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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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Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:
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not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Introduction: Information about calcium-phosphorus
metabolism (CPM) and bone turnover in patients with liver
cirrhosis (LC), as well as clarifying their diagnostic value for
assessing bone structure disorder, will help doctors to detect
their lesions in timely manner and, based on the information
received, to choose well-founded comprehensive treatment
strategy.

Aim: To characterize the indicators of calcium-phosphorus
metabolism and bone turnover in patients with liver cirrhosis,
and to find out their diagnostic value for detecting bone structure
disorder.

Materials and methods: In randomized manner 90 patients
with LC (27 women and 63 men of age from 18 to 66), who
were treated at the Lviv Regional Hepatological Center
(Communal Non-Commercial Enterprise of Lviv Regional
Council “Lviv Regional Clinical Hospital”) between 2016 and
2020, were included in the research. The research was carried
out in two stages. The purpose of the first stage was to obtain
information that would allow characterizing indicators of CPM
(total calcium, ionized calcium, phosphorus, total vitamin D
(25-hydroxyvitamin D), and parathyroid hormone) and bone
turnover (osteocalcin, PINP, alkaline phosphatase (bone
formation markers), and B-Cross Laps (bone resorption marker))
in patients with LC, and the purpose of the second stage was
to find out their diagnostic value for assessing bone structure
disorder of them. To perform research, an experimental group
(EG) (72 patients with impaired bone mineral density (BMD)),
which was divided into EG A (46 patients with osteopenia) and
EG B (26 patients with osteoporosis), and a comparison group
(18 patients with normal BMD) were formed. The control group
consisted of 20 relatively healthy people.

Results: At the first stage, it was established that the frequency
of cases of increased alkaline phosphatase content was
statistically significantly different in LC patients with osteopenia
and osteoporosis (p = 0.002), as well as with osteoporosis
and normal BMD (p = 0.049). Impaired BMD in general
had significant direct stochastic relationship with vitamin D
deficiency, decrease in osteocalcin content and increase in PINP
content in serum (Yule's Coefficient of Association (YCA))
>(0.50); osteopenia — with decrease in phosphorus content,
vitamin D deficiency and increase in PINP content (YCA
>0.50); and osteoporosis — with vitamin D deficiency, decrease
in osteocalcin content, increase in PINP content, and increase in
alkaline phosphatase content in serum (YCA >0.50). Significant
inverse stochastic relationship was recorded between vitamin
D insufficiency and each of the impaired BMD manifestations
(YCA <-0.50), which most likely indicates that it is characteristic
of normal BMD. At the second stage, it was found that among
indicators of CPM and bone turnover, only increase in alkaline
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phosphatase content in serum can be diagnostically valuable
marker of osteoporosis in patients with LC (p <0.050; YCA
>0.50; coefficient contingency = 0.32), which has medium
sensitive (80.77 %) and positive predictive value (70.00 %)
for it. Although other indicators of CPM and bone turover did
not confirm their diagnostic value in our research, they may be
useful for monitoring pathogenetic changes in bone structure
disorder and evaluating the effectiveness of their treatment in
patients with LC.

Conclusion: Indicators of calcium-phosphorus metabolism
and bone turnover, which are characteristic of bone structure
disorder and its absence in patients with liver cirrhosis, were
revealed. Among them, an increase in alkaline phosphatase
content in serum, which is a moderately sensitive marker of
osteoporosis, is diagnostically valuable.

Key words. Liver cirrhosis, osteoporosis, osteopenia, bone
mineral density, calcium-phosphorus metabolism, bone
turnover, vitamin D, parathyroid hormone, osteocalcin, PINP,
alkaline phosphatase, 3-Cross Laps.

Introduction.

Bones structure disorder, which is the main cause of
spontaneous fractures, complicate the course of liver cirrhosis
(LC) and can lead to deterioration of life quality and life
expectancy shortening [1-4].

Regulation of the processes responsible for state of bone tissue
occurs with the help of calcium-phosphorus metabolism (CPM),
namely maintenance of the electrolyte balance, the main
indicators of which are general and, especially, ionized calcium
and phosphorus. The exchange of these electrolytes is controlled
by calcium-regulating hormones — 25-hydroxyvitamin D and
parathyroid hormone (PTH). Dynamic bone reconstruction is
ensured by constant remodeling of the bone tissue. Osteocalcin,
which is vitamin K-dependent bone non-collagen protein,
amino-terminal propeptide of type I procollagen, specific for the
formation of type I collagen (P1NP), and alkaline phosphatase,
especially its bone-specific fraction are responsible for
osteoblastic bone function (formation). The osteoclastic
function (resorption) of bone is indicated by the isomerized
C-terminal telopeptide, specific for type I collagen degradation
in bone tissue (B-Cross Laps) [5-8]. Listed indicators are
recommended for diagnosing bone structure disorders, choosing
the appropriate treatment, and monitoring its effectiveness in
the patient [7,9-11].

