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Abstract

Background. Skeletal health is of paramount importance during childhood and adolescence, as it directly influences
growth, development, and overall quality of life. Individuals who do not achieve optimal bone mass during these critical
periods are at risk of developing osteoporosis, even if they do not experience accelerated bone loss in adulthood.

In recent years, biochemical markers have become valuable tools for assessing bone metabolism and turnover.
However, interpreting these results remains challenging, as measurements fluctuate based on factors such as age, pubertal
stage, growth rate, mineral accumulation, hormonal regulation, nutritional status, circadian and diurnal variations, tissue
specificity, and the sensitivity and specificity of analytical methods. Serum markers of bone formation include bone-specific
alkaline phosphatase, osteocalcin, and the C- and N-terminal propeptides of type | collagen. Urinary markers of bone
resorption include degradation products of type | collagen such as pyridinoline (PYD), deoxypyridinoline (D-PYD), and the C-
and N-terminal telopeptides of type | collagen (CTX and NTX).Therefore, it is essential to establish reference values that
account for age and sex in each pediatric population, considering their specific climatic conditions and lifestyle factors.

Aim. To analyze the literature on the role of bone turnover markers and their reference values in children.

Search Strategy: A systematic search was conducted in the PubMed and Google Scholar databases using the following
keywords: "bone metabolism markers," "osteopenic syndrome in children," "osteoporosis diagnosis," "C-terminal
telopeptide," and "reference values of bone metabolism markers." The search was limited to studies published in English
over the past 10 years. 40 sources were reviewed.

Discussion. An analysis of the literature indicates that quantitative values of osteocalcin, C-terminal telopeptide of type |
collagen, N-terminal propeptide of type | procollagen, and alkaline phosphatase in the blood of healthy children and
adolescents from different countries vary considerably and exhibit gender-specific differences.

Conclusion. A review of the literature underscores the importance of assessing bone metabolism markers in pediatric
populations. Age-specific reference intervals for these markers, taking into account ethnic, gender, and geographic
variations, are clinically significant for evaluating bone metabolism in children and adolescents.

Keywords: "bone metabolism markers", "osteopenic syndrome in children", "osteoporosis diagnosis", "C-terminal
telopeptide”, "reference values of bone metabolism markers".
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BBepeHue. 300poBbe CkeneTa MMEET NepBOCTENEHHOE 3HAYEHNE B AETCKOM 1 MOAPOCTKOBOM BO3paCTe, MOCKOMbKY OHO
HanpsiMylo BIUSIET Ha POCT, pa3BuThe W 0bLLee KavyecTBO XM3HU. JTioau, KOTOpbIE He JOCTUraloT afekBaTHON KOCTHOM Macchl
B [ETCTBE W NOOPOCTKOBOM BO3pacTe, MOLABEPXEHbl PUCKY Pa3BUTUS OCTEONOpPO3a, AaXE €CMM Y HWX He MpoucXoauT
YCKOPEHHOM NOTEPW KOCTHOW Macchl BO B3POCNOM Bo3pacTe. B nocnegHue rodsl Guoxummnyeckne Mapkepbl CTanu LieHHbIM
WHCTPYMEHTOM [1151 OLIEHKM KOCTHOrO MeTabonuama 1 kocTHoro obmeHa. OfgHako UHTeprpeTauns pesynbTaToB 3aTpyaHeHa,
MOCKONbKY Takue M3MepeHust konebmioTcs B 3aBUCUMOCTM OT BO3pacTa, CTagumu MOfoBOro CO3peBaHusl, CKOPOCTW pocTa,
HaKOMMEHNs1 MUHEPANOB, TOPMOHAbHOW Perynsauumu, cTatyca MUTaHus, LMpKagHbIX konebaHui, cyTouHbIX konebaHni
CneumnUYHOCTM KOCTHOW TKaHW, a Takke YyBCTBUTEMBHOCTW M cneuuduyHocT aHanm3oB. CbiBOPOTOYHblE Mapkepbl
(hOPMMPOBAHNS KOCTHON TKAHW BKMIOYAKOT KOCTHYHO LLENOoYHyto hocdarasy, octeokanblyH 1 C- u N-koHLEBbIE nponenTuabl
konnareHa | Tuna. Mapkepbl pe3opbuwm KOCTM B MOYe BKMOYAKOT MPOAYKTbI pacnaga konnareHa | Tuna, Takue Kak
NupuanHoBble clumeky (MupuanHonuH [PYR], nesokcunupuaunHonuH [D-PYR]) n C- n N-tenonentuapl konnarena | tuna (CTx
1 NTx). Takum 0Bpa3om, 4N1S Kaaoi AETCKON NOMyNsALmMM, NPOXWBAIOLLEN B ONPEAENEHHOM KIMMaTe W C MOXOXNUM 06pa3om
KU3HM, OMXKHbI BbITb NOMyYeHbl pediepeHCHbIE 3HaYEHNs C Y4eTOM Bo3pacTa 1 norna.

