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AbstrAct

ObjecTIVe: To highlight the recent developments in the field of menstrual function in sports 
and to provide an overview of our current understanding in regard to the pathophysiology, 
evaluation and management strategies of exercise-related reproductive dysfunction. DeSIgn: 
A PUbMeD search was carried out and all articles published from 1980 to 2010 with title 
words related to exercise, athletes, menstrual function and primary and secondary amenorrhea 
were reviewed. The review structure includes a pathophysiology overview, menstrual dysfunc-
tion among different athletic disciplines, clinical manifestations, evaluation and management 
strategies, with particular emphasis on recent data regarding the use of oral contraceptives and 
hormone replacement therapy. ReSUlTS AnD cOnclUSIOn: exercise-related reproductive 
dysfunction appears to be multifactorial in origin and remains a diagnosis of exclusion. Recent 
findings underscore the endocrine role of adipose tissue in the regulation of metabolism and 
reproduction, providing further data on our understanding of the pathophysiology of exercise-
related reproductive dysfunction. clinical manifestations range from primary amenorrhea 
or delayed menarche to luteal phase deficiency, oligomenorrhea, anovulation and secondary 
amenorrhea. Amenorrhea constitutes the most serious clinical consequence and is associated 
with bone pathology. early diagnosis, thorough evaluation and individualized management 
(ranging from diet and exercise, or behavior adjustments to pharmacologic treatment) should 
be achieved in order to preserve bone mass.
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INTRODUCTION

Over the past three decades, major social changes 
have fostered the development of a positive attitude 

towards physical exercise in general and, in female 
athletic activities in particular. Thus, women are 
becoming increasingly involved in physical activities, 
ranging from regular mild exercise to highly competi-
tive performance requiring intensive and strenuous 
training.

The beneficial role of exercise in the promotion 
of both mental and physical health is indisputable. 
However, as the current general trend is towards 
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considerable increase in the duration, frequency and 
intensity of exercise, great concern is arising with 
regard to the deleterious effects of intensive physical 
exercise on somatic growth and biological maturation.

This review aims at providing an overview of our 
current understanding of the effect of exercise on 
reproductive function and bone metabolism, includ-
ing evaluation and management strategies of related 
pathology.

Individual sports exert a unique impact on body 
composition and development each depending on 
the sport-related specific features, technical skills 
and training methods and the state of growth and 
maturation of the athlete at exercise initiation and 
later on. These influences have been studied in fe-
males of all ages engaged in highly competitive sports, 
including gymnastics, endurance running, swimming 
and ballet dancing.

It is well documented that the female reproductive 
system is highly sensitive to changes regarding both 
intrinsic and extrinsic factors. Thus, female athletes 
exposed to intensive training and associated psycho-
logical stress as well as to strict dietary restraints are 
prone to developing reproductive dysfunction and 
bone pathology.

exeRCIse AND RepRODUCTIve 
DysfUNCTION

Prevalence

Abnormalities of the reproductive system are 
encountered in 6-79% of females involved in sports 
activities.1 It is well documented that female athletes 
involved in a wide variety of sports, including runners, 
swimmers, tennis players, ballet dancers and gymnasts, 
present delayed menarche.2-6 The prevalence of men-
strual dysfunction has been studied widely and varies 
with the specific sport and the level of competition.1

Based upon specific sport-related features, includ-
ing training methods and technical skills, sports could 
be classified into the following categories: technical, 
endurance, aesthetics, weight class, ball game, power 
and anti-gravitation sports. Moreover, athletic events 
may be further grouped into ‘leanness and non-
leanness’ on the basis of the optimal somatotype for 
each specific sport.7

ClINICAl pATTeRNs Of exeRCIse-RelATeD 
MeNsTRUAl AbNORMAlITIes

Menstruation represents a particularly delicate 
function and its regularity reflects normal reproductive 
activity. Normal interplay between the hypothalamus, 
pituitary, ovaries and endometrium give rise to pre-
dictable cyclic menses that signify regular ovulation. 
Ovarian function and menstrual regularity depend 
on normal cyclic pituitary gonadotropin stimulation. 
The secretion of gonadotropins occurs in response to 
pulsatile gonadotropin-releasing hormone (GnRH) 
release from the hypothalamus which is regulated by 
various neurotransmitters and neuropeptides.

Female athletic performance has been associated 
with a broad spectrum of menstrual dysfunction, rang-
ing from primary amenorrhea or delayed menarche to 
luteal phase deficiency, oligomenorrhea, anovulation 
and secondary amenorrhea.

