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Abstract

Background

Regular menstrual cycles are an important indicator of health in adolescent and young adult females.
Pubertal maturation of the hypothalamic—pituitary—ovarian axis is a sensitive process that may be
disrupted by intensive physical activity, particularly when energy intake is insufficient. Female
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athletes exhibit a higher prevalence of menstrual disturbances, which may adversely affect bone,
metabolic, and reproductive health.

Aim

This review aims to summarize current evidence on the association between intensive physical activity
and menstrual cycle disturbances in adolescent and young adult females, with particular focus on
prevalence, underlying mechanisms, and health consequences, including the Female Athlete Triad and
Relative Energy Deficiency in Sport (RED-S).

Materials and Methods

A narrative review of peer-reviewed literature, including clinical studies, meta-analyses, and
guidelines, was conducted. Research addressing menstrual function, energy availability, bone health,
and endocrine adaptations in young female athletes was analyzed.

Results

Menstrual disturbances occur more frequently in athletes, especially in endurance, aesthetic, and
weight-class sports. Low energy availability emerged as the primary etiological factor, leading to
suppression of reproductive hormones and menstrual dysfunction. These disturbances are associated
with reduced bone mineral density, increased stress fracture risk, and metabolic consequences. The
RED-S model expands the Triad by addressing multisystem effects and a broader athletic population.

Conclusions
Intensive training combined with inadequate energy intake significantly increases the risk of menstrual

disturbances in young female athletes. Early detection, education, and multidisciplinary management
focusing on nutrition and training load optimization are essential to protect long-term health.
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Introduction

Regular menstrual cycles serve as a key indicator of overall health in adolescent and young adult
females. At the onset of puberty, neuroendocrine, hormonal, and metabolic factors activate the
hypothalamic—pituitary—ovarian (HPO) axis, leading to the development of secondary sexual
characteristics and the initiation of menarche. In the initial years after puberty, the HPO axis matures
gradually, leading to natural variability in menstrual cycles, including irregular cycles, longer cycle
lengths, and anovulation. This process typically stabilizes within two to three years after menarche.

However, in young female athletes, especially those engaged in high-intensity or endurance sports,
normal menstrual development is frequently disrupted. Numerous studies indicate that the prevalence
of menstrual disturbances, including oligomenorrhea and functional hypothalamic amenorrhea, is
significantly higher in athletes than in non-athletic peers [2, 6]. Intensive training, psychological stress,
low energy intake, and inadequate recovery can disrupt hormonal function, thereby contributing to
reproductive health disturbances [3,7].

In recent years, research in sports endocrinology has emphasized two primary concepts: the Female
Athlete Triad, which comprises low energy availability, menstrual dysfunction, and impaired bone
health, and the broader syndrome of Relative Energy Deficiency in Sport (RED-S), as recognized by
the International Olympic Committee [4]. Both frameworks highlight the complex relationship
between physical training demands and the body’s energy and endocrine systems.

Adolescence represents a particularly vulnerable developmental period characterized by rapid linear
growth, hormonal maturation, and peak bone mass acquisition. Menstrual disturbances during this
stage may have long-term consequences that extend into adulthood [8,9,10]. Therefore, understanding
the prevalence, underlying mechanisms, and consequences of menstrual irregularities in young
athletes is essential for clinicians, coaches, families, and policy-makers.

Research Objectives

This review critically examines current scientific evidence concerning the complex relationship
between intensive physical activity in adolescents and young adults and their menstrual cycles. The
article explores how high-intensity training affects hormonal changes and the
hypothalamic-pituitary-ovarian axis during puberty, as well as the irregularities in menstrual cycles
observed in young athletes. It draws on endocrinological, physiological, and epidemiological
perspectives to provide a comprehensive overview of mechanisms, risk factors, and long-term effects.
Particular attention is given to two key concepts in sports endocrinology: the Female Athlete Triad and
Relative Energy Deficiency.

