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Introduction. Among the polymorbid lesions, patients
with liver cirrhosis (LC) often have impaired bone mineral
density (IBMD) [1, 8-10, 13, 21], the most severe
manifestation of which is osteoporosis. However low-
energy fractures are known to occur not only in the presence
of osteoporosis, but also in case of osteopenia, and sometimes
in case of normal bone mineral density (BMD). Diagnosis
of bone lesions usually requires expensive and not always
available laboratory and instrumental examinations.

For decades, scientists around the world have been
working on solving this problem, elucidating etiological
and pathogenetic mechanisms, researching cause-and-effect
relationships, searching for improved and generally available
methods of diagnosis, and, accordingly, prevention and
treatment, which are extremely important economic and
social elements in modern global health care system.

Among the factors causing bone fractures, several main
ones have been figured out, which are the basis of the
Fracture Risk Assessment (FRAX®) tool. Today, this is
one of the most accessible risk assessment methods for
the 10-year expectancy of fractures. This method can be
used both with the use of BMD data or based only on
patient anamnesis, namely gender, age, presence of fractures
in the past, confirmed rheumatoid arthritis, possible
secondary osteoporosis, use of glucocorticoids, bad habits
(smoking, alcohol abuse), parental femur fracture, height
and body weight (body mass index, BMI) [11].

Depending on the country of use and the system of
providing medical care, there are certain differences in
the thresholds according to the FRAX® model, which
make it possible to immediately prescribe treatment,
indicate the need of bones additional examination, or
exclude necessity of both [4, 12]. Ukraine has imple-
mented its own model of the FRAX® tool since 2016
[19], but the age-specific evaluation thresholds for Ukraine
were first developed and launched only in 2019 [18].
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Despite certain global achievements in the study of
bone diseases, the problem of osteoporotic fractures and
evaluation thresholds for intervention in patients with
LC remains obscure so far; similarly, the Ukrainian FRAX®
model was never used in patients with LC in Ukraine.
This option determined the purpose of our study.

The aim of the study. To find out the peculiarities of
the Ukrainian model of Fracture Risk Assessment, its
diagnostic and predictive value for its implementation in
patients with liver cirrhosis accompanied with impaired
bone mineral density.

Materials and methods. After signing voluntary con-
sent to participate in the study, in compliance with the
Helsinki Declaration of Human Rights and the Council
of Europe Convention on Human Rights and Biomedicine,
90 patients with LC [17] of various etiologies were ran-
domly assigned, among whom the majority (61.11 %)
were patients with alcoholic LC.

27 of these participants were women and 63 — men at
the age from 18 to 66 years (27 young adults (18—44
years old), 53 — middle-aged (45-59 years old) and 10
— elderly (60—74 years old)). All of them were receiving
inpatient treatment at the Lviv Regional Hepatological
Center (Communal Non-Commercial Enterprise of Lviv
Regional Council "Lviv Regional Clinical Hospital") in
2016-2020.

The bone tissue condition was examined using calcaneal
quantative ultrasound (CQUS) [2] (“Sonost-2000”
device). T-score was indicated, and if its value was
<41.0 standard deviation (SD), IBMD was diagnosed,
or IBMD was excluded if Tiscore was >-1.0 SD. If the
T-score was within -1.0 and -2.5 SD, osteopenia was
diagnosed, and if T-score was <-2.5 SD, osteoporosis
was detected [22].

Based on the obtained results, the patients were stratified
into an experimental group (EG) (patients with IBMD
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—72 (80.00 %)), which was divided into two subgroups
— EG A (patients with osteopenia — 46 (63.89 %)) and
EG B (patients with osteoporosis — 26 (36.11 %)), and
into the comparison group (CG) (patients with BMD
within the normal range — 18 (20.00 %)) according to the
bone tissue condition.

Examining the features of the Ukrainian FRAX® model
and its diagnostic characteristics for bone disorders, an
adapted online calculator [https://www.sheffield.ac.uk/
FRAX/tool.aspx?lang=uk#notes] was used to obtain the
percentage value of the 10-year probability of major
osteoporotic fractures.

The following risk factors were analysed: gender (female
and male), age (young (18—44 years old), middle-aged
(45-59 years old) and elderly (60—74 years old)), presence
of fractures in the anamnesis, diagnosed rheumatoid
arthritis, possible secondary osteoporosis (this risk factor
is inherent in all the examined participants due to liver
damage), use of glucocorticoids at a dosage of 5.0 mg
per day or more in terms of prednisolone for more than
three months, femur fractures among parents, smoking,
alcohol abuse (3 units or more per day), height (tall (170.0
cm or more for women; 175.0 cm or more for men),
medium (155.0-169.0 cm for women and 160.0-174.0
cm for men), short (less than 155.0 cm for women and
less than 160.0 cm for men)), body weight (BMI 18.5-24.9
kg/m? — normal, BMI 25.0-29.9 kg/m? — overweight).
All investigated parameters were marked with "yes" or
"no" signs.

To determine evaluation thresholds, the recommendations
of V. Povoroznyuk and co-researchers [18] were used,
which were based on the percentage values of the probability
of osteoporotic fractures according to the age of the patients,
without taking into account BMD (if the examinee was
younger than 40 years old, the obtained values were
estimated in correspondance to a 40-year-old person).

Due to the patients’ age three thresholds were estab-
lished: upper threshold, the percentage values above which
make it possible to prescribe antiosteoporosis treatment
without conducting additional examinations; intermediate
values of fracture risk, which require additional investi-
gation of bones state and the fracture risk reassessment;
lower threshold, the percentage values below which do
not entail an additional examination of BMD and, cor-
respondingly, treatment (table 1) [18].

Table 1

The evaluation thresholds of the 10-year probability
of osteoporotic fractures according to the Ukrainian model
of Fracture Risk Assessment for making a decision about
the prescription of treatment or the necessity of additional
bones examination

Age, Lower threshold, Upper threshold,
years % %
1 2 3
40 2.40 6.60
45 2.70 7.30
50 3.10 8.10
55 3.50 9.10
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Table 1 (continued)

1 2 3
60 4.00 10.00
65 4.40 11.00
70 5.00 12.00
75 6.00 13.00
80 6.70 13.00
85 6.90 13.00
90 6.00 12.00

Notes: Values above the upper threshold require the prescription
of treatment; intermediate values of fracture risk including values
of upper and lower thresholds are prerequisite for additional
examination of BMD; values below the lower threshold do not
require further examination or treatment.

The research was conducted in two stages. At the first
stage, the features of the criteria (risk factors), wich are
used to calculate the cumulative percentage of the 10-year
fracture probability (first step), and evoluation thresholds
according to the Ukrainian FRAX® model (second step)
amoung patients with LC with bone disorders were ex-
plored.

For this purpose, the incidence of features in groups
were esteblished. Their share of the total number of patients
with LC was defined. Significant differences between
groups were detected by R. Fisher’s exact test calculating
(» <0.050) [16]. Stochastic associations between features
and IBMD or its manifestations were investigated with
the help of J. Yule’s coefficient of association (YCA) and
/ or contingency coefficient (CC). A stochastic association
was considered substantial if YCA was >0.50 or <-0.50
and CC was >0.30 or <-0.30. A positive value of the
coefficients indicated a direct association, and a negative
value — a negative one [7, 23].

