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Introduction. When assessing bone metabolism markers in athletes under the age of 18, it should be borne in mind that, in comparison with
adults, the pediatric population is characterized by higher values of these markers. Their maximum increase during puberty coincides with
peak bone mass gain.

Objective. To evaluate bone metabolism status in healthy high-performance athletes under the age of 18 based on the levels of C-terminal
telopeptide (B-CrosslLaps), osteocalcin, and N-terminal propeptide human procollagen type 1 (P1NP) in the blood serum.

Materials and methods. A single-center, cross-sectional study involved 383 juvenile athletes aged 13-18 years (248 girls and 135 boys; aver-
age age 15.2 [14.0; 16.1] years) from Russian national sports teams. The study was conducted in the period from March 2021 to July 2023. All
athletes were divided into groups according to age and gender. The male groups were as follows: 13.1-14.0 years old (n = 3); 14.1-15.0 years
old (n = 11); 156.1-16.0 years old (n = 43); 16.1-17.0 years old (n = 42); and 17.1-18.0 years old (n = 36). The female groups were as follows:
13.1-14.0 years old (n = 17); 14.1-15.0 years old (n = 51); 15.1-16.0 years old (n = 65); 16.1-17.0 years old (n = 59); and 17.1-18.0 years old
(n = 56). The serum levels of osteocalcin, C-terminal telopeptide, and procollagen type 1 were evaluated in all athletes. The sexual maturity
rating (SMR) was assessed according to the Tanner Scale. Statistical data processing was performed using the Statistica 10.0 software pack-
age (StatSoft Inc.; USA).

Results. The maximum values of B-CrossLaps in boys (2.27 [1.14; 3.45] ng/mL) and girls (1.55 [1.10; 2.02] ng/mL) were observed at the age
of 13-14 years. The levels of osteocalcin and P1NP in young high-performance athletes corresponded to the standards for children with a
normal level of physical activity. The maximum values of PINP were revealed at the age of 13-14 years in both male (767.8 [148.1; 1142.4] ng/
mL) and female (450.5 [268.6; 569.3] ng/mL) groups. In boys, the maximum values of osteocalcin (125 [89; 144] ng/mL) were detected at the
age of 14-15 years; in girls (86 [62; 131] ng/mL) — at the age of 13-14 years.

Conclusions. In young high-performance athletes, the p-CrossLaps level as the main marker of bone resorption significantly exceeds the
population norms for children and adolescents with a normal level of physical activity. When assessing the level of B-CrosslLaps, osteocalcin,
and P1NP, reference values should be adjusted to account for the gender and sexual maturity stage of athletes. The data obtained can be
used when interpreting the results of an in-depth medical examination of athletes from Russian national sports teams to identify bone remod-
eling disorders.
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BeepeHue. MNpu oLeHKe MapKepoB KOCTHOMO MeTabonmama y CropTCMEHOB, He AOCTUrLUMX 18-neTHero BospacTa, ClefyeT y4nTbiBaTh,
4YTO ONS NeamaTpUYecKOn NONynsALMN XapakTepHbl 60Mee BbICOKME 3HAYEHNST AaHHbIX METAOONMTOB MO CPaBHEHMIO CO B3POCIION, a X Mak-
cUMasibHOE MOoBbILLIEHWE B Neprof nybepTaTa CoBnagasT C NMKOBLIM HAOOPOM KOCTHOW Macchl.

Lenb. OueHnTb cocTosiHME MeTabonmama KOCTHOW TkaHu Mo ypoBHSM C-koHuesoro Tenonentugaa (B-CrossLaps), ocTeokanbuyvHa
1 N-TepMUHanBHOrO NponenTuaa YenoBeveckoro npokonnareHa 1-ro tuna (P1NP) B CbIBOPOTKE KPOBW Y 300P0BbIX BbICOKOKBAMMULIMPO-
BaHHbIX CMOPTCMEHOB, He JOCTUrLUKX 18-neTHero Bo3pacTa.

