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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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INDICATORS OF BONE METABOLISM IN PATIENTS WITH RHEUMATOID ARTHRITIS
WITH IMPAIRED BONE MINERAL DENSITY: CHARACTERISTICS, THEIR FEATURES
AND DIAGNOSTIC VALUE

Abrahamovych Orest, Abrahamovych Uliana, Chemes Viktoriia, Tsyhanyk Liliya, Mariia Ferko.

Danylo Halytskyi Lviv National Medical University, Ukraine.

Abstract.

Introduction: Rheumatoid arthritis (RA) is an autoimmune
disease with a chronic inflammatory process that affects bone
metabolism and leading to impaired bone mineral density
(BMD). Therefore, the determination of laboratory markers of
bone metabolism contributes to a better understanding of the
pathogenesis of metabolic bone diseases.

The aim of the study: To characterize the bone metabolism
parameters in rtheumatoid arthritis patients with impaired bone
mineral density, to find out their features and diagnostic value.

Materials and methods: The study included 76 patients
randomly stratified by RA status who were treated in the
Rheumatology Department of Lviv Regional Clinical Hospital,
a municipal non-profit enterprise of Lviv Regional Council,
from 2013 to 2019. The goal was achieved by performing three
consecutive stages of the study. At the first stage, markers of bone
formation and bone resorption were characterized. At the second
stage, the peculiarities of these indicators were determined. The
third stage was to determine the diagnostic value of the content
of the markers of formation osteocalcin (OCN) and procollagen
type 1 amino-terminal propeptide (P1NP) and resorption marker
isomerized C-terminal telopeptide specific for the degradation
of type I collagen in the bone tissue (f-CrossLaps).

Results: According to the results of the study at the first
stage, it was found that, in RA patients with osteoporosis (OP),
the serum content of markers of osteoblastic bone function
OCN (p=0.000) and PINP (p=0.035) was significantly lower
compared to the healthy individuals of CG, while the content
of the marker of bone resorption $-CrossLaps was significantly
higher (p=0. 021); in RA patients with OP, the serum content
of both markers of osteoblastic bone function OCN (p=0.000)
and PINP (p=0.001) is significantly lower, while B-CrossLaps
(p>0.050) is only slightly higher compared to healthy CG
subjects. According to the results obtained at the second stage
of the study, it can be stated that the content of OCN and PINP
in the blood serum is significantly lower in RA patients both
with osteopenia and OP compared to RA patients without BMD
disorders.

At the third stage of the study, it was found a significant
relationship between the content of PINP and belonging to a
group with osteopenia (AC -0.52). A confirmed relationship
was found between the content of OCN and belonging to the
group with OP (direct direction of AC 0.57; p=0.017).

Conclusions: Bone structure disorders in rheumatoid arthritis
patients with osteopenia are characterized by a weakening
of bone formation and increased resorption processes; in
rheumatoid arthritis patients with osteoporosis, the weakening
of osteoblastic bone function is more pronounced compared to
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rheumatoid arthritis patients with osteopenia. For rheumatoid
arthritis patients with unimpaired bone mineral density, the
highest diagnostic value is provided by procollagen type I
N-terminal propeptide. For rheumatoid arthritis patients with
osteoporosis, osteocalcin is a diagnostically valuable marker.

Key words. Rheumatoid arthritis, osteoporosis, osteocalcin,
procollagen type I N-terminal propeptide, B-CrossLaps, bone
mineral density.

Introduction.

Rheumatoid arthritis (RA) is a systemic autoimmune disease
of unknown etiology with a chronic inflammatory process that
usually affects the joints and with increasing severity causes
extra-articular lesions [1]. Chronic inflammation in patients with
RA affects bone metabolism and disrupts the normal resorption
cycle, leading to impaired bone mineral density (BMD) and to
osteoporosis [OP] [2]. Changes in bone metabolism occur in
patients with RA, which can be manifested by deviations from
the reference values of various markers of bone remodeling.
From the early stages of RA, bone loss correlates with the
activity of inflammation and the patient's condition [3].

Dynamic bone remodeling is ensured by constant bone
remodeling. Osteocalcin (OCN), which is a vitamin
K-dependent bone non-collagenous protein, a procollagen type
1 amino-terminal propeptide (PINP), and alkaline phosphatase
(ALP), especially its bone-specific fraction, are responsible
for osteoblastic bone function. The osteoclast function of
bone is indicated by an isomerized C-terminal telopeptide
specific for the degradation of type I collagen in the bone tissue
(B-CrossLaps).

