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Risk factors for pancreatic necrosis
in acute pancreadtitis in obese patients

Abstract. Background. Acute pancreatitis is an aseptic inflammation of the pancreas with diverse complications
and further development of necrosis of the gland, parapancreatic tissue and possible addition of secondary infec-
tion. A significant number of biochemical markers that can be predictors of pancreatitis complications are still being
researched. However, most of them are expensive and their indicators are increased only in the first 24—48 hours
after the onset of the disease, so they are not used in daily clinical routine. The purpose of this study is to evaluate
the factors that indicate an elevated risk of necrosis in acute severe pancreatitis. Materials and methods. A retro-
spective analysis of 80 patients with acute pancreatitis was performed via creation of a multivariate logistic regres-
sion model. Results. The dependence of the risk of pancreatic necrosis on the following factor signs was found:
lipase at the onset of the disease (cut-off value = 599.6 U/l, area under the receiver operating characteristic curve
(AUC) = 0.72 (95% confidence interval (Cl) 0.57-0.88)), severity of the disease, fibrinogen on day 3 of the disease
(cut-off value = 9.7, AUC = 0.65 (95% CI 0.48-0.81)), C-reactive protein (cut-off value = 175.7 mg/L, AUC = 0.70
(95% Cl 0.54-0.86)), and intra-abdominal mean capillary perfusion pressure on the first day of the disease (cut-off
value < 63.3 mm Hg, AUC = 0.88 (95% CI 0.77-0.99)). The autopsy results revealed the presence of necrosis and
microthrombosis of the pancreas. Conclusions. Factors that may indicate an increased risk of pancreatic necrosis
were high levels of lipase, fibrinogen on the third day of the disease, C-reactive protein, decreased intra-abdominal
mean capillary perfusion pressure, severity of the disease, and the presence of portosplenomesentric thrombosis.

Keywords: severe acute pancreatitis; pancreatic necrosis; obesity; thrombosis

Introduction

Acute pancreatitis (AP) is an acute aseptic inflamma-
tion of the pancreas with a demarcation character, which is
based on the processes of pancreatic necrosis and enzyme
autoaggression with further development of necrosis of the
gland and parapancreatic tissue, degeneration of the gland
and parapancreatic space and possible addition of secondary
infection.

According to a review of global epidemiology, the cu-
mulative incidence of acute pancreatitis is 34 cases per
100,000 people in the general population per year with 1.16
deaths [1]. Mortality among patients with persistent organ
failure and pancreatic necrosis can reach 30—40 % [2].

Studies have shown that in addition to autodigestion of
pancreatic parenchyma by pancreatic enzymes, ischemia,
occuring as a result of pancreatic edema and leading to the
development of acute necrotizing pancreatitis, plays an
important role [3]. In addition, there are microcirculatory

disorders of the pancreas and extrapancreatic organs. Clini-
cal studies revealed that fibrinogen degradation products
(FDPs) in blood plasma are significantly higher in patients
with acute pancreatitis compared to healthy individuals,
and higher levels of FDPs are associated with disease se-
verity [4]. Also, early complications of acute severe pan-
creatitis associated with blood supply disorders include
portosplenomesentric venous thrombosis, which, according
to the literature review, occurs in approximately 17.86 % of
patients [5]. The given data suggest the need to prescribe
anticoagulant and antithrombotic therapy in the treatment
strategy for acute severe pancreatitis, as indicated in the
2019 WSES guidelines [6].

Generally, with the progress of research on coagulation
mechanisms and drugs, safe and effective anticoagulants such
as low-molecular-weight heparin (LMWH) were prescribed
to patients with AP with satisfactory results. However, the
molecular mechanism of coagulation disorders underlying
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acute pancreatitis and the choice of anticoagulant drugs as
a rule remains completely unclear. In addition, the use of
higher doses of anticoagulants can be risky due to the oc-
currence of acute ulcers and gastrointestinal bleeding in the
given group of patients.

Increased intra-abdominal pressure slows down blood
flow, which, in turn, affects thrombosis at all levels of
splanchnic blood flow, due to the fact that it affects all hy-
drostatic and hydrodynamic processes in the abdominal ca-
vity [7]. The calculation of intra-abdominal mean capillary
perfusion pressure enables more accurate prediction and
assessment of patients with acute abdominal pathology, with
a possibility of hypoperfusion and ischemia in the abdominal
cavity [7].

