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Introduction. Fractures, particularly low-energy ones, are more common in female athletes with oligo/amenorrhea compared to their peers
without menstrual disorders. This problem is associated with various hormonal changes and impaired bone remodeling processes.
Objective. Assessment of bone metabolism and serum hormonal parameters in highly qualified under-18 female athletes both with primary
amenorrhea and without menstrual cycle disorders.

Materials and methods. A single-center single-stage study involved 111 young female athletes aged 15-18 years (median age 15.9 [14.9;
16.6] years), who were members of Russian national teams in five sports. All the participants underwent comprehensive medical examination
at the Federal Scientific and Clinical Center for Children and Adolescents of FMBA of Russia between March 2021 and July 2023. The athletes
were divided into two groups based on the presence of primary amenorrhea. The group with primary amenorrhea included 23 athletes (me-
dian age 15.8 [15.1; 16.3] years); the comparison group consisted of 88 athletes (median age 15.9 [14.9; 16.6] years) with a regular menstrual
cycle. Serum levels of osteocalcin, C-terminal telopeptide (3-CrosslLaps), type 1 procollagen (P1NP), parathyroid hormone (PTH), vitamin D
(25(0OH)D3), and alkaline phosphatase (ALP) activity were measured. To assess hormonal status, levels of luteinizing hormone (LH), follicle-
stimulating hormone (FSH), estradiol, and leptin were evaluated. Sexual maturity was assessed according to the Tanner rating, and body
composition was evaluated using bioelectrical impedance analysis. Statistical data processing was performed using the Statistica v. 10.0
software package (StatSoft Inc., USA).

Results. Athletes with primary amenorrhea were characterized by lower body weight (p < 0.0001) and body fat percentage (p < 0.0001) com-
pared to their peers without menstrual disorders. The analysis of LH (p = 0.328) and FSH (p = 0.069) levels did not reveal statistically significant
differences between the study groups; however, the adolescent athletes with primary amenorrhea had lower levels of estradiol 182.0 [123.0;
227.0] and 244.0 [143.5; 518.5] (p = 0.002) and leptin 2.1 [1.2; 41] and 9.1 [6.1; 14.9] (p < 0.0001) compared those without menstrual cycle
disorders. The athletes with primary amenorrhea showed an increase in both bone formation markers (P1NP, osteocalcin) and bone resorp-
tion markers (B-CrossLaps and ALP) compared to their peers without menstrual disorders.

Conclusions. Minors with primary amenorrhea are characterized by disharmonious physical development due to underweight, accompanied
by reduced body fat content, decreased levels of leptin and estradiol, preserved gonadostat function, and increased markers of bone metabo-
lism. The identified hormonal and metabolic features may represent a significant risk for impaired bone remodeling in this group of athletes.
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N3YYEHUE FOPMOHAJIbHOIO CTATYCA U METABOJIM3MA KOCTHON TKAHWU Y
HECOBEPLUEHHOIETHUX CMTOPTCMEHOK C NEPBNYHON AMEHOPEEW

E.M. Ncaesa**, T.J1. Okopokos'?, C.A. Ctonsposa', 1.B. 3ab6kuH", M.P. lcaes®
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BeepeHue. [Nepenombl, B OCOBEHHOCTN HN3KOSHEPTETNHECKNME, Yalle BCTPEYaOTCA Y CMOPTCMEHOK C ONMIo/aMeHopeen No CpaBHEHMIO
CO CBEPCTHMLAMN 6e3 HapyLLIEHNA MEHCTPYaNbHOroO LMKNa, YTO CBA3aHO C PasfINyHbIMU FOPMOHANBHBIMU N3MEHEHVSIMU U HapYLLEHUEM
NPOLIECCOB PEMOAENNPOBAHNSA KOCTHOM TKaHW.

