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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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, P1NP, alkaline phosphatase (bone 
formation markers), and β-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 P1NP 
content in serum (Yule's Coefficient of Association (YCA)) 
>0.50); osteopenia – with decrease in phosphorus content, 
vitamin D deficiency and increase in P1NP content (YCA 
>0.50); and osteoporosis – with vitamin D deficiency, decrease 
in osteocalcin content, increase in P1NP 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 

phosphatase content in serum can be diagnostically valuable 
marker of osteoporosis in patients with LC (р <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, P1NP, 
alkaline phosphatase, β-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 (β-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)), P1NP (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 – β-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 

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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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 

>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 

Indicators
(Reference ranges)

Total number 
of cases 
(n, %)
N=90

Frequenсу of casеs 
in thе studied grоups (n, %)
EG (With bone structure disorder) CG

(Without 
bone 
structure 
disorder)
N=18

Total
N=72

EG A
(osteо-penia)
N=46

EG B
(osteоpo-rosіs)
N=26

n % n % n % n % n %

M
in

er
al

 m
et

ab
ol

is
m

 
in

di
ca

to
rs

Total calcium
(18–60 years old: 2.15–2, 5 mmol/l; 
60–90 years old:  
2.2–2.55 mmol/l)

n=23 n=18 n=10 n=8 n=5
↓ 5 21,74 4 80,00 2 40,00 2 40,00 1 20,00

↑ 0 0,00 0 0,00 0 0,00 0 0,00 0 0,00

Ionized calcium 
(1.15–1.27 mmol/l)

n=47 n=34 n=22 n=12 n=13
↓ 24 51,06 17 70,83 11 45,83 6 25,00 7 29,17
↑ 6 12,77 4 66,67 3 50,00 1 16,67 2 33,33

Phosphorus
(0.81– 1.45 mmol/l)

n=16 n=11 n=5 n=6 n=5
↓ 1 6,25 1 100,00 1 100,00^ 0 0,00 0 0,00
↑ 1 6,25 1 100,00 0 0,00 1 100,00 0 0,00

C
al

ci
um

-d
ep

en
de

nt
 

in
di

ca
to

rs

Total vitamin D
(Normal – ≥30.0 ng/ml; insufficiency – 
20.0–30.0 ng/ml; deficiency – <20.0 ng/
ml)

n=16 n=11 n=5 n=6 n=5
Insuffi-
ciency 3 18,75 1 33,33˅ 0 0,00˅ 1 33,33˅ 2 66,67

Defi-
ciency 13 81,25 10 76,92^ 5 38,46^ 5 38,46^ 3 23,08

PTH 
(15.0–65.0 pg/ml)

n=16 n=11 n=5 n=6 n=5
↓ 1 6,25 1 100,00 0 0,00 1 100,00 0 0,00
↑ 6 37,50 4 66,67 2 33,33 2 33,33 2 33,33

B
on

e 
fo

rm
at

io
n 

m
ar

ke
rs

Osteocalcin
(2.0–22.0 ng/ml)

n=16 n=11 n=5 n=6 n=5
↓ 11 68,75 9 81,82^ 3 27,27 6 54,55^ 2 18,18
↑ 0 0,00 0 0,00 0 0,00 0 0,00 0 0,00

P1NP
(Women: premenopause – 15.13–58.59 
ng/ml, postmenopause – 16.27–73.87 ng/
ml; men – 15.00–80.00 ng/ml)

n=15 n=10 n=5 n=5 n=5
↓ 0 0,00 0 0,00 0 0,00 0 0,00 0 0,00

↑ 9 60,00 8 88,89^ 4 44,44^ 4 44,44^ 1 11,11

Alkaline phosphatase
(Women – <98.0 units/l;
men – <128.0 units/l)

n=90 n=72 n=46 n=26 n=18

↑ 50 55,56 41 82,00 20 40,00 21 42,00*#^ 9 18,00 

B
on

e 
re

so
rp

tio
n

m
ar

ke
r

              β-Cross Laps
(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)

n=15 n=10 n=5 n=5 n=5

↑ 4 26,67 3 75,00 2 50,00 1 25,00 1 25,00

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).

Notes: ↓ – decrease in indicator; ↑ – 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); ˅ – significant inverse relationship between indicator and certain bone structure disorder (YCA <-0.50 or CC <-0.30).
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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 %). P1NP content, on the contrary, was never reduced 
(0.00 %), although increase in P1NP 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 P1NP 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.