The term amenorrhea refers to the absence of 
menses. The reproductive dysfunction in amenorrhea 
is characterized by infrequent or absent luteinizing 
hormone (LH) pulses accompanied by suppressed 
follicular development, ovulation and luteal activity, 
leading to persistently low levels of estrogens and pro-
gesterone and absence of endometrial proliferation.8 
Primary amenorrhea is diagnosed when there has been 
a failure to menstruate by the age of 15 years in the 
presence of normal secondary sexual characteristics, 
or within five years after breast development if this 
occurs before the age of 10.9 Secondary amenorrhea 
is defined as the absence of three or more consecutive 
menstrual cycles following menarche, while oligome-
norrhea describes menstrual cycles longer than 35 
days or menstrual intervals of 45 to 90 days.

Luteal phase deficiency denotes asymptomatic 
subclinical menstrual disturbances resulting in low es-
tradiol levels in the early follicular phase and decreased 
but normal LH pulse frequency with increased pulse 
amplitude. Although ovulation occurs, the developed 
corpus luteum produces reduced progesterone sup-
port for adequate endometrial development in the 
secretory phase. Thus, successful implantation of 
the fertilized egg is prevented and infertility ensues.

Anovulation is a more severe asymptomatic re-
productive dysfunction characterized by suppressed 
follicular maturation leading to lack of ovulation. Both 
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estrogen and progesterone levels are low, but some 
proliferation of endometrium is achieved resulting 
in profuse bleeding at irregular intervals.

pATHOpHysIOlOgy Of exeRCIse-RelATeD 
MeNsTRUAl AbNORMAlITIes

During the last three decades numerous studies 
have been conducted in regard to sports activities and 
athletic performance with emphasis on the influence 
of physical activity on reproductive function. The main 
factors related to menstrual disturbances in athletes 
are weight, body composition, stress (physical and 
psychological), energy imbalance, diet, type of sport 
and the state of reproductive maturity.

Weight and body composition

One of the earliest and most interesting observa-
tion on menstrual dysfunction in athletes was made by 
Frisch RE et al (1974) who theorized that the onset 
of menarche is achieved when body fat reaches a 
“critical threshold”, namely 17% of body weight and 
that menstruation is disturbed when body fat falls 
below the “critical threshold” of 22% of body weight. 
According to Frisch’s theory, at a critical percentage 
of body fat the metabolic rate decreases and the 
sensitivity of the hypothalamus to gonadal steroids 
is altered.10 On the basis of these early observations, 
low weight and altered body composition have been 
considered the most cogent explanation for female 
reproductive dysfunction occurring in athletes. Re-
cent studies however have challenged the theory that 
menstruation depends upon a critical body weight or 
fat percentage.11-13

Attention is being increasingly focused on the role 
of adipose tissue as an active endocrine organ. Perti-
nent studies have revealed a number of adipocytes-
secreted factors (known as adipokines) which are 
involved in signalling, energy balance, insulin action, 
reproductive function and inflammation processes. 
Among the adipokines, leptin has a prominent role in 
reproductive function, while adiponectin is attracting 
increasing interest as a mediator in metabolism and 
reproduction.

The discovery of leptin however boosted scientific 
interest in the body composition hypothesis. Leptin has 
been considered as a link between the adipocyte and 

the reproductive system14 and has been considered to 
play a pivotal role in mediating a metabolic interaction 
between body fat and reproductive function. Serum 
leptin levels reflect the dietary status and caloric 
balance. Thus, rapid and profound decline in leptin 
levels has been documented in response to fasting 
and dietary restrictions, while extreme increases have 
been noted in response to overfeeding and refeeding 
following caloric deprivation. It has however been 
reported that even in severely undernourished women, 
the neuroendocrine control of reproductive function 
is preserved and is mediated by leptin.15 This strongly 
suggests that a critical level of leptin is required for 
the maturation and maintenance of menstruation.16 It 
has also been reported that serum leptin levels were 
reduced in highly trained athletes and the diurnal 
pattern of leptin secretion was lost in amenorrheic 
but not in menstruating athletes.17

Adiponectin is markedly reduced in obesity and 
rises with prolonged fasting and significant weight 
reduction. Besides a well-described role in metabo-
lism, cardiovascular protection and inflammatory 
process, recent studies suggest a potential role for 
adiponectin in the regulation of neuroendocrine re-
productive processes. Specifically, it has been reported 
that adiponectin inhibits both basal and GnRH-
stimulated LH secretion in short-term treated rat 
pituitary cells.18 Furthermore, Lu et al reported that 
in L beta T2 mice cells, adiponectin acutely reduced 
basal and GnRH-stimulated LH secretion but had 
no effect on FSH levels.19 Thus, adiponectin could 
be considered as a link between adipocyte and the 
reproductive system. Consequently, high levels of 
adiponectin (as found in lean and energy restrained 
female athletes) may contribute to the suppression 
of LH levels and chronic anovulation.

