15.0 31 <0.001
14,005 0.11 Faj1a001 =570 <0001 Relative age 0.09 40 1 <0001
Chronol. age 0.11 33 14 <0.001
800 m Freestyle Comp. age 0.23 1.8 20 <0.001
7695 0.07 F(3\7691): 195 <0.001 Relative age 0.11 4.8 10 <0.001
Chronol. age —0.12 —24 —11 <0.001
1500 m Freestyle Comp. age 0.22 11.5 17 <0.001
5466 0.07 Fajsa62=130 <0.001 Relative age 0.11 4.8 9 <0.001
Chronol. age —0.10 —-23 -7 <0.001

13], studies should focus on the young age groups from
which the RAE originates [10, 11]. Previous studies found
the largest RAE in short-distance swimming events [12].
With the large age-range analyzed here and age of peak
performance being lowest in the longer swimming events
[4], the present study showed an opposite trend towards
an increasing RAE the longer the race distance. In con-
clusion, coaches and federation officials should be aware

of the relative age effect. Early deselection of young
swimmers with a late birthday in the year results in an
irreversible loss of talents [11].

The present study showed a stable effect of compe-
tition age for all swimming events, which supports
previous findings that top-elite performance needs
to be developed over time and requires accumulated
years of practice [2, 3]. However, as swimmers usually
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Table 3 Multiple linear regression analysis of swimming performance, i.e. FINA points, as dependent variable and competition
(comp.) age [years], relative age [month of birth], and chronological (chronol.) age [years] as predictors with standardized (beta_i) and

unstandardized (b_i) regression coefficients in female swimmers

Regression model

Regression coefficients

n R? F p beta_i b i ti p
All events Comp. age 034 229 71 <0.001
39,572 0.20 Fi3j30568)=3361 <0.001 Relative age 0.09 4.5 21 <0.001
Chronol. age 0.18 53 37 <0.001
Butterfly Comp. age 0.21 122 35 <0.001
26,925 028 Fapsonn) = 3436 <0001 Relative age 0.04 19 8 <0001
Chronol. age 0.38 16.3 63 <0.001
Backstroke Comp. age 0.25 15.9 42 <0.001
26,136 0.28 F(3‘26]32) =3456 <0.001 Relative age 0.06 24 10 <0.001
Chronol. age 0.35 14.0 58 <0.001
Breaststroke Comp. age 0.28 17.0 45 <0.001
23,676 0.26 Fajpzern =2754 <0.001 Relative age 0.04 1.8 8 <0.001
Chronol. age 0.31 10.8 50 <0.001
Freestyle Comp. age 032 203 64 <0.001
36,037 0.26 Faze033=4184 <0.001 Relative age 0.06 2.8 13 <0.001
Chronol. age 0.27 93 54 <0.001
Individual medley Comp. age 0.14 74 18 <0.001
18,263 025 Fijigas=2070 <0001 Relative age 0.06 24 10 <0001
Chronol. age 0.40 174 53 <0.001
50 m Freestyle Comp. age 033 18.6 62 <0.001
31,906 0.29 F(3‘31902):4319 <0.001 Relative age 0.03 1.1 5 <0.001
Chronol. age 0.30 10.2 56 <0.001
100 m Freestyle Comp. age 0.24 14.2 42 <0.001
29,808 032 Fiajp0s04 =4583 <0.001 Relative age 0.04 1.6 7 <0.001
Chronol. age 039 16.6 69 <0.001
200 m Freestyle Comp. age 0.20 114 28 <0.001
21,365 0.26 Fapizen=2431 <0.001 Relative age 0.05 22 8 <0.001
Chronol. age 037 16.1 53 <0.001
400 m Freestyle Comp. age 0.26 144 32 <0.001
14,646 0.11 Faprasan =595 <0001 Relative age 008 33 10 <0001
Chronol. age 0.10 30 12 <0.001
800 m Freestyle Comp. age 0.25 124 22 <0.001
8104 007 Fision =215 <0001 Relative age 008 33 8 <0007
Chronol. age —-0.13 —-27 —12 <0.001
1500 m Freestyle Comp. age 0.19 838 14 <0.001
5654 0.05 Feajses0)=89 <0.001 Relative age 0.06 24 5 <0.001
Chronol. age —-0.13 —-33 —10 <0.001

