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Introduction. The syndrome of relative energy deficiency (RED-S) in male athletes can lead to the development of functional hypogonadism
(FH), characterized by testosterone deficiency and impairments in bone tissue remodeling processes.

Objective. Assessment of the hormonal profile and parameters of bone tissue metabolism in blood serum in adolescent athletes in the setting
of FH presence/absence.

Materials and methods. A single-center, cross-sectional study involved 50 adolescent athletes aged 15-18 years (median age
16.5 [15.9; 16.9] years), all members of Russian national teams in three kinds of sport (Greco-Roman wrestling, judo, and football). The par-
ticipants were divided into two groups based on FH presence (according to the total testosterone level < 12 nmol/L). The FH group included
12 athletes; the comparison group without FH comprised 38 athletes. Serum levels of parathyroid hormone, 25-hydroxyvitamin D, and bone
metabolism markers (osteocalcin, C-terminal telopeptide of type | collagen (B-CrossLaps), N-terminal propeptide of type | procollagen), as well
as total alkaline phosphatase activity, were determined in all athletes. To assess the hormonal profile, serum levels of luteinizing hormone (LH),
follicle-stimulating hormone (FSH), inhibin B, total testosterone, and leptin were investigated. Body composition assessment was performed
using bioelectrical impedance analysis. Sexual development was assessed according to the Tanner rating. Statistical data processing was
carried out using the Statistica v. 10.0 software package (StatSoft Inc.; USA).

Results. Athletes with FH exhibited a statistically significantly higher percentage of body fat compared to their peers with normal total testos-
terone levels (13.5 [8.1; 19.9]% and 10.1 [9.0; 12.2]%, respectively, p = 0.034). Conversely, the groups did not differ statistically significantly in
terms of lean body mass (58.3 [46.5; 82.0] kg and 61.9 [55.4; 67.0] kg, respectively, p = 0.742). Athletes with androgen deficiency showed a low-
er level of LH compared to athletes without FH (1.6 [0.9; 2.9] IU/L and 2.7 [1.7; 3.4] IU/L, respectively, p = 0.031), while FSH and inhibin B levels
were comparable (8.4 [2.2; 4.2] IU/L and 3.5 [2.1; 5.7] IU/L, respectively, p = 0.547; 176.5 [147.0; 248.6] pg/mL and 194.5 [166.0; 231.6] pg/mL,
respectively, p = 0.586). The levels of bone metabolism markers in athletes with FH did not differ statistically significantly from those in the
group of athletes with normal testosterone levels.

Conclusions. The FH development in adolescent male high-performance athletes can be accompanied by gonadostat dysfunction and
preserved Sertoli cell function. Androgen deficiency in athletes is associated with an increase in body fat percentage, without changes in lean
body mass. In young male athletes, FH does not have a negative impact on bone tissue remodeling processes, given the absence of statisti-
cally significant changes in bone metabolism parameters.
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BeepeHue. CvHOPOM OTHOCUTENBHOIO AedurunTa 3HEPrnM Y CIOPTCMEHOB MYXCKOMO MoJia MOXET MPUBOANTb K Pa3BUTUO (DYHKLMO-
HanbHOro runoroHaamama (), conposoxxgatoLLierocs AeULMTOM TECTOCTEPOHA 1 HapYLLEHNSIMI MPOLLECCOB PEMOAENMPOBaHMS KOCT-
HOW TKaHW.

Llenb. OueHka ropMmoHanbHOro Npodunsa 1 napamMmeTpoB MeTabonnama KOCTHOWM TKaHW B CbIBOPOTKE KPOBW Y HECOBEPLLIEHHONETHNX CMOPT-
CMEHOB B 3aBUCUMOCTY OT Hanm4ms OF.