Information about CPM and bone turnover in patients with
LC, as well as clarifying their diagnostic value for assessing
bone structure disorder, will help doctors to detect their lesions
in timely manner and, based on the information received, to
choose well-founded comprehensive treatment strategy.

This study aimed to characterize the indicators of calcium-
phosphorus metabolism and bone turnover in patients with liver
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cirrhosis, and to find out their diagnostic value for detecting
bone structure disorder.

Materials and methods.

After obtaining voluntary consent to participate in the
prospective study, which was carried out in compliance with
the Helsinki Declaration of Human Rights and the Council of
Europe Convention on Human Rights and Biomedicine, 90
patients (27 women and 63 men of age from 18 to 66), who were
treated at the Lviv Regional Hepatological Center (Communal
Non-Commercial Enterprise of Lviv Regional Council “Lviv
Regional Clinical Hospital”) between 2016 and 2020, were
included in the study in randomized manner with preliminary
stratification according to the presence of LC [12]. Exclusion
criteria were the refusal to sign a voluntary consent to participate
in the study, the use of drugs that can have a direct effect on the
state of bone tissue (containing calcium, vitamin D, vitamin K,
bisphosphonates, etc.) and the presence of oncological diseases
with possible bone metastases.

The research was carried out in two stages. At the first stage
of the study, the purpose of which was to obtain information
that would allow to characterize CPM and bone turnover in
patients with LC, the content of the following indicators in
blood serum was examined: mineral metabolism indicators
— total calcium (colorimetric analysis (18-60 years old:
2.15-2, 5 mmol/l; 60-90 years old: 2.2-2.55 mmol/l)),
ionized calcium (ion selective analysis (1.15-1.27 mmol/l)),
phosphorus (spectrophotometry (0.81— 1.45 mmol/l); calcium-
dependent indicators — total vitamin D (25-hydroxyvitamin D)
(enzyme immunoassay (normal — >30.0 ng/ml; insufficiency
— 20.0-30.0 ng/ml; deficiency — <20.0 ng/ml)) and PTH
(enzyme immunoassay (15.0-65.0 pg/ml)); indicators of
bone remodeling rate, as well as bone formation markers —
osteocalcin (electrochemiluminescence immunoassay (ECLIA)
(2.0-22.0 ng/ml)), PINP (ECLIA (women: premenopause —
15.13-58.59 ng/ml, postmenopause — 16.27—73.87 ng/ml; men
— 15.00-80.00 ng/ml)) and alkaline phosphatase (colorimetric
analysis (women — <98.0 units/l; men — <128.0 units/l)), and
bone resorption marker — B-Cross Laps (ECLIA (women:
premenopause — <0.573 ng/ml, postmenopause — <1.008 ng/ml;
men: 30-50 years — <0.584 ng/ml, 50-70 years — <0.704 ng/ml,
over 70 years — <0.854 ng/ml)).

To assess bones state, we used calcaneal quantative ultrasound
[13] (Sonost—2000 device) to determine the T-score, which was
the ground for detecting impared bone mineral density (BMD)
(T—score < —1.0 standard deviation (SD), namely osteopenia
(T—score —1.0—2.5 SD) and osteoporosis (T—score <-2.5 SD)),
or establishing normal BMD (T-score >—1.0 SD) [14].

Based on this information, an experimental group (EG) (72
patients with impaired BMD), which was divided into EG
A (46 patients with osteopenia) and EG B (26 patients with
osteoporosis), and a comparison group (CG) (18 patients with
normal BMD) were formed. The control group consisted of 20
relatively healthy people.

With the help of R. Fisher's exact test, which makes it possible
to evaluate studied characteristics even in small samples [15],
statistically significant differences were found between the
frequency of changes in CPM and bone turnover indicators in the
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studied groups (p < 0.050). R. Fisher's exact test is complicated
for calculations but gives the most accurate p-value and can be
applied when expected frequency in cells of contingency tables
less than 5 [16].

The use of J. Yule's coefficient of association (YCA), or
coefficient contingency (CC), if YCA was equal to 1.00, made it
possible to identify significant stochastic relationships between
changes of these indicators and certain manifestations of bone
structure disorder (YCA >0.50, or <-0.50; CC>0.30, or <-0.30)
[17-19].

At the second stage, in order to find out the diagnostic value of
CPM and bone turnover indicators for assessing bone structure
disorder, their sensitivity, specificity, positive and negative
predictive values were studied, positive and negative likelihood
ratios were evaluated [15]. For the assessment of listed diagnostic
characteristics, changes in CPM and bone turnover indicators,
detected at the first stage, were chosen, which were significantly
different, or had significant stochastic relationship with the
manifestations of BMD disorder. An indicator was considered
to be diagnostically valuable if its statistical significance was
simultaneously confirmed by the p-value (< 0.050) and the
presence of significant direct stochastic relationship with certain
violation of bone structure (YCA >0.50; CC >0.30).