Indicators of laboratory markers of bone metabolism contribute
to a better understanding of the pathogenesis of metabolic bone
diseases, they can provide additional information to the one
obtained as a result of instrumental diagnosis of BMD disorders,
and they can be useful for the clinician in choosing treatment
tactics and evaluating its effectiveness [4].

The aim of the study. To characterize the bone metabolism
parameters in patients with rheumatoid arthritis with impaired
bone mineral density, to find out their features and diagnostic
value.

Materials and methods.

After signing a voluntary consent to participate in the study,
as required by the Helsinki Declaration of Human Rights,
the Council of Europe Convention on Human Rights and
Biomedicine, patients were randomly enrolled with preliminary
stratification by the presence of RA (seropositive (rheumatoid
factor, antibodies to citrullinated vimentin, antibodies to cyclic
citrulline peptide); polyarthritis (with lesion of small joints of
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the hands, radiocarpal, shoulder, knee joints; X-ray stage II-
IIT; functional joint failure II); active phase, II level activity;
duration from 1 to 11 years (average 4.63+0.30)) diagnosed in
accordance with the Order of the Ministry of Health of Ukraine
No. 676 of 12. 10.2006 p. "On approval of protocols for the
provision of medical care in the specialty "Rheumatology""
[5] and the criteria of the American College of Rheumatology
[6] and the European League Against Rheumatism 2010, 76
patients (64 women (84.21%) in the premenopausal period and
12 men (15.78%) aged 38 to 60 years (mean age at the time
of examination of women - 48.67 + 2.34 years, men - 45.42
+ 2.78)), treated (receiving methylprednisolone according to
the scheme at a dose of 4.0 mg/day and a short course during
exacerbation up to 24, 0 mg/day (on average, 7600.0 = 260.0 mg
per course) and those not receiving medications to treat BMD
disorders) in the rheumatology department of the Municipal
Non-Profit Enterprise of the Lviv Regional Council "Lviv
Regional Clinical Hospital" from 2013 to 2019.

BMD was assessed according to the recommendations of
the World Health Organization with the determination of the
T-criterion [ 7], obtained by ultrasound bone densitometry (UBD)
of the calcaneus with the SONOST-2000 device (OsteoSysCo.,
Ltd, Seoul, Korea), which, as proved by Abrahamovich U.O. et
al.[9], is not inferior in diagnostic value to the "gold standard"
of dual-energy X-ray densitometry.

If the standard deviation (SD) was equal or greater than -1.0
SD, we interpreted it as an indicator of normal BMD, if it was
less than - 1.0 to -2.4 SD, it indicated the presence of osteopenia,
if equal or less than - 2.5 SD, it indicated the presence of OP.

Based on the obtained results, the patients were stratified into
the following three groups: 1) 18 patients (15 women (83.33%)
and 3 men (16.67%) aged 38 to 52 years) with RA without
BMD disorders - comparison group (CPQG); 2) 34 patients (31
women (91.18 %) and 3 men (8.82 %) aged 38 to 54 years) with
RA and osteopenia - study group 1 (SG1); 3) 24 patients (18
women (75.00%) and 6 men (25.00%) aged 41 to 53 years) with
RA and OP - study group 2 (SG2).

The control group (CG) consisted of 22 practically healthy
individuals (18 women (81.81%) and 4 men (18.18%), the
average age of women at the time of the examination was 42.95+
2.14 years, men - 38.69+ 2.11 years), who had a T-criterion value
of more than -1.0 SD according to the results of the calcaneal
DEXA, which indicated the absence of BMD disorders.

The content in the serum of bone remodeling indicators,
namely markers of bone formation (OCN (2.0-22.0 ng/ml),
PINP (women premenopausal - 15.13-58.59 ng/ml; men -15.00-
80.00 ng/ml)) and bone resorption (B-CrossLaps (women.
premenopause - <0.573 ng/ml; men: 30-50 years - <0.584 ng/ml,
50-70 years - <0.704 ng/ml)) were studied by immunochemical
analysis with electrochemiluminescence detection. The
reference indicators were based on the reference values provided
by the test system manufacturer in the instructions.

The goal was achieved by performing three consecutive stages
of the study.