MaTtepuanbl u metogbl. [MpoBeAeHO OAHOLIEHTPOBOE OOHOMOMEHTHOE MCClefoBaHue, BKoUmMBLUee 50 tOHbIX CMOPTCMEHOB 15—
18 net (cpepgHun Bospact 16,5 [15,9; 16,9] roga), BXxoasuwmx B cocTaB COOpPHbIX KoMaHa Poccuinckon degepaumm no TpemMm Bugam
cnopTa (rpeko-pumckas 6opbba, A3t0a0, PyTO0N) 1 pasfaeneHHbIX Ha ABe rpynnbl B 3aBUCUMOCTY OT Hanunyns I (mo yposHio obLuyero
TecTocTepoHa < 12 HMonb/n). B rpynny ¢ @I BkAtoYeHbl 12 CNOPTCMEHOB; B rpynny cpaBHeHWs 6e3 O — 38 atneToB. Y cnopTCMeHOB
B CbIBOPOTKE KPOBW OMpefensfn ypoBHN NapaTtMpeoniHoro ropMoHa, 25-rugpokensmtammba D, MmapkepoB MeTabonmama KOCTHOM
TKaHu (ocTeokanbuuH, C-koHLeBOW Tenonentug konnareHa 1-ro Tuna (B-CrossLaps), N-TepMuHanbHbI NponenTua npokonnareHa
1-ro Tvna), a TakxKe akTUBHOCTb 06LLeNn LWenovHon pocdatasbl. g oLeHKr ropMoHanbHOro Npoduns nccnegoBany ypoBHN KOTEN-
HM3npytoLLero ropmoHa (J11), honnukynoctumynupyroulero ropmoHa (OCIH), nHrmbuHa B, obLero TectocTepoHa n N1enTuHa B CbIBOPOT-
ke kpoBu. OLeHka KOMMO3ULIMOHHOIO cocTaBa Tena npoBefeHa MeToaoM bronMneaHcHOro aHannsa. NonosBoe pa3suTHe OLeHUBanm
no knaccugukaymm Tanner. CTaTucTU4eckyto 06paboTKy AaHHbIX MPOBOAUAN C UCMONb30BaHMEM MakeTa MpUKiagHbiX Nporpamm
Statistica v. 10.0 (StatSoftinc., CLLUA).

PesynbraTbl. Y cnoptcmMeHoB ¢ O BbISBNEHO CTATUCTUHECKM 3HAYMMO OOfblUee MPOLEHTHOE COAepXKaHVe >XMPOBOW TKaHW B opra-
HU3Me MO CPaBHEHMIO CO CBEPCTHMKaMM C HOpMasibHbIM ypoBHEM obLuero TectoctepoHa (13,5 [8,1; 19,9] n 10,1 [9,0; 12,2]% cooTBeT-
CTBEHHO, p = 0,034, B TO BpeMs Kak MO KONMHECTBY TOLLIEN MACChl Tena UccnenyemMble rpynnbl CTAaTUCTUYECKM 3HAYNMO HE pasnm4anncb
(58,3 [46,5; 82,0] 1 61,9 [55,4; 67,0] kI COOTBETCTBEHHO, p = 0,742). Y CNOPTCMEHOB C aHAPOreHHbIM AeUUUTOM BbisiBieH 6oee HU3KMN
ypoBeHb JII no cpaBHeHWO co cnopTcMeHamm 6e3 I (1,6 [0,9; 2,9] n 2,7 [1,7; 3,4] ME/n cooTBeTcTBEHHO, p = 0,031) Npu conocTaBUMbIX
3HaveHnax OCI n nHrnbuHa B (3,4 [2,2; 4,21 n 3,5 [2,1; 5,7] ME/n cooTBeTCcTBEHHO, p = 0,547; 176,5 [147,0; 248,6] 1 194,5 [166,0; 231,6] nr/mn
COOTBETCTBEHHO, p = 0,586). YpOoBHM MapKepoB MeTabonn3ama KOCTHOW TKaHW Y CropTCMeHOB ¢ PIT cTaTUCTUHECKM 3HAYMMO He OTnYannch
OT rpynnbl CNOPTCMEHOB C HOPMaSlbHbIM YPOBHEM TECTOCTEPOHA.

BbiBopbl. Pazsutie @' y HECOBEPLLEHHONETHMUX BbICOKOKBaNMMULMPOBAHHbIX CMIOPTCMEHOB MY>KCKOIO Mof1a COMPOBOXAAETCA HAPYLLEHM-
emM PyHKLMN roHaocTaTa 1 CoxpaHHoW yHKLMN kneTok CepTonn. AHOPOreHHbIN AeULMT Y CMOPTCMEHOB aCCOLIMMPOBaH C YBENYEHNEM
COOEPXXaHNS XNPOBOW TKaHN B OPraHn3Me, HO He COMPOBOXAAETCH U3MEHEHMEM KOMYECTBA TOLLIE MaccChl Tena. Y oHbIX CMOPTCMEHOB
My>CKoro nona " He okasbIBaeT HEraTUBHOMO BANSIHUS HA MPOLLECCHl PEMOLENNPOBAHNS KOCTHOW TKaHW, y4UTbIBasi OTCYTCTBUE CTaTUCTU-
YeCKM 3HaYMMBbIX 3MEHEHWI NapaMeTpoB MeTabonmamMa KOCTHOM TKaHW.

