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Abstract

Russia has seen a steady increase in children's participation in
organized sports. Aesthetic sports, which impose strict
requirements on body shape and weight, are particularly popular
among young female athletes. Intensive training combined with
dietary restrictions creates a risk of relative energy deficiency in
sport, a condition that negatively affects the reproductive,
cardiovascular, and skeletal systems. This study assessed the
prevalence and patterns of health disorders in adolescent girls aged
1518 years engaged in aesthetic sports using healthcare utilization
data from children's polyclinics in Vladikavkaz and in-depth
clinical examinations. The study was conducted in two stages. The
first analyzed healthcare visit records of 1,840 girls. The second
involved a comprehensive examination of 240 aesthetic sport
athletes, including questionnaires, anthropometry, bioimpedance
analysis, ECG, echocardiography, lipid profile, vitamin D level,
and bone mineral density. Among aesthetic sport athletes, 68.3%
sought care for menstrual cycle disorders and 26.9% for
musculoskeletal pain. Cycle disorders were identified in 47.9%,
vitamin D deficiency in 78.3%, and body fat below 18% in 42.1%.
Bradycardia was recorded in 22.9%, mitral valve prolapse in
15.8%, and dyslipidemia in 28.3%. Girls with cycle disorders had
higher atherogenic lipid levels. Risk factors included low body fat,
vitamin D deficiency, early training initiation, and meal skipping.
These findings demonstrate a high prevalence of reproductive
dysfunction, cardiovascular abnormalities, and deficiency
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conditions among adolescent girls in aesthetic sports, underscoring
the need for RED-S screening in pediatric practice.
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Introduction

In recent years, Russia has seen a steady increase in the
participation of children and adolescents in organized sports (Grant
& Wallace, 2024; Pawluczyk et al., 2025). According to data
presented at the meeting of the Council for the Development of
Physical Culture and Sport in November 2025, the proportion of
children regularly engaged in sports reached 93.8%, an
unprecedented figure. Nationwide, this translates to 6.3 million
children attending sports sections and over 5.8 million
participating in school sports clubs.

Parents increasingly enroll their children in sports sections with
good intentions: to strengthen health, develop discipline, and
organize leisure time. For 40% of parents, the main motive is
health benefits, while 37% are guided by their children's own
wishes. Swimming, football, martial arts, gymnastics, and dance
are particularly popular, chosen by 8-10% of families. However,
behind these outwardly favorable statistics lies a serious problem
that few parents or even coaches consider (Campbell et al., 2019;
Lodge et al., 2023; Kunie et al., 2025).

Professional sport, particularly when involving early specialization
and intense training loads, may not only fail to strengthen health
but can cause significant harm (Campbell et al., 2019; Osluf et al.,
2024; Gallant et al., 2025). A child's body, in a phase of active
growth and development, is especially vulnerable to excessive
physical loads (Kruse et al., 2021; Morgan & Foster, 2025). This
is particularly relevant for aesthetic sports (artistic and rhythmic
gymnastics, figure skating, ballet, diving, and competitive dance)
where success is directly associated with maintaining low body
weight and specific physique parameters (Lisboa et al., 2022;
Lundqvist et al., 2024; Lindstrom ef al., 2025).

Young female athletes are forced from an early age to restrict their
diet, monitor every kilogram, and train to exhaustion, often
ignoring their body's signals of overwork, pain, and discomfort
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(Kampouri ef al., 2019; Heikura et al., 2022; Anunziata & Cussa,
2024). Coaches and parents, driven by the desire to achieve high
results, often encourage such behavior without understanding its
true cost (Magee et al., 2023; Csep et al., 2024). Unlike adults, a
child's body lacks sufficient compensatory reserves. The
consequences of years of energy deficiency and overload can
become irreversible, manifesting in adulthood as infertility,
osteoporosis, cardiovascular disease, and chronic musculoskeletal
problems (Kruse et al., 2021; Grabia et al., 2024; Clark & Foster,
2025).