In the first stage, characterizing the markers of bone formation
OCN and P1NP, as well as bone resorption 3-CrossLaps, these
indicators were evaluated in patients with RA with osteopenia
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of SG1 and in patients with RA with OP of SG2, compared to
similar indicators in practically healthy individuals of the CG.

In the second stage, the peculiarities of these indicators were
determined in patients with RA with osteopenia of SG1 and in
patients with RA with OP of SG2, compared to patients with
RA without BMD disorders of the CPG.

The actual material was processeaad on a personal computer
using MS Excel and SPSS software, applying descriptive
statistics with the help of point-biserial correlation, Fisher's
correlation coefficient, determining the p-value for the correlation
coefficient in order to establish the reliability of the strength and
direction of the relationship between the two criteria, the difference
was considered statistically significant if p< 0.05.

The third stage was to determine the diagnostic value of
the content of OCN formation markers, PINP, and the bone
resorption marker B-CrossLaps and there constellations.
To achieve this goal, we analyzed the contingency table to
calculate the sensitivity, specificity, and diagnostic efficiency
(accuracy), as well as association coefficient (AC) among RA
patients. Validity and reliability of the defined indicators was
determined using sensitivity (a truly positive proportion that
reflects the proportion of positive results, correctly identifying
a sick subject as a sick subject), specificity (a truly negative
proportion that reflects information about the proportion of
negative results, correctly identifying a healthy subject as such)
and accuracy (the proportion of correctly diagnosed cases
based on information about a positive or negative result), AC
or contingent coefficient (CC)), which characterize the extent to
which relationship between qualitative features is close [8]. The
relationship between the disease severity and the indicator value
was considered as confirmed when the modulo of AC exceeded
0.5 (or 0.3 for CC).

Results.

The results of the first and second stages of the study with
information on the average content of bone remodeling markers
in patients with RA of CPG, SG1, SG2 and in healthy subjects
of the CG are shown in Table 1.

Table 1. Mean values of bone remodeling markers in patients with
rheumatoid arthritis of the comparison group, study groups and
control group (M+m; n; p).
Groups of patients

with RA and Marker of bone

Markers of bone formation

healthy control (M=£m; p) g?[:);l?t;(;n
group CG (n) ’

OCN PINP B-Cross Laps
CPG (18 patients)  24.91+2.75 40.34+4.58 0.35£0.01
SG1 (34 patients)  |17.77+1.21 30.16£2.17 0.38+0.02
SG2 (24 patients)  15.3842.60 26.58+2.03 0.36+0.03
CG (22 persons) 20.37£0.76 |37.40+2.37 0.31+0.01

p1=0.008 p1=0.026

p2=0.002 2<0.005
p- value p3=0.000 _ p5=0.021

_ p5=0.035
p5=0.000 p6=0.001
p6=0.000

Notes: pl- significance of differences between SGI and CPG, p2-
significance of differences between SG2 and CPG, p3- significance
of differences between CPG and CG, p4- significance of differences



between SGI1 and SG2; p5- significance of differences between SG1
and CG; p6- significance of differences between SG2 and CG.

Characterizing the markers of bone formation of OCN and
PINP, as well as bone resorption B-CrossLaps, at the first
stage of the study, it was found that the content of OCN was
significantly lower in patients with RA with osteopenia of SG1
(17.77+1.21 ng/ml) compared to practically healthy individuals
of CG (20.37+0.76 ng/ml; p=0.000), the content of PINP was
significantly lower in RA patients with osteopenia of SG1
(30.16£2.17 ng/ml) compared to practically healthy individuals
of the CG (37.404+2.37 ng/ml; p=0.035), and the content of
B-CrossLaps was significantly higher in RA patients with SG1
osteopenia (0.38+0.02 ng/mL) compared to practically healthy
CG subjects (0.314+0.01 ng/mL; p=0.021).

In patients with RA with OP SG2, the index of OCN was
significantly lower (15.38+2.60 ng/ml) compared to practically
healthy individuals of the CG (20.37+0.76 ng/ml; p=0.000), the
content of PINP was significantly lower in patients with RA with
OP SG2 (26.5842.03 ng/ml) compared to practically healthy
individuals of the CG (37.40+2.37 ng/ml; p=0.001), the content
of B-CrossLaps was not significantly higher in RA patients with
DG2 OP (0.36+0.03 ng/ml) compared to practically healthy CG
subjects (0.31£0.01 ng/ml).