Statistical processing of the obtained results was carried out
in Microsoft Excel program using Real Statistic Resource Pack
add-on [16].

Results and discussion.

The results of the first stage of the study are shown in table 1.

The decrease in serum total calcium was detected to be
present in 21.74 % of cases and the increase was not recorded
in any patient with LC. At the same time, patients with reduced
indicators of total calcium were more often recorded to have
BMD disorder (80.00 %) (osteopenia —40.00 %; osteoporosis —
40.00 %) than normal BMD (20.00 % of cases), but statistically
significant difference between groups, or the existence of
significant stochastic relationship of indicator changes with
certain bone disorder, were not recorded (p > 0.050; YCA <0.50
and >-0.50).

51.06 % of patients with LC had decrease in ionized calcium
content in serum, 70.83 % had impaired BMD (45.83 % —
osteopenia and 25.00 % — osteoporosis) and 29.17 % — normal
BMD. On the contrary, increase in ionized calcium content
in serum was observed in 12.77 % of cases among patients
with LC, 66.67 % of whom had impaired BMD (50.00 % —
osteopenia and 16.67 % — osteoporosis) and 33.33 % — normal
BMD. The indicator changes did not have significant stochastic
relationship with violation of bone structure (YCA <0.50 and
>-0.50) and were not statistically significantly different in the
studied groups (p > 0.050).

6.25 % of patients with LC had both decrease in phosphorus
content in serum and increase in it. But decrease in phosphorus
content was typical for patients with osteopenia (100.00 %) and
increase in phosphorus content was characteristic for patients
with normal BMD (100.00 %). No statistically significant
difference between groups was found (p > 0.050). There is
significant direct stochastic relationship only between decrease
in phosphorus content in serum and osteopenia (CC = 0.33).
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Table 1. Characteristics of calcium-phosphorus metabolism and bone turnover indicators in patients with liver cirrhosis with and without bone

structure disorder (n, %, p, YCA, CC).

Frequency of cases
in the studied groups (n, %)
Total number |EG (With bone structure disorder) CG
Indicators of cases (Without
(Reference ranges) (n, %) Total 1562 G115 bone
g N=90 Ni;lz (osteo-penia) (osteopo-rosis) structure
N=46 N=26 disorder)
N=18
n ‘% n ‘% n ‘% n ‘% n ‘%
Total calcium n=23 n=18 n=10 n=8 n=5
(18-60 years old: 2.15-2, 5 mmol/l; ! 5 21,74 |4 80,00 |2 40,00 |2 40,00 1 20,00
60-90 years old:
- 2.2-2.55 mmol/l) 1 0 0,00 |0 0,00 |0 0,00 0 0,00 0 0,00
4 lonized calci n=47 n=34 n=22 n=12 n=13
£ |omzeccacium ] 24 [5106 [17  [7083 |11 [4583 6 2500 |7 2917
IS (1.15-1.27 mmol/1)
g ., i) 6 12,77 |4 66,67 |3 50,00 |1 16,67 2 33,33
= fg Phosoh n=16 n=11 =5 =6 n=5
g § |- lospuorus ] 1 625 |1 100,00 |1 100,00" [0 000 [0 Jo,00
= T |(0.81- 1.45 mmol/l)
S g i) 1 6,25 |1 100,00 |0 0,00 1 100,00 |0 0,00
. . n=16 n=11 n=5 n=6 n=5
Total vitamin D Insuffi-
‘::) (Normal — >30.0 ng/ml; insufficiency — cienc 3 18,75 |1 33,33v |0 0,00v |1 33,33v. |2 66,67
2 20.0-30.0 ng/ml; deficiency — <20.0 ng/ Defl Y
% ml) 3 81,25 |10 76,92~ |5 38,46" |5 38,46~ |3 23,08
3 ciency
£ 9 n=16 n=11 n=5 n=6 n=5
.2 = [PTH
8.2 ! 1 6,25 1 100,00 |0 0,00 1 100,00 |0 0,00
< B |(15.0-65.0 pg/ml)
O .8 ) 6 37,50 |4 66,67 |2 3333 2 33,33 2 33,33
Ost i n=16 n=11 n=5 n=6 n=5
s cocarci ! 11 [68.75 |9 81,82~ |3 2727 |6 5455 |2 18,18
» |(2.0-22.0 ng/ml)
2 1 0 0,00 |0 0,00 |0 0,00 0 0,00 0 0,00
g PINP n=15 n=10 n=5 n=5 n=5
= |(Women: premenopause — 15.13-58.59 || 0 0,00 0 0,00 0 0,00 0 0,00 0 0,00
-% ng/ml, postmenopause — 16.27-73.87 ng/ Al 44.447 |2 aaa4r |1 1L11
£ ml; men — 15.00-80.00 ng/ml) ? 60,00 8 88,89 > ’ i
& |Alkaline phosphatase n=90 n=72 n=46 n=26 n=18
(] 8 o
5 |Cemen <D i 1 50 55,56 |41 82,00 |20 40,00 |21 42,00%#° 9 |18,00
M |men — <128.0 units/I)
g B-Cross Laps n=15 n=10 n=5 n=5 n=5
aé (Women: premenopause — <0.573 ng/
S ml, postmenopause — <1.008 ng/ml; men:
2 5 |30-50 years — <0.584 ng/ml, 50-70 years|1 4 26,67 |3 75,00 |2 50,00 |1 25,00 1 25,00
% f‘e —<0.704 ng/ml, over 70 years — <0.854
M & |ng/ml)

