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In the context of intensive development of gas industry, environmental safety issues are becoming increasing-
ly important. The high rates of gas production and the growth of its chemical processing have turned gas industry en-
terprises into a powerful source of environmental pollution, which poses a real threat to public health, contributes to an
increase in morbidity and ecologically caused pathological conditions. The aim of the study was to study the mineraliza-
tion of bone tissue in children with different levels of physical development, to determine the options for physical devel-
opment, which could be the criteria for classifying children into groups at increased risk of osteopenia and indications
for in-depth laboratory and instrumental examination. 519 adolescents aged 14-17 years were examined, of which 349
lived in the oil and gas region and 170 were the control group. Anthropometry and biochemical blood examination were
performed to determine the parameters of bone metabolism (osteocalcin, calcium, phosphorus, PTH, P1NP, b-
Crosslaps). As a result, it was revealed that the physical development and indicators of bone metabolism in children of
the oil and gas region are lower than in the control group. The indicator characterizing the ratio of P1INP/b-Crosslaps
processes, bone remodeling was almost 2 times lower in children of the main group (p=0.039), which may indicate a

relative prevalence of resorptive processes over synthetic in bone tissue in children of the oil and gas region.
Key words: bone metabolism, teenagers, bone mineral density, osteopenia

Aktobe region is the leader of oil and gas
production in Western Kazakhstan. The high rates
of gas and oil production, the growth of their
chemical processing have turned oil and gas ex-
traction into powerful sources of environmental
pollution, which poses a real threat to the health
of the population, especially children, and contrib-
utes to a delay in its physical development [1, 2].

The physical development of children and
adolescents is the growth and formation of the
child's body, including the rates, stages and criti-
cal periods of its maturation, inherited character-
istics, individual variability, maturity and connec-
tion with factors of the internal and external envi-
ronment [2, 3]. The indicators of physical devel-
opment are anthropometric data, the rate of their
change in the process of growth, harmony of de-
velopment, the ratio of calendar and biological
age, constitutional features [4, 5]. In recent dec-
ades, there has been a tendency to a degradation
of the indicators of physical development, espe-
cially in oil and gas regions [6, 7]. As a result,
pathological changes in the nervous system may
develop, as well as in the musculoskeletal system.

From the modern point of view, bone is a
dynamic living tissue with high sensitivity to vari-
ous regulatory mechanisms, as well as to endo-
and exo-influences [8]. The process of precipita-
tion and accumulation of minerals, i.e., minerali-
zation of bone tissue, mostly depends on the
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structure and functional state of the bone matrix.
The maximum increase in bone mass is observed
in puberty, which more than doubles at the age
of 10-17 years [9, 10]. Intensive growth in child-
hood with simultaneous remodeling creates a
very special position for bone tissue, in which it is
especially sensitive to adverse environmental in-
fluences. Decreased bone density, i.e. osteo-
penia, makes bone structures vulnerable and can
ultimately lead to a loss of more than 5% of bone
mass, i.e. osteoporosis [11, 12].

Osteopenic syndrome (ICD code 10
M89.9) does not pose a threat to life, but it is
dangerous with a quiet asymptomatic course,
which does not manifest itself clinically until the
onset of complications [13, 14]. It is character-
ized by a progressive decrease in bone tissue
mass and a decrease in its strength due to micro-
architectonic disturbances, and is one of the most
significant medical and social diseases [15]. It has
now been proven that the origins of the develop-
ment of osteopenia/osteoporosis are in childhood,
especially in adolescence [6]. The prevalence of
osteopenia/osteoporosis among children is char-
acterized by a significant range of data from 5%
to 59%, due to the lack of special diagnostic
equipment [16, 17]. There is not enough infor-
mation in the literature on the bone mineral den-
sity in adolescents living in ecologically unfavora-
ble conditions, including oil and gas producing
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regions. The complex use of laboratory diagnostic
methods allows characterizing objectively the dy-
namic features of the metabolic state of bone
tissue.

Laboratory diagnosis of osteodeficiency in
most cases is based on the determination of indi-
cators, the study of markers of bone origin, which
could be wused to diagnose osteopenia/
osteoporosis, clarify its genesis [17, 18, 19].

Identification, accounting and correction
of factors that disrupt bone mineralization in chil-
dren can significantly reduce the incidence of the
musculoskeletal system in children, control
growth processes and reduce the likelihood of
developing osteoporosis in the future. At the
same time, there are still no reliable, substantiat-
ed and easily determined criteria for classifying
children into groups of increased and high risk of
osteopenia and failure to achieve peak bone
mass.

