'." frontiers ‘ Frontiers in Sports and Active Living

'.) Check for updates

OPEN ACCESS

EDITED BY

Michael Romann,

Swiss Federal Institute of Sport Magglingen,
Switzerland

REVIEWED BY

Drazen Cular,

University of Split, Croatia
Patricia Weir,

University of Windsor, Canada

*CORRESPONDENCE
Audrey Difernand
audrey.difernand@insep.fr

RECEIVED 10 October 2024
ACCEPTED 30 January 2025
PUBLISHED 05 March 2025

CITATION

Difernand A, Mallet A, De Larochelambert Q,
Pla R, Marc A, Barlier K, Antero J, Toussaint J-F
and Sedeaud A (2025) A survival analysis of
dropout among French swimmers.

Front. Sports Act. Living 7:1509306.

doi: 10.3389/fspor.2025.1509306

COPYRIGHT

© 2025 Difernand, Mallet, De Larochelambert,
Pla, Marc, Barlier, Antero, Toussaint and
Sedeaud. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in
this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Sports and Active Living

Original Research
05 March 2025
10.3389/fspor.2025.1509306

A survival analysis of dropout
among French swimmers

Audrey Difernand"**, Alexia Mallet™’,

Quentin De Larochelambert'?, Robin Pla’, Andy Marc'?,
Kilian Barlier'’, Juliana Antero™’, Jean-Francois Toussaint
Adrien Sedeaud™

IRMES—URP 7329, Institut de Recherche Médicale et d’Epidémiologie du Sport, Université Paris Cité,
Paris, France, ?Pole Performance, INSEP, Institut National du Sport, de |'Expertise et de la Performance,
Paris, France, *Département Optimisation de la Performance, Fédération Francaise de Natation, Clichy,
France, “Centre d'Investigation en Médecine du Sport, Assistance Publique—Hépitaux de Paris,
Hotel-Dieu, Paris, France

12,4

and

This study examines the dropout rates among French swimmers based on
performance levels, sex, and relative age. Using data from 160,861 swimmers
under the age of 21, we analyzed the distribution of birth quarters and
dropout rates across performance levels. Chi-squared tests were conducted to
confirm the significant effect of birth quarter on performance. Kaplan—Meier
Survival (KMS) curves were used to evaluate and interpret the impact of sex
and relative age on dropout trends. The results show that dropout peaks
occur at 13.16 years for girls and 17.50 years for boys. Analyzing by age year,
at 13 years, the top 10% of female swimmers exhibit a dropout rate of 8.7%
(9.9% for males), while the bottom 10% show a much higher rate of 78.1%
(69.3% for males). By 17 years, the dropout rate rises to 39.6% (28.6% for
males) for the top 10% and 91.7% (83.4% for males) for the bottom 10%. KMS
curves, stratified by age, reveal similar dropout trends for both sexes below the
age of 13. However, after this age, the dropout rate increases more sharply
among females, reaching a maximum difference of 4.8% at 17.9 years.
Disparities in dropout rates based on birth quarters are most pronounced at
12.7 years for girls (10%) and at 14.7 years for boys (8.1%). This study
underscores the significant influence of sex, relative age, and performance
level on dropout rates among French swimmers. Higher performance levels
are associated with lower dropout rates, and female swimmers display
consistently higher dropout rates than their male counterparts.

KEYWORDS

dropout, swimming, youth sports, talent identification, Kaplan—Meier analysis, athlete
retention

Introduction

Dropout in youth sports is defined as the termination of participation in a specific
sport, without necessarily ceasing participation in all sports (1). It represents a critical
challenge in the development of young athletes, with wide-reaching implications for
both the individual and the broader sports ecosystem. Dropout is often linked to factors
such as loss of interest, boredom, attraction to other activities, conflicts with coaches,
injury frequency, stagnation in performance, and a lack of enjoyment (2, 3). Conversely,
sustained participation is frequently associated with positive parental support, intrinsic
satisfaction from the sport, and rewards derived from success (3). However, excessive
pressure during adolescence can lead to disengagement (4), further complicating the
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retention dynamics in youth sports. While these general factors
have been widely documented, the interplay of sex, performance
level, and the Relative Age Effect (RAE) in explaining dropout
patterns remains underexplored, particularly in the context of
competitive swimming.