Notes: | —decrease in indicator; 1 — increase in indicator; * — significant difference between EG B and CG (p < 0.050); #— significant difference
between EG A and EG B (p < 0.050); " — significant direct stochastic relationship between indicator and certain bone structure disorder (YCA
>0.50 or CC >0.30); V — significant inverse relationship between indicator and certain bone structure disorder (YCA <-0.50 or CC <-0.30).

The analysis of calcium-dependent parameters revealed that
vitamin D content was reduced in all patients with LC, 18.75
% of which had its insufficiency (33.33 % in EG: 0.00 % in EG
A, 33.3 % in EG B 33.33 %; in CG — 66.67 % of cases), and
81.25 % — deficiency (in EG — 76.92 %: in EG A —38.46 %, in
EG B - 38.46%; in CG — 23.08 % of cases). All manifestations
of bone disorder had significant inverse stochastic relationship
with vitamin D insufficiency (YCA <-0.50) and significant
direct stochastic relationship with vitamin D deficiency (YCA
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>0.50), although the frequency of signs in the groups was not
statistically significantly different (p > 0.050).

Decrease in PTH indicator was observed in 6.25 % (only in
patients with osteoporosis (100.00 %)), and its increase — in
37.50 % of cases in patients with LC (in EG — 66.67 %: in EG
A —33.33%,in EG B—33.33 %, in CG —33.33 %). Neither the
frequency of cases of decreased PTH content nor the frequency
of cases of increased PTH content in serum was statistically
significantly different between groups (p > 0.050). Significant
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stochastic relationships of PTH content changes with bone
structure disorders were also not observed (YCA <0.50 and
>-0.50).

Based on the assessment of bone turnover indicators in serum
of patients with LC, it was found that among the markers of
bone formation, osteocalcin content was reduced in 68.75 % of
cases (in EG—81.82 %: in EG A —27.27 %, in EG B —54.55 %;
in CG — 18.18 %), and its increase was not recorded in any case
(0.00 %). PINP content, on the contrary, was never reduced
(0.00 %), although increase in PINP content was detected in
60.00 % of serum samples of patients with LC (in EG — 88.89
%: in EG A —44.44 %, in EG B —44.44 %; in CG — 11.11 %).
Increase in alkaline phosphatase content in serum was recorded
in 55.56 % of cases. 82.00 % of them were detected in patients
with impaired BMD (40.00 % of patients with osteopenia
and 42.00 % — with osteoporosis) and 18.00 % — in patients
with normal BMD. Significant direct stochastic relationship
was recorded between decrease in osteocalcin content and
impaired BMD in general and osteoporosis in particular (YCA
>0.50), between increase in PINP content in serum and each
of the manifestations of bone structure disorder (YCA >0.50),
and between increase in alkaline phosphatase content and
osteoporosis (YCA >0.50). The frequency of cases of increased
alkaline phosphatase content in serum of LC patients with
osteoporosis and normal BMD (p = 0.049) and in patients with
osteopenia and osteoporosis (p = 0.002) differed statistically
significantly.

B-Cross Laps content in serum (marker of bone resorption) was
increased in 26.67 % of cases, 75.00 % of which — in patients
of EG (50.00 % — in EG A and 25.00 % — in EG B) and 25.00

% — in CG. We did not find any significant differences between
groups, or significant stochastic relationships of indicator
changers with manifestations of bone structure disorder (p >
0.050; YCA <0.50 and >-0.50).

So, the frequency of cases of increased alkaline phosphatase
content only was statistically significantly different in patients
with LC with osteopenia and osteoporosis, as well as in patients
with osteoporosis and normal BMD. Vitamin D deficiency,
decrease in osteocalcin content and increase in PINP content
in blood serum had significant direct stochastic relationship
with impaired BMD in general; decrease in phosphorus content,
vitamin D deficiency and increase in PINP content — with
osteopenia; and vitamin D deficiency, decrease in osteocalcin
content, increase in PINP content, and increase in alkaline
phosphatase content in serum — with osteoporosis. Significant
inverse stochastic relationship was recorded between vitamin
D insufficiency and each of the impared BMD manifestations,
which most likely indicates that it is characteristic of normal
BMD.