A significant number of biochemical markers that can
be predictors of complications of acute severe necrotizing
pancreatitis are still being studied. More specifically, they are
1L-6, IL-8, polymorphonuclear elastase, TNF-alpha, tryp-
sin-alpha-1 protease complex, hepsidin, copeptin, ISAM-1,
resistin, presipsin, and others. However, most of them are
expensive and their indicators are increased only in the first
24—48 hours after the onset of the disease, so they are not
used in daily clinical routine.

A well-defined anticoagulant therapy in combination
with effective antipancreatic therapy can reduce the occu-
rrence of such complications of acute severe pancreatitis
as necrosis of the pancreas tissue, development of digestive
fistulas, thrombosis of portosplenomesentric vessels due to
the preservation of effective blood supply to the pancreas
and target organs.

The purpose of the study was to evaluate the factors that
indicate an increased risk in the development of necrosis in
acute severe pancreatitis.

Matherials and methods

The study design was a retrospective analysis of 80 pa-
tients with acute pancreatitis who were hospitalized in the
Department of General Surgery No. 1 of the Bogomolets
National Medical University in the period from 2021 to
2023.

The sample included 80 patients, of which 52 (65 %)
were men and 28 (35 %) were women. The average age of the
patients was 50 (£14.6) years. The average body mass index
(BMI) was 28.8 (21.2—48.4) (Table 1).

Table 1. Patient characteristics

Characierisics Total nura]b:rsgf) patients
Age, years 50 (+ 14.6)
Men, n (%) 52 (65)
Women, n (%) 28 (35)
BMI, kg/cm? 28.8 (21.2-48.4)
Comorbidities, n (%) 31
Including diabetes mellitus 10

All patients with acute severe pancreatitis were prescribed
anticoagulant therapy in a standard dosage on the second day

of hospitalization.

The average severity of the disease was diagnosed in
46 (57.5 %) patients, and acute severe pancreatitis in 34
(42.5 %) patients. The Revised Atlanta Classification for
Acute Pancreatitis 2012 was used to determine the severity
of pancreatitis [8]. The presence of necrosis was assessed
by computed tomography with intravenous contrast (CTSI
Baltazar), intraoperatively and by autopsy. The clinical and
morphologic classification of acute severe pancreatitis was
used to evaluate intraoperative and autopsy materials [9].
Pancreatic necrosis was diagnosed in 32 (40 %) patients.
Among them were 4 (5 %) patients with total transmural
necrosis and 28 (35 %) with superficial subtotal and focal
forms of necrosis.

Inclusion criteria: patients with moderate to severe acute
pancreatitis of nutritional origin, with or without pancreatic
necrosis, with no general, medical or social contraindica-
tions, patients over 18 years, patient consent to participate
in the study and subsequent outpatient monitoring.

Non-inclusion criteria: patients with COVID-19 (severe
course), chronic fibrotic degenerative pancreatitis in the
acute stage (pseudocysts of the pancreas, pancreatic duct
dilatation and precence of concrements in the pancreatic
duct), pancreatic surgery, oncological pathology, long-term
use of high doses of anticoagulants and antiplatelet agents
before the onset of the disease.

Exclusion criteria: patients with mild acute pancreatitis,
patient refusal of diagnosis and treatment at any stage of the
study, patient death not related to the underlying disease.

Endpoints of the study:

— alogistic regression analysis to assess the factors influ-
encing the development of pancreatic necrosis;

— study of pathomorphological changes in autopsy ma-
terials of patients with severe total transmural necrotizing
pancreatitis.

All calculations were made using the programs MedStat,
EZR (R-Statistics).

Descriptive statistics included the calculation of mean,
standard deviation, median, and confidence intervals. Linear
regression with coefficient of determination and area under
the ROC curve (AUC) was used to determine the influence
of various factors that statistically significantly affected the
risk of the case with an assessment of the quality of the model.
Differences were considered statistically significant at p < 0.05.