β-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 P1NP content 
in blood serum had significant direct stochastic relationship 
with impaired BMD in general; decrease in phosphorus content, 
vitamin D deficiency and increase in P1NP content – with 
osteopenia; and vitamin D deficiency, decrease in osteocalcin 
content, increase in P1NP 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).

Indicators Studied 
groups TP FN FP TN Se,  

%
Sp,  
%

PPV,  
%

NPV,  
% LR+ LR- DE, 

%
p1 p2 YCA CC

↓ Phosphorus
EG 1 10

0 5
9,09

100,00
100,00 33,33 INF 0,91 37,50 1,000 1,00 0,17

EG A 1 4 20,00 100,00 55,56 INF 0,80 60,00 1,000 0,455 1,00 0,33^
EG B 0 6 0,00 45,45 INF 1,00 45,45 1,000 0,00 0,00

Vitamin D
insufficiency

EG 1 10
2 3

9,09
60,00

33,33 23,08 0,23 1,52 25,00 0,214 -0,74 -0,37
EG A 0 5 0,00 0,00 37,50 0,00 1,67 30,00 0,444 1,000 -1,00 -0,50
EG B 1 5 16,67 33,33 37,50 0,42 1,39 36,36 0,545 -0,54 -0,26

Vitamin D
deficiency

EG 10 1
3 2

90,91
40,00

76,92 66,67 1,52 0,23 75,00 0,214 0,74^ 0,37^
EG A 5 0 100,00 62,50 100,00 1,67 0,00 70,00 0,444 1,000 1,00 0,50^
EG B 5 1 83,33 62,50 66,67 1,39 0,42 63,64 0,545 0,54^ 0,26

↓ Osteocalcin
EG 9 2

2 3
81,82

60,00
81,82 60,00 2,05 0,30 75,00 0,245 0,74^ 0,42^

EG A 3 2 60,00 60,00 60,00 1,50 0,67 60,00 1,000 0,182 0,38 0,20
EG B 6 0 100,00 75,00 100,00 2,50 0,00 81,82 0,061 1,00 0,67^

↑ P1NP
EG 8 2

1 4
80,00

80,00
88,89 66,67 4,00 0,25 80,00 0,089 0,88^ 0,58^

EG A 4 1 80,00 80,00 80,00 4,00 0,25 80,00 0,206 1,000 0,88^ 0,60^
EG B 4 1 80,00 80,00 80,00 4,00 0,25 80,00 0,206 0,88^ 0,60^

↑ Alkaline phosphatase
EG 41 31

9 9
56,94

50,00
82,00 22,50 1,14 0,86 55,56 0,606 0,14 0,06

EG A 20 26 43,48 68,97 25,71 0,87 1,13 45,31 0,780 0,002* -0,13 -0,06
EG B 21 5 80,77 70,00 64,29 1,62 0,38 68,18 0,049* 0,62^ 0,32^

Notes: ↓ – decrease in indicator’s content; ↑ – increase in indicator’s content; TP – true positіve rеsults; FN – false negativе results; 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); p1 – 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).

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).
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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 P1NP 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 P1NP 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 

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 
P1NP 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 P1NP 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 P1NP 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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კალციუმისა და ფოსფორის ცვლისა და ძვლის 
მეტაბოლიზმის მაჩვენებლების დახასიათება ღვიძლის 
ციროზის მქონე პაციენტებში და მათი დიაგნოსტიკური 
მნიშვნელობა ძვლების სტრუქტურის დარღვევის 
შესაფასებლად

Drobinska Nataliia, Abrahamovych Orest, Abrahamovych 
Maryana, 

Ivanochko Ruslana, Chemes Viktoriia
Danylo Halytsky Lviv National Medical University, Lviv, 

Ukraine.
Abstract.  
Introduction: კალციუმისა და ფოსფორის ცვლისა (კფც) 

და ძვლის მეტაბოლიზმის მდგომარეობის შესახებ 
ღვიძლის ციროზის (ღც) მქონე პაციენტებში, აგრეთვე 
მათი დიაგნოსტიკური მნიშვნელობის გარკვევა ძვლის 
სტრუქტურის დარღვევის შესაფასებლად, ეხმარება 
ექიმს დროულად აღმოაჩინოს მათი დაზიანება და, 
მიღებული ინფორმაციის საფუძველზე, საშუალებას 
აძლევს აირჩიოს გონივრული კომპლექსური 
მკურნალობის ტაქტიკა.