At the second stage, the risk factors of osteoporotic
fractures and the evaluation thresholds according to the
Ukrainian FRAX® model, which have certain peculiarities
(have statistically significant difference, or a substantial
direct stochastic association with a certain bone disorder),
are selected to determine diagnostic characteristcs (the
diagnostic value (sensitivity and specificity), predictive
value (positive and negative predictive values), likelihood
ratio (positive and negative likelihood ratios)) (first step)
[6, 15], and the most valuable (simultaneously confirmed
by R. Fisher’s exact test (p < 0.050) and have a substantial
direct stochastic association with certain IBMD (YCA
>0.50 and/or CC > 0.30) — to determine the post-test
probability of certain bone disorders among all patients
with LC (second step) [15, 20]. The post-test probability
was calculated on the basis of the pre-test probability
(prevalence) of bone disorders (obtained using CQUS)
and the likelihood ratio (obtained at the previous step of
the study). The selected values of the pre-test probability
of IBMD were 80.00 %, osteopenia—51.11 %, osteoporo-
sis — 28.89 %.

The obtained results are depicted using E. Bayes’ theorem
nomogram [3, 14], which is an advanced version of
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T. Fagan’s nomogram [5] for a quick assessment of the
applied test result, which indicates disease prevalence,
likelihood ratio, test sensitivity and specificity.

Statistical processing of the research results was execu-
ted on a personal computer using the Microsoft Excel program
and the Real Statistics Resource Pack add-in [24].

Results and discussion. The results of the first stage,
dedicated to discovering the peculiarities of the fracture
probability risk factors [https://www.sheffield.ac.uk/FRAX/
tool.aspx?lang=uk#notes]. and the evaluation thresholds
according to the Ukrainian FRAX® model [18], are shown
in table 2.

Table 2

Characteristics of gender, age, previous fractures and other risk factors of fractures, evaluation thresholds according
to the Ukrainian model of Fracture Risk Assessment among patients with liver cirrhosis with impaired bone mineral density
(including osteopenia and osteoporosis) and normal bone mineral density

. . The result of R. Fisher’s exact test (p) and
o,
L ) GHETER I B Rl i o) J. Yule’s coefficient of association (YCA)
Total number
of cases EG (IBMD) G EG EGA. EGB ; EGA.
efines (@, %) (aormal (IBMD) (osteopenia) (osteoporosis) (osteopenia)
N9 | aaempy | F9A EGB | Byp) - > - -
N=T2 (osteopenia) | (osteoporosis) N=18 CG CG CG EGB.
N=46 N=26 (normal BMD) | (normal BMD) | (normal BMD) | (osteoporosis)
n % % n| % n % n| % P YCA | p, |YCA | p, |YCA, | p, | YCA,
1 2 3 4 s |6l 7 | 8| 9 |10 1 12 13 14 15 16 17 18 19
Female 271 3000 | 22 | 81.48 |14| 5185 | 8 | 2963 | 5 | 1852 | 1.000 | 0.07 | 1.000 | 0.06 | 1.000 | 0.07 | 1.000 | -0.01
Male 63| 70.00 | 50 | 79.37 |32 5079 | 18 | 2857 | 13| 2063 | 1.000 | -0.07 | 1.000 | -0.06 | 1.000 | -0.07 | 1.000 | 0.01
Young adults
(1844 years | 27 | 30.00 | 22 | 8148 |16] 5926 | 6 | 2222 | 5 | 1852 | 1.000 | 0.07 | 0.769 | 0.16 | 0.738 | -0.12 | 0.425 | 0.28
old)
Middle-aged
adults (45-59 | 53 | 58.89 | 42 | 7925 |25| 4717 | 17 | 3208 | 17 | 32.08 | 1.000 | -0.06 | 0.781 | -0.14 | 1.000 | 0.09 | 0.458 | -0.23
years old)
Elderly 6074\ 10 | 1111 | 8 | 8000 | 5| 5000 | 3 |3000 |2 | 2000|1000 | 0.00 | 1.000 | -0.01 | 1.000 | 0.02 | 1.000 | -0.03
years old)
Previous 23 | 9583 | 10| 4167 | 13 | 5417 | 1 | 417 * 2 2 i« p A
e 24 | 26.67 . . . 17 | 0034 | 078 | 0159 | 065 | 0002% | 089" | 0019* | 057
Rheumatoid | o | g9 | 0 | 000 [0| 000 [0 000 [0 o000 | - | - | - | - | - | - | - | -
arthritis
Secondary | g | 190,09 | 72 | 8000 |46| 5111 |26 | 2889 | 18| 2000 | - ; ; ; ; ; ; )
osteoporosis
Useof 1 ol o7 | 5| 8333 |2[3333 |3 (500011667 1000 | 012 | 3000 | 013 | 0634 | 038 | 0344 | 048
glucocorticoids
| Smoking 28| 31.11 | 23 | 8214 |12 4286 | 11 | 3929 | 5 | 17.86 | 1000 | 010 | 1000 | 004 | 0361 | 031 | 0192 | 035
—
2 | Alcohol abuse | 77 | 85.56 | 62 | 80.52 |40 | 51.95 | 22 | 2857 | 15| 1948 | 0719 | 011 | 0703 | 0.14 | 1000 | 005 | 1000 | 0.10
&
= | Femur fractures | 06 | o | 000 [0 | 000 | 0| 000 |0 000 | - ; - - - - - -
=} among parents
jol
£ | Tall height
S [(170.0 cm
s
ormore for | 311 34 44 | 23 | 7419 |15] 4830 | 8 | 2581 | 8 | 2581 | 0407 | 026 | 0399 | 025 | 0525 | 029 | 1000 | 004
women; 175.0
cm or more for
men)
Medium height
(155.0-169.0
;?dffga”gf‘e“ 53| 58.89 | 45 | 8491 |28 5283 | 17 | 3208 | 8 | 1509 | 0.188 | 035 | 0272 | 032 | 0222 | 040 | 0802 | -0.10
174.0 cm for
men)
Short height
(less than 155.0
em forwomen | | 567 | 4 | 6667 | 3| 5000 | 1 | 1667 |2 | 3333 | 0595 | 036 | 0615 | -028 | 0558 | -052° | 1000 | 027
and less than
160.0 cm for
men)
Normal body
weight BMI | 46 | 51.11 | 41 | 89.13 (25| 5435 | 16 | 3478 | 5 | 10.87 | 0035* | 055 | 0093 | 051" | 0036* | 061" | 0625 | -0.15
18.5-24.9 kg/m?)
Overweight
(BMI25.0— |44 | 48.89 | 31 | 7045 |21| 4773 | 10 | 2273 | 13 | 2955 | 0035* | 055 | 0093 | 051" | 0036* | 061 | 0625 | 0.5
29.9 kg/m?)
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Table 2 (continued)

1 2

12 14 15 17 18 19

Values above
the upper
evaluation
threshold
according to
the Ukrainian
FRAX® model

15.56 | 13 | 92.86 2857 64.29

714 | 0286 | 058" 024 | 0031* | 080" | 0.010* | -0.70"

Intermediate
values of
fracture risk
according to
the Ukrainian
FRAX® model

62 | 68.89 | 53 | 8548 |[37| 59.68 2581

1452 | 0085 | 047 | 0028* | 061" | 0542 | 023 | 0100 | 044

Evoluation thresholds

Values below
the lower
evaluation
threshold
according to
the Ukrainian

15.56 4286 3571 | 1 1714

FRAX® model

57.14 | 0001* | 080" | 0005* | 074" | 0002* | 090" | 0408 | 051"