Llenb. AHanu3 nutepaTypHbIX MCTOYHUKOB O PONM MApKEPOB KOCTHOTO 0BMEHa 1 UX pethepeHCHbIX 3HAYEHWN Y AeTeEN.

Crparteruss noucka. [poseseH cuctematnyeckuin nouck B 6asax PubMed, Google Scolar no knioueBbiM Crnosam:
«MapKepbl KOCTHOrO MeTabonuamay, «OCTEOMEHNYECKUA CUHOPOM Yy AETeR», «AMarHoCTMka octeonoposay, «C KOHLEBOM
TENONENTUAY, «pPedIepeHCHbIE 3HAYEHNS MapKEPOB KOCTHOTO MeTabonuamay. OTOT NoucK Bbif OrpaHNyeH aHrMOoA3bIMHBIMM
nccnegosanuamu, onybnukosaHHbIMu ¢ 2015 no 2024 rr. A3yyeHo 40 nCTOYHMKOB.

O6cyxaeHune. AHanua nybnukaLuin nokasan, YTo KONMYECTBEHHbIE 3HAYEeHUst TOPMOHA OCTeokanbLiyHa, C-KOHLEBOro
Tenonentuaa kornnareHa | Tuna, N-KOHLEBOro nponenTuaa npokonnareHa Tuna | W wenoyHon gocdartassl B KPOBU Y
3[OPOBbIX AETEl 1 NOAPOCTKOB W3 pasHbIX CTPaH UMENN HEPaBHO3HAYHBIE 3HAYEHMS 1 TEHEPHbIE Pa3nnyus.

BbiBoAbI. AHanW3 NuTEPaTYpHbIX UCTOYHUKOB NOKa3blBAET BaXHOCTb ONPEAEneHns MapkepoB KOCTHOTO MeTabonuama
y [eTel 1 NoapocTKoB. BospacTHble MHTepBarbl 3TUX MAPKEPOB B AETCKON MOMYNSLMM C Y4ETOM 3THUYECKOTO, FTEHAEPHOMO U
reorpath1yeckoro pacnpegeneHus KNMHUYECKU 3HaYMMbl MPK OLiEHKE KOCTHOTO MeTabonmuama.

Knroueeble cnoea: «mapkepbl KOCMHO20 Memabosnuamay, «ocmeoneHudeckuli cuHopom y Oemeli», «OuaeHocmuKa
ocmeonoposay, «C KoHyegol menonenmudy, «peghepeHCHbIe 3Ha4eHUsT MapKepos KOCMHO20 Memabosnu3many.