In this regard, the purpose of this study
was to study the mineralization of bone tissue in
children with different levels of physical develop-
ment, to determine the options for physical de-
velopment, which could be the criteria for assign-
ing children to groups of increased risk of osteo-
penia and indications for in-depth laboratory and
instrumental examination.

MATERIALS AND METHODS

519 adolescents aged 14-17 years were
examined, of which 349 were included in the
main group (186 boys and 163 girls) and 170 in
the control (89 boys and 81 girls) groups.

The children of the main group lived in
the village of Kenkiyak, Temir district of the Ak-
tobe region of Kazakhstan, where an oil field has
been developed since 1959. As a control group,
children living in the village of Kobda, an environ-
mentally friendly area, where there are no oil and
gas enterprises, were examined.

Inclusion criteria: adolescent children
living in the survey area for at least 10 years or
more; with informed consent to conduct research
and process personal data, in accordance with
the requirements of the Ethical committee of
West Kazakhstan Medical University named after
Marat Ospanov.

The exclusion criteria: the presence of
acute and chronic inflammatory diseases from the
examination program; autoimmune, hereditary
and mental diseases.

To determine physical development, body
length was measured in centimeters using a
stadiometer, weight — in kilograms using a floor
scale.

The indicators of the harmony of physical
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development in terms of body length and weight
were determined using centile scales of
nomograms proposed and tested by N.A.
Matveeva and Yu. G. Kuzmichev. This method
was developed on the basis of the centile method
recommended by the WHO in the form of an
international standard as a screening test to
identify  children 5-17 years old with
developmental disabilities.

The indiactors of physical development
according to centile scales are presented in a
system of two coordinates, where the vertical
indicates the body length (cm), and the
horizontal indicates the body weight (kg).

One-dimensional age centile scales are
plotted in parallel to each coordinate axis,: on the
right scales for body length, above - for body
weight. In the center there is a nomogram for
assessing the correspondence of body weight to
its length. Numbers 1-8 on scales and nomo-
grams indicate centile intervals. The average val-
ues of length and body weight, limited at the 4th
and 5th centile intervals, are shaded; the medi-
ans (50" centiles) are marked with a dotted line.

Body length was assessed using one-
dimensional centile scales. For this, the value of
the child's body length was found on the ordinate
axis. From this point, the perpendicular was re-
stored to its intersection with the age scale of
body length located in the right margin of the
figures.

The indicators that fell into the 4-5" in-
tervals were characterized as average, in the 3™ -
low, in the 2" — low, in the 1% - very low, 6% —
increased, in the 7" — high, in 8" — very high.

Body weight was assessed using age cen-
tile scales located in the upper field of the figures
and nomograms in which centile body weight
intervals are presented per unit of body length
(weight index/body length).

The assessment of body weight by age
centile scales was carried out similarly to the as-
sessment of body length.

According to the nomograms proposed
for use, the physical development of children was
regarded as harmonious if the body weight corre-
sponded to the 4-5 interval; disharmonious -
when assessed by the 2-3® or 6-7" intervals;
sharply disharmonious — when assessed by the 1%
or 8" centile interval of the nomogram.

In this regard, 3 groups of physical devel-
opment were distinguished: normal physical de-
velopment, risk, with deviations in physical devel-
opment.

The concept of «normal physical develop-
ment» corresponds to an average, decreased or
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increased body length (3-6" intervals of the
scale) and a harmonious ratio of length/body
weight (4-5"" intervals of the nomogram).

The concept of «risk group» for physical
development included children:

e with low, high and very high body
length (2,7,8" scale intervals) with harmonious
development;

e with disharmonious physical develop-
ment due to deficiency or excess body weight (2-
3" or 6-7" intervals of nomograms) with a body
length estimated within 2-8" intervals of the
scale [20].

The group with disabilities in physical
development corresponded to:

1. Very low body length (1% scale inter-
val) at any body weight

2. Sharply disharmonious development
due to body weight deficiency (1% interval of the
nomogram) at any body length

3. Sharply disharmonious development
due to excess body weight (8" interval of the
nomogram) at any body length [21].

After the distribution of children into
groups of physical development, a laboratory ex-
amination was carried out in 132 adolescents
(main group 89, control group 43), the program
of which included: determination of calcium, inor-
ganic phosphorus, PTH, calcitonin, osteocalcin in
blood serum. In order to assess the features of
bone tissue remodeling, PINP and B-Crosslaps
were determined in blood serum.