Physical stress

The hypothesis that menstrual disturbances in 
athletes might be caused by the stress of exercise 
was originally based on animal experiments and 
has recently been supported by studies in amenor-
rheic athletes. Studies on the interaction between the 
hypothalamic-pituitary-adrenal (HPA) axis and the 
reproductive system carried out in rats and monkeys20,21 
demonstrated that alterations in the hormones of the 
HPA axis could disrupt the reproductive function via 
both central and peripheral effects.22
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Bullen et al reported that untrained, regularly 
menstruating women developed menstrual disorders 
when exposed to strenuous exercise.23 Specifically, 
regularly menstruating, untrained women when ex-
posed to high volume aerobic exercise, presented 
increased prevalence of luteal phase deficiency and 
anovulation. Moreover, a mild degree of cortisol in-
crease has been documented in amenorrheic athletes. 
In general, athletes presenting profound menstrual 
disorders exhibit a greater activation of the HPA 
axis.8,22,24 It is thus evident that activation of the HPA 
axis represents an endocrinologic mechanism of re-
productive dysfunction in female athletes. Cortisol can 
suppress gonadotropin secretion from the pituitary,25 
while corticotropin-releasing hormone (CRH) can 
suppress GnRH secretion from the hypothalamus 
by increasing the hypothalamic opiate inhibition.26

Psychological stress

Psychological stress is another factor commonly 
implicated in the etiology and pathogenesis of exer-
cise related menstrual disturbances. Although there 
are studies correlating behavioral and psychological 
parameters in women with functional hypothalamic 
amenorrhea, few data exist to support this hypothesis 
in athletes.27 Amenorrheic athletes exhibit a similar 
psychological profile compared with menstruating 
athletes.28 In addition, studies among musicians whose 
lifestyle is similarly competitive to that of athletes have 
shown that the psychological stress of competitions 
has no causative role in the reproductive dysfunction 
of most individuals.3

Energy availability

Recent studies have implicated energy availability 
(defined as dietary energy input minus exercise in-
duced energy expenditure) rather than body weight 
or exercise stress in the pathogenesis of reproductive 
dysfunction in female athletes.13 It has been proposed 
that negative energy balance (failure to meet the 
metabolic requirements) causes an alteration in brain 
function that disrupts the GnRH pulse generator 
through an as yet unknown mechanism.

Researchers studying monkeys concluded that 
exercise-induced amenorrhea was reversed by diet 
and caloric supplementation, without any modifica-
tion in their exercise regimen.29 It appears that energy 
depletion leads to a suppression in LH pulsatility 

regardless of the cause. It has been shown that caloric 
imbalance prevents the normal pulsatile secretion of 
LH in exercising women.30 Thus, it is proposed that 
exercise per se has no detrimental effects on female 
reproductive regulation, apart from that resulting 
from impaired energy balance.

Diet

Few data exist regarding a possible role of diet 
composition on the pathogenesis of menstrual disor-
ders in athletes. Apart from the influence of reduced 
caloric intake (i.e. insufficient to compensate for 
the increased energy expenditure), the effect of diet 
composition per se on reproductive function in female 
athletes has also been studied. Protein and fat intake 
appears to be decreased in amenorrheic athletes. Data 
from studies attempting to correlate the incidence of 
menstrual disorders with different types of diets (in 
particular vegetarian diets, favored by some athletes) 
have been controversial.31.32 Therefore, the effect of 
different types of diet on reproductive function can-
not be assessed without considering the synergistic 
effect of other factors such as energy balance, training 
intensity or emotional stress.

Training methods/Sports characteristics

It is well known that the unique character of each 
sport is determined by the specific skills requirements, 
appropriate somatotype and special training methods. 
The age of training onset, the somatotype, the specific 
sports demands as well as the intensity, frequency and 
duration of training impose dietary restrictions and 
a certain energy and metabolic profile, all of which 
are highly likely to influence the menstrual status of 
female athletes.

A heavy training load appears to exert more harm-
ful effects on menstrual function when initiated 
abruptly compared with a gradual acceleration.33 
Moreover, long-term training at levels of energy ex-
penditure above the lactate threshold affects menstrual 
function more than long-term training at or below 
the lactate threshold.34 Furthermore, exercise-related 
menstrual disorders are more common among endur-
ance runners and ballet dancers than in swimmers 
and cyclists.6,35,36 This fact could be attributed to the 
specific optimal somatotype demands, namely at-
tracting individuals of certain body characteristics 
according to the types of elite competitive sports (e.g. 
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thinness in ballet dancers and long-distance runners) 
combined with dietary adaptations and restrictions.