By synthesizing findings from randomized controlled trials, meta-analyses, and clinical guidelines,
this review aims to emphasize the necessity of a cautious approach to training young female athletes
during critical periods of bone and reproductive system development. Additionally, it identifies
existing research gaps and informs future exercise recommendations.

Prevalence of Menstrual Disturbances in Adolescent Athletes

During puberty in girls, neuroendocrine, hormonal, and metabolic changes activate the
hypothalamic—pituitary—ovarian (HPO) axis. This process leads to secondary sexual characteristics



and the onset of menarche, followed by regular menstruation. However, because the HPO axis is still
maturing, menstrual disorders are common in adolescents, with secondary amenorrhea occurring in
2.6-8.5% and irregular menstruation in 11.3-26.7% of cases [11]. Most cycles last 21 to 45 days [1,2].
By the third year after menarche, 60—80% of cycles are 21 to 34 days long, which is typical for adults

[5].

Research consistently demonstrates a higher prevalence of menstrual disturbances among athletes than
among non-athletic controls [12]. Rates vary widely depending on sport type, training load, and
methods of measurement, but numerous studies report menstrual dysfunction in 20-60% of athletes
participating in endurance or aesthetic sports [4]. Aesthetic disciplines such as gymnastics, ballet,
figure skating, and rhythmic gymnastics show some of the highest prevalence rates [13,16]. These
sports often emphasize leanness, flexibility, and low body mass, which may increase the likelihood of
insufficient energy intake relative to expenditure—one of the primary drivers of menstrual
disturbances in adolescent athletes [14,15].

High-school and collegiate runners represent another high-risk group. Research on distance runners
has revealed that adolescent athletes with menstrual irregularities have significantly lower bone
mineral density and higher rates of stress fractures compared with eumenorrheic counterparts [15,17].
Team sports such as volleyball or soccer generally show lower prevalence, likely due to different
training structures, more varied movement patterns, and less pressure to maintain very low body mass
[20].

Importantly, early sports specialization—a trend increasingly common among adolescents—may
further elevate risk. Intensive, year-round training from a young age may interfere with normal
maturation of the HPO axis [18]. Some studies suggest that female athletes who experience delayed
menarche or prolonged irregular cycles during puberty are more likely to remain amenorrheic or
oligomenorrheic in young adulthood [13,19]

3. Physiological Mechanisms: The Role of Low Energy Availability
3.1. Low Energy Availability as the Primary Mechanism

A substantial amount of evidence identifies low energy availability (LEA) as the primary mechanism
linking intensive physical activity to menstrual disturbances [21]. LEA decreases circulating levels of
leptin, insulin, glucose, and triiodothyronine (T3), which are essential metabolic signals that indicate
nutritional adequacy to the hypothalamus [22]. When these signals drop below critical thresholds, the
hypothalamus suppresses the pulsatile secretion of gonadotropin-releasing hormone (GnRH) [23]. It
then leads to a reduction in luteinizing hormone (LH) pulse frequency, causing disruption of follicular
development and ovulation and ultimately leading to irregular or absent menstruations [24].

Human experimental studies show that even short-term LEA can significantly alter LH pulsatility [22].
In longer-term scenarios, which are more common among adolescent athletes, sustained LEA results
in hypoestrogenism, anovulation, and functional hypothalamic amenorrhea [25].

3.2. The Interaction Between Physical Stress and Hormonal Regulation

Intensive training increases cortisol levels, which may further block hypothalamic reproductive signals
[23]. Other possible factors are inflammation from exercise, and changes in the sympathetic nervous
system [26]. While psychological stress can sometimes contribute, most evidence points to
physiological energy imbalance as the main cause in adolescent athletes [27].