Llenb. OueHka COCTOAHMA MeTaboNM3Ma KOCTHOM TKaHM 1 FOPMOHaSbHbIX MOKa3aTesen B CbIBOPOTKE KPOBW Y BbICOKOKBATMMDULIMPOBAHHBIX
CMOPTCMEHOK, He JoCTUrIMX 18-nNeTHero Bo3pacTa, C NepBuUYHO ameHopeeit 1 63 HapyLLIEHNA MEHCTPYabHOro LiMKa.
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Marepuansl n metopbl. [1poBeeHO OAHOMOMEHTHOE OAHOLIEHTPOBOE MCCefoBaHWe C y4acTeM 111 toHbIX CMOPTCMEHOK B BO3pacTe
15-18 neT (cpenHwi BospacT 15,9 [14,9; 16,6] roga), BxoasLmx B cocTaB cOopHbIX komaHg, PP no 5 Buaam cnopTa v NPOXOAMBLUMX YriyOneH-
Hoe MeguLmHckoe obenepoBaHvie B PIBY «OHKLL aeten n nogpoctkoB PMBA Poccum» B neprog ¢ mapTta 2021 no wonb 2023 r. CnopT-
CMEHKW BblI pasfenerbl Ha 2 rpynnbl B 3aBMCUMOCTUY OT HannM4ms NepBuUYHON ameHopen. B rpynny ¢ NepBUYHON aMeHOPEEn BKIKOHEHDI
23 cnopTcMeHku (cpeaHuin BospacT 15,8 [15,1; 16,3] roga); B rpynny cpaBHeHMs — 88 CropTCMeHOK (cpeaHuii BodpacT 15,9 [14,9; 16,6] roga)
C perynsipHbIM MEHCTPYasbHbIM LIKIOM. Y CMOPTCMEHOK ONPeaensnmy ypoBeHb ocTeokansLmHa, C-koHLesoro Tenonentuaa (B-CrossLaps),
npokonnareHa 1-ro Tuna (PINP), napatmnpeongHoro ropmoHa (IMNTT), sButamunHa D (25(OH)D3) n akTnBHOCTU LenoyvHon dhocdatasbl (LLD)
B CbIBOPOTKE KPOBW. [1N5 OLEHKI FOPMOHAabHOMO CTaTyca NpoBeAeHa OLeHKa ypOoBHe NtoTenHM3npytoLLero ropmona (N17), dponnmkynoctu-
MynupytoLero ropmona (PCrP), acTpaamnona n nentuHa. OueHka NonoBOro pa3BuTUS NPoBeAeHa Mo knaccudukaumm Tanner, oLeHKa KOMMo-
3VLMOHHOMO cocTaga Tesla — MeTOA0M BrovMneaHcHoro aHanmnaa. CtaTucTudeckas o6paboTka AaHHbIX MPon3BeaeHa C UCMOb30BaHNEM
nakeTa npuknagHbix Nporpamm Statistica v. 10.0 (StatSoft Inc., CLUA).

Pesynbtathl. [115 CNOPTCMEHOK C MEPBUYHOM aMeHopeer XxapakTepHbl 6bonee H1M3KMe 3HadveHns maccebl Tena (p < 0,0001) n coaep>xaHns
YKUPOBOW TKaHu (%) B opraHmame (p < 0,0001) No cpaBHEHWIO CO CBEPCTHULLAMM BE3 HAPYLLEHWI MEHCTPYaSIbHOMO LUKAa. AHaNN3 ypoBHEN
I (p = 0,328) 1 OCI" (p = 0,069) He BbIABASAN CTATUCTUHECKM 3HAYMMbIX Pa3NMYMA B MCCedyeMblX rpymnnax, OAHaKo y AeBOYeK C NepBuMY-
HOW ameHopeen oTMedann 6onee HU3KMe ypoBHU acTpaamnona 182,0 [123,0; 227,0] n 244,0 [143,5; 518,5] (p = 0,002) n nentuHa 2,1 [1,2; 4,1]
19,1 [5,1; 14,9] (p < 0,0001) No cpaBHEHUIO CO CMOPTCMEHKaMK 63 HapPYLLEHWI MEHCTPYaSIbHOMO LKA, Y CNOPTCMEHOK C NEPBUYHON ame-
HOopeel BbIBNEHO MOBbILLEHWE Kak MapkepoB kocTeobpasoBanus (PINP, ocTeokanbLuH), Tak 1 KOCTHOM pedopbuun (B-CrossLaps u LLI®)
MO CPaBHEHNIO CO CBEPCTHULIAMN 6e3 HapyLLEHNA MEHCTPYasIbHOrO LMK a.

BbiBogbl. 115 HECOBEPLLUEHHONETHMUX CMOPTCMEHOK C MEPBUYHON aMEHOPEEN XapakTEPHO AMCrapMOHMYHOE (DU3NHECKOE pasBUTUE
3a cyeT geduumTa Macchl Tena, CoONPOBOXKAAIOLLEECS CHUDKEHNEM COAEPXKaHUS >XXMPOBOW TKaHW B OpraHrn3me, CHIKEHNEM YPOBHSH nen-
TUHA 1 3CTPaAMoNa N COXPaHHOM yHKLMEN roHaaocTaTa, a TakxKe MOBbILLEHNEM MapkepoB MeTabom3mMa KOCTHOM TKaHW. BbisiBNeHHble
rOPMOHarbHbIE 1 METAbONINYECKE OCOBEHHOCTU MOTYT SIBAAATLCS 3HAYNMbIM (PaKTOPOM pUCKa PasBUTUS HapyLLIEHWA PEMOAENMPOBaHNS
KOCTHOW TKaHW y JaHHOW rpynbl COPTCMEHOK.