Ana yumuposanus: Maduesa M., Kackabaega A., Pbimbaesa T., KaHanusHosa I., bepcumbexosa ., Aybakupos A.,
beliceHoga A. Ponb B1OXMMIUYECKMX MapKepoB B KOCTHOM 0BMeHe Yy eTen 1 noapocTkoB (063op nutepatypsbl) // Hayka u
3npaBooxpaHerue. 2025. Vol.27 (1), C.250-256. doi 10.34689/SH.2025.27.1.027
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Kipicne. KaHka caynbifbl bananblk xaHe xacecnipiMaik LakTa eTe MaHbI3abl, OUTKEH 0N ecyre, JaMyFa XaHe Xannbl emip
canacbiHa Tikenen ocep etedi. bananbik xoHe acecnipiM kesiHOe Cyiiek MaccacbiHa JXeTe anMailTbiH agampapaa
OCTEONOpO3abIH, Jamy Kayni bap, TinTi erep onap epecek xacta CyMek MaccachiHbIH, oranybiH TeaaeTnece fe. CoHFbI Xbinaapbl
OvoxuMUANbIK Mapkeprep Cyvek MeTabonmami MeH CyWek anMacyblH GaranmaydblH, KyHobl KypanbiHa aiHangbl. [ereHme,
HOTWKeNepai TYCHAIPY KublH, ©MTKeHi MyHOal ereMaep XacbiHa, XbIHbICTbIK XKETiNy Ke3eHiHe, ecy XblnaamabiFbiHa,
MWHepanaapablH, XuHaryblHa, ropMoHarbl peTTeyre, TamakTaHy KyWiHe, LMpKaOTTblK aybITKynapFa, KyHoenikti esrepictepre
X8He CyViek epeKLueniriHe, COHAan-aK TanaaynapablH CeiMTanabiFbl MeH epekLuenirive 6annaHbIcTsl e3repesi. Cyiiek Ty3inyiHix,
capblcyriblk MapkepnepiHe Cyliek cinTini (occpatasa, ocTeokanbLmH xaHe C - xaHe N-TepMuHan konnareH | TunTi nponentuatep
xatagbl. 3apgeri cyiiek pe3opbuuMsChbiHbiH, MapkepnepiHe NMMPUOMHLK ankacnansl GannaHbictap (mupuauHonud [PYRY,
pesokeunupuauHoniH [D-PYR]) xaHe | tunti konnareH C - xaHe N-tenonentuatep (CTx xaHe NTX) cuakTbl | TUNTI konnareHHin,
bioblpay eHimpoepi xaragbl. Ocbinanwa, Genrini Gip kMMMaTTa ©Mip CypeTiH aHe emip canTbl ykcac apbip Gananap
MONYNALMACHI YLLIH ac NeH XbIHbICTbI eCKepe OTbIPbIN, pePepeHCTiK MOHAEP arblHybl KEPEK.

Makcatbl. Cyiiek anmacy mapkepnepiHiH peni xoHe onapfbiH bananapgarbl pedepeHCTik MaHi Typanbl aaedu
[epekkesnepai Tanaay.

I3pey ctparerusicbl. PubMed, Google Scolar aepektep KopbiHaa "cyiiek MeTabonuamiHib, Mapkepnepi”, "0ananapgarbi
OCTEOMNEHMANBIK CMHAPOM", "OCTEONOpPO3 AuarHocTukackl", "Tenonentug yibl", "cynek MeTabonuamiHiH MapkepnepiHiH,
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aHbIKTamanblK MaHaepi" TyMiH ce3aepi DoWbiHWa xyieni ispey xyprisingi. 13genic 2015 xbingaH 2024 XbinFa AeriH
XapusnaHraH LWeT TiniHaeri 3epTTeynepmeH Lwektengi. 40 aepekkes 3eptTengi.

Tankbinay. XapusnaHbiMaapabl Tangay ap Typhi enaepain, AeHi cay 6ananapbl MeH XacecnipiMaepiHaer ocTeokanbLyH, |
TUNTI KOnnareHHiH, C-TepMuHanbl TenonenTuaiHiH, NpokonnareHHix, | TunTi N-TepMuHanabl NPONENTMiHiH, KaHe KaHgarbl CinTini
chocchatasaHblH, CaHAbIK, MaHAEpi bipaei eMec MaHaep MeH reHaepnik aibipMaLUbINbIKTapFa 1e eKEHIH KepCeTTi.