According to the results of the study, at the first stage, it can
be stated that in patients with RA with osteopenia, the serum
content of markers of osteoblastic bone function OCN and
PINP was significantly lower compared to healthy CG subjects,
while the content of the bone resorption marker B-CrossLaps
was significantly higher; in patients with RA with OP, the serum
levels of both markers of osteoblastic bone function OCN and
PINP are significantly lower, while B-CrossLaps is only slightly
higher compared to healthy CG subjects.

The second stage of the study consisted in defining the
peculiarities of the indicators of OCN and P1NP bone formation
markers, and B-CrossLaps bone resorption markers. It was
found that OCN content was significantly lower in RA patients
with osteopenia of SG1 (17.77£1.21 ng/ml), compared to RA
patients without impaired BMD of CPG (24.9142.75 ng/ml;
p=0.008 ng/ml), PINP indicator was significantly lower in RA
patients with osteopenia of SG1 (30.16+2.17 ng/ml), compared
to RA patients without impaired BMD of CPG, (40.34+4.58
ng/ml; p=0.026), and the content of B-CrossLaps did not show
significant difference between the values in RA patients with
osteopenia of SG1 (0.38+0.02 ng/ml), compared to RA patients
without impaired BMD of CPG (0.354+0.01 ng/mL; p>0.050).

In RA patients with OP of SG2, it was found that the index of
OCN was significantly lower (15.38+2.60 ng/mL) compared to
RA patients without impaired BMD of CPG (24.91£2.75 ng/
ml; p=0.002), PINP indicator was significantly lower in RA
patients with OP of SG2 (26.58+2.0 ng/ml), compared to RA
patients without impaired BMD of CG (40.34+4.58 ng/ml;
p<0.005), and B-CrossLaps content did not show a significant
difference between the values in RA patients with OP of SG2
(0.36+0.003 ng/ml), compared to RA patients without impaired
BMD of CG (0.35+£0.01 ng/ml; p>0.050).

Comparing OCN and P1NP markers of bone formation, as well
as B-CrossLaps bone resorption in RA patients with osteopenia
of SG1 and with OP of SG2, no significant difference was found
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between them. According to the results of the second stage of
the study, it can be argued that OCN and PINP content in the
blood serum is significantly lower in RA patients both with
osteopenia and OP, compared to RA patients without BMD
disorders. B-CrossLaps content did not show a significant
difference between the values in RA patients with osteopenia of
SG1 and with OP of SG2.

The results of the third stage of the study, which consisted in
the determination of sensitivity, specificity, and accuracy of
bone remodeling markers in RA patients with BMD disorders,
are shown in Table 2.

The sensitivity in RA patients with osteopenia of SGI
compared with RA patients without BMD disorders (CPG) is
26.64%, specificity - 72.22%, accuracy - 42.31%. There was
no confirmed relationship between the content of OCN and
belonging to SG1 (reverse direction of AC was 0.03, p>0.050).
The sensitivity of PINP in RA patients with osteopenia of SG1
compared with RA patients without BMD disorders (CPQG) is
5.88%, specificity - 83.33%, accuracy - 32.69%. A significant
relationship was found between the content of PINPs and
belonging to SG1 group (inverse direction of AC -0.52).
The sensitivity of B-CrossLaps content in RA patients with
osteopenia of SG1 compared with RA patients without BMD
disorders (CPG) is 8.23 %, specificity - 100.00 %, accuracy -
40.38 %. No significant relationship was found between the
content of B-CrossLaps and belonging to SG1 (inverse direction
of AC - 0.18, p>0.050).

The analysis of the constellations of laboratory parameters
revealed the constellation of PINP and OCN (inverse direction
of AC -0.73), which indicates that the constellation of these
parameters is not typical for RA patients with osteopenia, but is
typical for RA patients without BMD disorders (CPG).

OP is 3.38 times more common in RA patients if the content
of OCN is below the reference values compared to RA patients
without BMD (CPG). The sensitivity of OCN in RA patients of
SG2 compared with RA patients without BMD disorders was
56.52 %, specificity - 72.22 %, accuracy - 63.41 %. A confirmed
direct correlation was found between the content of OCN and
belonging to the group with OP (AC 0.54; p<0.048). The
sensitivity of PINP in RA patients with OP of SG2 is 0.00 %,
specificity - 83.33 %, accuracy - 36.58 %. A significant inverse
relationship was found between the PINP content and belonging
to SG2 (CC - 0.31). The sensitivity of the f-CrossLaps content
in SG2 was 8.69 %, specificity - 100.00 %, accuracy - 48.78 %.
No significant relationship was found between the content of
B-CrossLaps and belonging to SG2 (CC 0.2).