Aim: ღვიძლის ციროზის მქონე პაციენტებში 
კალციუმისა და ფოსფორის ცვლისა და ძვლის 
მეტაბოლიზმის მაჩვენებელთა დახასიათება და მათი 
დიაგნოსტიკური მნიშვნელობის გამოკვლევა ძვლის 
სტრუქტურის დარღვევის გამოსავლენად.

Materials and methods: რანდომიზებული წესით, 
ღვიძლის ციროზის არსებობის მიხედვით წინასწარი 
სტრატიფიკაციით, კვლევაში იყო ჩართული 90 
პაციენტი (27 ქალი და 63 მამაკაცი 18-დან 66 წლამდე 
ასაკისა), რომლებიც მკურნალობას გადიოდნენ ლვივის 
საოლქო ჰეპატოლოგიის ცენტრში (ლვივის საოლქო 
საბჭოს კომუნალური არაკომერციული საწარმო 
"ლვივის საოლქო კლინიკური საავადმყოფო") 2016-2020 
წლებში.კვლევა ორ ეტაპად ჩატარდა. პირველი ეტაპის 
მიზანი იყო იმ ინფორმაციის მოპოვება, რომელიც  
მოგვცემდა კალციუმისა და ფოსფორის ცვლის (ზოგადი 
კალციუმის, იონიზებული კალციუმის, ფოსფორის, 
ზოგადი ვიტამინი D (25-ჰიდროქსივიტამინი D) და 
პთგ (პარათირეოიდული ჰორმონის)) მაჩვენებლების 
დახასიათების საშუალებასა და ძვლის მეტაბოლიზმის 
(ოსტეოკალცინის, I ტიპის პროკოლაგენის 
ამინოტერმინალური პროპეპტიდის, სპეციფიკური I 
ტიპის კოლაგენის (P1NP) ფორმირებისთვის, ტუტე 
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ფოსფატაზას (ძვლის ფორმირების მარკერები), 
იზომერიზებული C-ტერმინალური ტელოპეპტიდის, 
სპეციფიკური I ტიპის კოლაგენის ძვლის ქსოვილში 
(β-Сross Laps) (ძვლის რეზორბციის მარკერი) 
დეგრადაციისთვის) მაჩვენებლების დახასიათების 
საშუალებას ღვიძლის ციროზის მქონე პაციენტებში, 
ხოლო მეორე ეტაპის მიზანი – გაირკვეს მიღებული 
ინფორმაციის დიაგნოსტიკური მნიშვნელობა მათში 
ძვლის სტრუქტურის დარღვევების შესაფასებლად. 
კვლევის ჩასატარებლად ჩამოყალიბდა საცდელი ჯგუფი 
(სჯ) (72 პაციენტი ძვლის ქსოვილის მინერალური 
სიმკვრივის დარღვევით (ძქმს), რომელიც დაყოფილ 
იქნა A საცდელ ჯგუფად (46 პაციენტი ოსტეოპენიით) 
და B საცდელ ჯგუფად (26 პაციენტი ოსტეოპოროზით) 
და შედარების ჯგუფად (ნორმალური ძვლის ქსოვილის 
მინერალური სიმკვრივის მქონე 18 პაციენტი). 
საკონტროლო ჯგუფი შედგებოდა 20 პრაქტიკულად 
ჯანმრთელი ადამიანისგან.

Results: გაირკვა, რომ სტატისტიკურად უტყუარად 
განსხვავდებოდა მხოლოდ სისხლის შრატში ტუტე 
ფოსფატაზას შემცველობის მომატების შემთხვევების 
სიხშირე ღვიძლის ციროზის მქონე პაციენტებში, 
თანდართული ოსტეოპენიითა და ოსტეოპოროზით 
(p = 0.002), აგრეთვე ოსტეოპოროზისა და ნორმალური 
ძვლის ქსოვილის მინერალური სიმკვრივის (p = 0.049) 
მქონე პაციენტებში. არსებითი პირდაპირი სტოქასტური 
კავშირი ძვლის ქსოვილის მინერალური სიმკვრივის 
დარღვევის მქონეებს ზოგადად აღმოუჩნდა D ვიტამინის 
დეფიციტი, ოსტეოკალცინის შემცველობის დაქვეითება 
და სისხლის შრატში P1NP-ის მომატებული შემცველობა 
(ჯ. იულის ასოციაციის (Yule's Coefficient of Association 
(YCA)) >0.50); ოსტეოპენიის მქონეებს - ფოსფორის 
შემცველობის დაქვეითება, D ვიტამინის დეფიციტი და 
P1NP-ის შემცველობის მომატება (YCA >0.50), ხოლო 
ოსტეოპოროზის მქონეებს - D ვიტამინის დეფიციტი, 
ოსტეოკალცინის შემცველობის დაქვეითება, P1NP-ის 
შემცველობის მომატება და სისხლის შრატში ტუტე 
ფოსფატაზას შემცველობის მომატება (YCA >0.50). 
არსებითი სტოქასტური უკუკავშირი დაფიქსირდა 
D ვიტამინის უკმარისობასა და ძვლის სტრუქტურის 
დარღვევის თითოეულ გამოვლინებას შორის 
(YCA <-0.50), რაც, უფრო სავარაუდოა, მიუთითებს 
იმაზე, რომ ეს თვისება დამახასიათებელია ძვლის 
ქსოვილის მინერალური სიმკვრივის დარღვევის 
არარსებობისთვის. 