Results

A multivariate logistic regression model was built. The
following factors were taken into account: age, sex, BMI,
lipase, amylase, C-reactive protein, disease severity, epidural
catheterization, fibrinogen, INR, prothrombin index, plate-
lets, central venous pressure, intra-abdominal pressure, mean
arterial pressure, intra-abdominal mean capillary perfusion
pressure and the presence of portosplenomesentric throm-
bosis (microthrombosis and macrothrombosis). The depen-
dence of the risk of pancreatic necrosis on the following
factor signs was revealed: lipase at the onset of the disease,
severity of the disease, fibrinogen on the third day of the di-
sease, C-reactive protein and intra-abdominal mean capillary
perfusion pressure on the first day of the disease (Table 2),
AUC =0.93 (95% CI 0.79—1.00), which demonstrated the
relevance of the model built.
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Table 2. Risk factors for the development of necrotic complications in acute severe pancreatitis

The level of significance
Factor The value of the model of the difference The indicator of the CI
coefficient, b £ m, between the coefficient (95% CI)
and 0, p

Lipase 0.17 + 0.08 0.032 1.1 (1.01-1.32)
Severity 23+12 0.041 1.09 (0.87-1.92)
Fibrinogen on day 3 -8.7+4.2 0.020 1.56 (1.07-2.28)
Intra-abdominal mean capillary

perfusion pressure -15.0+ 6.3 0.011 0.93 (0.88-0.98)
Presence of the portosplenic

mesenteric thrombosis -0.50 + 0.20 0.022 1.45 (1.05-2.0)
C-reactive protein 0.33+0.17 0.035 1.37 (1.02-1.83)
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Figure 1. ROC curve of the test for predicting the risk of necrosis depending on the level of C-reactive protein
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Figure 2. ROC curve of the test for predicting the risk of necrosis depending on the level of fibrinogen
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The threshold value of CRP at which the most frequent
diagnosis of pancreatic necrosis was made, was deter-
mined by using ROC analysis, cut-off value > 175.7 mg/L,
AUC = 0.70 (95% CI 0.54—0.86) (sensitivity 78.3 % (95%
CI52.8-91.9 %), specificity 65.2 % (95% CI 46.5—85.1 %),
PPV 66.7 % (95% CI 44.7—84.4 %), NPV 77.3 % (95% CI
54.6—92.2 %)) (Fig. 1).

Using ROC analysis, the threshold value of fibrinogen
was determined, at which pancreatic necrosis was most
often diagnosed, cut-off value > 9.7, AUC = 0.65 (95%
CI 0.48—0.81) (sensitivity 78.3 % (95% CI 46.5-90.3 %),
specificity 56.5 % (95% C144.1-81.4 %), PPV 56.5 % (95%
CI 34.5-76.8 %), NPV 78.3 % (95% CI 56.3—92.5 %))
(Fig. 2).

Using ROC analysis, the threshold value of lipase
was determined, at which the most frequent diagnosis of
pancreatic necrosis was made, cut-off value > 599.6 U/I,
AUC = 0.72 (95% CI 0.57—0.88) (sensitivity 56.5 % (95%
CI 34.5-76.8 %), specificity 91.3 % (95% CI 72—98.9 %),
PPV 67.7 % (95% CI 48.6—83.3 %), NPV 86.7 % (95% CI
59.5-98.3 %)) (Fig. 3).

The threshold value of intra-abdominal mean capillary
perfusion pressure, at which the most frequent diagnosis
of pancreatic necrosis was made, was determined by ROC
analysis, cut-off value < 63.3 mm Hg, AUC = 0.88 (95% CI
0.77—0.99) (sensitivity 84 % (95% CI 66.9—98.7 %), speci-
ficity 90.5 % (95% CI1 69.6—98.8 %), PPV 73.1 % (95% CI
52.2—-88.4 %), NPV 70.8 % (95% C1 48.9—87.4 %)) (Fig. 4).
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Figure 3. ROC curve of the test for predicting the risk of necrosis depending on lipase level
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Figure 4. ROC curve of the test for predicting the risk of necrosis depending on the level of intra-abdominal
mean capillary perfusion pressure
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Necrosis and microthrombosis of the pancreatic paren-
chyma and adjacent connective tissue were detected accor-
ding to the results of autopsy studies conducted in 4 patients
with severe pancreatitis (Fig. 5—7).