KopbITbiHAbL. 2Aebn Oepekkesaepai Tanpay Oanamap MeH xacecnipimpepaeri Cyiiek MeTabonuamiHiH, MapkepnepiH
aHbIKTayOblH, MaHbI3AbIMbIFbIH KepceTedi. OTHUKaMbIK, reHAepniK XoHe reorpadusnbik, TapanybiH eckepe OTbipbin, 6ananap
NONyNALMSChIHAAFb! OCbl MapKeprEPaiH, XXac aparnbIkTapbl cyiek MeTabonuamii baranayaa KnuHKanbiK MaHbI3ab!.

Tyliindi cesdep: "cyliex memabonusmiHiH mapkepnepi”, "6ananapdarbl 0CMeONeHUsbIK CUHOPOM",

[}

ocmeonopo3

OuaeHocmukachl”, "menonenmud ywii", "cyliek MemabonuamiHiH MapKepnepiHiH aHbIKmamarbIK MaHOepi".

foliekcos ywin: Maduesa M., Kackabaesa A., Poimbaesa T., KaHanusHosa I, bepcumbekosa I., Aybakupos A.,
beliceHosa A. bananap MeH xacecnipimaepgeri Cyiek anMacyblHAarbl Buoxumusnelk MapkepnapablH, peni. 9aebuerTik
wony // Foinbim xoHe [leHcaynblk cakTay. 2025. Vol.27 (1), b. 250-256. doi 10.34689/SH.2025.27.1.027

Introduction

Skeletal health is critical during childhood and
adolescence, as it directly affects growth, development, and
overall quality of life. Optimal bone development and
maintenance require a precise balance between bone
formation and resorption [22]. Two processes—remodeling
and modeling—underlie the development and maintenance
of the skeletal system. Bone modeling is responsible for
growth and mechanically induced adaptation of the bone.
[32]. Bone remodeling, a continuous process of old bone
resorption followed by new bone formation, plays a
fundamental role in preserving skeletal integrity, strength,
and mineralization [15]. The primary molecular mechanisms
underlying reduced bone mineral density are believed to
involve increased osteoclast activity, decreased osteoblast
activity, or both—resulting in an imbalance in the bone
remodeling process characterized by accelerated bone
resorption and impaired bone formation [20].

Peak bone mass attained during adolescence and the
rate of bone loss in adulthood are key determinants of
future osteoporosis risk [2,30]. In addition, the level of peak
bone mass reached in adolescence directly influences the
likelihood of pathological fractures and osteoporosis later in
life [9, 13]. Disruptions in bone metabolism can lead to
growth delays and various skeletal disorders, including
osteoporosis and fractures [15, 27]. In pediatric populations,
bone mineral content is commonly used to assess bone
deficiencies and fracture risk [8, 35]. Bone health is
evaluated through various methods, with dual-energy X-ray
absorptiometry (DXA) recognized as the gold standard for
bone density assessment [19, 21] In recent vyears,
biochemical markers have become valuable tools for
assessing bone metabolism and turnover [10]. Serum
markers of bone formation include bone-specific alkaline
phosphatase, osteocalcin, and the C- and N-terminal
propeptides of type | collagen. Urinary markers of bone
resorption include degradation products of type | collagen,
such as pyridinoline (PYD), deoxypyridinoline (D-PYD), and
the C- and N-terminal telopeptides of type | collagen (CTX
and NTX) [16]. The assessment of biochemical markers of
bone metabolism enables evaluation of bone status,
determination of the rate of bone turnover and the extent of
spontaneous bone loss, monitoring of osteoporosis
treatment with antiresorptive agents, and prediction of
fracture risk [17]. Several studies have demonstrated that
bone turnover markers (BTMs) may provide information on
fracture risk independently of bone mineral density (BMD);

thus, incorporating them into risk assessment algorithms
may enhance the prediction of fractures [33].