Martepuansl u metoppl. [poBefeHO OAHOMOMEHTHOE OJHOLIEHTPOBOE MCCefloBaHMe, B KOTOPOM y4acTBoBann 383 toHbIX CrOpTCMeHa
B Bo3pacTe 13-18 net (M3 Hux 248 peBo4ek 1 135 ManbymkoB; cpefHu BospacT 15,2 [14,0; 16,1] roga) cbopHbix komaHg Poccuickon de-
nepaumn B nepunog ¢ mapta 2021 no nonb 2023 1. Bce cnopTcmeHbl Obinn pasaeneHbl Ha NO0BO3PacTHble rpynnbl: Manb4nkn: 13,1-14,0
(n=23); 14,1-15,0 (n = 11); 15,1-16,0 (n = 43); 16,1-17,0 (n = 42); 17,1-18,0 roga (n = 36); geso4km: 13,1-14,0 (n = 17); 14,1-15,0 (n = 51); 15,1-16,0
(n = 65); 16,1-17,0 (n = 59); 17,1-18,0 roga (n = 56). Y cnopTCMeHOB onpeaensnm ypoBeHb ocTeokasbLMHa, C-KOHLIEBOro Tefionentnaa, Npo-
konnareHa 1-ro Tmna B CbIBOPOTKe KpoBK. OLEeHKa NON0BOro pa3BuTus NpoBeaeHa no knaccudukaumm Tanner. Ctatuctudeckas obpaboTtka
NaHHbIX NpoKn3BeaeHa ¢ NCroib3oBaHVeM NnakeTa NprknaaHbix Nporpamm Statistica version 10.0 (StatSoft Inc., CLLA).

PesynbraTbl. YCTaHOBMEHO, YTO MakcumanbHble 3Haderus B-CrossLaps y maneunkos (2,27 [1,14; 3,45] Hr/mn) v gesodek (1,55 [1,10;
2,02] Hr/mn) oTMedeHbl B Bo3pacTe 13—14 neT. YpoBHu ocTeokanbumHa 1 PINP y 1oHbIX BbICOKOKBANMMULMPOBAHHBIX CIOPTCMEHOB COOT-
BETCTBOBaN HOpMaMm A5 AeTelt ¢ 06bI4HbIM YPOBHEM (DM3NHECKON akTUBHOCTU. MakcumansHble 3HaqeHnss PINP onpegensnmcs B Bo3pac-
Te 13-14 neT Kak y manbymkoB (767,8 [148,1; 1142,4] Hr/mn), Tak 1y aesodek (450,5 [268,6; 569,3] Hi/mn). MakcumanbHble 3Ha4eHnst OCTeo-
KanblUumHa y Manbunkos (125 [89; 144] Hr/mn) pocTuraiotca B BodpacTte 14-15 neT; y gesodyex (86 [62; 131] Hr/mn) — B Bo3pacTte 13—14 nerT.
BbiBoppl. YposeHb B-Cross laps — OCHOBHOrO Mapkepa KOCTHOW pe3opbLmn — Y tOHbIX BbICOKOKBAIMMUUMPOBaHHbIX CMOPTCMEHOB 3Ha-
YUTENBbHO MOBbILLEH MO CPaBHEHWIO C MOMYNSAUMOHHBIMU HOPMaM A5 AeTEN 1 MOAPOCTKOB C 0ObIHHBbIM YPOBHEM (PU3NHECKON aKTUBHOCTH.
Mpw oueHke yposHs B-CrossLaps, ocTeokansumHa 1 PINP Lenecoobpas3Ho npuMeHeHne peepeHTHbIX 3Ha4eHnn C y4eTOM nona v ctagun
MOJSIOBOro PasBUTUS CNOPTCMEHOB. [onyyeHHble AaHHble MOryT ObiTb MCMONb30BaHb! MPY NHTEPNPETaLIM PE3YNLTATOB YriyOneHHOro Mean-
LIMHCKOro 06CcnefoBaHns y CNOPTCMEHOB CMOPTUBHbBIX COOPHbLIX KoMaHg, P® Ans BbIABNEHMS HAPYLLEHNI PEMOAENPOBAHNS KOCTHOW TKaHW.

KntoueBble cnoBa: AeTW; tOHblE CMOPTCMEHDI; CMOPTVBHASA MeavLmHa; ocTeokanbumH; B-CrossLaps; PINP
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INTRODUCTION high-performance athletes [9, 10]. In this study, we aim
to evaluate the bone metabolism status of healthy high-
performance athletes under the age of 18 based on the
levels of B-CrosslLaps, osteocalcin, and PINP in the

blood serum.