The material of the study in both groups
of observation was venous blood, which was
placed in a sterile centrifuge tube without antico-
agulants. The samples were frozen at a tempera-
ture of —75 °C. All samples were analyzed in du-
plicate in accordance with the requirements of
the analysis.

To determine the concentration of P1NP,
the method of electrochemiluminescence immu-
noassay, Cobas e601 (Roche) was used; PB-
Crosslaps — by immunoassay, Osteocalcin-
electrochemiluminescence immunoassay «sand-
wich» 2-site immunoassay, specific for intact os-
teocalcin (1 — 49) and a fragment (1 — 43); Ca-
colorimetric photometric method, P-colorimetric
with ammonium molybdate; calcitonin - solid
phase chemiluminescent enzyme immunoassay.
Statistical data processing was carried out using:

1) descriptive statistics of quantitative
data in groups,

2) comparison of groups on a personal
computer using MS Excel, EpiData database,

3) the licensed statistical program SAS
9.2.
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The following indicators were calculated:
mean, median, mode, standard error of the
mean, standard deviation. A p level value <0.05
was considered statistically significant.

RESULTS AND DISCUSSION

The level and harmony of physical status
according to the results of a comprehensive as-
sessment of health status were determined in
519 adolescents in grades 7-11 (boys — 275, girls
— 244). Of these, 349 (boys — 186, girls — 163)
are schoolchildren of the main group (Kenkiyak)
and 170 (boys — 89, girls — 81) adolescents in the
control group (Kobdy).

The results of the examination for the level
and harmony of physical development are pre-
sented in table 1.

The presented data indicate that normal
physical development in the main group took
place only in 48.4% of children, the remaining
51.6% were underweight or deficient in weight
and height, 4% were overweight. All of them
were classified as disharmonious development. At
the same time, in 16 children, despite the fact
that weight and height parameters corresponded
to age norms, development was also disharmo-
nious. In general, 43.8% of children had normal,
harmonious development, 56.2% — disharmonio-
us. Among children with disharmonious develop-
ment, children with a lack of weight predomi-
nated, mainly boys (table 3).

In the comparison group, 68.8% of chil-
dren had normal physical development, the re-
maining 31.2% were underweight or deficient in
weight and height, and 4.7% were overweight.
All these children were classified as disharmoni-
ous development, while only 4 children (2.4%),
despite the fact that weight and height parame-
ters corresponded to age norms, development
was also disharmonious. On the whole, 66.5% of
children had normal, harmonious development,
33.5% - disharmonious.

Thus, in the main group of children living
in the oil and gas region, their physical develop-
ment is much worse than in the control group.
56.2% had a disharmonious development.

In recent years, more and more attention
has been paid to laboratory research methods
that allow a quick and accurate assessment of
bone metabolism.

It has been proven that biochemical mark-
ers allow early diagnosis of signs of bone loss and
thereby predict the risk of fractures; the in forma-
tiveness of markers was revealed for assessing
the effectiveness of various methods of prevent-
ing osteoporosis. The reference values of the in-
dicators can differ significantly depending on
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many factors: the method and equipment used,
ethnicity, age, sex, anthropometric, behavioral
and other parameters of the patient, etc. [22].

Table 3 shows the indicators of bone tissue
metabolism in children living in the oil and gas
region and in the control group (table 3).

Osteocalcin (OC) is synthesized by osteo-
blasts and is the most abundant non-collagenous
protein in the bone matrix, specific to bone tissue
and dentin. OC is considered as one of the most
informative biochemical markers of bone for-
mation and the rate of "bone turnover".

The study revealed that the concentration
of osteocalcin in the blood of children from the oil
and gas region, when compared with the control
group, was significantly reduced (p <0.05) (fig.
1).

PTH is a powerful regulator of Ca homeo-
stasis, a stimulator of bone resorption. It slows
down the excretion of Ca in the urine and indi-
rectly promotes its absorption in the intestine. Its
effect on the P level is characterized by the oppo-
site effect. The effects of PTH are opposite to the
action of calcitonin - it reduces the level of calci-
um, bone resorption, and reduces the reabsorp-
tion of Ca and P in the kidneys. PTH indicators of
the study group compared with the control group
are presented (figure 2).

Figure 2 shows that PTH values are re-
duced compared to the comparison group.