The scientific community has long recognized this issue. In the
early 1990s, the so-called "female athlete triad" was described,
comprising three interrelated components: low energy availability,
menstrual cycle disorders, and decreased bone mineral density
(Ganea et al., 2024; Nose-Ogura et al., 2024; De Souza et al.,
2026). Over the years, understanding of the problem has deepened.
The International Olympic Committee proposed a broader concept
- relative energy deficiency in sport, known by the acronym RED-
S (Dave & Fisher, 2022; Mountjoy et al., 2023; Raza et al., 2025).

This condition occurs when an athlete chronically fails to consume
enough calories to cover energy expenditure (Melin et al., 2019;
Ming & Lei, 2025). In an attempt to survive under deficiency
conditions, the body sacrifices functions not critical for immediate
survival but essential for long-term health (Dipla et al., 2021;
Angelidi et al., 2024). Not only the reproductive system suffers,
but also the cardiovascular, endocrine, immune, and skeletal
systems (Mountjoy et al., 2023; Holtzman et al., 2024; Ribeiro et
al., 2024). Metabolism is disrupted, and mental health deteriorates
(Ackerman et al., 2019; Cuenca-Martinez et al., 2025). In recent
years, updated consensus statements have been published, with
particular attention paid to adolescence, as this is the period when
lifelong health foundations are laid (Gould ef al., 2023; Torstveit
et al., 2023; MickevicCius et al., 2024).

The relevance of this problem for young female athletes is
confirmed by research data: low energy availability is detected in
nearly half of female athletes (Besor et al., 2024; Jabin & Guthrie,
2025; Kiss et al., 2026), and more than 60% are at risk of
developing relative energy deficiency syndrome (Stenqvist &
Melin, 2023; Hsiao et al., 2024; Silvennoinen et al., 2025). The
consequences can be severe, ranging from menstrual dysfunction
and increased risk of stress fractures to cardiovascular disorders,
including dyslipidemia, bradycardia, and rhythm disturbances, as
well as long-term fertility and bone health issues that may manifest
after athletic careers end (Hooper et al., 2021; Holtzman et al.,
2024; Jouhki et al., 2024; Wong et al., 2025).

Of particular concern is the extremely low awareness of the
problem among all participants in the training process (Coelho et
al., 2021; Magee et al., 2023; Alhossan et al., 2024). Young
athletes often perceive loss of menstruation as normal for sport, not
understanding that it signals serious bodily dysfunction (Taim et
al., 2023; Novak & Dvorak, 2025; Williams et al., 2026). Coaches
and parents, lacking the necessary knowledge, may overlook
warning signs for years or attribute them to the peculiarities of
sports activity.

The significance of the problem is recognized at the state level. In
November 2025, at a meeting of the Council for the Development
of Physical Culture and Sport, the President of Russia, commenting
on high rates of children's involvement in sports, emphasized that
numbers do not reflect the main outcome - the results of
participation. He stressed the importance of understanding how
sports affect children's health, education, and physical and general
development. To address this task, it was mandated to synchronize
the activities of healthcare, sports, and education systems, and to
involve the National Center for Sports Medicine in developing
relevant guidelines, indicators, and evaluation criteria for all those
responsible for children's education, physical training, and health
protection. This directly indicates that quantitative participation
rates must be complemented by qualitative assessment of sports'
impact on the health of the younger generation.

This study aimed to assess the prevalence and patterns of health

disorders, including changes in the cardiovascular and
reproductive systems, in adolescent girls aged 15-18 years
engaged in aesthetic sports, based on healthcare utilization data
from children's polyclinics in Vladikavkaz and in-depth clinical

and instrumental examinations.
Materials and Methods

The study was conducted at the Department of Pediatrics of the
North Ossetian State Medical Academy, in collaboration with
children's city polyclinics in Vladikavkaz. The patient enrollment
period lasted two years, from January 2024 to December 2025.