Bone metabolism markers are a group of biological
molecules produced during bone tissue renewal and its
regulatory processes, including bone matrix proteins,
enzymes, and hormones. Compared to radiological
methods, marker-based assessments may provide a more
accurate reflection of bone metabolism [5, 29]. Osteoid
production by osteoblasts is reflected in the formation of
non-collagenous markers—such as bone-specific alkaline
phosphatase (BALP) and osteocalcin (OC)—as well as
collagenous markers, including the N-terminal propeptide of
type | procollagen (PINP). Type | collagen is the most
abundant collagen in connective tissue, with its highest
synthesis occurring in bones, where it constitutes the
majority of the organic bone matrix. Its precursor, type |
procollagen, is synthesized by osteoblasts, and its terminal
propeptides are cleaved extracellularly. Bone resorption,
which involves the degradation of the organic bone matrix
following enzymatic digestion, is assessed using resorption
markers, such as degradation fragments of type |
collagen—N- and C-terminal telopeptides of type | collagen
(NTX and CTX)—as well as the release of tartrate-resistant
acid phosphatase type 5b (TRAcP5b) [16, 24]. Laboratory
analysis of bone turnover markers is non-invasive,
sensitive, and rapid, making it useful not only for evaluating
overall bone metabolism but also for monitoring the
treatment of osteopenic conditions [34]. By measuring bone
metabolism markers, clinicians can assess the overall
metabolic state of bones and track dynamic changes in
systemic bone tissue [12].

In children, bone turnover markers can be valuable for
diagnosing and managing skeletal disorders; however,
challenges in interpreting results may arise. The results
obtained using different methods are not identical, with the
discrepancies being particularly pronounced for B-CTX
assays at higher concentrations typically observed in
children, which necessitates method-specific reference
intervals [7]. Compared to adults, children exhibit elevated
levels of bone markers due to the rapid skeletal growth rate
and high bone turnover. The selection of markers for
assessing bone metabolism is based on several criteria,
including bone specificity, clinical efficacy, biological and
analytical variability, broad availability, potential for
methodological ~ standardization, sample  processing
requirements, stability, and measurement environment [24].
However, the interpretation of results is complicated by the
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influence of multiple factors, such as age, pubertal stage,
growth velocity, mineral accumulation, hormonal regulation,
nutritional status, circadian and daily variations, bone tissue
specificity, and the sensitivity and specificity of assays [31].

The use of discrete age strata allows for easy
implementation into standard laboratory information
systems. However, continuous reference intervals may be
preferable, particularly when test results exhibit rapid
changes with age [25]. The International Osteoporosis
Foundation (IOF) and the International Federation of
Clinical Chemistry (IFCC) recommend serum PINP and
CTX-1 as the preferred markers for bone formation and
resorption, respectively, for fracture risk assessment and
osteoporosis treatment monitoring [36].

Thus, for each pediatric population residing in a specific
climate and sharing a similar lifestyle, reference values should
be established based on age and sex. These reference values
must be derived after validating the relationships between bone
formation and turnover markers, accounting for age- and sex-
related differences in subjects with similar lifestyles within the
same geographic regions [40]. The onset and progression of
osteoporosis is closely associated with factors regulating bone
remodeling, such as calcium, vitamin D, estrogen, and
parathyroid hormone (PTH). Vitamin D plays a crucial role in
the bone remodeling process as it is involved in calcium
homeostasis, which is essential for maintaining bone health. It
enhances the absorption of dietary calcium in the intestines,
reduces calcium loss in urine, and mobilizes calcium stored in
the skeleton [18]. Vitamin D levels are an important factor in
determining bone health. A deficiency of active vitamin D
metabolites severely impacts the calcification of osteoid,
leading to rickets in children and adolescents or osteomalacia
in adults. It has been proven that skeletal manifestations of
vitamin D deficiency are linked to a secondary contributing
factor; hyperparathyroidism. This results in increased bone
remodeling turnover, changes in calcium and phosphate
metabolism, and consequently, an increased risk of osteopenia
and osteoporosis [1]. In vitamin D deficiency, parathyroid
hormone (PTH) is activated, playing a central role in the
regulation of calcium-phosphate metabolism and its elevation in
response to low serum calcium levels. Chronic hypersecretion
of PTH most often leads to bone resorption [11].