KnioyeBble cnoBa: tOHble CMOPTCMEHbBI; CMOPTUBHAS MeauLmHa; PyHKUMOHANBbHBIA MNOroHaAN3M; TeCTOCTEPOH; OCTEOKasbLVH;
B-CrosslLaps; ButammH D
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INTRODUCTION

High-quality and balanced nutrition in terms of quantity
and composition is essential for full recovery after train-
ing, adaptation to intense physical loads, and prevention
of sports injuries. Insufficient dietary intake of energy
substrates required to maintain the body’s optimal func-
tion during sports can lead to the development of the
condition referred to as the Relative Energy Deficiency
in Sport (RED-s) syndrome [1]. The risk of energy defi-
ciency in male athletes is highest in endurance (mara-
thon, cycling) and weight-category sports (judo, boxing,
wrestling, and other combat sports) due to extremely
high energy expenditure (endurance sports) and strin-
gent body weight requirements (combat sports) in the
aforementioned athletic specializations [2].
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In adolescent males, RED-s can be accompanied
by androgen deficiency as part of the development of
functional hypogonadism (FH) [1, 3]. Furthermore, a
decrease in testosterone levels in young male athletes
can be observed in cases of overtraining syndrome
[4]. It was previously shown that the development of
functional hypothalamic amenorrhea in female ath-
letes negatively affects bone structure and mineral
density (BMD), being a leading risk factor in low-ener-
gy fractures [1, 5]. At the same time, the influence of
FH on microarchitecture and BMD in male athletes is
less pronounced [1, 3]. However, a number of stud-
ies demonstrate the negative impact of androgen
deficiency in adult athletes on BMD, reduced perfor-
mance, as well as increased fatigue and sexual dys-
function [6, 7].
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In clinical practice, bone functional status is assessed
using bone metabolism markers [8]. The high risk of low-
energy fractures in athletes underscores the relevance
of studying bone metabolism markers and their relation-
ship with hormonal parameters in adolescent male ath-
letes with FH, given the lack of data on this topic in the
literature.

This study is aimed at assessing the hormonal profile
and parameters of bone tissue metabolism in the blood
serum of adolescent athletes depending on the pres-
ence or absence of FH.

MATERIALS AND METHODS

A single-center, cross-sectional study involved 50 male
adolescent athletes of three sports specializations:
Greco-Roman wrestling, n = 14; judo, n = 22; football,
n = 14. The age of participants ranged 15-18 years
(median age 16.5 [15.9; 16.9] years); all reached sexual
maturity (Tanner IV=V). Due to the completed sexual ma-
turity of the examined athletes, diagnostic criteria for hy-
pogonadism in adult males were applied.

All athletes were divided into two groups based
on the presence of functional hypogonadism (FH), di-
agnosed by a decrease in total testosterone level < 12
nmol/L [9]. The group with FH included 12 athletes (me-
dian age 16.2 [15.9; 16.9] years); the comparison group
with normal total testosterone levels comprised 38 ath-
letes (median age 16.6 [15.9; 16.9] years).

Anthropometric measurements of the adolescent
athletes included: height and body weight measure-
ment, calculation of body mass index (BMI). BMI was
assessed for the specific age and sex, presented as the
number of standard deviations from the mean (SDS).
Body composition assessment was performed using
bioelectrical impedance analysis (InBody 570 analyzer,

South Korea). Assessment of the stage of sexual matu-
rity of adolescent athletes was conducted according to
the Tanner scale [10].

The inclusion criteria for participation in the study
were male athletes from Russian national teams, aged
15-18 years, with achieved sexual maturity (Tanner V-
V). The inclusion criterion for the study group was
the presence of FH (decreased total testosterone lev-
el < 12 nmol/L). The inclusion criterion for the compari-
son group was the absence of FH (hormal total testos-
terone level).