Reproductive maturity

It has been suggested that intense training has 
less effect on the menstrual function of previously 
sedentary, menstruating individuals compared with 
those of premenarcheal adolescents.37 This might 
be due to the fact that reproductively immature fe-
males are more sensitive to the detrimental effects 
of strenuous exercise. Nevertheless, any attempt to 
isolate reproductive maturity as a factor interfering 
in the pathogenesis of exercise-related reproductive 
dysfunction and to evaluate this separately from 
energy availability, body fat and body weight is not 
an easy task.13

MeNsTRUAl DIsORDeRs IN speCIfIC spORTs

Somatic growth and pubertal development in 
runners have been extensively studied, incorporating 
precise categorizations. For example, despite com-
peting in the same field of sport, runners are divided 
into recreational, small-distance and long distance, 
this based on the training methods, the technical 
skills, the favorable somatotype and the specific 
requirements for each event. Other categorizations 
are more clear-cut. For instance, athletes participat-
ing in power events (e.g. sprints, hurdles) train at 
maximal or near-maximal intensity in short bursts, 
while athletes participating in endurance events (e.g. 
middle-distance and distance running) train at lower 
intensity levels for extended periods. Power athletes 
are heavier and have more total lean mass than their 
endurance counterparts.39

Menstrual disorders occur in 24-26% of runners.40,41 
In distance runners, the prevalence of amenorrhea 
increases from 3% to 60% as training distance in-
creases from <13 to >113 km per week, while their 
body weight decreases from >60 to <50 kg.36 Fur-
thermore, subclinical menstrual disorders are found 
in both highly trained8 and recreational42 eumenor-
rheic athletes; luteal deficiency or anovulation was 
found in 78% of eumenorrheic recreational runners 
in at least one out of three menstrual cycles.42 On 
the other hand, in sub-elite, moderately exercising 
female runners, no effect on pubertal development 
was demonstrated.43

Dance training has been shown to be associated 
with a high incidence of menstrual dysfunction, par-
ticularly in disciplines such as ballet.35 Ballet dancers 
begin strenuous training at an early age while under-
going intensive exercise and heavy caloric restrictions 
(this leading to energy deficit) in order to perform 
at a competitive level and retain a lean physique. 
Teenage ballet dancers are lighter with less body fat, 
this typically accompanied by a higher incidence of 
delayed puberty and primary or secondary amenor-
rhea, compared with less physically active girls.33,35

Swimmers present normal weight, less fat and 
more muscle mass than nonathletic girls, but a greater 
percentage of fat than that of amenorrheic athletes 
in other sports.3 The latter reflects an adjustment to 
the sport-specific requirements, as in aquatic sports 
subcutaneous fat helps floatation, reducing energy 
expenditure for water surface maintenance. Constan-
tini et al studied swimmers of competitive level and 
demonstrated that menstrual cycles were irregular 
or anovulatory rather than absent. Considering the 
greater amount of fat in swimmers, that functions 
as an estrogen producer and reservoir, the observed 
menstrual disturbances may not be attributable to 
hypoestrogenism but might instead be due to mild 
hyperandrogenism.44

In gymnastics, in the case of gymnasts performing at 
the high competitive level of e.g. the Olympic Games, 
a delayed menarche has been noted compared to high 
school, college and club-level athletes.45 Furthermore, 
young girls or adolescents engaged in sports requir-
ing training <15 hours per week less frequently have 
menstrual disturbances or delayed sexual maturation.45 
Serial studies in high-level gymnasts demonstrated 
that in both elite rhythmic gymnasts (RG) and artistic 
gymnasts (AG), the prepubertal stage was prolonged 
and pubertal development was shifted to a later age, 
retaining a normal progression rate and following the 
bone age rather than the chronological age.46-51 It is 
to be underlined that for both RG and AG, pubertal 
progression, although delayed, was not prolonged. 
Normal girls require an average of 1.96±0.93 years 
(mean±SD) for their breast development to progress 
from Tanner stage II to Tanner stage IV.52 A com-
parable period of time was observed for both RG 
and AG. Therefore, pubertal maturation is entirely 
shifted to a later age while maintaining a normal rate 
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of progression. Furthermore, in RG, menarche was 
significantly delayed compared to their mothers and 
non-trained sisters, an observation arguing against a 
genetic predisposition towards delayed menarche.48 
Therefore, in RG and AG, intensive physical training 
and negative energy balance prolong the prepuber-
tal stage and delay pubertal onset by regulating the 
hypothalamic pituitary set point of puberty without 
however affecting the duration of the pubertal process.

ClINICAl CONseqUeNCes

Short-term

Exercising women experience short-term infertility 
due to anovulation, which however is reversed after 
termination of exercise. Chronic anovulation may lead 
to profuse bleeding at unexpected times, which can 
vary from a mild inconvenience to significant blood 
loss requiring hospitalization.