Analyzing the constellations of laboratory parameters, a
constellation of PINP and OCN, a significant relationship was
found (inverse direction of CC -0.31), which indicates that the
constellation of these parameters is not typical for RA patients
with OP, but it is typical for RA patients without impaired BMD
of CPG.

OP is 3.60 times more common in RA patients of SG2
compared with RA patients with osteopenia of SGI, if the
OCN content is lower than the reference values. The sensitivity
of OCN in RA patients with OP of SG2 compared with RA
patients with osteopenia (SG1) is 56.52 %, specificity - 73.52



Table 2. The results of comparison of the diagnostic value of bone remodeling parameters in RA patients without (CG) and with impairments (SG1,
SG2) of BMD (% sensitivity; % specificity;, % accuracy; AC (in units); CC (in units)).

Groups of RA Indicators of bone Indicators of diagnostic value
patients remodelling Sensitivity, %. Specificity, %.  Accuracy, %. AC CC p
OCN 26,64 72,22 42,31 -0,03 - 0,254
PINP 5,88 83,33 32,69 -0,52* - 0,271
B-CrossLaps 8,23 100,00 40,38 1 0,18 0,176
Gl SG1 and |B-CrossLaps +OCN 0,00 100,00 34,61 - - 1
CPG B-CrossLaps+ PINP 0,00 100,00 34,61 - - 1
PINP+OCN 2,94 83,33 49,01 -0,73* - 0,102
-CrossLaps+
E]NHOC‘;I 0 100,00 34,61 - - 1
OCN 56,52 72,22 63,41 0,54* - 0,048#
PINP 0,00 83,33 36,58 -1 -0,31° 0,077
B-CrossLaps 8,69 100,00 48,78 1 0,2 0,308
SG2 and B-CrossLaps +OCN 0 100,00 43,90 - - 1
CPG B-CrossLaps+ PINP 0 100,00 43,90 - - 1
PINP+OCN 0 83,33 36,58 -1 -0,31° 0,077
-CrossLaps+
. IB’INP o 0113\1 0 100,00 43,90 - - 1
OCN 56,52 73,52 66,67 0,57* - 0,017#
PINP 0,00 94,11 56,11 -1 -0,15 0,352
B-CrossLaps 8,69 91,17 57,89 -0,008 - 0,362
SG2 and B-CrossLaps +OCN 0,00 100,00 59,64 - - 1
SG1 B-CrossLaps+ PINP 0,00 100,00 59,64 - - 1
PINP+OCN 0,00 97,06 57,89 -1 -0,11 0,596
-CrossLaps+
f,lNP s CII’\I 0,00 100,00 59,64 - - 1

Notes: * - statistically significant relationship between indicators and group membership (AC 0.5 or more), " - statistically significant relationship
between indicators and group membership (AC 0.3 or more), # - statistically significant difference between the frequency of cases in the groups (p

<0.050).

%, accuracy - 66.67 %. A confirmed relationship was found
between the content of OCN and belonging to the group with
OP (direct direction of AC 0.57; p<0.017). The sensitivity of
PINP in RA patients with OP of SG2 is 0.00 %, specificity -
94.11 %, accuracy - 56.11 %. No significant relationship was
found between PINP content and belonging to SG2 (reverse
direction of CC - 0.15). The sensitivity of B-CrossLaps in RA
patients with osteopenia of SG2 compared with RA patients with
osteopenia of SG1 was 8.69 %, specificity - 91.17 %, accuracy
- 57.89 %. No significant relationship was found between the
content of B-CrossLaps and belonging to SG2 (reverse direction
of CC -0.008). When analyzing the constellations of laboratory
parameters in RA patients with OP, we did not find statistically
significant changes.

Conclusion.

1. Bone structure disorders in patients with RA with osteopenia
are characterized with a weakening of bone formation and
increased resorption processes; in patients with RA with OP, the
weakening of osteoblastic bone function is more pronounced
compared to patients with RA with osteopenia, and only a slight
increase in bone resorption processes.