Assay of bone metabolism markers is an effective di-
agnostic tool for assessing the functional status of the
skeletal system in clinical practice [1-4]. However, high
growth rates in children (especially in adolescents) inten-

sify the processes of bone metabolism and, compared
to adults, are associated with higher values of bone me-
tabolism markers. Intense and prolonged physical ac-
tivity performed by high-performance athletes can also
affect the level of these markers [5, 6]. The syndrome of
relative energy deficiency in sport (RED-S) is associated
with a decreased acquisition of bone mass and bone
microarchitectonics disorders in adolescence [2-4].
The hypothalamic amenorrhea (for girls) and functional
hypogonadotropic hypogonadism (for boys), as part of
RED-S, combined with vitamin D deficiency, is an ad-
ditional risk factor for fractures in professional athletes,
especially under the age of 18 [2, 5-8].

In the Russian Federation, research is currently
underway to determine regulatory values for a num-
ber of biochemical laboratory parameters in juvenile

EXTREME MEDICINE | 2025, VOLUME 27, No 3

MATERIALS AND METHODS

A single-center, cross-sectional study involved young
athletes from the national teams of the Russian
Federation who had underwent an in-depth medi-
cal examination at the Federal Scientific and Clinical
Center for Children and Adolescents in the period from
March 2021 to July 2023. A total of 383 young athletes
aged 13-18 years participated in the study, including
248 girls and 135 boys; the average age was 15.2
[14.0; 16.1] years. All athletes were divided into groups
according to gender and age. The male groups were
as follows: 13.1-14.0 years old (n = 3), 14.1-15.0 years
old (n=11), 15.1-16.0 years old (n = 43), 16.1-17.0 years
old (n = 42), and 17.1-18.0 years old (n = 36). The fe-
male groups were as follows: 13.1-14.0 years old
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(n =17), 14.1-15.0 years old (n = 51), 15.1-16.0 years
old (n = 65), 16.1-17.0 years old (n = 59), and 17.1-
18.0 years old (n = 56).

According to sexual maturity, athletes were distribut-
ed as follows: 5 (1.3%) athletes did not enter puberty, 17
(4.4%) — stage 2 sexual maturity, 57 (14.8%) athletes —
stage 3, 174 (45.4%) athletes — stage 4 sexual maturity,
the remaining 130 athletes had reached sexual matu-
rity. The sexual maturity assessment was carried out
according to the Tanner Scale (Sexual Maturity Rating,
SMR) [11]. The key inclusion criteria were athletes from
Russian national teams aged 13—18 years. The exclusion
criteria were the presence of fractures during one year
prior to inclusion in the study.

For clinical and laboratory tests, peripheral vein blood
was collected in the morning after fasting. In all young
athletes, the levels of osteocalcin (Roche, Switzerland),
N-terminal propeptide human procollagen type 1/P1NP
(Roche, Switzerland), and C-terminal telopeptide/p-
CrosslLaps (Roche, Switzerland) in blood serum (ng/mL)
were evaluated. The B-CrossLaps assay was performed
by electrochemiluminescence using a Cobase411
analyzer (Roche Diagnostics, Germany). The level of
N-terminal propeptide human procollagen type 1 (P1NP)
and osteocalcin was detected by enzyme-linked immu-
nosorbent assay (ELISA). The P1INP level was assessed
by reference intervals proposed by Chubb et al. [12]. The
osteocalcin level was evaluated by reference intervals
proposed by Bayer et al. [13]. The level of p-CrossLaps
was calculated according to the reference intervals pro-
posed by Crofton et al. [14].

Statistical data processing was performed using the
Statistica 10.0 software package (StatSoft Inc.; USA).
Since the parameters under study showed a non-nor-
mal distribution (according to the Kolmogorov—Smirnov
test), all the data are presented as the median (M) of
both the first and third quartiles [Q,; Q,]. To assess

the statistical significance of the differences in quanti-
fication, the Mann-Whitney and Kruskall-Wallis tests
were used, including with the Bonferroni adjustment.
Qualitative characters are presented in proportions (%)
with absolute values. To assess the differences between
qualitative characters, contingency tables are charted
with subsequent evaluation according to the Pearson’s
chi-squared test. The statistical significance of the differ-
ences was p < 0.05.