Long-term

The deleterious effects of exercise-induced repro-
ductive dysfunction are caused by the lack of estrogens 
action. It is well known that estrogens profoundly 
affect the urogenital epithelial maturation, the car-
diovascular system and bone health.

Urogenital disturbances

Estrogens promote maturation of the urogenital 
epithelium and maintain a thick vaginal epithelium 
that is resistant to various disorders. By contrast, a 
hypoestrogenic status leads to the development of a 
thin vaginal epithelium, which may lead to atrophic 
urethritis and vaginitis. However, since estrogen defi-
ciency of several years is necessary for the development 
of urogenital atrophy, this condition is uncommon 
among female athletes considering that only a small 
proportion of them remain severely hypoestrogenic 
for a long period.

Cardiovascular risk

It has been reported that estrogen deficiency im-
pairs endothelium-dependent vasodilation in amenor-
rheic athletes.53 Furthermore, it has been noted that 
amenorrhea in young endurance athletes is associated 
with endothelial dysfunction and unfavorable lipid 
profile as well as other risk factors for atherosclerosis.54

Effects on bones

Exercise-associated menstrual dysfunction and 
the consequent estrogen deficiency have a profound 
impact on the skeleton. Failure to reach peak bone 
mass, bone loss and inadequate bone mineralization 
predispose hypoestrogenic athletes to osteopenia 
and osteoporosis and to increased risk of scoliosis 
and bone fracture.1 Although genetic factors con-
siderably influence bone mass, other factors such as 
nutrition, physical exercise, various diseases, drugs, 
age at menarche and ovarian function regulate the 
acquisition of bone mass in a moderately synergistic 
action. According to De Souza et al, female athletes 
experiencing both energy and estrogen deficiency 
present a worse bone turnover profile compared to 
athletes with only one or none of these abnormalities.55

There is general agreement that physical activity 
enhances bone formation and, consequently, increases 
bone mineral density (BMD).56 The higher strain lev-
els, associated with extreme physical activity increase 
bone mass by inducing accretion on bone surfaces.

Bone mass doubles between the onset of puberty 
and early adult life.57 Sex steroids are responsible for 
the maturation and increase of the human skeleton 
after the onset of puberty. Recent data58-60 in the 
field of metabolism and endocrinology challenge the 
traditional theory of bone resorption resulting only 
from estrogen deficiency in female athletes present-
ing menstrual disorders. Thus, it is suggested that 
not only estrogen deficiency but additionally nutri-
tional deprivation and chronic energy deficit cause 
inadequate bone formation by altering the levels of 
various hormones affecting bone metabolism, such as 
insulin-like growth factor-1 (IGF-1), cortisol, leptin 
and ghrelin.

Specifically, IGF-1, an important factor for bone 
formation,58 is lower in adolescent athletes with 
amenorrhea in comparison to sedentary controls.59 
Furthermore, intense physical stress and energy im-
balance cause activation of the HPA axis and induce 
high cortisol levels, which unfavorably affect bone 
metabolism.60

In cell cultures, ghrelin exerted proliferative effects 
on osteoblasts, whereas studies on animal models 
indicated that leptin decreases bone mass.61 Christo 
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et al reported higher ghrelin and lower leptin levels 
in amenorrheic adolescent athletes compared to 
eumenorrheic athletes and sedentary controls.62 This 
study showed bone age, lean mass, IGF-1 and estra-
diol, but not ghrelin and leptin, as important positive 
predictors of bone mass parameters.62 The involve-
ment of leptin could provide a possible mechanism 
for an interaction between the nutritional status and 
bone metabolism, this suggesting a role for leptin as 
a physiologic regulator of bone mass.63 Thus, osteo-
penia characterizing amenorrheic women involved in 
aesthetics may represent another adaptive response 
to chronic undernutrition.

Many studies have documented lower bone min-
eral density in athletes with hypoestrogenic amen-
orrhea compared with regularly cycling athletes.64,65 
Interestingly, Christo et al. compared bone density 
in adolescent amenorrheic vs eumenorrheic endur-
ance athletes and non-athletic controls and found 
lower bone density at the spine, hip and whole body 
in adolescent amenorrheic athletes compared with 
the other two groups.59 In this study, athletes with 
amenorrhea had significantly lower lumbar BMD 
Z-scores compared with athletes with eumenorrhea 
and control subjects. Lumbar BMD Z-scores < -1 
were documented in 38% of athletes with amenor-
rhea compared with 16.7% of eumenorrheic athletes 
and 11% of sedentary controls.