The concept of RAE has been widely studied in team sports,
revealing an overrepresentation of athletes born early in the
selection year due to developmental advantages (1). However, its
impact on individual sports like swimming remains
underexplored, particularly in the context of dropout. This study
addresses this gap by analyzing dropout rates among French
swimmers with respect to sex, performance level, and birth
quarters. Investigating these factors is crucial, as dropout trends
differ significantly between boys and girls, often peaking during
puberty (5), and are influenced by performance pressures and
relative age disadvantages.

The present study is grounded in three key hypotheses to
address this gap. First, we hypothesize that dropout rates
will differ between male and female swimmers, with female
athletes experiencing higher dropout rates at an earlier age.
This hypothesis is supported by prior studies highlighting gender
disparities in youth sports participation, as well as the unique
pressures often faced by female athletes during adolescence.
Second, we anticipate that RAE, a phenomenon in which athletes
born earlier in the selection year gain a relative advantage in
physical and cognitive maturity compared to their peers born
later, will play a role in dropout patterns. Specifically, swimmers
born in the first quarters of the year are expected to have lower
dropout rates than those born in later quarters, as the advantages
conferred by RAE have been shown to impact both performance
and selection in youth sports. Finally, performance level is
hypothesized to significantly influence dropout rates, with higher-
performing swimmers—those in the top deciles of performance—
being more likely to persist compared to lower-performing
swimmers. This aligns with previous findings suggesting that
success in competition fosters continued engagement, creating a
virtuous cycle of commitment and achievement.

While several studies have examined dropout rates in youth
sports, most rely on descriptive statistics rather than more robust
methods such as survival analyses. Kaplan-Meier Survival (KMS)
analyses and Cox regression models, traditionally used in medical
research, offer a powerful framework for investigating dropout
rates. These methods account for censored data, enabling a more
nuanced understanding of persistence over time. For example, in
a study of Flemish gymnasts, only 17.6% of athletes remained in
the high-performance pathway for more than five years, with an
average survival time of 2.5 years (6). Similarly, survival analyses
applied to Canadian female soccer players revealed that only
23.3% persisted over a seven-year period, with disparities in
survival times based on birth quarters (7). Such findings
underscore the utility of survival analyses in identifying dropout
patterns across various sports.

The concept of RAE adds another layer of complexity to youth
sports retention. RAE, which reflects the advantage of being
relatively older within an age group, has been shown to influence
performance and participation in a wide range of sports. For
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instance, Canadian female soccer players born in the first quarter
of the year demonstrated longer survival times in the sport
compared to those born later in the year (7). However, the extent
to which RAE influences dropout varies by sport and context. In
swimming, RAE has been shown to impact young French
swimmers regardless of sex or competitive level (8). This suggests
that while RAE is a relevant factor, its interaction with other
variables, such as performance level and sex, warrants
further investigation.

Swimming provides a unique context to study dropout and
RAE because it is both highly competitive and performance-
oriented, with objective and standardized metrics for success.
Prior research among Australian swimmers identified factors
such as age, level of competition, and proximity to urban centers
as significant predictors of dropout, whereas sex and relative age
appeared less influential (1). However, no study to date has
examined dropout in French swimmers using an integrative
approach that RAE, and

performance level. The present study seeks to fill this gap by

simultaneously considers  sex,
investigating dropout patterns among French male and female
swimmers, with a particular focus on the 50 m freestyle event—
the most widely contested swimming event. By examining the
interplay of sex, performance levels, and birth quarters, this
study aims to provide novel insights into the mechanisms
underlying dropout in swimming. Understanding these dynamics
is essential for identifying at-risk athletes and developing targeted
interventions for coaches, policymakers, and sports federations to
foster long-term engagement in the sport.

Materials & methods
Data collection

The database from the French Swimming Federation provides
all French participation in all types of competitions (local to
international) from 2002-2020 in all individual events (50 m,
100 m, 200 m, 400 m, 800 m, 1,500 m Freestyle, 50 m, 100 m,
200 m Breaststroke, Backstroke and Butterfly). For
swimmer, birthdate, performance time and competition are

each

available. All performances took place in 50-meter pools, which
is the official Olympic standard length. Only swimmers who
started competition before the age of 18 and competed at least
two seasons were considered. Swimmers (50.8% females) were
divided into age categories. According to the French Swimming
Federation, the female age categories are as follows: Kids: under
10 years old, Youth: between 11 and 13 years old, Junior:
between 14 and 16 years old, Senior: over 17 years old. For
males, the age categories are shifted up by one year. At each age,
swimmers are divided into performance decile, according to their
best performance. A performance decile is a method of dividing
a ranked dataset into ten equal parts, with Decile 1 representing
the top 10% of swimmers (highest performance) and Decile 10
the bottom 10% (lowest performance). Indeed, for our analysis
Decile 1 10% of (highest
performance), Decile 2 represents the 10%-20% performance

includes the top swimmers
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range, Decile 3 covers the 20%-30% range, and so on, ending with
Decile 10, which includes the bottom 10% of swimmers (lowest
performance). This classification provides a consistent and
comparable metric for assessing swimmers’ relative performance
each year, independent of competition levels or age groups. By
using deciles, we can intuitively analyze trends, such as how
dropout rates vary across performance levels, allowing us to
compare top-performing and bottom-performing swimmers
without being limited to specific events or competitions.