RESULTS

The levels of B-CrossLaps in athletes under the age of
18, depending on age and gender, were found to be sta-
tistically significantly higher in boys (p < 0.01) (Table 1).
The established gender differences in the p-CrossLaps
level are most likely to be associated with the larger bone
mass accrual in boys compared to girls. The maximum
values of B-CrossLaps in boys (2.27 [1.14; 3.45] ng/mL)
and girls (1.55 [1.10; 2.02] ng/mL) are reached at the age
of 13-14 years.

When assessing the p-CrossLaps levels in athletes
under the age of 18, compared with the reference inter-
vals proposed for children by Crofton et al. [14], signifi-
cant differences were found, manifested in an increase
in this parameter in athletes compared with its values in
children in the general pediatric population, regardless
of gender and age (Fig. 1).

Figure 1 shows that most of the individual
f3-CrosslLaps values in both boys and girls exceeded the
upper limit of the reference interval.

The maximum values of B-CrossLaps were deter-
mined in young athletes with stage 3 sexual maturity
at the level of 2.31 [1.91; 3.4] ng/mL in boys and 1.98
[1.51; 2.31] ng/mL in girls (Table 2). Such changes are
associated with active bone metabolism during peak
growth and accrual of muscle tissue in adolescents.

Table 1. p-CrossLaps levels in athletes under the age of 18, depending on gender and age

A Boys Girls Statistical

ge, St

ears significance level,

y Median [Q;; Q,] Min Max Median [Q;; Q,] Min Max p

131140 | 227 [114; 3.45] 0.330 | 5.300 1.85 [110; 2.02] 0480 | 2.52 <0.01
n=3 n=17

141150 | 2210852471 1 o510 | 4450 | 120019188 | 690 | 277 <0.01
n=1 n =51

151160 | AOINL2001 1 g500 | gogp | 110088 1401 | 5450 | 403 <001
n=143 n=65

161170 | 120088 ATA | hann | 4149 | 0920065109 1 gain | o4e <0.01
n=42 n=>59

1714180 | PO8LAIB 5300 | pgen | 08610831091 | go50 | 590 <0.01
n =236 n=>56

Table compiled by the authors based on their own data

Note: n — number of athletes.
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Figure prepared by the authors based on their own data

Fig. 1. p-CrossLaps values in athletes under the age of 18 in comparison with the general pediatric reference
intervals depending on age: the red dotted lines indicate the upper limit of the general pediatric reference intervals of
B-CrossLaps according to [14] for boys and girls, taking into account age; the blue circles represent the individual values

of B-CrossLaps for each athlete; n — number of athletes

When assessing osteocalcin levels in athletes under
the age of 18, statistically significantly higher osteoc-
alcin levels were found in boys, depending on gender,
compared to girls in all age groups (Table 3). The maxi-
mum values of osteocalcin in boys (125 [89; 144] ng/mL)
are revealed at the age of 14-15 years old; in girls (86
[62; 131] ng/mL) — at the age of 13-14 years, which is
also due to the earlier onset of puberty in girls.

Osteocalcin levels in athletes under the age of 18 did
not exceed the limits of the reference interval [13] (Fig. 2).
As shown in Figure 2, most of the individual values of
osteocalcin in both boys and girls remained within the
reference interval.

When assessing the levels of PINP in athletes under
the age of 18, statistically significantly higher levels of
P1NP were found in boys, depending on gender, com-
pared to girls in all age groups (Table 4). The maximum
values of PINP were determined at the age of 13-14
years, in both boys (767.8 [148.1; 1142.4] ng/mL) and girls
(450.5 [268.6; 569.3] ng/mL).

When assessing the levels of PINP in athletes under
the age of 18, compared to the reference intervals pro-
posed by Chubb et al. for children [12], no gender differ-
ences were found (Fig. 3). As shown in Figure 3, most of

the individual P1NP values in both boys and girls did not
exceed the reference values.