Notes: N — the total number of patients; n — the incident of the studied characteristic; % — relative frequency of cases and its percentage share in
each group; p — the value of R. Fisher’s exact test (EG and CG); p, — the value of R. Fisher’s exact test (EG A and CG); p,— the value of R. Fisher’s
exact test (EG B and CG); p, — the value of R. Fisher’s exact test (EG A and EG B); * — statistically significant difference between the frequency
of cases in groups (p < 0.050); YCA — the value of J. Yule’s coefficient of association to confirm the stochastic association between the feature and
IBMD; YCA, —the value of J. Yule’s coefficient of association to confirm the stochastic association between the feature and osteopenia; YCA, —the
value of J. Yule’s coefficient of association to confirm the stochastic association between the feature and osteoporosis; YCA, — the value of J. Yule’s
coefficient of association to confirm the stochastic association between the feature and osteopenia or osteoporosis in case of its negative value; * —a
substantial direct stochastic association between the feature and a certain bone disorder (YCA >0.50 or <-0.50).

According to the results of the first step, there were
27(30.00 %) women, 22 (81.48 %) of whom had IBMD,
among all examined patients with LC. 14 (51.85 %) women
had osteopenia, 8 (29.63 %) — osteoporosis, 5 (18.52 %)
women’s BMD was within the normal range. However,
men predominated in the number of examined patients
(63 (70.00 %) patients), 50 (79.37 %) of which had IBMD.
32 (50.79%) men had osteopenia, 18 (28.57%)— osteoporosis,
and 13 (20.63%) men’s BMD was within the normal
range. The number of females and males did not statistically
significantly differ among groups (p > 0.050), and the
stochastic association between bone disorders and gender
was not substantial (YCA <0.50 and >-0.5).

The analysis of age showed that the majority of patients
with LC were middle-aged (53 (58.89 %)), a bit less —
young (27 (30.00 %)), the least — elderly (10 (11.11 %)).
Among young patients IBMD was detected in 22 (81.48
%) of them, 16 (59.26 %) of whom had osteopenia, and
6 (22.22 %) had osteoporosis. 5 (18, 52 %) young patients
had BMD within the normal range. 42 (79.25 %) middle-
aged patients had IBMD (25 (47.17 %) — osteopenia; 17
(32.08 %) — osteoporosis), and 17 (32.08 %) participants
had normal BMD. Among the elderly, the frequency of
bone disorders was eight (80.00 %) cases (five (50.00
%) and three (30.00 %), respectively), and there was no
IBMD in only two (20.00 %) cases. There was no significant
difference between groups (p > 0.050) or substantial
stochastic association between age and IBMD manifestations
(YCA <0.50 and >-0.5).

24 (26.67 %) patients with LC happened to have fractures
in anamnesis. 23 (95.83%) of them had IBMD (10 (41.67
%) — osteopenia; 13 (54.17 %) — osteoporosis) and 1
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(4.17%) — did not. There was a statistically significant
difference in the frequency of cases in EG and CG (p =
0.034), as well as in EG B and CG (p = 0.002), and EG
A and EG B (p = 0.019). Substantial direct stochastic
association between the presence of previous fractures
in the anamnesis and all the manifestations of IBMD
(including osteopenia and osteoporosis) was found (EG
and CG: YCA =0.78; EG A and CG: YCA = 0.65; EG
B and CG: YCA = 0.89). Comparing osteopenia and
osteoporosis shows that previous fractures have association
with osteoporosis (EG A and EG B: YCA =-0.57).

Any patient with LC has not been detected to have
rheumatoid arthritis. On the other hand, due to liver damage,
the probability of secondary osteoporosis is inherent in
all (100.00 %) patients with LC.

Six (6.67 %) patients with LC were treated with
glucocorticoids at a dosage of 5.0 mg per day or more at
the time of examination, five (83.33 %) of them had
IBMD (two (33.33 %) — osteopenia; three (50.00 %) —
osteoporosis) and one (16.67 %) had BMD within the
normal range. Neither statistically significant difference
nor substantial stochastic association with the manifestations
of IBMD was recorded (p > 0.050; YCA <0.50 and >-0.5).

Smoking was a bad habit of 28 (31.11 %) patients with
LC, 23 (82.14 %) of whom had IBMD (12 (42.86 %) —
osteopenia; 11 (39.29%) — osteoporosis) and 5 (17.86%)
—BMD within the normal range. There was no statistically
significant difference between groups (p > 0.050) or sub-
stantial stochastic association of smoking with IBMD
manifestations recorded (YCA <0.50 and >-0.5).

Alcohol was a risk factor for 77 (85.56 %) patients
with LC. 62 (80.52%) of them had IBMD (40 (51.95 %)
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— osteopenia; 22 (28.57 %) — osteoporosis) and 15 (19.48
%) did not have bone disorders. There was no statistically
significant difference between groups and no substantial
stochastic association between excessive alcohol consumption
and any manifestation of bone disorders (p > 0.050; YCA
<0.50 and >- 0.5) recorded.

While studying the frequency of femur fractures among
parents of patients with LC, not a single case was recorded.

31 (34.44 %) patients with LC were tall. 23 (74.19 %)
of them had IBMD, in particular osteopenia — 15 (48.39
%) and osteoporosis — 8 (25.81 %), and 8 (25.81 %) had
BMD within the normal range. Medium height was most
frequently recorded among patients with LC (53 (58.89
%) cases). 45 (84.91 %) of them were detected to have
IBMD (28 (52.83 %) — osteopenia; 17 (32.08 %) —
osteoporosis), 8 (15.09 %) patients with LC of medium
height had normal BMD. Among patients with LC, only
six (6.67 %) were of short stature. Four (66.67 %) of
them had IBMD (three (50.00 %) — osteopenia, one (16.67
%) — osteoporosis) and two (33.33 %) had normal BMD.
In no case was the height statistically significantly different
between the groups (p > 0.050), and only between osteoporosis
and short height was a substantial negative stochastic
association (YCA =-0.52).

When examining body weight, 46 (51.11 %) patients
with LC were found to have normal body weight and 44
(48.89 %) were overweight. 41 (89.13 %) patients with
IBMD (25 (54.35 %) patients with osteopenia and 16
(34.78 %) — with osteoporosis) and 5 (10.87 %) patients
without IBMD were detected to have normal weight. On
the contrary, 31 (70.45 %) patients with IBMD were
overweight (21 (47.73 %) of them with osteopenia and
10 (22.73 %) — with osteoporosis) and 13 (29.55 %) —
with BMD within the normal range. At the same time,
the frequency of having normal body weight was statistically
significantly different in EG and CG (p = 0.035) and in
EG B and CG (p = 0.036). Substantial direct stochastic
assotiation between having normal body weight and bone
disorders was found (EG and CG: YCA = 0.55; EG A
and CG: YCA = 0.51; EG B and CG: YCA = 0.61).
Overweight, which was also statistically significantly
different in EG and CG (p =0.035) and in EG B and CG
(p = 0.036), was characterized by a substantial negative
stochastic assotiation with IBMD and its manifestations
(EGand CG: YCA=-0.55; EGAand CG: YCA=-0.51;
EG B and CG: YCA =-0.61), indicating that this feature
is inherent in patients without bone disorders.