Blood was collected in the morning from a periph-
eral vein after overnight fasting. Serum levels of os-
teocalcin (Roche, Switzerland), C-terminal telopeptide
of type | collagen (B-CrossLaps; Roche, Switzerland),
25-hydroxyvitamin D (25(0OH)D; Roche, Switzerland),
N-terminal propeptide of type | procollagen (P1NP;
Roche, Switzerland), and parathyroid hormone (PTH;
Roche, Switzerland) (ng/mL) were determined in all
adolescent athletes using an electrochemilumines-
cence immunoassay. The osteocalcin/p-CrossLaps
ratio was also calculated [11]. Leptin (ng/mL), lutein-
izing hormone (LH, 1U/L), follicle-stimulating hormone
(FSH, 1U/L), and inhibin B (pg/mL) levels were mea-
sured in serum using an enzyme-linked immunosor-
bent assay (ELISA) (BenderMedSystems, Austria).
The serum level of total testosterone (nmol/L) was
determined by immunoassay on a Lazurit automat-
ed analyzer (USA). Total alkaline phosphatase (ALP)
activity in serum (U/L) was measured using a kinetic
colorimetric method.

Statistical data processing was performed using
the Statistica v. 10.0 software package (StatSoft Inc,;
USA). Since the studied quantitative parameters had a
non-normal distribution (according to the Kolmogorov—
Smirnov test), all data are presented as the median (M)

Table. Clinical characteristics of the studied athlete groups

Investigated parameter, units of FH Group Group without FH Statistical significance

measurement (n=12) (n=38) level, p
Age, years 16.2 [15.9;16.9] 16.6 [15.9;16.9] 0.682
Height, m 1.70 [1.63; 1.85] 1.73 [1.67; 1.80] 0.733
Height SDS -0.41 [-1.11; 1.58] 0.32 [-0.85; 0.94] 0.785
Body weight, kg 74.6 [55.2; 105.1] 70.2 [62.3; 75.6] 0.716
BMI, kg/m? 24.6 [20.1; 29.9] 231 [21.4; 24 1] 0.785
BMI SDS 1.04 [-1.65; 2.50] 0.91 [-0.53; 1.35] 0.665

Sport:

judo 5 (46%) 17 (44%) 0.851
Greco-Roman wrestling 6 (50%) 8 (22%) 0.051
football 1 (4%) 13 (34%) 0.081

Table was compiled by the authors based on their own data

Note: n — number of athletes; FH — functional hypogonadism; SDS — standard deviation score; BMI — body mass index; BMI SDS —

standard deviation score of body mass index.
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with the upper and lower quartiles [Q,; Q,], correspond-
ing to the 25th and 75th percentiles of the distribution.
The Mann-Whitney U test was used to assess the sta-
tistical significance of differences in quantitative char-
acteristics. Qualitative characteristics are presented
as proportions (%) with absolute values indicated. To
assess differences between qualitative characteristics,
contingency tables were constructed followed by eval-
uation using Pearson’s chi-square test (x?) with Yates’
correction. Correlation analysis was conducted using
Spearman’s rank correlation coefficient. The statisti-
cal level of significance for differences was accepted
atp < 0.05.

RESULTS

The studied groups did not differ statistically significant-
ly and were comparable in age (p = 0.682) and basic
anthropometric parameters (Table). The distribution by
sport type in the groups with FH and without androgen
deficiency is presented in the table.

An analysis of gonadotropin levels in adolescent
male athletes did not reveal statistically significant dif-
ferences between the studied groups in FSH levels
(3.4 [2.2; 4.2] IU/L and 3.5 [2.1; 5.7] IU/L for the groups
with FH and without androgen deficiency, respectively,
p = 0.547). However, adolescents with androgen defi-
ciency showed statistically significantly lower levels of
LH and total testosterone compared to athletes with-
out FH (1.6 [0.9; 2.9] IU/L and 2.7 [1.7; 3.4] IU/L, re-
spectively, p = 0.031, and 9.3 [8.4; 11.0] nmol/L versus
21.6 [15.6; 25.9] nmol/L, respectively, p < 0.001).

When assessing the functional activity of Sertoli
cells in the testicular tissue, no statistically signifi-
cant differences were found between the studied
groups of adolescent male athletes in inhibin B lev-
els (176.5 [147.0; 248.6]) pg/mL and 194.5 [166.0;
231.6] pg/mL, respectively).

Adolescent athletes with FH were character-
ized by statistically significantly higher leptin levels of
2.1 [0.8; 5.1] ng/mL compared to the group of athletes
without testosterone deficiency — 0.8 [0.5; 1.5] ng/mL
(b =0.017).

