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Abstract — Aim: This study investigated whether the difference anthropometric of swimmers pre- and post-menarche
influence the motor performance of a 100-m freestyle swimming test. Methods: Twenty-five female swimmers
participated in this study, nine swimmers have not had menarche (age 11.7 + 0.63), and sixteen swimmers already have
had it (age 15.17 £ 1.36). Body composition (skinfold thickness), anthropometrical parameters (height and weight), and
biological age (Tanner self-assessment) were measured. A univariate and multivariate linear regression analysis was run
to assess which personal or anthropometric variable predicts the motor performance (time trial) on a 100-m freestyle
swimming test in pre- and post-menarche participants. As well, it was performed a Pearson’s correlation test between
the maturational status on Tanner self-assessment and the motor performance. Results: Post-menarche swimmers
demonstrated better motor performance than pre-menarche swimmers. Anthropometric characteristics did not predict the
motor performance of pre-menarche swimmers. Age, height, and weight predicted 47.8% of the motor performance of post-
menarche swimmers. The Tanner classification demonstrated a strong negative correlation with swimming performance.
Conclusion: Anthropometric characteristics only impacted the motor performance of post-menarche swimmers.

DOI: http://dx.doi.org/10.1590/S1980-6574202000040147

>

Keywords: menarche; maturation; swimming; biological development.

Introduction

The process of biological maturation induces critical mor-
phofunctional transitions across the adolescence period. This
process influences the anthropometric characteristics such as
height, body fat, and muscle mass, affecting the physical and
motor performance'?. In the female athletes, the menarche is a
critical marker of the biological maturity, and it occurs due to
the increase in the production of sexual hormones associated
with the appearance of secondary sexual characteristics'.

Menarche is related to the deceleration of somatic growth
and the increase in the percentage of body fat, especially in
mamas and hips regions'“. In Brazil, the mean age for menarche
occurrence is 12.2 years old*; however, its period is fluctuating
depending on geographic factors, seasonality, nutritional sta-
tus, physical activity, racial differences, emotional conditions,
pheromonal effect, and physical training'->*.

Some studies have demonstrated that a lower body fat per-
centage is a strong predictor of delay in menarche occurrence'.
In this sense, the high volume of physical training imposed on
female teenagers athletes can induce alterations in the body
weight and composition, delaying the female sexual maturation
process and, consequently, the menarche occurrence’?.

It has been demonstrated that the late menarche occurrence
favors athletic performance in teenage athletes and the following
competition categories (adults or professional categories)®'®. One

explanation for that can be attributed to morphological aspects,
because 1 - there is a propensity for young women with later
menarche to reach a greater height in adulthood, given that the
menarche occurs after the somatic growth peak'!'; and, 2 —
Specifically in swimming athletes, a higher height is associates
with a better performance'?. In this way, we aimed to investigate
the influence of maturational (menarche occurrence) and mor-
phological status (body fat and height) on the performance in
the 100-m freestyle swimming of competitive teenagers.

Materials and Methods

The Ethics Committee from the School of Arts, Sciences
and Humanities of the University of Sao Paulo, Sdo Paulo -
SP, Brazil, approved this study; register number 508.147. All
participants signed the assent term, and the participant’s parents
signed the consent term.

Subjects

The participants were recruited in the training gymnasium
were they were engaged in swimming practice. Twenty-five
female swimming competitors participated in this study, Age
(years): + 13.32, max: 16, minimum: 10. As inclusion criteria
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were adopted: 1 — to be affiliated to the Sao Paulo Aquatic
Federation, 2 — To participate in swimming competition, 3 — a
minimum of 12 hours of swimming training per week.

For exclusion criteria were considered: 1 — Cardiovascular
diseases, 2 - Not being able to practice physical activity regarding
“Physical Activity Readiness Questionnaire” (PAR-Q), 3 — Not
sign the informed consent form. 4 — Less than three years of
systematic practice of swimming.

Design and procedures

In an individual interview, each participant was asked about
their birth date and whether the participant already has men-
arche. If yes, it was asked at which age the menarche occurred.
Parent’s support was allowed in answer to these questions.
To avoid embarrassment to the participant, this interview was
conducted by a woman researcher.

After, the swimmers were enrolled in an anthropometric
assessment that assessed the body weight and height (using a
calibrated digital scale with a stadiometer, ®Sanny — BL201PP).
For the body fat evaluation, the participants were assessed
regarding their triceps, abdomen, and thigh skinfold thickness
measurements (using a ® Lange Skinfold Caliper Model C-130),
according to Lohman, Roache, and Martorell'*’s anthropo-
metric standardization reference manual. All anthropometric
assessments were performed by a unique Physical Education
professional with 5 years of experience in physical assessment.