The information obtained at the second stage, the aim of which
was the study of diagnostic value of CPM and bone turnover
indicators for detecting bone structure disorders, is shown in
table 2.

It was established that the decrease in phosphorus content in
serum, although it had significant direct stochastic relationship
with osteopenia (YCA = 1.00; CC = 0.33) and high diagnostic
characteristics of positive result (specificity and positive
predictive value of 100.00 %), there was no statistically
significant difference between osteopenia and normal BMD (p
>0.050).

Table 2. Diagnostic characteristics of indicators of calcium-phosphorus metabolism and bone turnover in liver cirrhosis patients with bone

structure disorder (n; %,; p; YCA; CC).

Indicators Studied FN FPTN & 5P
groups %0 %
EG 1 10 9,09

| Phosphorus EGA |1 4 0 5 /20,00 100,00
EGB 0 6 0,00

. EG 1 10 9,09

Vitamin D EGA 0 5 23 000 60,00

insufficiency
EGB 1 5 16,67

. . EG 10 1 90,91

Vitamin D EGA 5 0 3 2 100,00 40,00

deficiency
EGB |5 1 83,33
EG 9 2 81,82

| Osteocalcin EGA 3 2 2 3 160,00 60,00
EGB |6 0 100,00
EG 8 2 80,00

1 PINP EGA |4 1 1 4 /80,00 80,00
EGB 4 1 80,00
EG 41 31 56,94

1 Alkaline phosphatase EGA (20 26 9 9 43,48 50,00
EGB 21 5 80,77

Notes: | — decrease in indicator’s content, T — increase in indicator’s content;, TP — true positive results;, FN — false negative results,

o LR+ LR- 0¥ p, p, YCA CC
100,00 133,33 INF 091 37,50 1,000 1,00 0,17
100,00 55,56 INF 0,80 60,00 1,000 0.455 1,00 0,33»
4545 INF 1,00 |4545 [1,000 |~ 0,00 0,00
33,33 23,08 0,23 |1,52 25,00 0,214 -0,74 1-0,37
0,00 37,50 0,00 1,67 30,00 0,444 1.000 -1,00 -0,50
33,33 37,50 (0,42 1,39 36,36 (0,545 |’ -0,54 -0,26
76,92 66,67 1,52 023 7500 0214 0,74~ 0,37
62,50 100,00 1,67 0,00 70,00 0,444 1.000 1,00 0,50"
62,50 66,67 1,39 0,42 63,64 0,545 0,54” 10,26
81,82 60,00 2,05 0,30 75,00 0,245 0,74~ 10,427
60,00 60,00 (1,50 0,67 60,00 1,000 0.182 0,38 10,20
75,00 100,00 2,50 0,00 81,82 0,061 1,00 0,67
88,89 166,67 4,00 0,25 80,00 0,089 0,88~ 10,58"
80,00 80,00 4,00 0,25 80,00 0,206 1.000 0,88" 10,60"
80,00 80,00 4,00 025 80,00 0206 ' 088 0,60
82,00 (22,50 1,14 0,86 55,56 0,606 0,14 0,06
68,97 25,71 0,87 1,13 45,31 0,780 0.002% -0,13 1-0,06
70,00 64,29 1,62 0,38 68,18 0,049% 0,62” 10,327
FP — false

positive results;, TN — true negative results; Se — sensitivity; Sp — specificity, PPV — positive predictive value; NPV — negative predictive value;
LR+ — positive likelihood ratio; LR- — negative likelihood ratio;, DE — diagnostic efficiency (accuracy); pl — comparison of the studied groups with
the comparison group; p2 — comparison of osteopenia with osteoporosis, * — statistically significant difference (p < 0.050); " — significant direct
stochastic relationship between the indicator and certain bone structure disorder (YCA >0.50 or/and CC >0.30).
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Vitamin D insufficiency in serum is not valuable for detecting
or ruling out bone disorder, as it has significant inverse stochastic
relationship with all manifestations of impared BMD (YCA
>-(0.50), indicating that the feature is most likely characteristic
of normal BMD, although it is not diagnostically valuable in
this case (p > 0.050).

Vitamin D deficiency in serum, which has significant direct
stochastic relationship with all manifestations of bone structure
disorders (YCA >0.50), has sensitivity for impaired BMD in
general — 90.91 %, for osteopenia — 100.00 %, for osteoporosis
— 83.33 %, specificity — 40.00 % for each manifestation of
the bone disorder, positive predictive value — 76.92 % for
impaired BMD in general and 62.00 % each for osteopenia and
osteoporosis, negative predictive value — 66.67 %, 100.00 %
and 66.67 %, respectively, positive likelihood ratio is 1.52, 1.37
and 1.39, respectively, and negative likelihood ratio is 0.23,
0.00 and 0.42, respectively, however statistically significantly
does not differ between the studied groups and the comparison
group (p > 0.050).