Relative age effect

The distribution of the birth quarters (Q1: January—-March, Q2:
April-June, Q3: July-September, Q4: October-December) was
calculated for each decile. Chi-square tests was run for each age
category to identify significant differences of birth quarters
between performance deciles.

Dropout

Dropout was defined as swimmers disappearing from the
database before age 21 or being absent for at least two consecutive
seasons before 21. The starting age was the swimmer’s first
recorded competition. Dropout rates were analyzed by performance
decile, event, and sex, using linear regression to test the
relationship between decile and dropout rate. The analysis ended
in 2020 to avoid the confounding effects of the COVID-19
pandemic, which disrupted sports participation. A two-year
absence threshold was chosen to account for temporary absences,
such as injuries, ensuring that only permanent dropout was
identified. Swimmers competing continuously until 21 or with
interruptions of less than two years were not classified as dropouts.
We measure the dropout proportion for each performance decile,
event and sex. The dropout rate “r” at age “t” will be expressed as
a function of the membership of performance decile D at age t-1.
At each age, we perform a linear regression between the dropout
rate and decile:

r=axD+b

We perform a Student test to test the hypothesis that the coefficient
“a”, representing the additional percentage per decile, is different
from 0 at threshold 0.05.

Survival analysis

To study the evolution of the onset of dropout according to sex
and birth quarter, KMS curves were estimated. This method was
particularly adopted here as it allows to deal with swimmers who
started swimming at different times in their life, considering
starting age. In this study, KMS curves were plotted according to
relative age in order to compare athletes at a similar stage of
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their career. Kaplan Meier estimates were computed to determine
differences in terms of dropout between birth quarter for each
sex. To assess the significance of the results, log-rank tests were
performed for each considered groups. This test checks whether
KMS curves are significantly different from each other.

Results

160 861 athletes who started swimming before the age of 18 are
included in this study (49.2% male). Among those who are at least
21 years old and have been practicing for at least two seasons,
79.1% of male and 87.2% of female have dropped out of
swimming. Regardless of the age at which the performances are
carried out, girls drop out the most at 13 and boys at 17. When
we look at the ratio of these frequencies to the population of the
age concerned, the dropout rate is higher at 17 for both girls
and boys.

The distribution of swimmers by birth quarters within each
performance decile is shown in Figure 1 for the 50 m Freestyle
male and female event in the 50 m pool at 13 and 17 years old.
The birth quarter distribution between Q1 and Q4 for all other
events is shown in Supplementary Table S1 in Supplementary
File. Swimmers with at least one performance time at 13 and
who are more than 15 years old at the last recorded
competition are considered here (similarly for 17 years old
swimmers, only those with at least one performance time who
are older than 19 are included). By conducting a chi-square
significance test on all events, females support a significant
effect from birth quarter on performance decile from 13-18
years of age (and from 13-19 years of age for males, except in
breaststroke; p-value < 0.05).

At age 13 in decile 1, 40.3% of female swimmers are born in Q1
vs. 12.4% in Q4 (Figure 1A), while 47.3% of males are born in Q1
vs. 8.7% in Q4, (Figure 1C). The proportion of Q1 decreases
significantly and the proportion of Q4 increases significantly as
performance level decreases, from decile 1 to decile 10.

At age 17, the difference is smaller but still present: 29.6% of
females belonging to decile 1 are born in Q1 vs. 20.5% in Q4,
(Figure 1B) while 34.0% of males are born in QI vs. 14.1% in
Q4 (Figure 1D).

The evolution of the dropout rate by performance decile for the
female and male 50 m Freestyle is presented in Figure 2. Chi-
squared tests highlight the significant effect of the performance
decile at age t on dropout at t+1 in both sexes from age 8
The
performance decile. The dropout rates at ages 14 and 18

onwards. dropout rate increases significantly with
according to performance deciles 1 and 10 at ages 13 and 17
respectively are presented in Supplementary Table S2 in
Supplementary File.