The Tanner self-assessment'* of pubic hair and mama de-
velopment tests were performed to estimate and characterize the
maturational development of the participants. In this test, the
maturation levels are stratified from 1 to 5 levels, where level
1 represents the pre-pubertal level (of the mama or pubic hair),
and level 5 represents the post-pubertal level, which corresponds
to the full maturity (of the mama or pubic hair).

Finally, the participants initiated the performance test. It
begins with a warmup composed of 5 minutes of a freestyle
swimming in a self-choice graded intensity. Then, the participants
were engaged in a 100-m freestyle swimming test. All official
rules from the International Swimming Federation - Fédeération
Internationale de Natation (FINA) was considered for the motor
performance test. The performance was computed by the trial
time that was acquired manually by the researcher (with expe-
rience in teaching swimming) using a chronometer (®SEIKO
S141 - 300 Lap Memory). The researcher was blind regarding
the participant’s characteristics.

Statistical analysis

The statistical analysis was run in the SPSS v.22 and
Microsoft Excel 365 software. The alpha of 5% was adopted
for the significance level in the inferential analysis. The as-
sumptions of normal data distribution were verified using the
Kolmogorov-Smirnov and Shapiro-Wilk test, and equality of
variances (homoscedasticity), using the Levene test.

For all analyses, the participants were divided into 2 groups:
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Pre-menarche group composed of participants that have not
had menarche, and Post-menarche group for participants that
already had menarche.

To investigate whether the menarche occurrence induces a
significant difference on the anthropometric measures and the
motor performance in the 100-m freestyle swimming test. The
personal characteristic and the motor performance in the 100-
m freestyle swimming test were compared in a T-test between
the groups.

It was performed a multiple linear regression analysis to
examine whether the anthropometric characteristics predict the
motor performance in each group. The independent variables
that were considered in the multiple linear regression models
were determined in a univariate analysis.

Therefore, the independent variables (1 - weight (kilo-
grams), 2 - height (centimeters), 3 - the sum of skinfold thick-
ness measures in a tenth of millimeters (triceps + abdomen +
thigh), 4 - Body Mass Index (BMI), 5 — Age (days), 6 - Time
since menarche (years)) significantly correlated with the motor
performance in the 100-m freestyle swimming test (trial time
in seconds) in the univariate analysis were considered into a
multiple linear regression analysis model with the time trial as
the dependent variable by force entry (enter method).

No multi-collinearity in the multiple regression analysis was
found by screening a correlation matrix of all included variables
(r<0.8) and by evaluating the variance inflation factors (above
10) and tolerance statistics (below 0.10). There was no autocor-
relation found with the Durbin-Watson test of independence of
residuals. The assumptions of linearity, homoscedasticity, and
normally distributed residuals were met when checking the his-
tograms and normal probability plots of the residuals. Outliers
were checked by evaluating the percentage of standardized
residuals with an absolute value greater than three, and there
were no outliers.

As a complementary analysis to infer the relation between the
maturational status and the performance in the 100-m freestyle
swimming test, it was developed a correlation analysis (Pearson’s
correlation coefficient) with all participants in a unique group
between the results of pubic hair and mama development in the
Tanner self-assessment'* with the trial time in the swimming test.

Results

Participant’s personal, maturational, anthropometric and
motor performance information can be checked in Table 1.
Regarding the menarche occurrence, nine participants have not
had menarche, while sixteen participants already have it. The
results of the Tanner self-assessment test demonstrated relation
to the menarche occurrence, given that the most participants
in the stages 1 and 2 for pubic hair and mama development in
Tanner self-assessment test have not had menarche. On the other
hand, all participants in stages 4 and 5 in Tanner self-assessment
already had menarche.

The T-test revealed a significant difference between pre- and
post-menarche participants regarding Time Trial, with post-men-
arche participants demonstrating a better motor performance
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than pre-menarche participants. As well, there was a significant
difference between pre- and post-menarche for skinfold thick-
ness, weight, height, and age. For BMI, there was no significant
difference between the groups.

Table 2 shows the results of univariate linear regression in
the pre-menarche group. No significant result was found in any
analyses. Therefore, for the pre-menarche group, we did not run
the multiple linear regression. This result demonstrated that the
morphological status of the pre-menarche group did not have a
relation with motor performance.