The work was carried out in two sequential stages and had the
design of a cross-sectional study with elements of retrospective
analysis of outpatient medical records.

First stage. Using a continuous sampling method, we analyzed
data from 1,840 girls aged 15 to 18 years who sought medical care
at children's polyclinics in Vladikavkaz during the study period.
We examined the complaints that led patients to consult a
physician and the final diagnoses recorded in the primary
documentation. Special attention was paid to the frequency of
allergic diseases, acute respiratory pathology, menstrual cycle
disorders, musculoskeletal complaints, and other conditions
common in this age group. Additionally, at this stage, we recorded
whether patients engaged in regular sports and adhered to a
specialized sports diet, based on anamnestic data.

Second stage. The second stage included 240 girls selected from
the overall cohort of first-stage patients. Inclusion criteria were:
regular participation in an aesthetic sport for at least two years,
with a training load of at least six hours per week, and adherence
to a diet aimed at controlling body weight or improving sports
performance. Exclusion criteria were: verified chronic diseases in
the acute stage, severe somatic pathology, a history of oncological
diseases, and use of hormonal medications at the time of
examination.

All patients included in the second stage underwent a
comprehensive examination. To assess subjective complaints,
lifestyle, and eating behavior, we used structured questionnaires
covering complaints, menstrual function, dietary habits, and
training characteristics (Wasserfurth et al., 2025).
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Anthropometric measurements included height, body weight,
waist, and hip circumference; body mass index was calculated.
Bioimpedance analysis was performed to determine body
composition, including absolute and relative fat mass, lean mass,
and muscle mass (Mathisen et al., 2023).

Blood pressure was measured on the right arm three times using a
mechanical sphygmomanometer. All girls underwent standard 12-
lead electrocardiography at rest and echocardiography to assess
structural and functional parameters of the heart (Perone et al.,
2023; Solmell & Sterner, 2024).

Laboratory methods included complete blood count, biochemical
blood analysis with lipid profile assessment, hormone level
determination, and measurement of 25-hydroxyvitamin D,
calcium, phosphorus, and parathyroid hormone levels (Lozano-
Berges et al., 2022; Schneider & Kriiger, 2025). All second-stage
participants underwent dual-energy X-ray absorptiometry of the
lumbar spine and proximal femur, with Z-score calculation
(Miciak & Jurkiewicz, 2024; Lee et al., 2025).

Statistical analysis. Statistical analysis was performed using
Statistica 12.0 and SPSS version 26.0. Normality of distribution

was assessed using the Shapiro-Wilk test. Data with normal
distribution were presented as mean and standard deviation; data
with non-normal distribution were presented as median and
interquartile range. Categorical data were expressed as absolute
and relative frequencies.

For comparisons of quantitative variables, we used Student's t-test,
the Mann-Whitney U test, and Pearson's ¥ test. To identify factors
associated with the presence of disorders, we performed logistic
regression analysis with calculation of odds ratios and 95%
confidence intervals (Burke ef al., 2023; Rani & Gehrke, 2025).
The critical level of statistical significance was set at 0.05.

Results and Discussion

First stage. At the first stage of the study, we analyzed data from
1,840 girls aged 15 to 18 years who sought medical care at
children's city polyclinics in Vladikavkaz. The mean age of the
patients was 16.4=+1.1 years. The structure of healthcare visits, with
proportions of athletes and aesthetic sport athletes, is presented in
Table 1.

Table 1. Structure of healthcare visits among girls aged 1518 years, with proportions of athletes and aesthetic sport athletes

Reason for visit Total visits

% of total (n=1,840)

Athletes (any sport) n=420 Aesthetic athletes n=240

n %* n %*
Acute respiratory diseases 810 44.0% 162 20.0% 84 10.4%
Back, joint, muscle pain 580 31.5% 210 36.2% 156 26.9%
Allergic diseases 310 16.8% 76 24.5% 42 13.5%
Menstrual cycle disorders 240 13.0% 180 75.0% 164 68.3%
Other reasons 460 25.0% 92 20.0% 38 8.3%

*Note: Percentage calculated per row (proportion of athletes among visits for each reason). The sum in the last column exceeds 240 because one

athlete could have visited for multiple reasons.