In Kazakhstan, the assessment of bone metabolism
markers in pediatric populations remains limited in clinical
practice. We identified only two domestic publications that
investigated infants under one year of age, with no
published studies on children older than one year or
adolescents [38, 39]. Therefore, the present literature
review is highly relevant to address this gap.

This review aims to analyze the literature on the role of
bone turnover markers and their reference values in children.

Search Strategy:

A systematic search was conducted in the electronic
databases PubMed and Google Scholar using the following
keywords: "bone metabolism markers," "osteopenic
syndrome in children," "osteoporosis diagnosis," "C-terminal
telopeptide," and "reference values of bone metabolism
markers." The search was limited to studies published in
English over the past 10 years.

Inclusion Criteria: studies were included in the review if
they met the following criteria: (1) data on the use of bone
metabolism markers in somatically healthy children and

adolescents; (2) information on the role of bone metabolism
markers in pediatric populations; (3) studies published in
English; (4) diagnostic studies assessing the early detection
of reduced bone mineral density; (5) research evaluating
the diagnostic role of bone metabolism markers.

Exclusion Criteria: the following studies were excluded: (1)
research focusing on adult populations with bone disorders; (2)
articles without full-text availability; (3) studies with low
methodological quality, such as case reports and case series;
(4) publications in languages other than English, (5) studies
that did not assess bone metabolism markers.

A total of 40 sources were reviewed, describing the role
of bone turnover markers in healthy children and
adolescentsand their association with various pathologies.
However, only five studies met our inclusion criteria.

Ethical Statement: This literature review was based on
previously published studies; therefore, ethical committee
approval and patient consent were not required.

Discussion

In the analysis of the selected studies, we examined the
levels of osteocalcin, C-terminal telopeptide of type |
collagen (CTX-l), N-terminal propeptide of type |
procollagen (PINP), and alkaline phosphatase in the blood
of healthy children and adolescents from Poland, Korea,
China, Portugal, and ltaly.

A study conducted by Gajewska J et al. (2024) examined
355 healthy children and adolescents from Poland with normal
weight (46.5% girls) aged 1 to 18 years. Bone mineral density
(BMD) was assessed using dual-energy X-ray absorptiometry
(DXA), and bone turnover marker concentrations were
measured using immunoassay methods.

The study findings revealed significant variations in
bone marker levels among adolescents, with notable
gender differences:

+ Median alkaline phosphatase (BALP) levels at ages
14-15.9 and 16-18 years were significantly higher in boys
than in girls (p < 0.001; p = 0.022, respectively).

+ Median osteocalcin (OC) levels at ages 12-13.9,
14-15.9, and 16-18 years were higher in boys than in girls
(p=0.019; p=0.010; p = 0.018, respectively).

+ Median C-terminal telopeptide of type | collagen
(CTX-I) levels at ages 14-15.9 years were higher in boys
than in girls (p = 0.004).

Statistically  significant positive correlations were
observed across the entire study population, as well as in
gender-specific subgroups:

+ CTX-l and osteocalcin levels (r = 0.664, p < 0.001; r
=0.687, p <0.001; r=0.645, p < 0.001, respectively).