Calcium and phosphorus are microele-
ments, their main role in maintaining the structur-
al basis of the body. The optimal ratio of calcium
to phosphorus intake is 2: 1. The blood calcium
and phosphorus levels in the compared regions
do not differ significantly.

Calcitonin is a single-chain polypeptide
hormone of 32 amino acids. The N-terminal disul-
fide bridge between the cysteine residues at posi-
tions 1 and 7 creates a ring structure of 7 amino
acids, and there is also a C-terminal amidated
proline [23]. The physiological effects of calciton-
in are known to occur via receptor-mediated pro-
cesses, and interactions involving the N-terminal
ring and the C-terminal end appear to be involved
in receptor binding and signal transduction [23,
24]. Also, there were no significant differences in
the studied regions.

It is known that the intensive production
of bone mass in childhood is provided by increas-
ing the synthesis of bone matrix. A reflection of
this process is the level of the total aminoterminal
propeptide of the first type of procollagen-P1NP,
which is formed during the formation of bone
tissue by osteoblasts and fibroblasts from which
collagen type 1 is subsequently formed, and is a
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marker of bone tissue formation. As a result of
the study, it was found that in children of the oil
and gas region, the serum P1NP level is lower
than in children of the control group (p=0.0156)
(fig. 3).

The study group of adolescents also
showed a decrease in the level of B-Crosslaps (a
degradation product of type 1 collagen, which
makes up more than 90% of the organic matrix
of the bone), compared with the control group,
which indicates a violation of mineral metabolism
due to the prevalence of resorptive processes (p
= 0.039) in bone tissue (fig. 4)

Thus, the optimization of the diagnosis of
osteodeficiency, along with instrumental studies,
undoubtedly requires an additional assessment of
the state of bone metabolism [17].

CONCLUSION

1. Physical development of children in the
oil and gas region is lower compared to the con-
trol group. The children are significantly more
often have disharmonious physical development
in the form of a deficiency in body weight and a
decrease in average growth rates.

2. Indicators of bone metabolism, such
as: osteocalcin, PTH in children of the oil and gas
region, are reduced, when compared with the
control group.

3. The levels of calcium and phosphorus
in the blood serum in the comparative aspect are
not changed.

4. The indicator characterizing the ratio of
the processes PINP / -Crosslaps, bone remodel-
ing was almost 2 times lower in children of the
main group (p = 0.039). It may indicate a relative
prevalence of resorptive processes over synthetic
in bone tissue in children of the oil and gas re-
gion, especially groups of 16-18 years old, which
indicates a weakening of the activity of bone tis-
sue remodeling, which may be due to impaired
regulation of mineral metabolism.
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Table 1 — The level and harmony of physical development of adolescents in the main group

Sex/n Normal harmo- | Normal dishar- | Hyposomy Hypersomy Distrophy abs./
nious abs./ | monious abs./comp. abs./comp. comp.
comp. abs./comp.
Boys n-186 73-39,2% 10-5,4% 20-10,8% 7-3,8% 76-40,8%
Girls  n-163 80-49,1% 6-3,7% 12-7,4% 7-4,3% 58-35,5%
Overall n-349 153-43,8% 16-4,6% 32-9,2% 14-4% 134-38,4%

Table 2 — The level and harmony of physical development of adolescents in the control group

Sex/ n Normal harmo- | Normal disharmo- | Hyposomy Hypersomy Distrophy
nious abs./ | nious abs./comp. abs./comp. abs./comp.
comp. abs./comp.

Boys n-89 65-73,0% 1-1,1% 9-10,1% 4-4,5% 10-11,2%

Girls  n-81 48-59,2% 3-3,7% 13-16,1% 4-43% 13-16,0%

Overall n-170 113-66,5% 4-2,4% 22-12,9% 8-4,7% 23-13,5%

Table 3 — Indicators of bone tissue metabolism in children living in the oil and gas region and in the control group

Laboratory indicator

Control group

Oil and gas region

Osteocalcin,ng/ml 73,19+ 37,154 65,445+37,984
Parathyroid hormone, pg/ml 3,17+ 0,999 3,444+1,159
Calcium 2,37+0,2647 2,327+0,0714
calcitonin, pg/mi 2,20 £ 1,720 2,345+1,493
Phosphorus 9-15,4% 11-25,6%

Beta-Cross laps,ng/I

1,46+ 0,684

1,426+ 0,871

P1NP, ng/ml

541,38+ 34,216

516,071+ 35,795
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* p=0,000228
160
140

120

100

80

OcTeokanbUuH

60

) L
20

1

= MeawaHa
O 25%-75%

0
KoHTponbHbIii paioH

HT paiioHbl

T Pa3max6es ebi6p.