Table 1 shows that among girls presenting with musculoskeletal
pain, 36.2% were athletes, with 26.9% of all visits for this reason
attributed to aesthetic sport athletes. In the group of menstrual
cycle disorders, 75% of those secking care were athletes, and
68.3% represented aesthetic disciplines. The overall proportion of
athletes in the sample was 420 (22.8% of 1,840), of whom 240
were aesthetic sport athletes. These 240 girls were selected for in-
depth examination at the second stage.

Second stage. At the second stage, we examined 240 female
athletes aged 15 to 18 years who regularly engaged in aesthetic
sports and adhered to a sports diet. The distribution by sport was
as follows: the largest group comprised artistic and rhythmic

gymnasts - 92 girls (38.3% of the sample). Sports dance was
practiced by 68 girls (28.3%), figure skating by 42 (17.5%), ballet
by 24 (10.0%), and diving by 14 (5.8%). The mean age of starting
sports was 6.2+1.8 years, with a mean training experience of
9.8+2.4 years. Training load varied from 8 to 20 hours per week,
averaging 12.4+3.6 hours.

Questionnaire results. Analysis of the questionnaires revealed a
high frequency of various complaints among the examined athletes
(Alnabulsi et al., 2025; Wasserfurth et al., 2025). Nearly all
participants (97.5%) reported some complaints, with most
experiencing a combination of several symptoms. The distribution
of subjective complaints is shown in Figure 1.
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Figure 1. Frequency of subjective complaints among female athletes according to questionnaire data (n=240)

The most common complaints were back pain (61.7%), knee pain
(55.0%), and ankle pain (45.0%), as well as severe fatigue after
training (70.0%). Every third girl reported irregular menstrual
cycles or prolonged delays. Hunger between meals was
experienced by 68.3% of girls, while 37.9% intentionally skipped
meals to control weight (Heikura et al., 2022; Jaafar et al., 2024).

Analysis of eating behavior showed that the majority of athletes
adhered to restrictive diets. Only 32.1% of girls consumed three
meals per day; the remainder ate twice daily or less (Meyer et al.,
2025; Shen & Bao, 2025). Anthropometric parameters of the
examined athletes are presented in Table 2.

Table 2. Anthropometric parameters of female athletes (n=240)

Parameter Mean value Min-max
Height, cm 162.5+5.8 148-178

Body weight, kg 51.2+6.4 38-72
Body mass index, kg/m? 19.4+2.1 15.8-26.4
Body fat, % 19.6+4.2 11.2-31.5
Muscle mass, % 42.34£3.8 34.1-51.2

Mean body mass index values were within the age norm. In 18.3%
of girls, BMI was below the 5th percentile for the corresponding
age, indicating underweight. Bioimpedance analysis revealed a
reduction in body fat percentage below 18% in 42.1% of the
examined athletes, a level considered critical for maintaining
regular menstrual cycles (Maya & Misra, 2022; Mathisen ef al.,
2023; Uneno & Morita, 2024).

Menstrual function. Menstrual cycle disorders were detected in a
significant proportion of the examined athletes (Heikura et al.,
2024; Nose-Ogura et al., 2024). A regular menstrual cycle with a
frequency of 24-35 days was reported by only 125 girls (52.1% of
the sample). Oligomenorrhea was diagnosed in 62 girls (25.8%),
secondary amenorrhea in 28 (11.7%), and primary amenorrhea in

25 (10.4%). Correlation analysis revealed a statistically significant
negative relationship between duration of sports participation and
age at menarche. In girls who began training before age 6,
menarche occurred on average 1.8 years later than in those who
started after age 8 (Indirli et al., 2022; Taim et al., 2023).