KnioueBble cnoBa: tOHble CMOPTCMEHKW; CMOPTVBHAs MEAMLMHA; MNepBudHas amMeHopesl; NEenTVH; FOPMOHbI;, MapKepbl KOCTHOIO
MeTabonmama; ButammH D
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INTRODUCTION

Relative energy deficiency in sport (RED-s) in ado-
lescent females is often associated with the develop-
ment of functional hypothalamic amenorrhea (FHA) (1,
2]. Prolonged energy deficiency is accompanied by a
decrease in the pulsatile secretion of gonadotropin-
releasing hormone in the hypothalamus, followed by
impaired release of luteinizing hormone (LH) and folli-
cle-stimulating hormone (FSH) from the pituitary gland.
In turn, this leads to decreased estradiol levels and the
development of menstrual disorders, such as primary
and secondary amenorrhea [3]. Underweight and par-
ticularly reduced adipose tissue in athletes with long-
term energy deficit are also associated with decreased
leptin levels — a hormone produced by adipose tissue
that is an important regulator of gonadostat functional
activity [4].

The FHA development is associated with reduced
bone mass accumulation and impaired bone micro-
architecture, being a leading risk factor in low-energy

fractures in professional female athletes, particularly
those under 18 years of age [1, 5, 6].

Studies into bone metabolism markers and their re-
lationship with hormonal parameters in underage highly
trained female athletes with primary amenorrhea are lim-
ited and show contradictory results [5].

The aim of this study is to assess bone metabolism
and serum hormonal parameters in highly qualified un-
der-18 female athletes both with primary amenorrhea
and without menstrual cycle disorders.

MATERIALS AND METHODS

A single-center single-stage study involved young ath-
letes from the Russian national teams who underwent
comprehensive medical examination at the Federal
Scientificand Clinical Centerfor Children and Adolescents
of FMBA between March 2021 and July 2023. A total
of 111 young female athletes aged 15-18 years (medi-
an age 15.9 [14.9; 16.6] years), representing five sports
(rhythmic gymnastics, artistic gymnastics, figure skating,
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softball, synchronized swimming), included in the study,
were divided into two groups based on the presence
of primary amenorrhea. Primary amenorrhea was diag-
nosed based on the absence of menstruation by age 15
(provided that secondary sexual characteristics had de-
veloped).

The group with primary amenorrhea included
23 athletes (median age 15.8 [15.1; 16.3] years); the
comparison group consisted of 88 athletes (median
age 15.9 [14.9; 16.6] years) with a regular menstru-
al cycle. The study groups were comparable in age
(p = 0.794) and sexual maturity stage, although show-
ing statistically significant differences in the key an-
thropometric parameters (Table 1). Anthropometric
measurements of the underage athletes included:
height, body weight, and calculation of body mass in-
dex (BMI). BMI was assessed for the specific age and
sex and presented as the number of standard devia-
tions from the mean (SDS). Body composition assess-
ment was performed using bioelectrical impedance
analysis (InBody 570 analyzer, South Korea). Sexual
maturity of the underage athletes was assessed ac-
cording to the Tanner rating.

When assessing sexual maturity, 21 (92%) athletes in
the study group and 88 (100%) athletes in the compari-
son group had completed or nearly completed sexual
maturity. Sexual maturity was assessed according to the
Tanner rating [7]. Inclusion criteria for study participants
were female athletes from Russian national teams aged
15-18 years and the presence of primary amenorrhea.
Inclusion criteria for the comparison group were regular
menstrual cycle, gynecological age > 1 year.

For clinical and laboratory analysis, blood samples
were collected from a peripheral vein in the morning
after fasting. All young athletes had their serum lev-
els of osteocalcin (Roche, Switzerland), N-terminal

Table 1. Clinical characteristics of the study groups

propeptide of human type 1 procollagen (P1NP) (Roche,
Switzerland), C-terminal telopeptide (B-CrossLaps)
(Roche, Switzerland), vitamin D (25-hydroxycholecal-
ciferol-25(0OH)D3) (Roche, Switzerland) measured (ng/
mL). Parathyroid hormone (PTH) (Roche, Switzerland)
in serum (pmol/L). Leptin (hg/mL), luteinizing hormone
(LH) (1U/L), follicle-stimulating hormone (FSH) (IU/L), and
estradiol (pmol/L) levels were determined by enzyme
immunoassay (manufacturer Bender MedSystems,
Austria). B-CrossLaps testing was performed by elec-
trochemiluminescence using a Cobas e411 analyzer
(Roche Diagnostics, Germany). Testing of PINP, osteo-
calcin, PTH, 25(OH)D3 was carried out by solid-phase
enzyme immunoassay. Serum alkaline phosphatase
(ALP) activity (U/L) was determined by a kinetic colori-
metric method.