2. We did not find any particular differences in the weakening
of bone formation and resorption in patients with RA with
osteopenia and OP, assessed by the results of determining the
fserum markers of osteoblastic OCN and PINP, as well as
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osteoclastic -CrossLaps functions.

3. For rheumatoid arthritis patients with intact bone mineral
density, the highest diagnostic value is provided by an increase
in the amino-terminal procollagen type I propeptide or a
constellation of a decrease in osteocalcin and an increase in the
amino-terminal procollagen type I propeptide.

4. As a result of the study of the diagnostic value of single
markers of bone formation osteocalcin and amino-terminal
procollagen type I propeptide, as well as bone resorption of
carboxy-terminal telopeptide of type I collagen, and their
constellations in patients with rheumatoid arthritis with
osteopenia, we did not find statistically significant changes in
sensitivity, specificity, and accuracy.

5. For osteoporosis in patients with rheumatoid arthritis, a
decrease in a single indicator of osteocalcin is a diagnostically
valuable marker; we did not find statistically significant changes
in the sensitivity, specificity, and accuracy of constellations of
bone formation indicators of osteocalcin and amino-terminal
procollagen type I propeptide and bone resorption of cardoxy-
terminal telopeptide of type I collagen.
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93930 ogm OCN, PINP s 6gbmOHd30mmo 956039600l
B-CrossLaps-ol gm®3oMgdol ds63gMgdols 8903390 mdol
©0536mLEH0 3900 3608369 MdOL 45bLsDLZMS.

89093900 33930l 890939000 dobggom
306039  9A93Dg  ©oR0bs, MM 3530963 9ddo RA
mbGgm3gboom, dzwgdol OCN  (p=0.000) o PINP
(p=0.035) MLEIMOWLEGHMGMO  FMbJzool oI MgdOL
dOsBdo  0903339mds  XobIOMgr 5980569096
390509000 3600369 M3bs B 0ym, beagwem dgerols
MH9DmOHd300l BoM3gMol d99330wmds 35033bgarmazbso
9oeowo B-CrossLaps ogm (p=0,021); RA 35309639080 OP,
bEGIMILEGHMMO dzwol gmbdiool OCN (p=0.000) s
PINP (p=0.001) m6Mogg 3o63360L 6s@do 890339 mds
06003600 m3bs ©9dsE0s, beaewm B-CrossLaps (p>0.050)
dbmEmE MmEbsg Fs0swos xsbIOmgw CG Yd0gdBHdMb
995Mgd0m.  33wgzol  dgmMg  9gAH3by  Bowgdmewro
39092900 dobggom, dgodwgds 0md3sL, Gmd OC s
PINP 8903390mds Lolberol dMs@do 960d3bgarmabsco
0505 RA  353096H9000, Hmamo3 mbEgmdgboom,
3bggg OP-om, dgsmgdoom RA 3530963 90msb BMD
©oMHM393900L  206M9dg. 330930l TgLsdg  LBowosby
50dmBbs  LodoMmol3oMOm  Lobm  3sgdo®o  PINP
09933390005y @ MbEBHIM3gbool xamal dmeol (KA-
0.52). B53mgbos sILEHMMGOMo  3sgdomo OCN-ob
F0boseBLs s OP %3l dmmob (KA 0.57-0b 3060053060
0005600 )0gds; p=0.017).

o336 93053 M00 SOOMOGHOL 09mbyg
3530969000  mbiBgm3gboom, dzwol  LEGHMMIEHMOOL
©oMHM3939L  sbollosmgdls  dsmdo  dgerol  Ho®dmddbol
360Hm3qLgdol JgbbBgds @S MHIBMOdE00L 3OHMEILYOdOL
0539095 ©93053HM00 SOHNMOEOL dJmbg 353095637080
™bEIM3MOmbom, dgeol MmGgmdwILEGYOo Bwbdsool
d9LMLEHGOS MBOM J5TMboGME0s, 300069 353090639080
93053HM0WO sSOPHOOGH0m MbEgm3gboom.
93053M0MWo  SOMOoGOL dJmbg 3530963 gdolmz0L
3ol Jumgzools 90bgMmoemMo 1093360030l
©oM©393900L 35MJ8Y, Y39@5BY COLO OsRBMLEHOIOO
0600360mds  odgl I BHodol  3Om3mersggbol
N-@g6Hdobsgrmo 36MH™393E0ob 056396909 L.
93053M0MWo  SOMOoGOL dJmbg 3530963 gdolmz0L