Decrease in serum osteocalcin content has significant direct
stochastic relationship with impaired BMD in general (YCA =
0.74; CC = 0.42) and osteoporosis in particular (YCA = 1.00;
CC = 0.67); has sensitivity for impaired BMD in general —
81.82 % and for osteoporosis — 100.00 %; specificity — 60.00 %
for each of the manifestations; positive predictive value — 81.82
% for impaired BMD in general and 75.00 % — for osteoporosis;
negative predictive value is 60.00 % and 100.00 %, respectively,
positive likelihood ratio is 2.05 and 2.50, respectively, and
negative likelihood ratio is 0.30 and 0.00, respectively, but not
statistically significantly different between groups (p > 0.050).

Increase in PINP content in serum has significant direct
stochastic relationship with each bone structure disorder (YCA
>0.50; CC >0.30). Sensitivity and specificity for each of bone
lesions are 80.00 %. Positive predictive value for impaired
BMD in general is 88.89 %, negative predictive value is 66.67
%, while for osteopenia and osteoporosis these values are 80.00
% each. Increase in PINP content for each of the bone disorder
has positive likelihood ratio of 4.00 and negative likelihood ratio
of 0.25, respectively, but difference between manifestations of
impaired BMD and normal BMD is not significant in any of
cases (p > 0.050).

Increase in alkaline phosphatase content in serum has
significant direct stochastic relationship only with osteoporosis
(EG B and CG: YCA = 0.62; CC = 0.32) and is statistically
significantly different in patients with osteoporosis and normal
BMD (p = 0.049) and in patients with osteoporosis and
osteopenia (p = 0.002), so it can be diagnostically valuable
marker for osteoporosis. Increase in alkaline phosphatase
content is characterized by average sensitivity (80.77 %) to
osteoporosis. Specificity for osteoporosis is 50.00 %. Positive
and negative predictive values of the test are 70.00 % and 64.29
%, respectively. Probability of detecting an increase in alkaline
phosphatase content in serum of LC patient with osteoporosis
is 1.26 times higher than in LC patient with normal BMD
(positive likelihood ratio is 1.26), and probability that increase
in serum alkaline phosphatase will be absent in LC patient with
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osteoporosis is 2.63 times lower, compared with LC patient
with normal BMD (negative likelihood ratio is 0.38).

According to the recommendations for the management of
patients with bone structure disorders, bone-specific alkaline
phosphatase has a diagnostic value for assessing the state
of bones (osteoblastic function). However, in our study we
determined the content of total alkaline phosphatase in serum.
This is due to the fact that the determination of bone-specific
alkaline phosphatase is not always available. In contrast, total
alkaline phosphatase is an available indicator and is routinely
determined in patients with LC.

The source of approximately 50.00 % of alkaline phosphatase
in blood are bones. The obtained result of the studied indicator
may also depend on the choice of research methodology.
The possibility of cross-reactivity between the liver and bone
fractions of alkaline phosphatase does not exclude errors in the
research results [3]. An increase in alkaline phosphatase content
in the liver may be accompanied by false-positive results during
the study of bone-specific alkaline phosphatase.

A study of young people revealed a negative correlation
between total alkaline phosphatase and lumbar BMD [14].

In addition, it was found that an increase in alkaline phosphatase
content in postmenopausal women serum is associated with
an increase in bone metabolism. The content of this indicator
was correlated with the bone-specific fraction before and after
treatment with bisphosphonates [11].

The degree of liver fibrosis can affect the total alkaline
phosphatase content. But this indicator can be useful in
evaluating the prescribed treatment of bone disorders in patients
with liver disease [7,20].

Therefore, the results obtained by us during the study indicate
that only increase in alkaline phosphatase content in serum
can be diagnostically valuable medium-sensitive marker of
osteoporosis in patients with LC. Although other indicators of
CPM and bone turover did not confirm their diagnostic value
in our study, they may be useful for monitoring pathogenetic
changes in bone structure disorder and evaluating the
effectiveness of their treatment in patients with LC.

Conclusion.

Characterization of calcium-phosphorus metabolism and
bone turnover indicators in patients with liver cirrhosis and
clarification of their diagnostic value for assessing bone
structure disorders allow us to state that:

1. Bone structure disorder in general is characterized by vitamin
D deficiency, decrease in osteocalcin content, and increase in
PINP content in blood serum, but none of these indicators are
diagnostically valuable for assessing violation of bone mineral
density in general.

2. Osteopenia is characterized by decrease in phosphorus
content, vitamin D deficiency and increase in PINP content in
serum, although they are not diagnostically valuable for it.

3. Osteoporosis is characterized by vitamin D deficiency,
decrease in osteocalcin content, increase in PINP content,
and increase in alkaline phosphatase content in serum.
Diagnostically valuable marker of osteoporosis in patients with
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liver cirrhosis is an increase in alkaline phosphatase content,
which has medium sensitivity (80.77 %) and positive predictive
value (70.00 %) for it.