Correlation analysis revealed a statistically significant
inverse relationship between leptin levels and total tes-
tosterone (r, = —0.48; p < 0.05), as well as between in-
hibin B and FSH (r, = -0.51; p < 0.001).

Assessment of bone tissue metabolism parame-
ters established that the presence of androgen defi-
ciency did not lead to changes in the values of bone
formation markers (P1NP, osteocalcin, ALP) or bone
resorption markers (3-CrossLaps) compared to peers
without FH.

Thus, in the group with FH, the osteocalcin lev-
el was 71.0 [38.1; 104.5] ng/mL, PINP 2451 [193.4;
516.9] ng/mL, total ALP 150.7 [108.9; 196.7] U/L,
B-CrossLaps 1.51 [1.28; 2.3] ng/mL. In athletes
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without androgen deficiency, the osteocalcin lev-
el was 68.0 [563.7; 88.0] ng/mL, PINP 322.7 [260.7;
496.0] ng/mL, total ALP 147.2 [114.9; 181.5] U/L,
B-CrosslLaps 1.82 [1.41; 2.29] ng/mL.

The osteocalcin/p-CrossLaps ratio in athletes with
FH was 38.3 [35.8; 42.2] and did not differ statisti-
cally significantly from the values in athletes without
androgen deficiency (42.3 [32.5; 49.4]; p = 0.375). The
obtained values of bone metabolism parameters cor-
responded to reference intervals developed for ath-
letes [11].

Assessment of vitamin D status in all athletes, regard-
less of FH presence, revealed low 25(0OH)D levels, corre-
sponding to a deficiency state in the body [12]. The stud-
ied groups did not differ statistically significantly in PTH
levels (4.8 [3.3; 7.0] pmol/L and 4.3 [3.6; 5.4] pmol/L, re-
spectively, p = 0.699).

Correlation analysis showed negative relationships
between lean body mass in the athletes and levels of
PINP (, = -0.56; p < 0.001), osteocalcin (r, = -0.42;
p = 0.002), and p-CrossLaps (r, = -0.43; p = 0.002).

Assessment of body composition in adolescent ath-
letes with FH (Fig.) revealed a statistically significantly
higher percentage (13.5 [8.1; 19.9]% vs 10.1 [9.0; 12.2]%,
p = 0.084) and absolute (11.7 [6.9; 16.4] kg vs
6.6 [5.9; 8.4] kg, p = 0.021) content of body fat compared
to the group without androgen deficiency. The groups
did not differ statistically significantly in the amount of
lean and skeletal muscle mass (Fig.).

Correlation analysis revealed a positive relationship
between LH and leptin with the percentage of body fat in
athletes (r, = 0.58; p < 0.001 and r, = 0.38; p = 0.006, re-
spectively), and a negative relationship between the level
of total testosterone and the absolute amount of body
fat in young athletes (r, = -0.34; p < 0.05).

DISCUSSION

The development of RED-s is associated with endocrine
disorders and changes in bone metabolism, which in-
crease the risk of fractures in both male and female ath-
letes [11]. Currently, decreased levels of total or free tes-
tosterone are considered by the International Olympic
Committee expert panel as a significant risk factor for
the development of RED-s syndrome and impaired bone
remodeling in adolescent male athletes [1].

Our study demonstrated that in adolescent male
athletes with FH, the levels of key bone metabolism
markers did not differ statistically significantly from
peers without testosterone deficiency. This indirectly
supports clinical data on the limited influence of andro-
gen deficiency on the mechanisms of impaired bone
remodeling in male athletes. The values of the studied
bone metabolism markers in both investigated groups
ranged within the reference intervals proposed for ado-
lescent athletes with achieved or near-achieved sexual
maturity [13]. The osteocalcin/B-CrossLaps ratio may
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reflect the balance between bone synthesis and re-
sorption in athletes [11]. In our study, the ratio of bone
marker indices did not differ statistically significantly
between the groups with FH and without androgen
deficiency and corresponded to the reference intervals
proposed by Nikitina et al. [11]. The data obtained may
indirectly indicate an absence of bone tissue remodel-
ing disorders in adolescent athletes, regardless of the
presence of hypogonadism syndrome.