+  CTX- and alkaline phosphatase levels (r = 0.207, p <
0.001;r=0.256, p=0.001;r=0.173, p = 0.017, respectively).

+ Osteocalcin and alkaline phosphatase levels, both
in the total study group and in the female subgroup (r =
0.170, p=0.001; r = 0.219, p = 0.005, respectively) [14].

In 2019, Choi JS et al. conducted a study to assess the
association between N-terminal propeptide of type |
procollagen (P1NP) and osteocalcin with age and sex in a
cohort of healthy Korean children and adolescents.

The study included 580 participants (290 boys and 290
girls), aged 0-18 years, recruited from outpatient clinics in
Korea. Significant age-related changes in bone turnover
markers were observed in both sexes (p < 0.001), along
with notable differences between boys and girls (p < 0.05).
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* PINP levels were highest during the first year of life,
after which they gradually declined, with some fluctuations
leading up to puberty.

* In boys, PINP levels tended to rise during puberty,
whereas in girls, they showed a steady decline with age.

* Unlike PINP, osteocalcin did not exhibit a distinct
postnatal peak. Instead, its levels increased with age in both
sexes, peaking at 11-13 years in boys and 9-12 years in girls.

+ A significant positive correlation was found between
serum P1NP and osteocalcin levels (r = 0.467, p < 0.001) [6].

Table 1.
Reference values of bone metabolism markers in children and adolescents.
Ne | Author, year of | Country Total OC'ng/mL  |CTX-12ng/mL| PINP3 ug/L (BALP)* P
publication sample, age U/L
1 |Gajewska J., 2024 |Poland |355(0-18) |83.2 (52.6-114.4) |1.70(1.19-2.12)|- 112.1 (87.9-132.5)|< 0.004
(1]
2 |ChoiJ.S., 2019[22] |South (290 (0-18) |67.3-108.8 - 519.6-1966,9|- <0.001
Korea
3 |Zhang.,2023[33]|China  |661(0-16) |- - 61-1399 - <0.001
4 |Monjardino T., Portugal (395 (7) 51.3-133.8 0.470-1.690 |- 159 - 439 <0.002
2019 [44]
5 |Brescia, 2024 [5] |ltaly 202(1-14net)|25.33-190.07 0.48-2.86 - 22.32-163.54 <0.05
6 |Larsen J.B., 2021 (Northern |420(2-18 - - 18-62 - <0.001
[6] Europs |years) 15-75

1 OC- Osteocalcin,
2CTX-1- C-terminal telopeptide of type | collagen,

3P1NP -N-terminal propeptide of type | procollagen,
4BALP - Alkaline phosphatase.

According to a 2023 study by Zhang Y. et al., a total of 366
boys and 295 girls aged 0-16 years from Southwest China
participated in the research. The participants were categorized
into three age groups: preschool (boys and girls aged 0-6
years), prepubertal (boys aged 6-12 years and girls aged 6-10
years), and adolescent (boys aged 12-16 years and girls aged
10-16 years). The study found that PINP levels in boys
decreased with age until the prepubertal stage, after which they
began to rise. Significant differences in PINP levels were
observed between the preschool and adolescent groups (p <
0.001 and p = 0.007, respectively). Meanwhile, levels of C-
terminal telopeptide of type | collagen (CTX-l) and N-terminal
mid-fragment of osteocalcin increased with age in boys.
Statistically significant differences in these markers were noted
between the preschool and prepubertal stages (p < 0.001 and
p = 0.006, respectively), between the preschool and adolescent
stages (p < 0.001 for both markers), and between the
prepubertal and adolescent stages (p < 0.001 for both markers)
[37].

Ina 2019 study, Monjardino T. et al. highlighted that single-
time-point measurements of bone metabolism markers have
limited utility in describing anthropometric growth and overall
bone health in generally healthy prepubertal children. The
study evaluated 395 seven-year-old chidren from a
Portuguese cohort. When comparing BMI groups, the
researchers observed that overweight children had significantly
higher alkaline phosphatase concentrations than those with
normal weight (p = 0.002). However, no differences in serum
osteocalcin and C-terminal telopeptide (CTX) concentrations
were detected across BMI groups or weight gain trajectories.
Furthermore, CTX showed no correlation with any bone
parameters measured via DXA [28].