BMD declines as the number of missed menstrual 
cycles increases and in such cases the loss of BMD 
may not be fully reversible.67 Stress fractures occur 
more commonly in physically active women with men-
strual irregularities and/or low BMD with a relative 
risk for stress fracture two to four times greater in 
amenorrheic than eumenorrheic athletes.68 Studies 
involving ballet dancers have demonstrated higher 
prevalence of scoliosis and a greater incidence of 
delayed menarche among the dancers presenting 
scoliosis.69.70 These limited data, though implying 
a possible connection between idiopathic scoliosis 
and exercise-induced menstrual disorders, fail to 
provide convincing evidence of a common pathoge-
netic mechanism. The prevalence of stress fractures 
among dancers has been positively correlated with 
the duration of amenorrhea.71 Similarly, in runners 

the prevalence of stress fractures has been associated 
with the existence of menstrual disturbances.72

On the other hand, recent studies have highlighted 
the fact that weight-bearing exercise exerts a positive 
impact on bone density. Bembed et al. demonstrated 
that gymnasts were found to have significantly higher 
BMD compared with runners.73 In addition, Zanker 
et al studied retired gymnasts, competing in sports 
acrobatics during childhood and adolescence, and 
documented higher BMD in comparison with women 
who had never participated in structured sport or 
exercise.74

Nichols et al studied female high-school athletes 
taking into account both the sport-specific type of 
mechanical loading and menstrual status.75 This study 
included eumenorrheic and amenorrheic female 
adolescents participating in high/odd impact sports 
(soccer, softball, volleyball, tennis, lacrosse, track 
sprinting and jumping) and repetitive/non-impact 
sports participants (swimmers, cross-country run-
ners, track distance runners participating in events 
≥800 m). The data showed higher hip bone density in 
eumenorrheic high/odd impact athletes compared to 
eumenorrheic repetitive/non-impact athletes, as well 
as higher spine bone density in eumenorrheic high/
odd impact athletes compared with oligo/amenorrheic 
repetitive/non-impact athletes.

In Artistic Gymnastics, an increase in bone den-
sity was observed when related to bone age and not 
chronological age.76 Bone acquisition was propor-
tional to the development of puberty according to 
Tanner stages of breast development and there was 
a strong negative influence of early onset of training 
on bone acquisition, indicating vulnerability of bone 
metabolism before the onset of sex steroids produc-
tion.76 Therefore, the early exposure of AG to excess 
mechanical load exerts its beneficial effect on bone 
acquisition, after sex steroid production initiation 
leading to a positive net-effect. The same appears to 
be true of Rhythmic Gymnasts.77 Elite premenarcheal 
RG had significantly higher cortical BMD and cortical 
thickness compared to sedentary controls, indicating 
that Rhythmic Gymnastics in premenarcheal girls 
may induce positive adaptations on the skeleton, 
especially in cortical bone.77



Menstruation in sports 111

DeTeRMININg THe NeeD fOR evAlUATION 
Of ATHleTes

Evaluation is indicated in three clinical settings: 
(1) adolescents with primary amenorrhea (no men-
ses by the age of 16) involved in strenuous exercise, 
(2) athletes at any age with secondary amenorrhea 
(previously menstruating) and (3) reproductively 
mature women undergoing intensive sport exercise 
and interested in conceiving.

Diagnosis and evaluation

The diagnosis of exercise-induced menstrual dis-
orders remains a diagnosis by exclusion. The initial 
approach in evaluating athletes with reproductive 
dysfunction includes a full and thorough personal 
history with regard to menstrual patterns, pubertal 
development, dietary habits, weight changes, stressors, 
sexual activity, exercise history and family history. 
Finally, a complete physical examination should be 
carried out including breast and pubic hair inspec-
tion to determine the stage of maturity according to 
Tanner stages. Pelvic examination by sonography 
should also be performed.

The differential diagnosis includes possible un-
derlying endocrinopathies, such as hyperprolac-
tinemia and thyroid dysfunction, eating disorders 
and a physiologic postmenarcheal anovulatory state. 
The latter represents a self-limited period of anovu-
latory menstrual cycles occurring during the first 
year of menstruation, while additional cycles may be 
characterized by luteal phase deficiency.8 Pregnancy 
should always be ruled out in sexually active athletes. 
Furthermore, less common causes of amenorrhea 
should be excluded, such as Müllerian abnormali-
ties, gonadal dysgenesis and androgen insensitivity 
syndrome.

Laboratory studies include determination of serum 
follicle-stimulating hormone (FSH), LH, prolactin, 
thyroid-stimulating hormone (TSH), b-human cho-
rionic gonadotropin (β-hCG) (the latter to exclude 
pregnancy) testosterone, dehydroepiandrosterone 
sulfate (DHEA-S), estrogens and possibly a progestin 
challenge. Magnetic resonance imaging (MRI) of the 
hypothalamic-pituitary area is the examination of 
choice in the presence of hyperprolactinemia.