According to Areta et al., the frequency of low-energy
fractures in male athletes is three times lower compared
to females [14]. Disruption of bone tissue remodeling
processes in females is caused by hypoestrogenism
in the setting of functional hypothalamic amenorrhea,
whereas the development of FH in males leads to a
slight decrease in circulating estrogen levels due to re-
duced aromatase activity [3]. Given the physiologically
lower baseline level of estrogens in men compared to
women, the development of pronounced disorders in
bone tissue remodeling processes is not typical for the
former group.

Assessment of gonadostat function in athletes
with androgen deficiency revealed a statistically sig-
nificantly lower level of LH compared to the group
without FH. Reduced pulsatile secretion of LH by ad-
enohypophyseal gonadotrophs is described as one of
the key mechanisms in the development of functional
hypogonadism within the chronic energy deficien-
cy syndrome in athletes [1]. Normally, by interacting
with Leydig cells, LH stimulates testosterone syn-
thesis, and a decrease in LH level causes the andro-
gen deficiency identified in the study group with FH.
Prolonged and uncompensated hypogonadism syn-
drome in males may lead to a decrease in the number
of Leydig cells, a reduction in LH receptors on their
surface with decreased sensitivity, thus contributing
to reduced fertility [15].
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Inhibin B is secreted by Sertoli cells under the influ-
ence of FSH, acting as a regulator of its secretion via
negative feedback. Thus, inhibin B can be used as a
marker of spermatogenesis and Sertoli cell function;
thus, its decrease is observed in male patients with
various spermatogenesis disorders (oligospermia, azoo-
spermia, etc.). Inhibin B levels reach peak values during
puberty, around 12-17 years of age [16].

In our study, the levels of inhibin B and FSH in the
investigated groups of young athletes did not differ
statistically significantly, indicating no influence of an-
drogen deficiency on Sertoli cell function in adoles-
cent athletes. The study design did not allow us to
assess the persistence and duration of the identified
androgen deficiency in the athletes. Therefore, the
absence of changes in Sertoli cell functional activity
may be due to a short-term or transient decrease in
testosterone levels.

According to Meyer et al.,, a low body fat percent-
age (<5%) in adolescent male athletes based on body
composition analysis can be considered an indirect sign
of insufficient energy intake [17]. None of the athletes we
examined had a low body fat percentage. In young ath-
letes with androgen deficiency, a statistically significantly
greater amount of body fat was found compared to their
peers without FH. The obtained results are consistent
with data from other researchers, demonstrating a re-
duction in body fat in males with normal or elevated tes-
tosterone levels [18].

The amount of body fat in adolescent male athletes
positively correlated with the level of circulating leptin.
This adipokine (adipose tissue hormone) is currently con-
sidered an endogenous regulator and modulator of re-
productive system functions; however, in male athletes,
leptin apparently reflects the dynamics of body fat con-
tent to a greater extent and does not have a significant
influence on gonadostat function [19]. In our study, the
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median leptin level in adolescent male athletes without
androgen deficiency was lower compared to the general
population norm, which is associated with a lower body
fat content in athletes.

At the same time, the studied groups did not dif-
fer significantly in the amount of skeletal muscle mass,
which is not consistent with the data of Aksenova et al.,
demonstrating a direct relationship between testoster-
one levels and an increase in skeletal muscle mass in
adolescent athletes [20].

Our study has one important limitation, since the vast
majority of athletes in both study groups had vitamin D
deficiency or insufficiency, which could have influenced
the levels of the analyzed bone metabolism markers.
It is known that prolonged, uncompensated vitamin D
deficiency leads to increased PTH secretion to maintain
calcium homeostasis, which occurs through an inten-
sification of resorptive processes in bone tissue and is
accompanied by an increase in bone resorption mark-
ers in serum [21]. Assessing bone metabolism markers
against a background of adequate vitamin D sufficiency
in male athletes with FH would allow for a more precise
determination of the influence of androgen deficiency on
bone remodeling processes.

Within the scope of this work, we did not investigate
the influence of sports type, level of athletic skill, or stage
of the training cycle on the studied bone metabolism
markers due to the restricted sample size of athletes
with FH. Furthermore, the serum level of total testoster-
one was determined only once as part of the compre-
hensive medical examination, which does not allow for
conclusions regarding the persistence and duration of
the identified androgen deficiency.

It can be hypothesized that the decrease in total
testosterone levels in adolescent athletes is an adap-
tive mechanism to high physical loads or short-term
energy deficiency (during rapid weight loss in combat
sports athletes), which explains the absence of asso-
ciations between androgen deficiency and body com-
position parameters or bone metabolism markers.
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