enter competitive swimming aged 8—10 years, and age
of peak performance is 21-26 years [4], the average 8
years of accumulated competition practice necessary
to reach top-elite performance (>900 FINA points)
still allow enough time for solid and progressive talent
development. This is particularly important to lay the
foundation for progression in the flat part of the per-
formance curve towards elite age [19], when swimmers

reach a performance level of>900 FINA points. In
this regard, talent programs benefit from a less hasty
performance progression, a less harsh selection pro-
cess, and increased focus on long-term performance
development rather than short-term success during
adolescence [20-22]. As ‘lack of enjoyment’ and ‘get-
ting bored’ are two major factors for drop-out from
swimming [23], particular attention should be placed
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on keeping swimmers in the system and motivated for
training and competition [24].

Previous studies show the value of deliberate play
which is the unspecific and unstructured involvement
in the same or other sports [25, 26]. Compared to their
national counterparts, world class athletes are in gen-
eral more involved in other sports [6]. Due to the spe-
cific characteristics of water [8], swimmers may have to
accumulate a larger volume of training and competition
in their sport-specific environment compared to other
sports. Thus, other aquatic sports, such as water polo,
underwater rugby, or competitive aquatic lifesaving, may
contribute to the development of water feeling, swim-
ming technique, aerobic, and anaerobic endurance, while
maintaining a high level of enjoyment [27, 28]. Addi-
tionally, recent studies showed the importance of start
and turn performances for modern swim races [29, 30].
The push-off from a solid base, i.e. starting block and
pool wall, requires high leg strength and power [31, 32].
Therefore, swimmers could also benefit from on-land
activities and weight-bearing sports more than tradi-
tionally expected. From a practical perspective, coaches
and federation officials should be aware of the concept
of deliberate play [25, 26]. Promoting other aquatic and
on-land sports during adolescence helps to maximize
volume of practice, while sustaining enjoyment and moti-
vation to keep young swimmers in the system rather than
losing them to other endurance or explosive sports [23].

Conclusion

The stable effect of competition age across all swimming
events shown in the present study supports the findings
that accumulated practice contributes to elite age suc-
cess [2, 3], in particular in highly technical endurance
sports, such as swimming. The approximately 8 years of
accumulated competition practice required to reach top-
elite performance (>900 FINA points) still allows enough
time to build a solid foundation with broad and variable
skill acquisition before reaching peak performance age.
Reference data from the present study should be used
to establish guidelines and set realistic goals for years of
competition practice required to reach various perfor-
mance levels.

Limitations

The present study determined competition age, assum-
ing that regular competition participation is part of a
well-structured training process. However, future studies
should use questionnaires and training diaries to deter-
mine training age. FINA point ranking was established
based on each swimmer’s best race within the race cat-
egory. As swimmers specialize in a particular swimming
stroke rather than race distance [33], the swimming
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strokes were compared using pooled data of the 50, 100,
and 200 m events. Therefore, transitions between race
distances were not accounted for. As 800 m (for males)
and 1500 m (for females) were added to the 2021 Olym-
pic program [34], long-distance swimmers may have
started to compete in both events with high success rates
despite low competition age in one of the events. Future
studies should pay particular attention to transitions
and cross effects between swimming strokes and race
distances. Additionally, for top-elite swimmers, there
may be a non-linear relationship between years of prac-
tice and performance level. After an initial steep incline,
the curve would be expected to plateau and increased
number of years in competition would not further trans-
late into improved swimming performance. With the
large sample size analyzed in the present study includ-
ing swimmers from various performance levels down
to<100 FINA points, such relationship was not found.
Future studies should investigate individual career path-
ways and competition history towards top-elite success
based on longitudinal tracking.
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