The second step of the first stage of the study showed
the following results: the values above the upper evaluation
threshold were observed in 14 (15.56 %) patients with LC.
Among them, 13 (92.86 %) had IBMD (4 (28.57 %) —
osteopenia; 9 (64.29 %) — osteoporosis) and only 1 (7.14
%) had no bone disorders. There was a statistically significant
difference in the frequency of cases in EG B and CG (p =
0.031) and in EG A and EG B (p < 0.010). Substantial
stochastic assotiation between values above the upper
evaluation threshold and IBMD (EG and CG: YCA=0.58),
and osteoporosis in particular, was recorded (EG B and
CG: YCA=0.80; EG A and EG B: YCA =-0.70).
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The intermediate values of fracture risk were indicat-
ed in 62 (68.89 %) patients with LC. 53 (85.48 %) of
them had bone disorders, and most frequently they were
patients with osteopenia (37 (59.68 %)). Osteoporosis
was present in 16 (25.81 %) patients, and the smallest
number of examined patients with intermediate values
of fracture risk was found in CG (9 (14.52 %). Only the
frequency of cases in EG A and CG was statistically
significantly different (p = 0.028), and a substantial direct
stochastic assotiation was recorded only between intermediate
values of fracture risk and osteopenia (EG A and CG:
YCA=0.61).

The values below the lower evaluation threshold were
recorded for 14 (15.56 %) patients with LC. IBMD was
present in six (42.86 %), while osteopenia was observed
in five (35.71 %). The values below the lower evaluation
threshold were recorded least often for patients with
osteoporosis (one case (7.14 %)), and most often for
patients without IBMD (eight (57.14 %)). A statistically
significant difference between EG and CG (p = 0.001),
as well as EG A and CG (p = 0.005), and EG B and CG
(p = 0.002) was noted. The values below the lower eva-
luation threshold are characterized by substantial negative
stochastic assotiation with all manifestations of IBMD
(EG and CG: YCA=-0.80; EGA and CG: YCA =-0.74;
EG B and CG: YCA =-0.90), suggesting that the values
below the lower evaluation threshold most likely indicate
BMD to be within the normal range.

So, the risk factors for osteoporotic fractures in patients
with LC were detected with frequency of 0.00-100.00
%, and the evaluation thresholds according to the Ukrainian
FRAX® model — with a frequency of 15.56—68.89 %.
None of the patients had a history of confirmed rheumatoid
arthritis and a femur fracture among their parents, but
due to the presence of liver damage, all patients with LC
had risk of secondary osteoporosis (100.00 %), most of
them had intermediate values of fracture risk (68.89 %),
and the rest — with the same frequency had values both
above upper and below lower evaluation thresholds
according to the Ukrainian FRAX® model.

Although patients with bone disorders were more pre-
disposed to osteoporotic fractures due to mentioned risk
factors, significant differences were found between the
frequency of previous fractures in patients with IBMD
and normal BMD, osteoporosis and normal BMD, and
osteopenia and osteoporosis; between the frequency of
cases of normal body weight, as well as overweight in
LC patients with IBMD and normal BMD, and osteoporosis
and normal BMD. The evaluation thresholds according
to the Ukrainian FRAX® model also differed significantly:
values above the upper evaluation threshold — in patients
with osteoporosis and normal BMD, and in patients with
osteopenia and osteoporosis; intermediate values of frac-
ture risk — in patients with osteopenia and normal BMD;
values below the lower evaluation threshold — in patients
with all manifistations of IBMD and normal BMD.

Bone disorders had a substantial direct stochastic as-
sociation in the following cases: IBMD in general — with
the presence of previous fractures in the anamnesis, normal
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body weight and values above the upper evaluation thresh-
old according to the Ukrainian FRAX® model; osteopenia
—with the presence of previous fractures in the anamnesis,
normal body weight and intermediate values of fracture
risk according to the Ukrainian FRAX® model; osteoporosis
—with the presence of previous fractures in the anamnesis,
normal body weight and values above the upper evalua-
tion threshold according to the Ukrainian FRAX® model.

In addition, all manifestations of bone disorders were
detected to have substantial negative stochastic associa-
tion with overweight and values below the lower evalua-
tion threshold according to the Ukrainian FRAX® model,
as well as osteoporosis with short height. As a result,
BMD can be suggested to be within the normal range.
The results of the second stage of the study are shown
in the table 3.
Table 3

Diagnostic characteristics of fracture risk factors and evaluation thresholds according to the Ukrainian model
of Fracture Risk Assessment in patients with liver cirrhosis with impaired bone mineral density including osteopenia and osteoporosis

Studied Se, Sp PPV, | NPV, DA
F 'y b b - 9
eatures o TP | FN | FP | TN 9 o, % % LR+ | LR % p, p, YCA | CC
EG 23 | 49 3194 0583 | 2576 | 575 | 072 | 4444 | 0034* 078" | 024
Previous fractures EGA 10 | 36 1 17 | 2174 | 9444 | 9091 3208 | 391 | 083 | 4219 | 0.159 _— 065" | 019
E EGB 13 13 50.00 9286 | 5667 | 900 | 053 | 6818 | 0002* | 0.89" | 0.47~
:“: EG 41 31 56.94 89.13 | 2955 | 205 | 060 | 6000 | 0.035* 0.55 | 023
% | Normal body weight A
= | (BMI 18.5-24.9 kg/m?) EGA 25 | 21 5 13 | 5435 | 7222 | 8333 | 3824 | 196 | 063 | 5938 | 0.093 0605 051 024
é EGB 16 10 61.54 76.19 | 5652 | 222 | 053 | 6591 | 0.036* 061" | 033"
E EG 31 41 43.06 7045 | 1087 | 060 | 205 | 4000 | 0.035* 055 | 023
Overweight (BMI
EGA 21 25 13 5 4565 | 2778 | 6176 | 1667 | 063 | 196 | 4063 | 0.093 051 | 024
25.0-29.9 kg/m?) 0.625
EGB 10 16 3846 4348 | 2381 | 053 | 222 | 3409 | 0036* 061 | 033
Yawes above the ubber | G| 13 | 59 1806 9086 | 237 | 325|087 | 3333 | 028 058 | 014
according to the Ukrainian
FRAX® model EGA | 4 | @ | | | 870 4 | 8000 | 2881|157 097 | 3281 | 1000 024 | 005
Intermediate values of 7 %4 "
fracture risk according 0010
. | to the Ukrainian FRAX® | EGB | 9 | 17 346 9000 | 5000 | 623 | 069 | 5900 | 0031% 080" | 034~
% model
<
§ | Valuesabovetheupper | EG | 53 | 19 7361 8548 | 3214 | 147 | 053 | 6889 | 0085 047 | 020
S | evaluation threshold
£ | according to the Ukrainian
£ | FRAX® model EGA 37 9 9 9 8043 5000 8043 | 5000 | 161 | 039 | 71.88 | 0.028* 061~ | 0300
% Intermediate values of ’ 0.100
& | fracture risk according ’
to the Ukrainian FRAX® EGB 16 10 61.54 6400 | 4737 | 123 | 077 | 5682 | 0542 023 0.11
model
Values above the upper EG 6 66 833 4286 | 1316 | 019 | 1.65 | 17.78 | 0.001* 0380 | -040
233?;3;’ ;ﬁiﬁgﬁm EGA | 5 | 41 | 8 | 10 | 1087 | 5556 | 3846 | 1961 | 024 | 160 | 2344 | 0.005* oo |07 | 038
FRAX® model EGB 1 25 385 11.11 | 2857 | 009 | 1.73 | 2500 | 0.002* ) 090 | -049