The KMS curves according to sex are presented in Figure 3.
74,922 males and 80,170 females started swimming at 8 years or
later. The KMS curves are similar before the age of 14; then, the
difference between the two curves becomes significant from the
age of 15 onwards (log-rank test: p-value <0.005): females drop

out significantly more than males. The greatest difference
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and 17 (D) years old in the male 50 m freestyle.

Distribution by birth quarter and performance decile of swimmers at 13 (A) and 17 (B) years old in the female 50 m freestyle and of swimmers at 13 (C)
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between both sexes occurs at 17.89 years, where females are 4.8%
more likely to drop out than males.

The KMS curve for quarter 1 is always above that of the
other quarters from age 10 onwards for females (log-rank
test: p-value <0.005, Figure 4A) and from age 13 onwards
for males (log-rank test: p-value <0.005, Figure 4C), while
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the KMS curve for quarter 4 is always below that of the
other quarters. Focusing only on the difference between the
quarter 1 and quarter 4, the largest observed difference
between the two corresponding KMS curves occurs at 12.71
years old with a 10% difference (Figure 4B) and at 14.67
years old with 8.1% (Figure 4D).
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Discussion

This study highlights the impact of sex, birth quarter and
performance level on dropout rates for all swimming events
among 8-21 years old swimmers. It shows that the dropout rate
increases when the level of performance decreases. The Kaplan
Meier survival curves show a similar evolution of dropout rates

10.3389/fspor.2025.1509306

for girls and boys until the age of 13, after which girls tend to
drop out significantly more than boys, who face a peak in
dropout around the age of 17.

Dropout and birth quarter

A relative age effect is found within the performance deciles,
particularly at age 13, for both girls and boys, in accordance with
previous study (9). In the top performance decile, the proportion
of swimmers born in the first quarter of the year is consistently
higher than the proportion born in the last quarter (3). Taking
the top 10% of a sample of Australian swimmers (equivalent to
our performance decile 1), at ages 13, 14, 15 and 16, the
proportion born in Q1 is 56%, 42.9%, 50% and 36.4%, while that
born in Q4 is 4%, 8.9%, 8.3% and 14.5% respectively. At 13, 14
and 15, the authors identify a large effect size and a medium one
at 16 years of age. Difernand et al. (9) also highlight a relative
age effect accentuated by the level of performance in French
50 m Freestyle swimmers. In a study (4), reveal a similar trend in
12-15-year-old 100 m and 200 m breaststrokers, with more Ql
born swimmers in the top 10% than Q4.

Yet, month of birth is not the only birth-related variable that
affects dropout. The place of birth also seems to have an
influence (6). Brazilian footballers, who were born in the first
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half of the year in a city with less than 100,000 inhabitants and a
human development index (dimensionless composite index
between 0 and 1, calculated on the basis of the quality of life of
their citizens: health, education, standard of living) above 0.501
are more likely to play in the top teams of the Brazilian football
league compared to those whose born in the second semester (6).
Good access to health and education facilities may encourage
sports participation, especially among young people (6), and
human development index may favor the development of sport (7).

Dropout and performance

We find that the dropout rate is lower when performance
level increases. It may be due to the coaches paying more
attention to the best swimmers of the category, in the quest of
future medals. The relationship with the coach and manager
and the attention given to young athletes is a determining
factor in future success (8). To our knowledge, there is no
study yet that has quantified dropout by distinguishing
performance levels. However, Rottensteiner (10) and Eystein
mentioned stagnation or decline in performance as a major
cause of low self-esteem, lack of motivation and dropout (11).
Attempting to achieve a higher performance may turn into an
obsession and eventually becomes a source of demotivation
(11). Lack of success is one of the major factors for
withdrawal from sport (12). In addition, the desire to
spend more time with friends or practice other activities, with
school is

time spent sport or

(10, 11, 13). In particular, some “dropped-out” swimmers

away from important
considered competitive swimming as less important than
other activities (12), with a high level of burnout within
competitive swimming (14). When the return on investment
is not as good as hoped for, and the results not as expected,
the heavy volume of training and the relationship with the
coach tend to be blamed (13). Indeed, swimmers find training
intolerable when they are not satisfied with the results.

