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Indeed, ballet dancers with a normal pubarche start
their training at the age of 8-9 years of age with only
3.5-7.3 hours/week37, while our examined RG and AG
started their training at the age of 6.4-7.7 years of age
with more than 30 hours of training per week.

Female athletes involved in a large variety of sports,
including runners, swimmers, tennis players, ballet
dancers, and gymnasts present a well documented de-
layed menarche37-41. In RG, menarche was significant-
ly delayed compared to their mothers� and non trained
sisters�, a finding militating against a genetic predis-
position towards delayed menarche (Table 4)18.

It is well known that a minimum weight for height
and a critical lean to fat mass ratio is required for
menarche. According to the Frisch theory, the attain-
ment of a critical percentage of body fat lowers the
metabolic rate and induces a sensitization of the hy-
pothalamus to gonadal steroids42,43. Indeed, leptin and
estrogen production by the adipose tissue play a cru-
cial role in triggering menarche44. These modulations
reflect a natural adaptation of the body to high ener-
gy demands. In AG and RG, low body fat, low body
weight (low energy input), and intensive physical train-
ing (high energy output) were the major factors influ-
encing menarche. Low body weight, however, re-
mained the most significant factor in delaying the
onset of puberty. It is to be noted that in both RG and
AG, older athletes without menarche presented low-
er height, weight, and BMI than their contemporar-
ies with menarche.

In conclusion, in RG and AG intensive physical
training and negative energy balance by modulating
the hypothalamic pituitary set point at puberty pro-
long the prepubertal stage and delay pubertal devel-
opment without affecting the duration of the puber-
tal process.

BONE ACQUISITION IN ATHLETES

Volumetric Bone Mineral Density (BMD) and
skeletal size are similar in prepubertal girls and boys.

years (mean±SD) for their breast development to
progress from Tanner stage II to Tanner stage IV36. A
similar period of time was observed for both RG and
AG in our study. Thus, pubertal development was
entirely shifted to a later age, maintaining a normal
rate of progression.

The major factor responsible for the delay in the
onset of breast and pubic hair development in both
sports was low body weight. Low body weight reflects
an energy deficit, evident in both sports as a conse-
quence of intensive physical training (high energy
output) on the one hand and low calory diet (low en-
ergy input) on the other. Gymnasts indeed are sub-
jected to a significant energy drain occurring early in
preadolescence and are highly motivated to maintain
low body weights due to their sports requirements for
a thin somatotype.

In ballet dancers subject to high energy drain and
low diet intake, a delayed thelarche and a normal pub-
arche was noted37. This implies that independent cen-
tral mechanisms are involved in triggering these two
aspects of pubertal development. Indeed, breast de-
velopment and subsequent menarche are related to
estrogen levels, while pubarche is mainly related to
adrenal androgen production38. In conditions of ener-
gy deficit and consequent reduction in adipose tissue,
estrogen production is decreased and breast develop-
ment and menarche are delayed. It is the onset and
the amount of energy deficit that dictates the degree
of involvement of all aspects of pubertal development.

Table 3. Mean age±SD of Rhythmic Gymnasts and Artistic Gym-
nasts at the various Tanner stages of breast and pubic hair develop-
ment15.

Variable Rhythmic Gymnasts Artistic Gymnasts

Mean ± SD n Mean ± SD n

Breast development

II 15.5 ± 0.7 02 15.9 ± 0.9 13

III 16.6 ± 1.5 34 16.9 ± 1.3 33

IV 17.0 ± 1.3 48 17.5 ± 1.5 27

V 17.8 ± 1.3 37 18.1 ± 1.3 09

Pubic hair development

II 15.0 01 15.8 ± 0.7 12

III 16.5 ± 1.2 22 16.8 ± 1.2 33

IV 17.4 ± 1.4 41 17.1 ± 1.5 32

V 17.3 ± 1.4 52 18.7 ± 0.5 07

Table 4. Age at menarche (mean±SD) in elite Rhythmic gymnasts
and in their mothers� and sisters�17.

Gymnasts Mothers Sisters

Menarcheal age (years) 14.3 ± 1.5 13.7 ± 1.5 13.7 ± 1.5

p - 0.008 0.05