Cardiovascular system. Assessment of the cardiovascular system
revealed various abnormalities among the examined athletes
(Perone et al., 2023; Holtzman et al., 2024). Mean blood pressure
values were within the age norm, but 22.9% of girls showed a
tendency toward bradycardia with heart rates below 55 beats per
minute (Hooper et al., 2021).

Electrocardiographic changes were recorded in a significant
proportion of athletes: sinus bradycardia in 55 girls (22.9%),
repolarization disorders in 48 (20.0%), QT interval prolongation in
28 (11.7%), isolated extrasystoles in 15 (6.3%), and pacemaker
migration in 12 (5.0%) (Hooper et al., 2021; Perone et al., 2023).

Echocardiography revealed mitral valve prolapse of varying
severity in 38 of 240 examined athletes (15.8%), exceeding
population rates for this age. Minor pericardial effusion was
diagnosed in 4.2% of girls (Perone et al., 2023; Courtney et al.,
2025).

Lipid profile abnormalities were detected in 28.3% of the
examined athletes, mainly in the form of elevated total cholesterol
and low-density lipoprotein cholesterol (Grandys et al., 2023;
Jouhki et al., 2024).Lipid profile parameters according to
menstrual cycle status are shown in Table 3.

Table 3. Lipid profile parameters according to menstrual cycle
status

Regular cycle Cycle disorders p-
(n=125) (n=115)
4.2+0.8 4.8+1.1

Parameter
value

0.02

Total cholesterol, mmol/L




J Biochem Technol (2026) 17(1): 67-78

72

LDL cholesterol, mmol/L 2.3+0.7 2.8+0.9 0.03
HDL cholesterol, mmol/L 1.4+0.3 1.2+0.3 0.04
Triglycerides, mmol/L 1.1+0.4 1.2+0.5 0.21

Girls with menstrual cycle disorders had statistically significantly
higher levels of atherogenic lipids and lower high-density
lipoprotein levels, indicating an unfavorable cardiovascular profile
in this group (Grandys ef al., 2023; Jouhki et al., 2024).

Vitamin D and bone mineral density. Vitamin D deficiency was
detected in the vast majority of examined athletes (Zheng et al.,
2021; Lozano-Berges et al., 2022). Serum 25-hydroxyvitamin D
levels below 30 ng/mL were recorded in 78.3% of girls, with
34.6% having levels below 20 ng/mL, corresponding to severe
deficiency (Constantini et al., 2010).

Odds ratio: 2.3

95% CI: 1.4-5.6

Early start of intensive training
(before 6 years of age) |
J

Odds ratio: 2.8

|

Dual-energy X-ray absorptiometry revealed a Z-score below -2.0
in the lumbar spine in 18 of 240 girls (7.5%), meeting the criteria
for low bone mass for this age (Bouillon et al., 2024; Lee et al.,
2025). An additional 42 girls (17.5%) had Z-score values between
-1.0 and -2.0, which was considered a borderline condition.

Risk factors. Logistic regression analysis identified factors
associated with the development of menstrual cycle disorders in
the examined athletes (Burke er al., 2023). The results of
multivariate logistic regression analysis, showing odds ratios with
95% confidence intervals, are presented in Figure 2. The most
significant predictors were low body fat percentage, vitamin D
deficiency, early initiation of training, and intentional meal

skipping.

95% CI: 1.2-4.4;

Intentional meal skipping

for weight control

Odds ratio: 4.2

Low body fat percentage J

(<18% of total body mass)

95% CI: 2.1-8.4

Severe vitamin D deficiency

(serum 25(OH)D <20 ng/mL) J

95% CI: 1.6-6.0

Odds ratio: 3.1

Figure 2. Risk factors for menstrual cycle disorders in adolescent athletes: results of multivariate logistic regression analysis
showing odds ratios (OR) with 95% confidence intervals (95% CI)

The greatest contribution came from a reduction in body fat below
the critical level, which increased the likelihood of cycle disorders
more than fourfold. Vitamin D deficiency increased risk by 3.1
times, early initiation of training before age 6 by 2.8 times, and
intentional meal skipping by 2.3 times (Maya & Misra, 2022;
Burke et al., 2023).