4. The absence of bone structure disorder is most likely
characterized by vitamin D insufficiency, although it is not
diagnostically valuable for normal bone mineral density.
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XAPAKTEPUCTUKATIOKA3SATEJIEM  KAJIBIIUEBO-
®OCPOPHOTI'O OBMEHA u KOCTHOI'O
METABOJIM3MA ¥ BOJIBHBIX IUPPO3OM IIEYEHU U
X IVMATHOCTUYECKAA IIEHHOCTDL JJId OLEHKU
HAPYIIIEHVSA CTPYKTYPBI KOCTEA

Haranusa B. Ipo6unckas, Opecr O. A6paramosud, MapsaHa
O. A6paramosuy, Pyciana b. IBanouko, Bukropus B. Yemec

JIpBOBCKMH HAIMOHAJABHBIM MEIUIIMHCKUN YHUBEPCUTET
umenu Jlanuwnna [aauiikoro

Berynmnenune: HubopManua O COCTOSHHUU —KaIbIIUEBO-
dochoproro obmena (KPO) u xocrHoro merabonusma y
6ospHbIXx nupposom mevenu (LIIT), a Taxke BbLICHEeHUE
VX JUATHOCTUYECKOM IIeHHOCTH [JIf OIeHKM HapyIIeHHd
CTPYKTYPBI KOCTeli, OyZeT CIIocOGCTBOBATH Bpady BOBpEMA
BBIABJIATE HX IIOpaX€HHMe N Ha OCHOBAaHUNHU HO)Iy‘IeHHOfI
vHpopMauuy — BBIGMPATh OGOCHOBAHHYIO KOMILIEKCHYIO
neye6HYIO TAKTUKY.

Lens: OxapakTepu3upoBaTh IIOKa3aTeIU  KaJIbIVEBO-
dbochopHOro 06MeHa U KOCTHOTO MeTaboiIu3Ma y OOJIBHBIX
IUPpPO3OM II€4Y€HHM M BBIACHUTD HNX JAHATHOCTHYECKYIO
II€HHOCTD AJIs BhIABJIEHUA HAPYIIEeHUA CTPYKTYPBbI KOCTeMH.

Marepuansl 1 MeTOmBI: B paHZOMHU3HpPOBaHHSBIN CIOCOO
C IpeziBapuUTenbHOM crparudukanueir mo Haguguio [II1
B uccaemoBanue BKA4YeHO 90 GonmbHbIX (27 >XKeHmUH u 63
MYy>X4IHUH B Bo3pacTe oT 18 1o 66 jeT), KOTOpble HAXOAMIUCH
Ha jledeHHH BO JIPBOBCKOM 00JIACTHOM IeNaTOJIOTHYECKOM
nentpe (KoMMyHanbHOe HeEKOMMepYeCKOe IIpeIIIpUATHE
JIsBOoBCKOTO OGNAacTHOTO cCOBeTa «JIbBOBCKasg oOOjacTHAA
KJIMHUYecKaa6ompHuIa») Bepuogmexay 2016u2020rogamu.
HccnenoBanue BRIIONTHEHO B ABa drama. llenpio mepsoro
aTama ObLIO IOJXy4YeHHe MHGOPMAIUU, KOTOpasd ITO3BOJIMIIA
651 oxapakrepusuposars nokasarenn KOO (o6uero xaapuws,
MOHU3UPOBAHHOTO Kaubliud, ¢pocdopa, obmero suramusa J
(25-rugpoxcuBuTamMuna-/l) ¥ mapaTrOpMOHA) M KOCTHOTO

MeTabonm3Ma (ocreokanbivHa, aMUHOTEPMHUHAIBHOTO
mpomenTtuga, —cuenuduyeckoro  ans  GOPMHUPOBAHUA
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xosutareHa I Tuma (P1NP), menounoit ¢ocdarasst (MapKepsl
dbopMupoBaHUs KOCTH), U30MepU3UPOBaHHOr0 C-KOHIIEBOTO
TeJIONeNTH/A, CIenn(PUIeCKOro AT AeTPajaliui KolareHa
I tuna B xocrHo¥M TKanu (B-Cross Laps) (mapkep pesopbuuu
xocrH)) y Goxsubix IIII, a Ha BTOpOM 3Tale — BhIACHEHUE
VX AMATHOCTUYECKOM IeHHOCTH [Jis OLEHKU HapyLUIeHUs
CTPYKTYpBI KOCTe! y HUX. [l BBIMOIHEHMS HUCCIIeLOBAHUS
o6pasoBau sKcIepuMeHTaIbHyo rpynny (31) (72 GoxpHbIX
C HapylleHHeM MWHEePAaJbHOH IUIOTHOCTA KOCTHOM TKaHHU
(MIIKT), xoropyio pasmemmiu Ha DI' A (46 GOnbHBIX C
ocreonenreit) u OI' B (26 GompHBIX C 0OCTEOIOPO30M), U
rpyuny cpaBaenus (18 Gomsubix ¢ mopmampHoit MIIKT).
Kourposnsnyro rpynmy cocraBuiu 20 IpaKTH4eCKH 30OPOBBIX
JIVIIL,