Brescia et al. in a 2024 study assessed reference intervals
for bone metabolism markers in ltalian children and
adolescents. The study included a total of 202 participants
aged 1 to 18 years. Significant differences (p < 0.05) were
found in median alkaline phosphatase concentrations, with
higher levels in the 13-18 age group compared to the 1-6 and
7-12 age groups. Additionally, notable sex-based differences
(p < 0.05) were observed in alkaline phosphatase levels,

particularly within the 13-18 age group. The study also
reported significant variations (p < 0.05) in median CTX
concentrations, with higher levels in the 13-18 age group
compared to younger age groups. Furthermore, CTX
concentrations differed significantly (p < 0.05) between males
and females, with particularly strong statistical significance in
the 13-18 age group (p < 0.0001) [4].

Bayer, M. (2014) investigated the relationships between
bone formation markers, bone turnover markers, and variables
such as age, gender, and pubertal stage in a cohort (n = 439)
of healthy children and adolescents of European descent. The
highest levels of PINP were observed during the first year of
life. No postnatal peak for OC was found; however, its levels
remained higher than the reference interval for adults
throughout childhood. OC reached its peak during the pubertal
growth spurt, at the second to third stages of Tanner breast
development in girls and at the second to third stages of
Tanner genital development in boys. PINP peaked during the
second to third stages of Tanner breast development in girls
and at the third stage of Tanner genital development in boys
[3].

Larsen J.B. et al. (2021) in their study determined the
serum level of PIIINP, which were analyzed in healthy blood
donors aged 19-67 years (n = 240) and children aged 2-18
years (n = 420). PIIINP levels were influenced by age but not
gender. The following reference intervals were established: 2-
10 years, 18-62 ug/L; 11-18 years, 15-75 pg/L; 19-39 years,
15-55 uglL; 40-67 years, 14-31 ugl/L. In conclusion, age-
specific reference intervals for PIIINP using the MAGLUMI 800
CLIA were indicated in a large Danish cohort. These results
may be useful for other laboratories wishing to set up PIIINP on
the same platform and may provide improved
recommendations for clinicians [23].

The role of vitamin D in bone metabolism is well-
established in both children and adults. In their study, Marwaha
et al. (2019) investigated the status of bone markers in children
with vitamin D deficiency across four schools in India. The
study included 468 children and adolescents. These
participants, with preserved samples taken before and after
supplement intake, along with available anthropometric data,
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serum biochemistry, 25-hydroxyvitamin D, and parathyroid
hormone levels, were evaluated for markers of bone formation
(aminoterminal propeptide of type 1 procollagen [P1NP]) and
resorption (B-crosslaps [CTx]). Following supplementation, a
significant reduction in serum PINP levels (from 691 £ 233
ng/mL to 640 + 259 ng/mL, P < 0.001) and CTx levels (from
1.67 £ 0.53 ng/mL to 1.39 £ 0.51 ng/mL, P < 0.001) was
observed. While reductions in both PINP and CTx levels were
noted in both boys and girls, the effect was more pronounced
for serum CTx levels compared to P1NP levels across all three
supplement intake groups and vitamin D deficiency (VDD)
categories [26].

Conclusion. This review highlights the importance of
assessing bone metabolism markers in children and
adolescents. Establishing age-specific reference intervals
for these markers, considering ethnic and geographic
variations, can be clinically valuable in evaluating bone
metabolism. The determination of reference ranges for
osteocalcin, C- and N-terminal procollagen type |
propeptides, and alkaline phosphatase as biochemical
markers of bone formation is essential for their clinical
application in pediatric practice.
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