Correlation analysis also revealed a moderate positive correlation
between training load duration and LDL cholesterol levels, as well
as a negative correlation between duration of sports participation
and bone mineral density in the lumbar spine (Grandys et al., 2023;
Bouillon et al., 2024).

This study revealed a high prevalence of health disorders among
adolescent girls engaged in aesthetic sports and adhering to dietary
restrictions. The findings not only confirm the presence of these
problems but also allow us to construct a logical chain of
pathogenetic relationships characteristic of relative energy
deficiency in sport (Dave & Fisher, 2022; Mountjoy et al., 2023).

According to current understanding, the central mechanism
underlying the identified disorders is low energy availability,
which arises from a mismatch between energy expenditure during
intensive training and energy intake from food (Melin ef al., 2019;
Gould et al., 2023). In our study, nearly all athletes reported dietary
restrictions aimed at weight control, and 37.9% intentionally
skipped meals. These findings are consistent with those of other
researchers, who have shown that restrictive eating behaviors reach
critical levels in aesthetic sports (Heikura ef al., 2022; Magee et
al., 2023).

Low energy availability triggers a cascade of endocrine
disturbances, the most critical of which is suppression of the
hypothalamic-pituitary-gonadal axis, leading to hypoestrogenism
(Dipla et al., 2021; Angelidi et al, 2024). The clinical
manifestation of this process is menstrual cycle disorders, which
we observed in 47.9% of the examined athletes. The frequency of
secondary amenorrhea in our sample was 11.7%, somewhat lower
than figures reported in the literature for ballet dancers, but
comparable to rates reported among gymnasts (Taim et al., 2023;
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Williams et al., 2026). The association we found between early
training initiation and later age at menarche supports the
hypothesis that intensive training during the prepubertal period
may influence the timing of pubertal development (Brzezianski et
al., 2022; Indirli et al., 2022).

The cardiovascular changes we identified deserve particular
attention. Bradycardia, recorded in 22.9% of athletes, may be
interpreted as an adaptive response to physical training. However,
when combined with repolarization abnormalities and QT interval
prolongation, it acquires pathological significance (Hooper ef al.,
2021; Perone et al., 2023). Several authors have noted that athletes
with relative energy deficiency syndrome are at increased risk for
arrhythmias and sudden cardiac death (Holtzman et al., 2024;
Courtney et al., 2025). The mitral valve prolapse we detected in
15.8% of girls significantly exceeds population rates and is likely
associated with low body mass index and altered cardiac geometry,
a finding also described in the literature (Perone et al., 2023;
Courtney et al., 2025).

The association we found between menstrual cycle disorders and
unfavorable lipid profile changes represents a particularly
concerning finding (Grandys et al., 2023; Jouhki et al., 2024). Girls
with amenorrhea and oligomenorrhea had statistically significantly

Low energy availability
(LEA < 30 kcal/kg/day)

Suppression of

higher levels of total cholesterol and low-density lipoprotein
cholesterol, along with lower high-density lipoprotein levels. Such
dyslipidemia is a well-established risk factor for early
atherosclerosis and future cardiovascular disease (Grandys ef al.,
2023; von Brackel et al., 2025). Other researchers have also
reported adverse metabolic changes in athletes with hypothalamic
amenorrhea, though the long-term consequences of these
disturbances require further investigation (Nicotra et al., 2023;
Jouhki et al., 2024).

Vitamin D deficiency, detected in 78.3% of the examined athletes,
represents an independent problem that exacerbates both skeletal
and cardiovascular risks (Zheng ef al., 2021; Lozano-Berges et al.,
2022). Reduced bone mineral density in 7.5% of girls and
borderline values in an additional 17.5% indicate a real threat of
osteoporosis and stress fractures (Bouillon et al., 2024; Lee et al.,
2025). The literature emphasizes that peak bone mass is achieved
during adolescence, and energy deficiency during this period may
have irreversible consequences (Constantini et al., 2010; Dubnov-
Raz et al., 2015).