Statistical data processing was performed using the
Statistica v. 10.0 software package (StatSoft Inc., USA).
Since the studied quantitative indicators had a non-nor-
mal distribution (according to the Kolmogorov—-Smirnov
test), all data are presented as median (M) and 1st and
3rd quartiles [Q,; Q,]. The Mann-Whitney U test was
used to assess the statistical significance of differences
in quantitative characteristics. Qualitative characteristics
are presented as percentages (%) with absolute values.
Contingency tables were constructed to assess dif-
ferences between qualitative characteristics, followed
by evaluation using Pearson’s chi-square test (x?) with
Yates' correction. Correlation analysis was performed
using Spearman’s criterion. A statistical significance lev-
el of p < 0.05 was accepted for differences.

RESULTS

Athletes with primary amenorrhea were characterized
by lower parameters of height (p = 0.023), body weight

P Group with primary Group with regular menstrual Statistical
arameter L
amenorrhea (n = 23) cycle (n=88) significance level, p
Age, years 15.8 [15.1; 16.3] 15.9 [14.9; 6.6] 0.794
Height, m 1.63 [1.56; 1.67] 1.66 [1.61; 1.71] 0.023
Height SDS 0.15 [-1.17; 0.87] 0.66 [-0.06; 1.5] 0.016
Body weight, kg 46.8 [40.5; 48.8] 60.6 [54.2; 67.7] < 0.0001
BMI 17.4 [16.6; 18.2] 21.8 [19.7; 24.0] < 0.0001
BMI SDS -1.34 [-1.69; -0.88] 0.5 [-0.07; 1.14] < 0.0001
Sexual maturity:
Tanner l1-ll 2 (8%) - 0.059
Tanner V-V 21 (92%) 88 (100%)
Table compiled by the authors based on their own data
Note: n = number of athletes; “~” — the absence of athletes at Tanner sexual maturity stages II-lll in this group.

" Clinical guidelines “Amenorrhea and oligomenorrhea”; 2024 (In Russ.). URL: https://cr.minzdrav.gov.ru/preview-cr/644 2?ysclid=mdyjwyzaqy766941934
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(b <0.0001), BMI (p < 0.0001), and BMI SDS (p < 0.0001)
compared to their peers without menstrual disorders.

An analysis of gonadotropin levels (Table 2) did not
reveal statistically significant differences between the
study groups (p = 0.328 for LH; p = 0.069 for FSH).
However, adolesent althleters with primary amenorrhea
had lower levels of estradiol, 182.0 [123.0; 227.0], and
leptin, 2.1 [1.2; 4.1], compared to those without menstru-
al cycle disorders: 244.0 [143.5; 518.5] (p = 0.002) and
9.1 [6.1; 14.9] (p < 0.0001), respectively.

A correlation analysis revealed a strong positive cor-
relation between leptin levels and body fat percentage
(r,=0.74; p < 0.05), LH levels (r, = 0.16; p < 0.05), and
estradiol levels (r, = 0.24; p < 0.05).

According to the assessed bone metabolism pa-
rameters, athletes with primary amenorrhea showed
an increase in both bone formation markers (P1INP by
2.5 times and osteocalcin by almost 2 times) and bone
resorption markers p-CrossLaps and ALP compared to
their peers without menstrual disorders; the correspond-
ing data are presented in Table 2. The study groups did
not show statistically significant differences in PTH levels
(b = 0.242). However, when assessing vitamin D status,
athletes with a regular menstrual cycle had lower lev-
els of 25(0OH)D3 compared to the primary amenorrhea
group (p = 0.001).

An evaluation of body composition in underage ath-
letes with primary amenorrhea revealed a statistically
significant reduction in body fat percentage (%) com-
pared to the group of athletes with a regular menstrual
cycle: 10.8 [9.3; 12.8] vs. 20.5 [16.1; 24.4], (p < 0.0001).

The conducted correlation analysis established a
moderate negative association between leptin levels and
osteocalcin (r, = -0.33), PINP (r, = =0.39), B-CrossLaps

(r, =-0.45), and ALP (r, = -0.43). Meanwhile, bone me-
tabolism markers in underage athletes were not de-
pendent on estradiol and gonadotropin levels.