Essential for the assessment of maturation and 

pubertal development is the determination of bone 
age, as pubertal progression and bone mass acquisi-
tion follow bone age rather than chronological age.78 
Bone age is commonly evaluated via an x-ray of left 
hand and wrist.

In cases of secondary amenorrhea, estrogen status 
should be evaluated by determining serum estradiol 
(E2) levels and/or via a progestin withdrawal test: 
in the presence of estrogen action, endometrial lin-
ing is developed, progesterone action maintains 
the endometrial lining and its withdrawal induces 
bleeding. A negative progestin withdrawal test or 
levels of estradiol lower than 60 pg/ml (critical level 
for maintaining bone density) reflect the severity of 
potential osteopenia.79

THeRApeUTIC INTeRveNTIONs

The aim of intervention is to control short-term 
symptoms such as irregular bleeding, and to prevent 
long-term effects such as osteoporosis. The manage-
ment options for treatment of menstrual disorders in 
athletes include behavioral changes, improved dietary 
habits, re-evaluation of the intensity and duration of 
training as well as pharmacologic intervention. In 
general, treatment should be individualized taking 
into account age, risk factors and the severity of the 
reproductive dysfunction and its consequences.

The most severely affected athletes who will require 
aggressive management are amenorrheic women with 
current evidence of osteopenia/osteoporosis. Initially, 
the athlete is prompted to modify diet and exercise be-
haviour. These modifications aim at improving energy 
availability by increasing energy intake and reducing 
energy expenditure, or a combination, according to 
the athlete’s compliance with recommendations.80

Reducing the level of exercise can produce dra-
matic changes in menstrual function.81 Furthermore, 
menstrual cycles may be restored by increasing energy 
intake to more than 30 kcal per kg of free fat mass 
(FFM) daily. The strong association between increases 
in BMD and increases in body weight implies that 
increasing BMD may require more than 45 kcal per 
kg of FFM daily. This value corresponds to energy 
balance in healthy young women.81

With regard to dietary and nutritional aspects, a 
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recent two-year prospective cohort study of young 
female runners, based on a food frequency question-
naire, showed that low-fat dairy products, potassium 
and the major nutrients in milk (calcium, vitamin 
D and protein) are positively associated with bone 
gains and a lower stress fracture rate.82 Thus, ad-
equate amounts of bone-building nutrients should 
be prescribed, including calcium >1200 mg/day and 
vitamin D 800 IU/day.

Initiation of pharmacologic treatment should be 
considered in the case of athletes unwilling to follow 
dietary interventions or modify the exercise regi-
men, or athletes who, despite their compliance with 
nutritional counselling, fail to achieve restoration 
of menstrual function after a period of 6 months. In 
any case, the decision for pharmacologic treatment 
should be individualized, based on chronological age, 
bone density and bone loss.

The most commonly prescribed treatment for 
young amenorrheic women with bone loss is hormone 
replacement therapy (HRT) and oral contraceptives 
(OC). Hormone replacement therapy, consisting of 
cyclic estrogen administration in combination with 
progestin, establishes preservation of bone mass and 
provides regular bleeding at predictable times. This 
regimen will prevent or relieve atrophic vaginitis and 
urethritis but will not provide contraception. Side-
effects, which are uncommon, include depression, 
lethargy and bloating on the days of progestin inges-
tion, while very few women, previously hypoestrogenic, 
report mild fluid retention and weight gain. It must 
however be stressed that preparations containing 
high concentrations of estrogen raise concern about 
thromboembolic episodes.

There are many preparations available providing 
systemic, oral and transdermal estrogen adminis-
tration, while newly developed products introduce 
percutaneous estradiol and transvaginal progesterone 
administration.83 Several studies have been published 
comparing oral with transdermal estrogen adminis-
tration with specific regard to respective safety and 
efficacy.

Administration of oral estrogens leads to suppres-
sion of both baseline and growth-hormone stimulated 
insulin-like growth factor I (IGF-I) concentrations, 
while transdermal estrogen did not have a negative ef-

fect on IGF-I.84 Moreover, studies on postmenopausal 
women on transdermal HRT suggest a moderately 
beneficial influence on body composition, inflamma-
tory markers and cardiovascular parameters.83 Finally, 
Hemelaar et al underscore the relatively safer profile 
of oral HRT in relation to atherosclerotic and venous 
thromboembolic disease.85 Hemelaar’s conclusions 
are based on a review of studies comparing non-oral 
with oral postmenopausal HRT.