მეორე ეტაპზე გამოვლინდა, რომ კალციუმისა 
და ფოსფორის ცვლისა  და ძვლის მეტაბოლიზმის 
მაჩვენებლებს შორის, მხოლოდ სისხლის შრატში 
ტუტე ფოსფატაზას შემცველობის მომატება შეიძლება 
იყოს ოსტეოპოროზის დიაგნოსტიკურად ღირებული 
მარკერი ღვიძლის ციროზის მქონე პაციენტებში (p 
<0.050; YCA >0.50; კონტინგენციის კოეფიციენტი = 0.32), 
რომელსაც გააჩნია საშუალო მგრძნობიარობა (80.77%) 
და მისთვის დადებითად სავარაუდო მნიშვნელობა 
(70.00%). კალციუმისა და ფოსფორის ცვლისა  და ძვლის 
მეტაბოლიზმის სხვა მაჩვენებლებმა, მიუხედავად 

იმისა, რომ არ დაადასტურეს თავისი დიაგნოსტიკური 
მნიშვნელობა ჩვენს კვლევაში, შეიძლება 
სასარგებლო იყოს ძვლის სტრუქტურის დარღვევის 
პათოგენეტიკური ცვლილებების კონტროლისთვისა 
და მათი მკურნალობის ეფექტურობის შესაფასებლად 
ღვიძლის ციროზის მქონე პაციენტებში.

Conclusion: გამოვლინდა კალციუმისა და ფოსფორის 
ცვლისა და ძვლის მეტაბოლიზმის მაჩვენებლები, 
რომლებიც დამახასიათებელია ძვლის სტრუქტურის 
დარღვევისთვის და მისი არარსებობისთვის 
ღვიძლის ციროზის მქონე პაციენტებში. მათ შორის 
დიაგნოსტიკურად ღირებულია სისხლის შრატში ტუტე 
ფოსფატაზას რაოდენობის მომატება, რომელიც არის 
ოსტეოპოროზის ზომიერად მგრძნობიარე მარკერი. 

Key words. ღვიძლის ციროზი, ოსტეოპოროზი, 
ოსტეოპენია, ძვლის ქსოვილის მინერალური 
სიმკვრივე, კალციუმისა და ფოსფორის ცვლა, ძვლის 
მეტაბოლიზმი, ვიტამინი D, პარათირეოიდული 
ჰორმონი, ოსტეოკალცინი, P1NP, ტუტე ფოსფატაზა, 
β-Cross Laps.

ХАРАКТЕРИСТИКАПОКАЗАТЕЛЕЙ КАЛЬЦИЕВО-
ФОСФОРНОГО ОБМЕНА И КОСТНОГО 
МЕТАБОЛИЗМА У БОЛЬНЫХ ЦИРРОЗОМ ПЕЧЕНИ И 
ИХ ДИАГНОСТИЧЕСКАЯ ЦЕННОСТЬ ДЛЯ ОЦЕНКИ 
НАРУШЕНИЯ СТРУКТУРЫ КОСТЕЙ

Наталия В. Дробинская, Орест О. Абрагамович, Марьяна 
О. Абрагамович, Руслана Б. Иваночко, Виктория В. Чемес

Львовский национальный медицинский университет 
имени Даниила Галицкого

Вступление: Информация о состоянии кальциево-
фосфорного обмена (КФО) и костного метаболизма у 
больных циррозом печени (ЦП), а также выяснение 
их диагностической ценности для оценки нарушения 
структуры костей, будет способствовать врачу вовремя 
выявлять их поражение и на основании полученной 
информации – выбирать обоснованную комплексную 
лечебную тактику.