Table 3 shows both univariate and multivariate linear regres-
sion in the post-menarche group. In the univariate analysis, age,
weight, and height demonstrated a significant difference with the
time trial as a dependent variable. So, these independent variables
(age, weight, and height) were considered into the multivariate
linear regression. In this last analysis was demonstrated that

younger age, lower body weight, and a higher height could ex-
plain 47.8% of the time trial of the post-menarche participants.
However, the independent variables (age, weight, and height)
were not significant in the model. This finding revealed that for
female teenagers that already have menarche, the interaction
among age, weight, and height predicted almost half of the motor
performance in the 100-m freestyle swimming test.

Lastly, we identified that the maturational classification
derived from pubic hair (r = -.81) and mama development (r =
-.80) in the Tanner self-assessment test demonstrated a strong
negative correlation with motor performance in the 100-m free-
style swimming test (Time Trial) in the Pearson’s correlation test,
as can be seen in Figure 1. This result indicated the inversely
proportional relationship between maturational status level and
100-m freestyle swimming motor performance, where a more
matured condition was associated with a lower trial time.

Table 1 - Personal, maturational, morphologic and motor performance of the participants.

Total Pre- menarch Post- menarch T-test
n=25 n=9 n=16 (p-value)

Age (years) 13.92+2.05 11.7+0.63 15.17 £ 1.36 <0.001*
Time of menarche (years) 3.11+£1.62

Stage 1: n=0 Stage 1: n=0 Stage 1: n=0

Stage 2:n=7 Stage 2:n=7 Stage 2:n=0
Pubic Hair classification Tanner Stage 3:n=2 Stage 3:n=1 Stage 3:n=1

Stage 4:n=9 Stage 4:n=1 Stage 4:n=38

Stage 5:n=7 Stage 5:n=10 Stage 5:n=7

Stage 1:n=1 Stage 1:n=1 Stage 1: n=0
M devel . Stage2: n=06 Stage2:n=6 Stage 2: n=0

ama developmen Lo Lo Lo

classification Tanner Stage3:n=6 Stage 3:n=3 Stage 3:n=4

Stage 4:n =38 Stage 4:n=0 Stage 4:n=38

Stage 5:n=2 Stage 5:n=0 Stage 5:n=2
Time Trial (seconds) 1.123 £ 0.116 1.254 £0.07 1.049 £ 0.06 <0.001*
Skinfold thickness
triceps + abdomen + thigh 35+£10 41.33+12.37 31.44+£6.39 <0.01*
(tenth of a mm )
Weight (kg) 51.22+10.12 4371 £ 11.47 55.45+6.38 <0.01*
Height (cm) 158.2+9.57 149.67 + 8.53 163 +6.28 <0.001*
BMI (kg/cm?) 20.44 +2.89 19.31+3.84 21.08 £2.09 >0.5

Note: Data are presented as mean + standard deviation. T-test compared the personal, maturational, morphologic and motor performance between pre- and post-
menarche participants. The information concerning the participant’s age is demonstrated in years in the table for better comprehension. However, the T-test was

performed with age in days for a more accurate analysis.

Legend: N — number of participants; BMI — Body Mass Index; kg — kilogram; cm — centimeter; mm — millimeter; Tanner — Tanner self-assessment test; * -

significant difference.
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Table 2 - Univariate linear regression in the pre-menarche group with motor performance (time trial) as a dependent variable.

R p-value
tricesplzu-tl-fgll)(:ict)}rlllli:l;nistslli gh 0,039 0,609
Weight 0,199 0,229
Height 0,000 0,989
BMI 0,010 0,795
Age 0,056 0,539

Legend: BMI - Body mass index.

Table 3 - Univariate and multivariate linear regression in the post-menarche group with the motor performance (time trial) as a dependent variable.

Univariate Multivariate®
R? B p B p
Skinfold thickness

triceps + abdomen + thigh 0,015 -0.122 0,653

Age 0,296 -0,544 0,029* -0,320 0,206

Weight 0,295 -0,543 0,030* -0,336 0,210

Height 0,326 0,571 0,021* -0,207 0,453
BMI 0,048 -0,220 0,413
Time of menarch 0,047 -0,217 0,419

Legend: BMI - Body mass index; * - significant values ; * - R = 0.478 and p = 0.044.