mbGHIM3MOMDOm,  ©ORBMLEH0INGOL  VOMIOMWO
0563960 560b MbGHJMmIswaobo.
U53356dm  Bo@Y3zgdo:  M9305GHMOEMMO  SOHMHMOG0,

bGHIM3OMDO, MG 3060, I G030l 3OM3MmEsygbols
N-396H3obsgrm®o 36393300, B-CrossLaps, dganmgsbo
Jumzowol dobgHowMo bod3z3¢039.

IHOKO3ATEJIN KOCTHOI'O METABOJIM3MA
Y  BOJIBHUX PEBMATOIJIHUM APTPUTOM
C HAPYHNIEHUEM MHWHEPAJIbHOM
IIJIOTHOCTH KOCTHOM TKAHHA:
XAPAKTEPUCTHKA, nx OCOBEHHOCTH
141 JUATHOCTHYECKASA HOEHHOCTbD

Opect O. AbGparamoBsry, Yibsaa O. AGparamoBsrd, Buktopus



B. Yemec, JIunus B. Lpiransik, Mapus P. ®epko

JTb806CKUTI HAYUOHANLHBIT MEOUYUHCKULL YHUBEPCUMEM UMEHU
Januuna I'anuyxoco

Berynuenne. Pesmaronnnsiii aprput (PA) — ayronmmyHHOE
3a00JIeBaHNE C XPOHMYECKHM BOCHAJIHMTEIBHBIM MPOLECCOM,
BIMSIONIMM Ha KOCTHBIH METaboJNM3M ¥ TPHUBOASIIAM K
HapyUIEHUI0 MUHEPAJIbHOW IUIOTHOCTH KOCTHOM TKaHM
(MIIKT). ITostomy ormpeneneHue JlabopaTOpHBIX MapKepoB
KOCTHOTO MeTaboJM3Ma CIOCOOCTBYET JIydllleMy HOHHMAaHHIO
raToreHesa MeTaboIMYecknx 3a00JIeBaHni KOCTeH.

Hean. OxapakTepnu30BaTh MOKAa3aTeNN KOCTHOTO MeTaboIM3Ma
y OOJBHBIX pPEBMATOMIHBIM apTPUTOM C HapylIIEHHUEM
MHUHEpAJIbHOW IUIOTHOCTH KOCTHOM TKaHH, BBUICHUTH HX
0COOEHHOCTH M JTMarHOCTHUYECKYIO IIEHHOCTb.

Marepuanbsi uMeToabI. B uccienoBanne paH10MHU3HPOBAaHHBIM
CIocoOOM  C  IPEABApPHUTENBHOM  CcTpaTuUKamued 1o
Hammunio PA  ObUIO  BKIIIOYEHO 76 OOJBHBIX KOTOPBIC
JIEYMITICh B PEBMAToJIOrM4eckoM oraene KoMMmyHambHOTO
HEKOMMEPUYECKOTO MpeAnpusiTis JIbBOBCKOTO 001acTHOTO
coBeta «JIpBOBcKast oOmacTHas KIMHUYECKas OOJBHUIA»
B nepuon Mexnay 2013 u 2020 romamu. JlocTmkeHue nenu
peayM30BaHO BBHIIIOJHEHHEM TPEX MOCIIEI0BATENBHBIX JTAIlOB
uccnenoBanus. Ha mepBoMm ndrame XapakTepusysl MapKephl
(dbopMupoBaHus KOCTeH, a Takke pe3opoumu koctu. Ha Bropom
9Tane BBUICHSUIM OCOOCHHOCTH JTHX TIoKaszarened. Tperwit
9Tall 3aKJII0YaICs B ONPEAEIeHUH JHarHOCTUIECKOI IEHHOCTH
cozepxanust MapkepoB (opmupoBanus ocreokansiuH (OK),
N-TepMuHaIbHUH MponenTua npoxosutaresa 1-ro tuna (P1NP)
n Mapkepa pezopOuun C-KOHIEBBIH TenonenTua KojuiareHa [
tumna (B-Cross laps).