Pesynbrarsr: HamepBomaTarie BEIICHEHO, ITO CTATUCTUIECKU
JTOCTOBEPHO OT/IMYaIaCh TOIbKA YaCTOTA CIYYaeB YBeIUIeHUs
coZlep>KaHUA B CBIBOPOTKe KPOBHU INeqouHOH docdaTassr y
6oxsusix LI ¢ ocreomenueit u ocreomoposom (p = 0.002),
a Takke y OOJIBHBIX C ocTeonopo3oM u HopmanbHOW MIIKT
(p = 0.049). CymecrBenHas mpsmas CTOXaCTHYECKas CBA3b
¢ mapymenHnoit MIIKT B nenom umenu nepuuuT BUTaMHHA
Jl, ymMeHbIIeHVe COEPXKAaHUSI OCTEOKAIBIIMHA U yBeIUIeHHEe
cogepxanus PINP B creiBopotke KpoBu (k03bdunueHT
accommariun JIx. IOma (Yule's Coefficient of Association
(YCA)) >0.50); c ocTeomeHreit — yMeHbIIEHUE COLEPIKAHUI
docdopa, gebunur BuramuHa Jl 1 yBesnueHne COepKaHUA
PINP (YCA >0.50), a ¢ ocreonopo3om — medbuinT BUTAMIHA
Jl, yMeHblIeHUe COEPXKAHUA OCTEOKATIBI[UHA, yBeIUIeHHe
cogepxxanua PINP u yBenuueHue copmep:kaHHsA ILIeOYHOH
docdatass! B cerBopoTke kpoBu (YCA >0.50). CymecrBenHas
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obpaTHasA CTOXACTHUYeCKasd CBA3b 3apUKCHPOBAHA MEXIY
HEeJOCTATOYHOCTBIO BUTaMuHA J| ¥ KaXKABIM U3 IIPOSABIEHUM
Hapymenust crpykrypsl kocreii (YCA  <-0.50), wuro
BEpOATHEee BCErO yKa3bIBAaeT Ha TO, YTO IIPU3HAK XapaKTepeH
g orcyrcrBus Hapymenus MIIKT. Ha propom srame
oGHapy>xeHO, uTo cpeiu mnokasareneirt KOO u kocrHoro
MeTab0/IM3Ma TOJBKO yBeJIMYEHUE COZAEpXKaHHA LeJIOYHOH
¢docdaTassl B CBIBOPOTKE KPOBU MOXKET OBITH [UaTHOCTHYECKH
LeHHBIM MapKepoM ocTeomopo3a y OGomsabix LIT (p <
0.050; YCA >0.50; xosbdunuent kontuurennuu = 0.32),
vMeOmui cpegHiolo uwyBcrBurensHocTs (80.77 %) um
ToJIOKUTeIbHOe Ipenmnonaraemoe 3HaveHue (70.00 %) pnsa
uero. JIpyrue mokasareru KPO u xoctHOro MeraGosimama
XOTS ¥ He IOATBePAUIH CBOIO AUATHOCTUYECKYIO IeHHOCTb
B HallleM HCCIeJOBAaHUH, OJHAKO MOTIYT OBITH ITOJIE3HBI IJIS
KOHTPOJIA 32 IIATOTeHEeTUYeCKUMY U3MEHEHUAMY HapyUIeHUs
CTPYKTYPBI KOCTel U OLleHKH 5((GEeKTUBHOCTU UX JIeYeHUI y
6oapubrx LT

BsiBogpr: OnipeseteHbI TOKa3aTe i KaablueBo-(pochopHoro
o6MeHa M KOCTHOTO MeTaboyM3Ma, KOTOpBIE XapaKTepHBI
IJI HapyLUIeHUs CTPYKTYPbl KOCT€H KM MX OTCYTCTBHUS Y
GOJIBHBIX UMppo3oM medeHu. Cpesy HUX JUATHOCTUYIECKU
LeHHO yBeJMdYeHue COZeplKaHud LeaovYHoi QocdaTassr B
CBIBODOTKE KPOBU, UTO SIBJISETCA CPeAHEYYBCTBUTEIHHBIM
MapKepoM OCTEeOIIOpOo3a.

KimioyeBsie  cnoBa. lluppo3  1medeHH, OCTEOIIOpO3,
OCTEOIleHNsI, MUHEpaJbHas IIOTHOCTh KOCTHOM TKAaHH,
KanbIineBo-pochopHbIii OOMeH, KOCTHBIM MeTaboiu3M,
ButamuH D, maparropmos, ocreokansiins, PINP, memrounas
¢docdarasa, f-Cross Laps
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