Notes: TP — true positive test results; FN — false negative test results; FP — false positive test results; TN —true negative test results; Se —
sensitivity; Sp — specificity; PPV — positive predictive value; NPV — negative predictive value; LR+ — positive likelihood ratio; LR- — negative
likelihood ratio; DA — diagnostic accuracy; p, —the value of R. Fisher’s exact test if studied groups compared with the comparison group (EG and
CG; EG A and CG; EG B and CG); p,— the value of R. Fisher’s exact test if comparing EG A with EG B; * — statistically significant difference
between the frequency of cases in groups (p < 0.050); YCA — the value of J. Yule’s coefficient of association to confirm the stochastic association
between the studied feature and a certain bone disorder; CC — the value of the contingency coefficient to confirm the stochastic association between
the studied feature and a certain bone disorder; ~ — a substantial direct stochastic association between the studied feature and a certain bone disorder

(YCA >0.50 or CC >0.30).

The first step of the second stage. There were more
cases of fracture in the anamnesis of patients with IBMD
than in patients without IBMD (EG and CG: p = 0.034),
and more often in patients with osteoporosis than in patients
with normal BMD or osteopenia (EG B and CG: p =
0.010; EG A and EG B: p=0.019), and significant direct
stochastic association was observed with IBMD overall
(YCA = 0.58) including osteopenia (YCA = 0.65; CC =
0.19) and osteoporosis (YCA =0.89; CC=0.47). Therefore,
diagnostic test indicators were studied for IBMD inclu-
ding osteopenia and osteoporosis. Sensitivity of previous
fractures for IBMD is 31.94%, for osteopenia—21.74 %,
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for osteoporosis — 50.00 %; specificity — 94.44 % for
each of the manifestations of IBMD. Positive predictive
value of the factor for IBMD is 95.83 %, for osteopenia
— 90.91 %, for osteoporosis — 92.86 %, and negative
predictive values are 25.76 %, 32.08 %, and 56.67 %,
respectively. Positive likelihood ratio for IBMD corresponds
to 5.75, for osteopenia — 3.91, for osteoporosis — 9.00;
negative likelihood ratio for IBMD is 0.72, for osteopenia
—0.83, and for osteoporosis — 0.53.

Normal body weight was significantly more common
for patients with IBMD, including patients with osteoporosis,
than for patients with normal BMD (EG and CG:

59




JIKB

p=0.035; EG A and CG: p =0.036), and has substantial
direct stochastic association with IBMD (YCA = 0.55),
including osteoporosis (YCA=10.61; CC =0.33). Sensi-
tivity of the factor for IBMD is 56.94 %, for osteoporosis
—61.54 %; specificity —72.22 % for both. Positive predictive
value of normal body weight for IBMD is 89.13 %, for
osteoporosis it is 76.19 %, and negative predictive values
are 29.55 % and 56.52 %, respectively. Positive likelihood
ratio for IBMD corresponds to 2.05, for osteoporosis —
2.22; negative likelihood ratio for IBMD is 0.60 and for
osteoporosis — 0.53.

Overweight, on the contrary, was significantly more
often recorded in patients with BMD within normal range
than in patients with IBMD, including osteoporosis (EG
and CG: p = 0.035; EG A and CG: p = 0.036), and the
stochastic assotiation was substantial but negative for all
manifestations of bone disorders (EG and CG: YCA =
-0.55; EGAand CG: YCA=-0.51; EGB and CG: YCA
=-0.61, CC = - 0.33), which indicates that this feature
most likely denotes normal BMD rather than IBMD
manifestations.

The analysis of evaluation thresholds according to the
Ukrainian FRAX® model confirmed that values above
the upper threshold are significantly more often observed
in patients with osteoporosis than in patients with normal
BMD and osteopenia (EG B and CG: p = 0.031; EG A
and EG B: p < 0.010), and substantial direct stochastic
association exists between the upper threshold and IBMD
(YCA =0.58), including osteoporosis (YCA = 0.80; CC
=0.34). The sensitivity of values above the upper evaluation
threshold for IBMD is 18.06 %, for osteopenia —8.70 %,
for osteoporosis —34.62 %; specificity — 94.44 % for each
of the manifestations of bone disorders. Predictive value
indicators are following: positive predictive value for
IBMD —92.86 %, for osteopenia — 80.00 %o, for osteoporosis
—90.00 %; negative predictive values are 22.37 %, 28.81
% and 50.00 %, respectively. Positive likelihood ratio
for IBMD is 3.25, for osteopenia — 1.57, for osteoporosis
—6.23; negative likelihood ratios are 0.87, 0.97 and 0.69,
respectively.

According to the Ukrainian FRAX® model, patients
with osteopenia significantly more often had intermediate
values of fracture risk than patients with normal BMD
(EG A and CG: p = 0.028), and there was substantial
direct stochastic association only with osteopenia (EG A
and CG: YCA = 0.61; CC = 0.30), therefore, the value
of intermediate values of fracture risk is significant only
for osteopenia. Sensitivity of intermediate values of frac-
ture risk for osteopenia reaches 80.43 %; specificity —
50.00 %; positive predictive value — 80.43 %; negative
predictive value — 50.00 %; positive likelihood ratio is
1.61; negative likelihood ratio is 0.39.

Values below the lower evaluation threshold were
significantly more frequently elicited among patients
without IBMD than among patients with bone disorders
(EG and CG: p =0.001; EG A and CG: p = 0.005; EG
B and CG: p=10.002), and substantial stochastic association
was negative with all manifestations of IBMD (EG and
CG: YCA =-0.80; CC =-0.40; EG A and CG: YCA =
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-0.74; CC =-0.38; EG B and CG: YCA =-0.90; CC =
-0.49). Sensitivity for IBMD is 8.33 %, for osteopenia
—10.87 %, for osteoporosis — 3.85 %; and specificity
is 55.56 % for each of the manifestations of IBMD.
Positive predictive value for IBMD is 42.86 %, for
osteopenia — 38.46 %, for osteoporosis— 11.11 %; negative
predictive values are 13.16 %, 19.61 % and 28.57 %,
respectively. Positive likelihood ratio for IBMD is 0.19,
for osteopenia — 0.24, for osteoporosis — 0.09; negative
likelihood ratios are 1.65, 1.60, and 1.73, respectively.
The obtained results of diagnostic characteristics of
values below the lower evaluation threshold for each
of the IBMD manifestations are very low, but the significant
differences with a margin of error of 0.10—0.20 % and
the presence of a very strong negative stochastic association
with all bone disorders suggest that values below the
lower evaluation threshold are most likely typical for
BMD within normal range.

To determine the post-test probability of bone disorders
in the second step of the second stage, markers were
selected which were simultaneously confirmed by several
criteria of statistical reliability. Among the risk factors
for fractures and the evaluation thresholds according to
the Ukrainian FRAX® model, the most valuable markers
are following: the presence of previous fractures in the
anamnesis — for IBMD in general and osteoporosis in
particular, normal body weight — for IBMD in general
and osteoporosis in particular, values above the upper
evaluation threshold according to the Ukrainian FRAX®
model — for osteoporosis, intermediate values of fracture
risk according to the Ukrainian FRAX® model — for
osteopenia.