Pesyabrarel.  CorylacHO  TOJyYEHHBIM  pe3yjbTaTam
HCCIIeIOBAaHHSI Ha TIEPBOM JTare ObUI0 OOHOPOXKYHE, 4YTO: Y
6onpHBIX PA ¢ ocTeonenuell cojepkaHue B CHIBOPOTKE KPOBU
MapkepoB ocreobnactHoil ¢yHkiun kocreir OK (p=0.000) n
PINP (p=0.035) ObutO JOCTOBEPHO MEHBIIE MO CPABHEHHIO
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co 3mopoBeiMu muuamMu KI', B TO Bpems Kak cojiep:KkaHue
Mapkepa pe3opbunu koctu P-CrossLaps Obuto 10cTOBEpHO
o6oneme (p=0.021); y OompHBIx PA ¢ OII comepkanue B
CBIBOPOTKE KPOBU O00OMX MapKepoB OCTEOOJacTHON (QyHKINU
kocteit OK (p=0.000) u PINP (p=0.001) nocroBepHO MEHbIIIE,
B To Bpems kak B-CrossLaps (p>0.050) - numip HECKOJIBKO
Ooubine, cpaBHUTENIBHO co 310poBbiMu Jniiamu KI'. CormacHo
MIOJyYeHHbIM Ha BTOPOM 3Tamle pe3yjabTaTaM HCCIeIOBAHUS
MOJKHO YTBEpxkaaTh, uTo cogepkanue OK u PINP B ceiBopoTke
KPOBH JIOCTOBEPHO MEHBIIIE Y O0NBHBIX PA Kak ¢ ocTeoneHune,
tak u ¢ OIl, mo cpaBHeHuto ¢ 6onpHBIMUA PA 6e3 HapylieHus
MIIKT. Ha Tpetbem 3Tare uccieIoBaHus ObLIO0 0OHAPYKEHO,
Mexnay conepxanuem PINP u mpuHaqiexHOCTbIO K Ipymme
OCTEOIeHNH OoOHapyXeHa oOparHasi JocToBepHast cBsizb (KA
-0.52). Mexnay comepxumbiM OK ¥ NpHHAIUIEKHOCTBIO K
rpymme OIl oOHapyeHa NOATBEp)KIECHHAs CBs3b (MpsMoe
Hanpasienue KA 0,57; p=0.017).

BuiBoapl. [lns HapyleHHs CTPYKTYpBl KOCTEH y OOJBHBIX
PEBMAaTOMIHBIM apTPUTOM C OCTEONEHHEH XapaKTepHO
ociablieHne TpolieccoB 00pa30BaHUs KOCTH Y HUX M yCHUIICHHE
TIPOLIECCOB Pe30pOIHH; Y OOJIBHBIX PEBMAaTOUIHBIM apTOPHTOM
C OCTEOIOpPO30M OCNIabJIeHNne 0CcTe00IacTHON (DYHKIIMH KOCTH
OoJiee BBIpaXKEHO, IT0 CPABHEHHUIO C OOJIBHBIMU PEBMATOUIHBIM
apTputoM c ocreoneHued. OcoOBIX OTIMUYMI OcCIabIeHUs
IIporeccoB (OPMHUPOBaHHS U pe30pOIMH KOCTe y OOJBHBIX
PEBMATOUIHBIM apTPUTOM C OCTEONEHHEH M OCTEONOPO30M
HaMH He 0OHapysxeHo. [yt GOIBHBIX PEBMAaTOMTHBIM apTPUTOM
C HEHApPYUIEHHOW MMHEpaldbHOH IUIOTHOCTBIO KOCTHOM
TKaHH HauOOJIBIIYI0 JMArHOCTHYECKYIO II€HHOCTh HWMEEeT
rokaszatenb N-TepMUHAIBHBIM TPONENTH] TpoKojuiareHa [
tuna. {7 60IbHBIX PEBMATOUIHBIM apTPUTOM C OCTEOTIOPO30M
JUArHOCTHUYECKU IEHHBIM MAapKEPOM SIBIISI€TCS. OCTEOKAIIBIIH.
KuioueBble cjioBa. PeBMaTOMIHBIMN apTpUT, OCTEONOPO3,
OCTEOKaNIBIMH, N-TepMHUHAIBHBIN MPOTENTH/ MTpOKoIareHa |
tuna, B-CrossLaps, MUHepallbHasl TNIOTHOCTH KOCTHOM TKaHH.
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