Цель: Oхарактеризировать показатели кальциево-
фосфорного обмена и костного метаболизма у больных 
циррозом печени и выяснить их диагностическую 
ценность для выявления нарушения структуры костей.

Материалы и методы: В рандомизированный способ 
с предварительной стратификацией по наличию ЦП 
в исследование включено 90 больных (27 женщин и 63 
мужчин в возрасте от 18 до 66 лет), которые находились 
на лечении во Львовском областном гепатологическом 
центре (Коммунальное некоммерческое предприятие 
Львовского областного совета «Львовская областная 
клиническая больница») в период между 2016 и 2020 годами. 
Исследование выполнено в два этапа. Целью первого 
этапа было получение информации, которая позволила 
бы охарактеризировать показатели КФО (общего кальция, 
ионизированного кальция, фосфора, общего витамина Д 
(25-гидроксивитамина-Д) и паратгормона) и костного 
метаболизма (остеокальцина, аминотерминального 
пропептида, специфического для формирования 
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коллагена I типа (P1NP), щелочной фосфатазы (маркеры 
формирования кости), изомеризированного С-концевого 
телопептида, специфического для деградации коллагена 
I типа в костной ткани (β-Сross Laps) (маркер резорбции 
кости)) у больных ЦП, а на втором этапе – выяснение 
их диагностической ценности для оценки нарушения 
структуры костей у них. Для выполнения исследования 
образовали экспериментальную группу (ЭГ) (72 больных 
с нарушением минеральной плотности костной ткани 
(МПКТ), которую разделили на ЭГ А (46 больных с 
остеопенией) и ЭГ Б (26 больных с остеопорозом), и 
группу сравнения (18 больных с нормальной МПКТ). 
Контрольную группу составили 20 практически здоровых 
лиц.

Результаты: На первом этапе выяснено, что статистически 
достоверно отличалась толька частота случаев увеличения 
содержания в сыворотке крови щелочной фосфатазы у 
больных ЦП с остеопенией и остеопорозом (p = 0.002), 
а также у больных с остеопорозом и нормальной МПКТ 
(p = 0.049). Существенная прямая стохастическая связь 
с нарушенной МПКТ в целом имели дефицит витамина 
Д, уменьшение содержания остеокальцина и увеличение 
содержания P1NP в сыворотке крови (коэффициент 
ассоциации Дж. Юла (Yule's Coefficient of Association 
(YCA)) >0.50); с остеопенией – уменьшение содержания 
фосфора, дефицит витамина Д и увеличение содержания 
P1NP (YCA >0.50), а с остеопорозом – дефицит витамина 
Д, уменьшение содержания остеокальцина, увеличение 
содержания P1NP и увеличение содержания щелочной 
фосфатазы в сыворотке крови (YCA >0.50). Существенная 

обратная стохастическая связь зафиксирована между 
недостаточностью витамина Д и каждым из проявлений 
нарушения структуры костей (YCA <-0.50), что 
вероятнее всего указывает на то, что признак характерен 
для отсутствия нарушения МПКТ. На втором этапе 
обнаружено, что среди показателей КФО и костного 
метаболизма только увеличение содержания щелочной 
фосфатазы в сыворотке крови может быть диагностически 
ценным маркером остеопороза у больных ЦП (р < 
0.050; YCA >0.50; коэффициент контингенции = 0.32), 
имеющий среднюю чувствительность (80.77 %) и 
положительное предполагаемое значение (70.00 %) для 
него. Другие показатели КФО и костного метаболизма 
хотя и не подтвердили свою диагностическую ценность 
в нашем исследовании, однако могут быть полезны для 
контроля за патогенетическими изменениями нарушения 
структуры костей и оценки эффективности их лечения у 
больных ЦП.

Выводы: Определены показатели кальциево-фосфорного 
обмена и костного метаболизма, которые характерны 
для нарушения структуры костей и их отсутствия у 
больных циррозом печени. Среди них диагностически 
ценно увеличение содержания щелочной фосфатазы в 
сыворотке крови, что является среднечувствительным 
маркером остеопороза.

Ключевые слова. Цирроз печени, остеопороз, 
остеопения, минеральная плотность костной ткани, 
кальциево-фосфорный обмен, костный метаболизм, 
витамин D, паратгормон, остеокальцин, P1NP, щелочная 
фосфатаза, β-Cross Laps
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