When assessing the levels of osteocalcin and P1NP
depending on the stage of sexual maturity according
to the Tanner Scale, the maximum values of osteocal-
cin (102 [77; 131] ng/mL) were revealed in athletes with
stage 3 sexual maturity, and the maximum level of PINP
(642.3 [5637.9; 789.3] ng/mL) — in athletes with stage 2
sexual maturity (Table. 5). These data correlate with the
growth rate peak value in adolescents.

DISCUSSION

B-CrossLaps is the most informative marker of bone re-
sorption that indicates the activity of osteoclasts. This
marker is widely used in clinical pediatric practice and is
included in medical examination programs of young ath-
letes. Permanently elevated p-CrossLaps levels in adult
athletes indicate their prolonged exposure to high-inten-
sity loads and inconsistency with their overall physical fit-
ness level, which can lead to chronic overexertion or mi-
crotrauma, disrupting the structure and function of bone
tissue [15]. Assessment of B-CrossLaps levels in young
high-performance athletes revealed an increase in this

Table 2. 3-CrossLaps levels in athletes under the age of 18, depending on gender and sexual maturity stage

Sexual maturity rating 1 2 3 4 5
(Tanner stages)
Bovs 157 [1.34;1.74] | 214 [1.97; 2.51] | 2.31 [1.91; 3.4] | 214 [1.64; 2.65] | 1.45[1.23; 1.88]
y n=1 n =11 n=17 n =56 n =50
Girls 1.29 1.87 [1.78; 2.30] | 1.98 [1.51; 2.31] | 1.33 [0.96; 1.56] | 1.22 [0.98; 1.29]
n=4 n==6 n =40 n=118 n =280

Table compiled by the authors based on their own data

Note: n — number of athletes.
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Table 3. Osteocalcin levels in athletes under the age of 18, depending on gender and age

A Boys Girls Statistical

ge, -

cars significance level,

y Median [Q;; Q,] Min Max Median [Q;; Q] Min Max p

131-140 |  113[68; 155] 880 | 1550 86 [62; 131] 360 | 2290 -
n=3 n=17

141150 |  120[89; 144] 770 | 2010 68 [49; 98] 170 | 1450 0.013
n=11 n =51

151-16.0 78 [63; 106] 13.0 | 190.0 58 43, 71] 28.0 137.0 0.034
n=43 n==65

16.1-17.0 68 [53; 90] 280 | 1740 44 [35; 61] 240 | 1100 0.027
n=42 n=>59

171-18.0 5142, 63] 100 | 1100 36 [31; 49] 230 | 146.9 0.021
n=236 n=>56

Table compiled by the authors based on their own data

Note: n — number of athletes; “~” — non-significant statistical results.

parameter in all age groups, particularly in 14-15-year-
old athletes. The average values of B-CrossLaps in ath-
letes are two- or threefold higher than the standard val-
ues for people with a daily level of physical activity [15].
The authors explain the increased level of this marker by
the specific nature of anabolic processes in juvenile ath-
letes. Establishing a correlation with the type of athletic
discipline, Klyuchnikov et al. found the maximum values
of B-CrossLaps in athletes engaged in game sports, with
the average values of -CrossLaps in boys being higher
than those in girls [15].

The results of our work also demonstrate the previ-
ously described gender differences and the fact that the
B-CrossLaps level in young athletes is higher than that
in the general pediatric population.The maximum values
of B-CrossLaps in young athletes are recorded at the
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Figure prepared by the authors based on their own data

2nd-3rd stage of puberty, which, according to the lit-
erature [14], coincides with the peak height velocity and
is associated with the peak bone mass gain. Thus, the
increased activity of bone resorption detected in young
athletes compared with their peers with normal physical
activity may be due to the intensity and nature of physi-
cal exertion.