DISCUSSION

It is known that fractures, particularly low-energy ones,
are more common in athletes with oligo/amenorrhea
compared to their peers without menstrual disorders
and with normal physical activity levels [8]. The pres-
ence of primary amenorrhea is currently considered by
the International Olympic Committee expert panel as
an important risk factor used for stratifying the risks
of developing RED-s syndrome, including in underage
athletes [1].

Analysis of bone metabolism markers is an effective
diagnostic tool for assessing the functional state of the
skeletal system in clinical practice [9]. Our work demon-
strated that underage athletes with primary amenorrhea
demonstrate elevated levels of key bone metabolism
markers compared to athletes without menstrual disor-
ders. It is known that estrogens promote the inhibition
of bone resorption processes [10], and their deficiency,
identified in athletes with primary amenorrhea, leads
to an increase in bone resorption markers. However,
our results are not consistent with the data by Christo
et al., who found reduced levels of N-terminal telopep-
tide (NTX) and PINP in athletes with amenorrhea and
low bone mineral density (BMD). The authors explained
their finding by a “slowdown” in bone metabolism due to
chronic energy deficiency in athletes [5].

Some authors have shown that the presence of
menstrual disorders in young athletes is accompanied
by reduced BMD, as determined by X-ray densitometry

Table 2. Hormonal parameters and bone metabolism markers in underage highly qualified female athletes

depending on the presence of primary amenorrhea

Studied parameters Group with primary Group with regular menstrual _ _S_tatistical
amenorrhea (n = 23) cycle (n= 88) significance level, p

Osteocalcin, ng/mL 92.2 [60.0; 110.0] 49.0 [37.0; 65.0] < 0.0001

PINP, ng/mL 505.3 [406.8; 750.8] 200.7 [136.0; 244.9] < 0.0001

ALP, U/L 200.2 [161.7; 2851] 92.7 [75.3; 127.3] < 0.0001
p-CrosslLaps, ng/mL 1.78 [1.39; 2.11] 1.27 [0.98; 1.51] 0.0001
PTH, pmol/L 4.6 [2.7: 5.4] 5.0 [3.6; 6.6] 0.242
25(OH)D3, ng/mL 23.5[13.3; 32.8] 14.3 [11.1; 19.8] 0.001
LH, IU/L 2.8[2.3;41] 3.4 [2.0; 5.8] 0.328
FSH, IU/L 5.4 [4.6; 6.5] 4.8 [3.5; 6.1] 0.069
Estradiol, pmol/L 182.0 [123.0; 227.0] 244.0 [143.5; 518.5] 0.002

Leptin, ng/mL 21 [1.2; 41] 9.1 [5.1; 14.9] < 0.0001

Table compiled by the authors based on their own data

Note: n = number of athletes.
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[5]. The reduction in bone tissue mineralization in highly
qualified young athletes occurs despite the presence of
strength and intensive physical loads, which have a pro-
tective effect on bone tissue [11].

Our work demonstrated that athletes with primary
amenorrhea had lower BMI SDS values, which, accord-
ing to the literature, is a predictor of reduced BMD [12].
The group of athletes with primary amenorrhea was
predominantly represented by rhythmic gymnastics and
figure skating. In these sports, low body weight is a key
factor for success; for this reason, athletes often resort
to hypocaloric unbalanced diets, which is one of the
causes of developing FHA within RED-s explaining the
presence of primary amenorrhea [13]. For example, in a
study of athletes aged 11-17 years engaged in rhythmic
gymnastics, disharmonious physical development due
to underweight was revealed, accompanied by a reduc-
tion in body fat and a high prevalence of primary amen-
orrhea (38%) [14].

Therefore, BMI SDS and estrogen deficiency can be
considered as the leading independent factors contrib-
uting to impaired mineralization and microarchitecture of
bone tissue in athletes with FHA. Underweight in ath-
letes is associated with a reduction in adipose tissue and
circulating leptin. Normally, leptin, by affecting the secre-
tory activity of gonadotrophs, increases the pulsatile se-
cretion of LH and, to a lesser extent, FSH [15]. Currently,
leptin is believed to be a crucial endogenous regulator
and modulator of reproductive system functions, the
dysfunction of which is a key factor in impaired bone
remodeling and reduced BMD in athletes with RED-s
syndrome [1, 17].

In addition to weight deficiency, athletes with men-
strual disorders have been recorded to have lower height
and height SDS indicators, which may be due to reduced
secretion of insulin-like growth factor-1 and the develop-
ment of partial resistance to growth hormone [1, 2].

An important limitation of our study is the presence
of vitamin D deficiency or insufficiency in the major-
ity of athletes in both study groups, which could have
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