If a patient with LC has 80.00 % probability of IBMD
and 28.89 % probability of osteoporosis before the test,
then if there are previous fractures in anamnesis, the
post-test probability of IBMD reaches 95.83 % (positive
likelihood ratio is 5.75), and of osteoporosis — 78.52 %
(positive likelihood ratio is 9.00). If there is no previous
fractures in patient’s anamnesis, the post-test probability
of IBMD will still remain rather high and will be 74.24
% (negative likelihood ratio is 0.72), while the post-test
probability of osteoporosis will be only 17.70 % (negative
likelihood ratio is 0.53) (fig. 1, 2).

Positive test result

Negative test result
posttestProbabiky, ostiestProbatiky,

Fig. 1. The post-test probability of impared bone mineral density
in the presence and absence of previous fractures
in the anamnesis.
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Positive test result
postestProbabily

Negative test result
postestProbatiy
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Pretest robabilty Pretest probabiity

Fig. 2. The post-test probability of osteoporosis in the presence
and absence of previous fractures in the anamnesis.

Notes: —— sensitivity and specificity of the test; - — post-test
probability of IBMD in case of 80.00 % IBMD prevalence (fig.
1), and post-test probability of osteoporosis in case of 28.89 %
osteoporosis prevalence (fig. 2).

If the pre-test probability of IBMD is 80.00 %, and
positive and negative likelihood ratios are 2.05 and 0.60,
respectively, then the probability of IBMD in a patient
with LC who has normal body weight will be equal to
89.13 %, and in the absence of normal body weight, the
probability of IBMD will be 70.45 % (fig. 3). For osteoporo-
sis, normal body weight has positive likelihood ratio of
2.22, and negative likelihood ratio of 0.53. Therefore, if
the pre-test probability of osteoporosis in patients with
LC has a value of 28.89 %, then in the presence of normal
body weight, the probability of this diagnosis will be 47.37
%, and in the absence of normal body weight, the probability
of osteoporosis will be equal to 17.79 % (fig. 4).

Positive test result Negative test result

posttestProbabyy postiestProbatily,

Pretest Probabikty

Fig. 3. The post-test probability of impared bone mineral density
in the presence and absence of normal body weight.

Positive test result
postiestPobabify

Negative test result

postiest Probatiky,

Poscs: Pty Prcicor o Common Cses
P TRk

Pretes prababiity Pretes probabity

Fig. 4. The post-test probability of osteoporosis in presence
and absence of normal body weight.
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Notes: — — sensitivity and specificity of the test; — — post-test
probability of IBMD in case of 80.00 % IBMD prevalence (fig.
3), and post-test probability of osteoporosis in case of 28.89 %
osteoporosis prevalence (fig. 4).

If the value of the obtained test result is above the
upper evaluation threshold according to the Ukrainian
FRAX® model, there will be 71.68 % probability of
osteoporosis (positive likelihood ratio is 6.23), and if the
value above the upper evaluation threshold is not recor-
ded, then the probability of osteoporosis will be quite
low and will be 21.95 % (negative likelihood ratio is
0.69) (fig. 5).

Positive test result

posttest Pobabily.

Negative test result
posteestPobatiy

PosttProbabily Pedior o Comon s
Nt e

PoscestProbabiy Predco frCommn Cses:
sttt PusteTed sl e

.

Pretest robabilty

Fig. 5. The post-test probability of osteoporosis in the presence
and absence of values above the upper evaluation threshold
according to the Ukrainian model of Fracture Risk Assessment.

Notes: — — sensitivity and specificity of the test; — — post-
test probability of osteoporosis in case of 28.89 % osteoporosis
prevalence.

The pre-test probability of osteopenia in patients with
LC according to the results of CQUS is 51.11 %. If positive
likelihood ratio for intermediate values of fracture risk
according to the Ukrainian FRAX® model is known to
be 1.61, then in case of intermediate values of fracture
risk detection in patient with LC, the probability of
osteopenia will be 62.71 %. Negative likelihood ratio
(0.39) indicates that if there have been no intermediate
values of fracture risk recorded, the post-test probability
of osteopenia is much lower than before the test, and is
equal to 29.03 % (fig. 6).

Positive test result

Negative test result
ostestProbatiky

Fig. 6. The post-test probability of osteopenia in the presence
and absence of intermediate values of fracture risk according
to the Ukrainian model of Fracture Risk Assessment

Notes: — — sensitivity and specificity of the test; — — post-test
probability of osteopenia in case of 51.11 % osteopenia prevalence.
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So, the discovered fracture risk factors and evaluation
thresholds according to the Ukrainian FRAX® model are
mainly single-vector markers, i.e. those that either confirm
the diagnosis if they are detected, or deny it if they are absent.

Valuable for confirming IBMD in general are the highly
specific previous fractures and the medium specific normal
body weight of a patient with LC. To eliminate osteopenia,
medium-specific intermediate values of fracture risk
according to the Ukrainian FRAX® model are valuable.
For osteoporosis, highly specific previous fractures, weakly
sensitive but medium-specific normal body weight, and
highly specific values above the upper evaluation thresh-
old according to the Ukrainian FRAX® model are valuable,
which, if present, are most likely to confirm the diagnosis
of osteoporosis. Overweight, and especially the values
below the lower evaluation threshold, is most likely

Conclusions. The use of the Ukrainian model of Fracture
Risk Assessment (FRAX®) for patients with liver cirrhosis
accompanied with impaired bone mineral density has
certain peculiarities and value. In particular, presence of
previous fractures in the anamnesis will most likely confirm
impaired bone mineral density in general and osteoporosis
in particular.

The presence of normal body weight might indicate
impaired bone mineral density, while its absence indicate
the absence of osteoporosis. The presence of values above
the upper evaluation threshold according to the Ukrainian
FRAX® model will make it possible to correctly diagnose
osteoporosis and prescribe the appropriate treatment. In-
termediate values of fracture risk, which require additional
examination of the bones state, deny the diagnosis of
osteopenia, if absent.

characteristic of BMD within normal range.
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Peculiarities of the Ukrainian Model of Fracture Risk Assessment (FRAX®)
Among Patients with Liver Cirrhosis Accompanied by Impaired Bone Mineral
Density: Its Diagnostic and Prognostic Value

N. Drobinska, O. Abrahamovych, M. Abrahamovych, S. Tolopko, S. Guta, R. Ivanochko

Introduction. The problem of osteoporotic fractures and the evaluation thresholds for intervention in patients
with liver cirrhosis (LC) remains obscure so far. Ukrainian model of fracture risk assessment (FRAX®) has never
been implemented among patients with LC in Ukraine.

The aim of the study. To find out the peculiarities of the Ukrainian model of Fracture Risk Assessment, its di-
agnostic and prognostic value for implementation among patients with liver cirrhosis accompanied by impaired
bone mineral density.

Materials and methods. 90 patients with LC (27 women and 63 men aged 18 to 66 years) were randomly as-
signed into the study. Stratification into groups was based on information about bone condition. 72 patients were
included into an experimental group (EG, patients with impaired bone mineral density (IBMD), which was divided
into two subgroups — EG A (patients with osteopenia, 46) and EG B (patients with osteoporosis, 26). Control group
(CG) included 18 patients without IBMD.