On the other hand, though OC administration 
side-effects are more common compared with those 
of HRT, they are limited to headache, nausea, breast 
tenderness and weight gain and, less commonly, 
infrequent and mild breakthrough bleeding and 
amenorrhea. These side-effects are of major clini-
cal importance because they often lead to discon-
tinuation of treatment. Regarding the adolescent 
female younger than 16 years of age with functional 
hypothalamic amenorrhea, there are no established 
guidelines as to whether or when to administer OC 
due to concern for premature closure of growth plates 
as well as lack of research to support such therapy 
in this age group.

Even though commonly and widely used, the 
influence of HRT or OC treatment on bone mass 
in hypoestrogenic amenorrheic athletes remains 
controversial. Very few prospective data exist to aid 
clinicians in making evidence-based decisions as to 
the optimal treatment regimens.

HRT may prevent further loss of bone in athletes 
with amenorrhea of recent onset but will not replace 
all the bone loss that has occurred in cases of longer 
lasting amenorrhea.86 A longitudinal study docu-
mented minimal bone accretion following a 2-year 
HRT compared with the BMD increase following 
spontaneous reversal of amenorrhea in a cohort of 
ballet dancers.87 Moreover, Liu and Lebrun reviewed 
studies on the efficacy of estrogen therapy in hypo-
thalamic amenorrhea and concluded that there is 
limited evidence to support a positive effect of such 
intervention on BMD.88

Oral contraceptives will probably maintain bone 
density in hypoestrogenic, amenorrheic athletes while 
additionally providing contraception. Furthermore, 
recent studies demonstrated that the estrogen com-
ponent in OC exerts a protective role on endothelial 
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function, reducing the cardiovascular risk in amenor-
rheic athletes.89 Cobb et al. conducted a randomized 
trial to test the effect of OC use on bone mass and 
stress fracture incidence in female runners.90 This 
study involving 150 competitive female runners, 
randomly assigned to OC (30 μg of ethinyl estradiol 
and 0.3 mg of norgestrel) or control (no intervention) 
for a period of two years, failed to reach conclusive 
results. Lastly, a systematic review published in 2008 
and collecting all studies regarding management 
strategies to reverse bone loss in women with func-
tional hypothalamic amenorrhea concluded that no 
pharmacologic treatment had a noteworthy effect on 
BMD increase, other than bone mass preservation.91

There has lately been growing interest in the use 
of low-dose oral contraceptives. Existing studies on 
healthy adolescents and women with hypothalamic 
amenorrhea underscore their safety and contraceptive 
efficacy.92,93 Martins et al. reviewed published data on 
the influence of combined hormonal contraception 
on bone health and reported that adolescents and 
young women who use low-dose and very low-dose 
OC have lower BMD than controls.94 Among the few 
data concerning exercise and athletes, a recent study 
concluded that the use of low dose OC (containing 
0.20 mg of ethinyl estradiol plus 0.15 mg of gesto-
gen) had no effect on peak aerobic capacity and the 
anaerobic threshold level.95 Furthermore, a study of 
a small cohort of endurance athletes with menstrual 
disorders treated with low dose OC suggested that 
OC treatment increases body fat mass and improves 
metabolic balance.96

The central role of leptin in the pathophysiology 
of exercise-related menstrual disorders has intro-
duced novel approaches in the management of ath-
letic amenorrhea. Exogenous leptin (recombinant 
r-metHuLeptin) administration managed to improve 
the reproductive function of a small cohort of women 
with hypothalamic amenorrhea caused by strenuous 
exercise or low weight, suggesting a possible thera-
peutic role.97

Other pharmacologic agents approved for treat-
ment of post-menopausal osteoporosis such as biphos-
phonates should not be used in the management of 
bone pathology in athletes with amenorrhea, since 
these agents have not been studied in young women. 

Moreover, they may reside in the skeleton for many 
years, exerting a potential effect on a developing fetus 
during pregnancy. Bachrach reviewed the literature 
on the use of bisphosphonates in children and con-
firmed the lack of convincing evidence on aspects of 
safety and efficacy.98

Finally, it is to be noted that there are athletes, 
mainly at the high competitive level, who refuse or dis-
continue the recommended therapy. These individuals, 
who are accustomed to amenorrhea, are concerned 
about the effect of the resumption of menses or the 
administered therapy on their performance. It must be 
mentioned, however, that there are no data to docu-
ment or suggest any adverse effect of menstruation, 
HRT or OC use on physical performance.99

CONClUsION

Intensive physical training may lead to detrimental 
effects on physical health. Low energy intake com-
bined with increased energy expenditure can result 
in reproductive dysfunction. Exercise-related repro-
ductive disorders have been shown to have serious 
consequences, mainly involving osteoporosis. Thus, 
preventive measures, prompt evaluation and manage-
ment of individuals at risk are highly recommended.
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