Dropout age and sex

Our sample of females swimmers present a dropout rate
significantly higher than their males’ counterparts (87.2% vs.
79.8%), in accordance with previous studies (15). Among the
population of French swimmers, females drop out the most at 13
years of age and males at 17, a trend similar to young French
footballers (16, 17). This highest probability of dropping out of
swimming at age 13 for girls is consistent with the difference in
the two survival curves between the first and last quarters, which
peaks at 12.71 years. Erlandson et al. (18) investigated growth
and maturation in gymnastics, swimming and tennis among 222
athletes, and suggested that puberty could be an explanatory
factor. With the menarche, the body changes which may affect
negatively the motivation and slow down the sport practice, with
the acceptance of a new morphology, the management of
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menstruations, the appearance of body hair while going to the
pool or the difficulty to fit in a swimming suit.

For boys, on the other hand, the maximum dropout difference
between the first quarter and the last quarter occurs at 14.61 years
of age, almost two years later than for girls. Once again, the
connection with the onset of puberty may be questioned. Peak of
Height Velocity (PHV), i.e., the time of maximum height growth,
generally occurs later in boys (between 13 and 15 years) than in
girls (between 11 and 13 years) (19, 20). Also, the fact that the
probability of boys dropping out is highest at 17 may be linked
to the moment of moving out from high school and therefore to
a choice to be made. A study (21) of 169 student athletes in
(basketball, baseball, softball, volleyball) and
individual sports (tennis, golf, cross country, swimming) revealed
that more than half of the students report that it is difficult to
match both athletic and academic expectations and that it is not

team sports

easy to find enough time to study during their sport season.

To our knowledge, the only study using Kaplan Meier survival
curves to investigate the dropout of swimmers was conducted by
Moulds et al. (22). Among 7,895 female and 6,545 male
swimmers, they found that 33% and 35% respectively dropped
out after 2 years, while the median time of participation before
dropout was 4 years. In a second part of the study, the authors
sought to incorporate the notion of competition and considered
758 female swimmers and 603 male swimmers who are involved
in competition. Among them, respectively 28% and 35% dropped
out after 2 years of practice. The authors revealed that dropout
was not associated with sex and birth quarter, unlike in our
study. Indeed, by the age of 21, we show that females have
significantly dropped out more than males. Other variables are
included in the Moulds et al. study, such as socio-economic
categories of the swimmer’s living area, age category, level of
competition, and proximity to a major city. These variables,
which are related to the social developmental environment of the
young swimmer, are found to be significantly more important
and are the strength of this study. Mollerlokken et al. (15), in a
meta-analysis showed that girls tend to have a higher dropout
rate (26.8%) than boys (21.4%). Vilhjalmsson et al. (23) analyzed
the sports habits of more than 3,000 Icelandic 6th, 8th and 10th
grade students. They also found a higher dropout rate for girls at
34% and for boys at 29%. Their study showed that girls are less
likely to join a sports club and are less physically active. In this
study, girls reported practicing physical activity with their
mothers or older sisters, while boys preferred practicing sport
with their friends.

Strengths & limitations

In swimming, some strokes require a high level of technique
and a longer learning time. Swimming a 50 m freestyle is
different from swimming a 1,500 m freestyle at 13 years old.
Also, the return on investment may be delayed on longer
distances, which may explain a higher dropout rate with the
event distance. Experience was not taken into account in this
study: some swimmers may regularly compete when others
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compete only once a year, but this may also be linked to the
performance level. Other variables, such as information related to
the club, training, school or familial environment, may also be
relevant and generate future research. To strengthen the
manuscript’s impact, we propose actionable recommendations for
coaches and policymakers based on our findings. Coaches should
implement tailored retention strategies for younger swimmers,
focusing on critical dropout ages—around 13 for girls and 17 for
boys. Strategies like psychological support, individualized
training, and mentorship programs can help sustain motivation
and engagement. Policymakers should address the Relative Age
Effect (RAE) by restructuring age-group categories or offering
development programs for late-born swimmers, fostering
inclusivity and long-term retention. Future research should
explore interventions to mitigate RAE, investigate psychological
and social factors influencing dropout, and analyze how
specialization timing or multi-event affects
These

understanding of dropout and inform targeted strategies for

participation

retention. efforts would provide a more holistic

swimmer retention.

Conclusion

This study highlights the different impacts of sex and
performance level on the dropout rate of young French
swimmers. Girls drop out more frequently and earlier than boys
while dropouts increase when performance level decreases. In
that sense, since being highly performing at a young age is not
necessarily a factor for success at the senior elite level (24-26),
coaches and federation members could use this argument to
explain to young athletes that they should not drop out based
solely on performance.
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