The peculiarities of the fracture risk factors and evaluation thresholds according to the Ukrainian FRAX® model
(2019) amoung patients with LC with bone disorders were established (significant differences between frequency
of features in groups and substantial stochastic associations of features with IBMD or its manifestations were in-
vestigated). The diagnostic characteristcs (diagnostic value, predictive value, likelihood ratio) of the detected features
for IBMD in general, osteopenia and osteoporosis in particular, were revealed, and after that the post-test probability
of certain bone disorders was determined among all patients with LC in the case of applying the identified features.

The results. It was found that although most of the risk factors occurred more often in patients with bone disor-
ders, significant differences were detected only between the frequency of previous fractures in EG and CG, including
EG B and CG, and EG A and EG B; between the frequency of cases of normal body weight, as well as overweight
in EG and CG, including EG B and CG. The evaluation thresholds according to the Ukrainian FRAX® model also
differed significantly: the values above the upper evaluation threshold — in EG B and CG and in EG A and EG B;
the intermediate values of fracture risk — in EG A and CG; the values below the lower evaluation threshold — in EG
and CG, as well as in EG A and CG and in EG B and CG, including. Bone disorders had a substantial direct stochastic
association in the following cases: IBMD in general — with the previous fractures, normal body weight and values
above the upper evaluation threshold; osteopenia — with the previous fractures, normal body weight and intermediate
values of fracture risk; osteoporosis — with the previous fractures, normal body weight and values above the upper
evaluation threshold. All manifestations of bone disorders had substantial negative stochastic association with over-
weight and values below the lower evaluation threshold, as well as osteoporosis with short height (indicates that
features are inherent for normal bone mineral density).

It was found out that fracture risk factors and evaluation thresholds according to the Ukrainian FRAX® model
are mainly single-vector markers, since they can confirm the disease being detected, or deny it in the case they are
absent. The previous fractures are highly specific for IBMD, especially for osteoporosis, and can be useful for
confirming these disorders being present in patient with LC. The normal body weight is medium-specific for IBMD
and for osteoporosis, but can be more useful for indicating IBMD if it is present, and excluding osteoporosis being
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absent. The values above the upper evaluation threshold according to the Ukrainian FRAX® model are highly
specific for osteoporosis and can confirm osteoporisis being present. The intermediate values of fracture risk according
to the Ukrainian FRAX® model are medium-specific for osteopenia, but can be more useful for excluding osteopenia
if they are absent. The overweight, especially the values below the lower evaluation threshold, will most likely
indicate normal bone mineral density.

Conclusions. The use of the Ukrainian model of Fracture Risk Assessment (FRAX®) has certain peculiarities
and can be valuable tool for detecting or excluding impaired bone mineral density in patients with liver cirrhosis.

Keywords: cirrhosis, osteopenia, osteoporosis, Fracture Risk Assessment, Ukrainian FRAX, intervention thre-
shold.

Oco0MBOCTI YKPAIHCHKOI MOJeJIi OMIHKY PU3UKY IepeioMy
(Fracture Risk Assessment — FRAX®) y XBOprX Ha HMPO3 NEeYiHKH
3 MOPYIIEHHSM MiHepPaJbHOI HIVIbHOCTH KiCTKOBOI TKAHUHM
Ta 1l JIATHOCTUYHA i MPOTrHOCTUYHA HiHHICTH

H. B. [Ipo0incbka, O. O. Aoparamosuy, M. O. Adbparamosuy, C. 5. Toinonko, C. 1. I'yra,
P. b. IBanouko

Beryn. [Ipobemy ocTeonopo3HUX MepesioMiB i MeX BTpy4daHHs y XBopux Ha mupo3 nedinku (LIIT) moci He
PO3B’sI3aHO, a2 BUKOPUCTAHHS YKpPaTHCHKOT MOieNti oliHkn pu3uKy nepenomy (FractureRiskAssessment — FRAX®)
y xBopux Ha LII1 B YkpaiHi He BUBYaIIM B3arali.

Merta. 3’sicyBaty 0cOOIMBOCTI YKPaTHCHKOI MOZIENI OLIHKU PU3UKY nepenomy, i marHocquy i nepeL[Gaqua—
HY LIHHICTb JUIS 3aCTOCYBaHHS y XBOPHX Ha IIMPO3 MEUIHKU 3 MOPYLICHHSM MiHEPaJIbHOI LIIIBHOCTU KiCTKOBOI
TKaHUHU.

Marepianu ii meroau. [licnsa nmignucansas 1oOPOBUIBHOT 3rOIM HA Y4YacTh Y JOCIIKEHHI, 13 JOTPUMaHHIM
I'enbcinkebkoi nexmmapartii npas soarHu Ta KonBeHtii Pagu €Bporti rpo mpasa JitoiH 1 610MeTUINHY, B paHI0Mi30Ba-
HUH c11oci0 y TOCIiKEHHS 3aITy4eHO 90 xBopux Ha L1 (27 xiHoK i 63 4o0oBiKkH BikoM Bix 18 1o 66 pokiB), sKi y
niepion 3 2016 1o 2020 poky J'IIKYBaJ'II/ICB y KomyHansHOMY HekoMepIliitHOMY mianprueMcTBi JIbBiBChbKOT 00macHOT
panu «JIbBiBcbKa OOnacHa KiliHiuHA HlKapHH» Crpatudikawis Ha rpynu BI,H6YBaJ]aCI> Ha OCHOBI 1Hq)opMau11 npo
CTaH KIiCTOK. 72 XBOpHX yBiiuuin B nocuiany rpymy () (xBopi 3 mopyiieHHsIM MiHepaabHOI LIIJIbHOCTH KiCTKOBOT
tkaanan (IIMILKT), sixy mogineno Ha nBi miarpymm — JII' A (xBopi 3 ocreoneniero (46)) i JII' b (xBopi Ha ocTeonopo3
(26)). I'pyny nopiBusinns (I'TI) chopmorano 3 18 xBopux 6e3 [IMILIKT.