Osteocalcin is a non-collagen protein of the bone
matrix, synthesized by osteoblasts. This parameter re-
flects the osteosynthesis activity. Osteocalcin levels
gradually increase in childhood, reaching their maximum
values in puberty. The osteocalcin concentration in chil-
dren correlates with the height velocity and increases
progressively during puberty, regardless of gender. The
maximum levels of this biomarker are recorded at the
age of 13-14 years, ranging 25-241 ng/mL [13].
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Fig. 2. Osteocalcin levels in athletes under the age of 18 compared to the general pediatric reference intervals
depending on gender: the red dotted lines indicate the upper and lower boundaries of the general pediatric refer-
ence intervals [13] for boys and girls, taking into account age; the blue circles represent individual osteocalcin values

“w o
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Table 4. P1NP levels in athletes under the age of 18, depending on gender and age

A Boys Girls Statistical

ge, o

ears significance level,

y Median [Q;; Q] Min Max Median [Q;; Q,] Min Max P

131440 | 76781148111424] | Lo | L, | 450.512686569.8] | 1ogs | 13040 ~
n=3 n=17

141150 | 0099 BABLTZIT 1 4450 | 1a08.0 | 200200990 755 | 10830 0.023

151-16.0 | 42011800.7:662.2] | 400y | joggp | 2390[1671369.0 | o558 | gag 0.034
n=43 n=65

161-170 | 2888 [21944739] | 4455 | yy550 | 1640[119622871 | 759 | 6111 0.017
n=42 n =59

171-18.0 | 2270 EEiZéégZ?S.S] 951 | es02 | 1380 5265%;188'8] 39.0 | 3351 0.022

Table compiled by the authors based on their own data

Note: n — number of athletes.

Table 5. Osteocalcin and P1NP levels in athletes under the age of 18, depending on sexual maturity rating

Sexual maturity rating 1 2 3 4 5
(Tanner stages)
Number of athletes, n 5 17 57 174 130
Osteocalcin 60 [46; 88] 97 [89; 121] 102 [77; 131] 62 [44; 81] 49 [37; 65]
PINP 296.1 642.3 605.3 243.6 200.9
[1563.1;459.7] [637.9;789.3] [432.1;769.7] [176.2;408.1] [149.4;270.0]
Table compiled by the authors based on their own data
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Fig. 3. P1INP values in athletes under the age of 18 compared with the general pediatric reference intervals
depending on gender: the red dotted lines indicate the upper and lower limits of the general pediatric reference intervals
[12] for boys and girls, taking into account age; the blue circles represent individual PINP values for each athlete; n —

number of athletes
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Our study has demonstrated that the maximum level
of osteocalcin is recorded in girls in the age group of
1314 years, in boys — in the age group of 14-15 years.
Osteocalcin values increase with the progression of sex-
ual development from stage 1 to stage 2, followed by
a decrease by the end of puberty. In children and ado-
lescents, more than 90% of the synthesized osteocalcin
is incorporated into the bone matrix, with only its small
part circulating in the circulatory system. In addition, the
level of osteocalcin is subject to pronounced daily fluc-
tuations; therefore, the study should be conducted in the
morning. Osteocalcin levels in young athletes are higher
than those in adults [5].

The N-terminal propeptide of human procollagen
type 1 is a marker of bone matrix formation. The vari-
ability and higher levels of PINP in childhood are due to
the active processes of child growth and development.
The acceleration of height velocity in early childhood and
during sexual maturation is accompanied by a significant
increase in the PINP level. The maximum values of this
biomarker in boys are recorded in the first year of life,
reaching the values of 3000 ng/mL, with a gradual de-
crease to 950 ng/mL by the age of 11. In the 11-16-year
group, a repeated increase in the P1NP level to 1400 ng/
mL was observed. The lower limit of PINP in this age
group in boys is 300 ng/mL. In girls, the maximum val-
ues of PINP are also recorded in the first year of life
(600—-3000 ng/mL) with a gradual decrease by the age
of 9 years. From 9 to 14 years of age, serum P1NP levels
continue to rise (the standard range is 300-1200 ng/mL)
[12]. The described gender-specific features of P1NP
secretion in childhood are due to the different timing of
the onset of sexual maturation in boys and girls. Thus,
the maximum values of PINP in boys are recorded at
stage 3 sexual maturity according to the Tanner scale;
in girls — at stage 2 of sexual maturity according to the
Tanner Scale [12].

Our study has also demonstrated that the maximum
levels of PINP in young athletes are observed at the age
of 13-15 years, with a further gradual decrease towards
the end of sexual maturation.

Thus, the levels of bone synthesis markers in young
athletes correlate with the reference intervals for the
general pediatric population, with their variability in
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