3.3. Body Composition and Growth Considerations

Adolescents have high energy requirements due to growth and pubertal development. Intense exercise
increases total calorie requirements, which may be not able or willing to eat [28]. Competitors in
aesthetic sports often maintain very low body fat percentage, which can lead to reduced leptin
concentrations - a hormone closely connected to reproductive health and regulation [29]. Lower leptin
levels and decreased fat levels may be associated with delayed maturation, anovulatory cycles, and
functional hypothalamic amenorrhea in adolescent athletes [25,28].

Female Athlete Triad

The Female Athlete Triad is a medical syndrome first formally defined in the 1990s, characterized by
the interrelationship of three components: low energy availability (with or without disordered eating),
menstrual dysfunction, and impaired bone health [30]. While initially conceptualized as three distinct
clinical outcomes, the Triad is now recognized as a spectrum in which physiological disruption
intensifies as energy availability decreases [32]. Adolescents and young adults are especially
susceptible due to ongoing bone mass development and reproductive maturation.

Low energy availability is the primary driver of the Triad. While eating disorders such as anorexia
nervosa or bulimia nervosa represent intentional causes, many female athletes without a formal
diagnosis may still engage in disordered eating behaviors. Inadequate energy intake is often
unintentional. Low energy availability due to disordered eating leads to menstrual dysfunction and
decreased bone mineral density [42]. Menstrual disturbances include luteal phase defects,
oligomenorrhea, and functional hypothalamic amenorrhea, all of which are associated with reduced
estrogen levels [41]. The resulting hypoestrogenism causes impairment of bone formation and an
increase in bone resorption, ultimately leading to a decrease in bone mineral density and a rise in the
risk of stress fractures [42].

The prevalence of the Triad differs by sport, with highest rates in endurance, aesthetic, and
weight-class disciplines [40].To help identify athletes who may be at risk and to support decisions
about their safe return to sport, it is recommended to use screening tools such as the Female Athlete
Triad Cumulative Risk Assessment [32]. Management involves restoring adequate energy through
nutrition, reducing training load as needed, and monitoring bone health. Multidisciplinary teams of
physicians, sports dietitians, coaches, and mental health professionals have been shown to improve
outcomes [43].

Relative Energy Deficiency in Sport (RED-S)

Relative Energy Deficiency in Sport (RED-S) was introduced by the International Olympic Committee
(IOC) in 2014 as an expanded concept of the Female Athlete Triad to encompass athletes of all
genders and across all sports disciplines [44]. In this model, low energy availability is recognized as
the key underlying factor, with wide-ranging consequences for metabolic, cardiovascular,
gastrointestinal, endocrine, immune, and psychological function [44]. RED-S helps to overcome
several limitations of the original Triad concept by encompassing male athletes, non-weight-lifting
sports, and a wider spectrum of clinical signs beyond menstrual disturbances. Persistent low energy
availability interferes with normal hormonal pathways, leading to decreases in leptin, insulin, IGF-1,
and triiodothyronine, as well as elevated cortisol levels [46]. These alterations delay recovery,
deteriorate training adaptations, reduce muscle protein synthesis, and increase susceptibility to injury.
As a result, athletes may experience impairment in endurance, concentration, strength, and
coordination [48].



Adolescents may be at greater risk because of the increased energy demands associated with growth
and maturation. Studies show that young athletes with RED-S indicators display delayed growth,
impaired bone development, and altered pubical development [47]. Early detection requires closely
monitoring energy intake, training loads, growth patterns, menstrual cycles in females, and any
changes in performance.

Management focuses on correcting energy imbalance, often requiring an increased caloric intake or a
reduction of training intensity. A multidisciplinary approach is often needed, involving sports
physicians, dietitians, psychologists, and strength-conditioning specialists [47]. Education is key for
prevention, especially for coaches and parents who shape training and nutrition habits.

5. Health Consequences of Menstrual Disturbances in Young Athletes
5.1. Bone Health and Stress Fractures

Functional hypothalamic amenorrhea leads to low estrogen levels, impairing bone formation and
accelerating bone turnover, which is particularly harmful during adolescence, a critical period for bone
mineral development and growth [30]. Multiple studies have linked menstrual irregularities in young
athletes to decreased bone mineral density (BMD), reduced peak bone mass, and an increased risk of
stress fractures.