To visually represent the pathogenetic relationships among the
identified disorders, we developed a diagram of causal
relationships (Figure 3).

Intensive training
in aesthetic sports

.

High energy expenditure

.

\0)
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Thyroid dysfunction
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Figure 3. Pathogenetic relationships of health disorders in adolescent girls engaged in aesthetic sports

The diagram clearly demonstrates that low energy availability
underlies all identified disorders, triggering multiple pathological
cascades. It is important to emphasize that these processes are
interconnected and can amplify one another, forming a vicious
cycle. For example, hypoestrogenism not only disrupts menstrual
function but also exacerbates dyslipidemia, while vitamin D

deficiency simultaneously affects both bone metabolism and the
cardiovascular system (Dipla et al., 2021; Zheng et al., 2021).

Logistic regression analysis allowed us to quantitatively assess the
contribution of various factors to the development of menstrual
cycle disorders. The greatest predictive value was found for
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reduced body fat below 18%, which increased risk more than
fourfold (Maya & Misra, 2022). This finding is consistent with
data from other researchers highlighting the critical role of adipose
tissue as an endocrine organ that provides peripheral conversion of
androgens to estrogens (Nose-Ogura ef al., 2024; De Souza et al.,
2026). Vitamin D deficiency and early initiation of training also
emerged as significant predictors, underscoring the need for a
comprehensive approach to prevention (Zheng et al., 2021;
Brzezianski et al., 2022).

Our findings indicate that relative energy deficiency in sport is a
genuine clinical problem in the population of young female
athletes engaged in aesthetic sports (Dave & Fisher, 2022;
Mountjoy et al., 2023). The high frequency of menstrual cycle
disorders, unfavorable lipid profile changes, electrocardiographic
abnormalities, and reduced bone density form the basis for long-
term risks, including infertility, cardiovascular disease, and
osteoporosis in adulthood (Bouillon ef al., 2024; Holtzman et al.,
2024; Jouhki ez al., 2024).

Limitations. The limitations of this study include its cross-
sectional design, which does not allow for monitoring of changes
over time, and the absence of a control group of athletes not
adhering to dietary restrictions. Nevertheless, the results have high
practical significance and justify the need to implement screening
programs for early detection of RED-S in the population of
adolescent girls engaged in aesthetic sports (Coelho et al., 2021,
Torstveit et al., 2023).

Conclusion

This study confirmed a high prevalence of health disorders among
adolescent girls engaged in aesthetic sports. Analysis of healthcare
visits by 1,840 girls showed that athletes comprised the majority of
those seeking care for menstrual cycle disorders and
musculoskeletal pain.

In-depth examination of 240 aesthetic sport athletes revealed
menstrual cycle disorders in 47.9% of girls, vitamin D deficiency
in 78.3%, and critically low body fat percentage in 42.1%.
(22.9%),
repolarization disorders (20.0%), and mitral valve prolapse
(15.8%). Girls with cycle disorders had an unfavorable lipid profile
with elevated atherogenic cholesterol fractions.

Cardiovascular ~ changes included bradycardia

Statistical analysis showed that the risk of cycle disorders
increased 4.2-fold with body fat below 18%, 3.1-fold with vitamin
D deficiency, 2.8-fold with early initiation of training, and 2.3-fold
with intentional meal skipping. All identified factors are
modifiable.

These findings indicate the need to implement RED-S screening in
clinical practice with young female athletes, including assessment
of menstrual function, eating behavior, body composition, vitamin
D levels, and lipid profile. Educational efforts targeting coaches,
parents, and athletes regarding the long-term risks of energy
deficiency are required. Treatment should begin with restoration of
energy balance rather than pharmacological masking of symptoms.
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