Figure 1 — Osteocalcin concentration in the blood of
children from the oil and gas region in comparison with

the control group
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Figure 2 — Parathyroid hormone indicators in the main Figure 3 — Level of PINP among children of main and
and control groups control groups

A. Xymannna' %, b, T. Tycynkammes', U. C. Ku', M. b. XapnsikacnHosa'

OCOBEHHOCTY BUO3JIEMEHTHOIO CTATYCA JETEV U I104POCTKOB, [TPOXUBAKOLLIMX
B HEQTETA3OHOCHbIX PETMOHAX

1 3ananHo-KazaxcraHckmi MeanumHckui yHuBepcuTeT umern Mapara OcriaHosa (AKTobe, Pecriy6rika Kazaxcrar)

* WpmuHa CepreesHa KuM — accucteHT Kageqpsl AeTckux b6o/nesHer N1 ¢ HeoHatosnormer 3ananHo-KazaxcraHcKoro
MEANLNHCKOrO  yHUBEpCcUTETa uMeHN Mapara OcnaHosa, Ten.: +77015281354; 3/1eKTPOHHas roqTa:  ifi-
na.kim.90@mail.ru

B ycnoBusix MHTEHCMBHOM pPa3paboTku ra3oBbiX MECTOPOXAEHWI BOMPOCHI 3KOIOrMYECKOM 6€30MacHOCTV Npu-
obpeTaloT Bce 6osbliee 3HaYeHWe. Bbicokne TeMnbl A06LIUM Fa3a M POCT ero XMMMYECKON nepepaboTku npeBpaTuvn
NPeanpusTUS ra30BOM OTPac/v B MOLUHbIA MCTOYHMK 3arpsi3BHEHUST OKPY)KaoLLEN cpeabl, YTO NMpeACTaBnseT peasnbHyto
yrpo3y A 340p0Bbsl HaceneHus, cnocobcTByeT pocTy 3ab0neBaeMoCTn U 3KONOrMyeckn obycnoBAeHHbIX NaTosornye-
CKMX COCTOSIHWI. Llenb uccnefoBaHust - U3ydeHne MUHEPanu3aLUmMm KOCTHOM TKaHU y AETEN C pasHbIM YPOBHEM (husnye-
CKOro pasBuTusi, onpefeneHne BapmaHToB (hM3MYECKOro pasBuTUs, KOTOpble MOMM bbl ABASATLCS KPUTEPUSIMU OTHeCe-
HUS AE€TEW K rpynnaM MoBbLILEHHOTO PUCKA Pa3BUTUS OCTEOMEHWU M NMOKa3aHUSIMU K MPOBEAEHUIO Yry6neHHOro nabo-
paTOpHOro M MHCTpyMeHTanbHoro obcnenosaHus. O6cnenosaHo 519 nogpocTtkoB B Bo3pacTe 14-17 net, u3 Hux 349
NnpoXwvBann B HedTerasoHOCHOM pernoHe un 170- KoHTposnbHas rpynna. MNpoBoAnInCL aHTPONOMETPUS U Broxnummnye-
ckoe obcneaoBaHune KpoBuM Asisl ONpeaeneHnst NokasaTenel KOCTHOro obMeHa (ocTeokanbUmMH, kanbumit, docdop, MTT,
P1NP,b-Crosslaps). B pe3ynbTaTe 6b1510 BbISIBNEHO: UTO (PU3MYECKOe pa3BUTHUE U NoKasaTenn KOCTHoro metabonumsma y
feTeil HehTErasoHOCHOro PErvoHa HuKe MO CPaBHEHMIO C KOHTPOJSIbHOM Fpynnoi. MokasaTesb, XapaKTepusyowmi
cooTHoweHune npoueccoB P1NP/b-Crosslaps, KOCTHOro pemoaenvpoBaHWs OKasancs MpakTUYecku B 2 pasa Huxke y
feTeit ocHoBHoM rpynnbl (p = 0,039), 4TO MOXET CBMAETENLCTBOBATL 06 OTHOCMTENLHOM MpeBaNMpoOBaHNM pe3opb-
TUBHbIX MPOLIECCOB HaZl CUHTETUYECKUMU B KOCTHOWM TKaHW y fieTelt  HedTerasoHOCHOro pervoHa.