Correlation: r = - 8166
v -
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Figure 1 - Scarplott — Motor Performance x Pubic Hair classification in Tanner Self-Assessment, and Motor Performance x Mama Development Classification in
Tanner Self-Assessment.
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Discussion

The main of this study was to investigate whether the differ-
ence in the maturational and anthropometric status of competitive
swimmers teenage pre- and post-menarche induces influence
on the motor performance of a 100-m freestyle swimming
test. The results suggested that the post-menarche swimmers
had better motor performance than pre-menarche participants.
Interestingly, the post-menarche group demonstrated a lower
sum of skinfold thickness measures (triceps + abdomen + thigh)
than the pre-menarche group, contrary to what is expected in
this post-menarche population'"!5,

In swimming training traditional methodology, during the
development of the practitioners and their motor expertise, the
volume and intensity of the activities are gradually increased.
This increment induces higher energy expenditure for performing
the training'>!, which may explain the lower skinfold thickness
of the post-menarche if compared to the pre-menarche group.

In the exploratory analysis, we identified that the anthropo-
metric characteristics did not demonstrate relation with the motor
performance for pre-menarche swimmers teenagers. Maybe the
aspects regarding physical and fitness capability are less criti-
cal to the motor performance in the initial years of swimming
practice, given that the most improvement in motor performance
may be acquired from the progress of the movement pattern of
the swimming technique instead of physical conditioning'7°.

This perspective corroborates with the study of Létt et al.?,
which follows 25 young female swimmers for 2 years. The au-
thors identified that the improvement of swimming performance
during the growth and biological maturation was mainly related
to the improvement in the biomechanical factors followed by
the bioenergetic and physical factors. This finding may explain
why anthropometric characteristics did not predict the motor
performance in the pre-menarche group.

Also, our results revealed that post-menarche teenage
swimmers demonstrated a relation of the age and anthropo-
metric characteristics with the motor performance in the 100-m
freestyle swimming test. In this sense, a lower age and body
weight and a higher height predicted better motor performance
for these participants. Interestingly, body fat composition was
not a determinant of motor performance. These results suggest
that the critical aspect of the maturational status on the motor
performance of teenage swimmers is related to somatic grown
of the body segments.

Given that the somatic grown is accelerated close to the
menarche occurrence?!, this condition induces problems in the
body schema representation?. In this way, the teenage swimmer
needs to reorganize her movement pattern according to the new
body schema developed in this maturational phase, and during this
period of adaptation, the motor performance may be harmed?®.

In this way, our findings suggested that the maturational
status level pre-menarche occurrence may not influence motor
performance in teenage swimmers. Because, for these partici-
pants, the morphological conditions were not related to motor
performance. We suppose that for pre-menarche swimmers,
the biomechanical factors related to the swimming technique
are the critical element of the motor performance instead of the
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maturational level. On the other hand, we identified that the
somatic growth (weight and height) post-menarche predicts the
motor performance in the 100-m freestyle swimming test. As
well, the time of menarche was not related to motor performance.

Then, menarche occurrence per se (and the time from its
event) maybe is not enough sensitive to detect the maturational
aspects which are related to the motor performance in teenage
swimmers. [t is necessary complementary maturation inferences
(such as Tanner stages) to have a better comprehension of the
influence of maturational and development status of these young
athletes on the swimming performance.

Our data support the need to use complementary strategies
to assess the maturation besides the menarche. In our analysis,
we identified a strong negative correlation between the time trial
in the 100-m freestyle swimming test and the Tanner self-as-
sessment test, for both pubic hair and mama development. This
finding reinforces the argument to infer maturation status in
swimming athletes using other assessment instruments, as the
Tanner self-assessment test, which is an available, replicable,
cost-free, and effective maturational assessment tool.

As limitations of our study, we can mention 1 - the
restricted number of participants. Our sample was limited
because only adolescent swimmers at the competition level
(Sao Paulo Aquatic Federation) were included. This limited
number of participants may impact the power of the analyses
run in this study. 2 - our research did not assess the impact
of motor expertise in maturational condition and motor per-
formance. Given that the swimming technique impact motor
performance as far as bioenergetic and physical factors, in
the inference about the relationship between maturational
status and swimming performance, maybe the motor ex-
pertise can be a confusion variable. Further investigations
may develop longitudinal studies with a higher number of
participants and controlling the time of swimming practice
throughout adolescence.

Conclusion

Post-menarche teenage swimmers demonstrated better
motor performance in the 100-m freestyle swimming test than
pre-menarche swimmers. For pre-menarche swimmers, the
personal and anthropometric characteristics did not predict the
motor performance; instead, in post-menarche swimmers, the
age, height, and weight are associated with a decrease in the
motor performance in a 100-m freestyle swimming test.
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