Bupuaroun ocobmuBocti ykpaincbkoi mojeni FRAX® (2019), BusBnsuii cTaTUCTUYHO JOCTOBIPHI BiIMiHHOCTI
MIX I'pylaMy Ta HasBHICTb iCTOTHOI'O CTOXaCTUYHOTO 3B 3Ky 3 NEBHUM YPa)KEHHSIM KICTOK YMHHHKIB PU3UKY
TIepeNIOMiB (CTaTh, BiK, HASBHICTh TIONIEPETHIX MIEPEIIOMIB, PEBMATOITHII apTPUT Y aHAMHE31, BTOPHHHHUI 0CTE0NIOPO3,
BHUKOPHCTaHHSI TITIOKOKOPTUKOIIIB, TIEPEIIOMHU CTETHOBOI KiICTKH Yy 0aThKiB, IIIKIUTMBI 3BUYKH (KYPIHHS 1 3II0BKUBAHHS
AJIKOTOJIEM), 3PICT 1 Maca Tijia) Ta MEX BTPY4aHHs (BEpXHs MeXa, HOKa3HUKH BUIIE SIKOT JAIOTh 3MOT'Y IPU3HAYATH
AQHTHOCTEOINOPO3HE JIIKyBaHHS, HE MPOBOASYM J0JATKOBI OOCTEKEHHS; IPOMIXKHI ITOKa3HUKH PU3MUKY HEPEIOMIB,
AK1 € MiZACTABOIO AJIST JOAATKOBOTO JOCIIJUKEHHS, 1 HUKHS MeXa, IOKA3HUKHU HIDKYE SIKOT MOXKYTh CBIAYHTH, IO
HeMae TOTpeOu B JOIATKOBOMY JIOCHIHKEHHI CTPYKTYPH KiCTOK 1 Bi/ITIOBITHO B JIiIKyBaHHI) 6€3 ypaxXyBaHHS OKa3HUKIB
MiHepaJIbHOT miabHOCTH KicTKOBOi TkKaHUHU (MILKT). Ilicns 1iporo BU3Ha4amu MiarHOCTHYHI XapaKTePUCTHKU
(miarHocTHYHY ¥ mepenbavyBaHy IIHHICTH, BIIHOMICHHS MPaBIONOAIOHOCTH) BUsABIeHHX o3HaK g [IMIINKT
3arajioM 1 OCTEOIIEHil i 0CTEeONnopo3y 30KpeMa Ta MOCTTECTOBY MMOBIPHICTb IEBHOTO YpasKeHHs KICTOK cepel] ycix
xBopux Ha LI y pasi 3actocyBaHHS iX.

Pe3yJ11>TaTn BusiBrieHo, 1m0 xo4a OUBIICTh YAHHUKIB PU3UKY YaCTillle TPAIIAIAcs y XBOPUX i3 YPaKCHHSM
KiCTOK, JOCTOBIPHI BiIMIHHOCTI 3a(hiKCOBaHi JIUIIIE Mi)X 4aCTOTOIO nonepez[mx HepeJ‘IOMlB y AT, y ToMy qucii
AUBilTlTa AT Ai I[F b; Mixx wacToTOIO BHUITA IKIB HopManLHm MacH TiJa, a TaKoXK Ha,Z[MlpHOI MacH Tina y XBOpHX
AU 1T, y romy wueni A1 b i I'I1. Mexi Brpy4anHs BiAMOBiAHO 10 yKpaiHcbkoi Moaeni FRAX® takox 10CTOBipHO
Bifpi3HsuHcs: BepxHa mexa — y xBopux ' b i I'Tl ra y xBopux [AI' A i A" b; npomikHI TOKa3HUKH — Y XBOPHX
AU A i I'TL; amoxas mexa — y xBopux [ 1 I'Tl, a rakox y xBopux A" A i I'Il # A’ b i I'Tl B Tomy uunci. YpaxeHHs
KICTOK Malld iICTOTHUW TIPSMUHN CTOXacTHYHUH 3B a30K y Takux Bumajkax: [IMIIKT 3aramom — i3 HasBHICTIO
MOTIEpE/IHIX IEPEIOMIB y aHaMHE31, HOPMaJILHOIO MACOIO TiJla T2 BEPXHBOIO MEKEIO BTPYUYaHHSI 3T1HO 3 YKPaiHCHKOIO
Mogeitto FRAX®; ocTeornieHis — i3 HasBHICTIO MOTIEPEIHIX MIEPETIOMIB Y aHaMHe31, HOPMaJIBHOK Macolo Tijia Ta
MPOMIXHUMH ITOKa3HUKAMH PU3UKY OCTEOIIOPO3HUX MEPEJIOMIB 3riIHO 3 YKpaiHchkoro Moneiunto FRAX®; octeomno-
PO3 — 13 HasIBHICTIO MONEPEIHIX NMEPEIOMIB y aHaMHE31, HOPMaJIbHOIO MAacoI0 Tijla i BEpXHBOIO MEKEIO BTPYUYaHHS
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3TiIHO 3 YKpaiHcbkoio Momemno FRAX®. OxpiM mbOro, BUSBICHO ICTOTHUNA OOCPHEHUI CTOXACTUIHHM 3B’ SI30K
MIDK ycimMa IposiBaMH ypasKeHH:I KICTOK 1 Ha]MiPHOIO MacoI0 Tijla Ta HIKHBOIO MEKETO BTPYUYaHHS 3T1IHO 3 YKPATHCHKOIO
mozenio FRAX®, a Takok Mi>K OCTEOTIOPO30M 1 HU3BKUM 3POCTOM, III0 BKA3y€ Ha XapaKTePHICTh IIMX O3HAK JIJIS
MIIIKT y Mexxax HOpMHU.

3’s1coBaHO, 10 YMHHUKK PU3HUKY MEPEIOMIB 1 MeXi BTpy4YaHHs BIAMOBIIHO /10 yKpaiHchkoi Momeni FRAX®
MEPEBAYKHO € OAHOBEKTOPHIUMH MapKepaMH, TOOTO TaKUMHU, 10 a00 TiATBEPIKYIOTH XBOpOOyY B pa3i BUSBIEHHS iX,
a00 CIIPOCTOBYIOTh HASIBHICTH XBOPOOH, AKMIO 1X HeMae. [linanmu musa minrBepmkenas [IMIIKT 3aramom €
BHCOKOCTIEIM(ivHa HAIBHICTH TOTIEPEHIX TEPEIOMIB 1 cepeaHbocIeldpidHa HopMaabHa Maca Tijla XBOPOTo Ha
HII. Jlns BUKITIOYEHHS OCTEONeHli MIHHUMHE € CepeHbOCTIeN(idHI TPOMIKHI MOKA3HUKH PU3UKY TEPETOMiB
BIZIMOBITHO 110 YKpaiHchKoi Mozenni FRAX®. [l ocTeonopo3y IiHHIMHE € BUCOKOCTICIT(ITHA HASIBHICTH TIOTIEPEIHIX
TIepesIOMiB, CIIA0KOTYTIINBA, ajie cepeaHbocenndiuna HopMaabHa Maca Tijla i BUCOKOCTICIIM(iTHI TTOKa3HIUKH BHIIE
BEPXHBOI MEXK1 BTPYIAHHS BiINOBITHO 70 YKpaiHChKO1 Mozaemi FRAX®, 1110 3a HassBHOCTH HAHIMOBIPHIIIIE M ATBEPAITEH
JiarHo3 ocTeomnopoly. HasBHICTE y XBOPOTO HAAMIpHOI MacH Tija, a 0COOIMBO — HMKHBOI MEXKi BTpyJaHHS,
HarliMoBipHime BkazyBatume Ha MILIKT y mexxax HOpMH.

BucHoBkH. 3acTocyBaHHS YKpaiHCHKOT MOJIEINI OLIHKH PU3HKY TIEPEIOMY Ma€ TMEBHI 0COOIUBOCTI Ta MOXKe OyTH
[IHHOIO U BUSIBJIICHHS YW BHKIIIOYEHHS TOPYIICHHA MiHEpaIbHOI IIUTBHOCTH KiCTKOBOT TKAHWHHM y XBOPHX Ha
[IMPO3 TICUIHKH, 3aBIASIKH YOMY MO)KHA 00paTH MPaBWIIbHY TAKTHKY Kypallii TaKoro XBOPOTo.

Ku1r04oBi ci10Ba: 1iipo3 MediHKH, OCTEOIEHisl, 0CTEO0Iopo3, ykpainckka Moniesib FRAX®, oriHka pr3HuKy Tepenomy,
MeXi BTpYJaHHS.
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