Krroyesbie ¢/10Ba: KOCTHbIA MeTabosivaM, NOAPOCTKM, MUHEpasibHasi NIOTHOCTb KOCTHOM TKaHM, OCTEONeHUs

A. Kymamna'*, b. T. Tycinkaimes', U. C. Kum', M. b, Kap/isikacsiHoBa"

MY¥HAV-TA3Lbl AVIMAKTAPAA TYPFAH BAJIAJIAP MEH JKACOCITIPIMAERAIH BUMOSJIEMEHTTIK MOPTEBECIHIH
EPEKLLEJTIKTEPI

IMapat Ocriaros arsinAars bateic Ka3aKcTaH MEANLIMHE yHUBEDCHTETI (AKTO6E, KasaKcTaH Pecryb/mKacst)

*Upura CepreesHa Kum — Mapat OcriaHoB atbiHAarbl bartbic KazakcraH MeauumHa yHusBepcuteTiHiH N91 6ananap
aypynapbiHblH — HEOHATO/IOMS  KaQeapacsiHbIH — acCUCTEHTI,  Ten.. +/77015281354;  371EeKTPOHALIK — MOLITACH!!
frina.kim.90@mail.ru

a3 KeH OpbIHAAPbIH KAPKbIHAbLI Urepy >XaraaibiHAa 3KONMOrMSNbIK Kayincisaik Macenenepi KyH eTKeH CalblH
MaHbi3abl 6ona Tycyge. a3 eHAipyaiH >KOFapbl KapKblHbl X9HE OHbl XMMUSNbIK ©HAeyAiH ecyi ras canacol
KoCinopbIHAAPbIH KOPLUAFaH OPTaHbIH NTAaCTaHybIHbIH KyaTThl Ke3iHe aiiHanablpabl, 6y XanblKTbiH A€HCAY/bIFbIHA HAKTbI
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Kayin TeHaipeai, aypylwaHAbIKTbIH XOFapbliayblHa >XSHe 3KONorusnblk ceben 6onFaH NaToNOrMsNbIK XXaFdannapabiy
ecyiHe biknan evedi. 3epTTeydiH MakcaTbl 9p Typni AeHe AaMy AeHreviHaeri 6ananapgarbl CyWek TiHAEPiHIH
MUHepangaHyblH 3epTTey, OCTEOMNEHWUsiHbIH AaMy Kayni >XoFapbl TonTapra 6ananapabl XikTey KpuTepuiinepi 6ona
anaTblH (GU3NKanblK AaMmy HyCKanapblH aHblKTay >XoHe onaphbl 9pi Kapall TepeH 3epTxaHasblk-acnanTblK 3epTTey
XYypri3yre KepceTkiwTi aHblkTay. 14-17 >ac apanbiFbiHaarsl 519 xacecnipiM Tekcepingi, OHbiH 349-bl MyHal-ras
aviMarblHAa Typaabl, 170-i 6akbinay Tobbl. Cyliek METaboNM3MIHIH NapaMeTpnepiH aHblKTay YLiH aHTPONMOMETPUS XKoHe
BUMOXUMUANBIK KaH aHanusi xyprisingi (octeokanbumH, kanbumi, doccdop, PTH, PINP, b-Crosslaps). HaTtwxeciHae
MyHaii-ra3 anMMarbiHaarbl 6ananapgarbl husuKanblk AaMy XXoHe Cyilek MeTabonmaMi kepceTkiwTepi 6akbiniay TobbliHa
KaparaHaa TeMeH ekeHpiri aHbikTanabl. P1NP/b-Crosslaps, cyiiektepai kaliTa Kypy MpoUecTepiHiH apakaTblHacbIH
CUMNATTalTbiH MHAMKATOP Heri3ri Ton 6ananapbiHAa WaMaMeH 2 ece TeMeH 6onabl (p=0,039), 6yn MyHali-ras
arMarblHaa TypaTblH  GananapablH  CyMek TiHiHAeri pe3opbTMBTI  npouecTepdiH, CUHTETUMKamNbIKKa KaparaHaa
canbiCTbipManbl 6acbiM eKeHAIiriH kepceTe anagpl.
Kint ce3gep: cyvekTiH MeTabonuami, xacecnipimaep, CyMeKTiH MUHepanabl TbiFbI3AbIFbl, OCTEONEHMS
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