Athletes with persistent amenorrhea demonstrate significantly higher rates of tibial and metatarsal
stress fractures compared to eumenorrheic peers [31]. It is a dangerous situation, as the restoration of
normal menstrual function may not always result in some improvement in bone mineral density;
complete recovery to expected levels is not always achieved [32].

5.2. Metabolic and Endocrine Effects

Adolescents experiencing Relative Energy Deficiency in Sport (RED-S) or Female Athlete Triad
symptoms often develop particular metabolic adaptations, such as reduced resting metabolic rate,
decreased IGF-1 levels, and suppressed thyroid function [27]. These hormonal changes lead to fatigue,
impaired training potential, and increased injury risk.

Psychological consequences may include intensified pressure around body weight, perfectionism, or
disordered eating — they have also been documented, especially in sports underscoring leanness [33].

5.3. Reproductive and Long-Term Health Implications

The long-term reproductive impact of prolonged hypothalamic dysfunction during adolescence
remains incompletely understood. However, chronic hypoestrogenism has been associated with
reduced peak bone mass and potential fertility challenges in adulthood [25]. While most athletes
resume normal cycles after improving energy availability and reducing training intensity, evidence
suggests that a subset may continue to experience irregular menstruation or persistent ovulatory
dysfunction [34].

6. Prevention and Management

6.1. Education and Early Detection

Early education for athletes, parents, and coaches is widely regarded as the most effective preventive
strategy [4]. Many adolescents do not recognize menstrual irregularities as a health concern, often



normalizing cycle disruptions due to sport participation. Encouraging athletes to track their menstrual
cycles can help identify early warning signs of low energy availability and functional hypothalamic
amenorrhea [32].

6.2. Ensuring Adequate Energy Intake

Interventions typically focus on increasing caloric intake, optimizing macronutrient distribution, and
ensuring nutrition supports both growth and training demands [35]. Collaboration with sports
dietitians is essential for maintaining energy availability above the critical threshold required for
normal reproductive function [22].

6.3. Training Modifications

Reducing training volume or intensity may restore menstrual regularity, particularly when combined
with improved energy intake [30]. Coaches should avoid overly rapid increases in training load and
recognize that performance may decline if energy intake is inadequate [4]. Periodized training and
monitoring for early clinical signs of RED-S are recommended.

6.4. Multidisciplinary Care

Optimal management involves coordinated care among coaches, sports physicians, psychologists, and
nutritionists. Regular screening for Female Athlete Triad symptoms or RED-S is recommended,
particularly in high-risk sports such as gymnastics, long-distance running, and ballet [37].

7. Gaps in Current Research

Although the Female Athlete Triad and RED-S have been extensively studied, several gaps remain.
More longitudinal studies are needed to understand how adolescent menstrual dysfunction affects
long-term bone and reproductive health [25]. Additionally, psychological factors — including stress,
disordered eating, body image concerns, and perfectionism — require greater examination in relation
to energy availability [37].

Cultural and socioeconomic influences, training environments, and coaching styles may also affect the
risk of menstrual disturbances, but these factors are underrepresented in current literature [38].
Research exploring early-sport specialization and its effects on maturation of the HPO axis is also
limited [39].

Conclusion
The evidence overwhelmingly demonstrates that intensive physical activity, particularly when
combined with low energy availability, disrupts menstrual function in adolescent and young adult

female athletes. These disturbances are not benign: they impair bone health, alter metabolism, and
may have long-term consequences extending into adulthood.

Prevention through education, adequate nutrition, and careful training management is essential. A

coordinated, multidisciplinary approach — encompassing medical, nutritional, and psychological
guidance — is crucial to protect the health, performance, and long-term development of young
athletes.
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