Discussion

One of the earliest events in AP is trypsinogen activation
and trypsin-mediated pancreatic cell death. The activation
of inflammatory cascades, endoplasmic reticulum stress,
autophagy, and mitochondrial dysfunction in acinar cells
are important for the development of a deep systemic in-
flammatory response and the extent of pancreatic tissue
damage.

Platelets play an important role among numerous com-
ponents influencing changes in the coagulation system in
AP and subsequent thrombotic and necrotic complications.

Platelets are cellular components of the blood coagu-
lation system, mediating vascular permeability, leukocyte
chemotaxis, and the synthesis of inflammatory factors, ul-
timately leading to platelet-leukocyte-endothelial interac-
tions caused by P-selectin and neutrophil extracellular traps
(NETs), which partially explain coagulopathy in patients
with acute severe pancreatitis.

According to F. Acehan et al. in 2022, the following fac-
tors were identified as risk ones for the development of acute
necrotizing pancreatitis: leukocytes, hematocrit, lactate de-
hydrogenase and C-reactive protein [10].

According to a systematic review and meta-analysis by
Wang Li et al. in 2022, the risk factors for the development of
infected pancreatic necrosis were identified as follows: high
levels of lipase, C-reactive protein, procalcitonin, and a high
APACHE Il score [11].

Studies are being conducted using artificial intelligence to
predict pancreatic necrosis. One of the results of the studies
conducted by S. Kiss et al. in 2022 found that such factors as
glucose, C-reactive protein, alkaline phosphatase, gender,
and leukocyte count had the greatest impact on the deve-
lopment of pancreatic necrosis [12].

The results of a prospective cohort study by G. Baraus-
kas et al. found that the level of C-reactive protein above
110 mg/L on the third day of the disease increases the risk of
pancreatic necrosis [13].
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Figure 5. Microthrombosis of the pancreatic
parenchyma

The study by J. Fujiwara et al. in 2021 (211 patients)
found that the risk of developing limited necrosis in
AP increases when the C-reactive protein level exceeds
185.5 mg/L [14].

According to a meta-analysis by H.M. Asim Riaz et al.
in 2023, such indicators as C-reactive protein, procalcitonin,
and lactate dehydrogenase played a role in predicting the
occurrence of pancreatic necrosis. It was determined that the
level of C-reactive protein above 200 mg/L has a high sensi-
tivity, and the level of 140 mg/L has a high specificity [15].

A retrospective study by J. Zheng et al. in 2023 found that
increased levels of fibrinogen degradation products (above
23.155) and D-dimer (above 6.475) were independent factors
in the risk of splanchnic vein thrombosis [16].

Fibrinogen was studied in combination with prealbu-
min — prealbumin/fibrinogen ratio, as a promising predictor
of the severity of AP. The threshold value of the prealbumin/
fibrinogen ratio was determined, at which the diagnosis of
acute severe pancreatitis was most often made, using ROC
analysis, cut-off value = 31.70 mg/g (sensitivity 76.5 %, spe-
cificity 94.1 %, PPV 89.6 %, NPV 85.6 %) [17].

According to the literature review and WSES 2019, the
diagnostic criterion for AP is an increase in lipase levels three

T S |

Figure 6. Necrosis of the pancreatic parenchyma

Figure 7. Steatonecrosis of parapancreatic
adipose tissue
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times the normal level of 480 U/L [6]. However, lipase is not
a specific indicator of pancreatic necrosis.

According to meta-analysis containing 19 articles with
data on 9997 patients, conducted by Dalma Dobszai et al.
in 2019 there was established a correlation between obesity
in patients with AP and the risk of mortality. Moreover, it
was found that a BMI above 25 increases the risk of severe
AP, while a BMI > 30 raises the risk of mortality. A BMI
< 18.5 carries an almost two times higher risk of mortality
in AP [18].

A prospective study of 30 patients with AP was conducted
in the Department of General Surgery No. 1 of the Bogo-
molets National Medical University in 2017 with an aim to
analize the impact of the obesity on severity in AP. It was
found that the most significant correlation was established
between the visceral fat area, BMI and severity, including
systemic (multiple organ failure syndrome (MOFS), sys-
temic inflammatory response syndrome (SIRS)) and local
complications (in accordance to CTSI Balthazar scale) [19].

An increase in intra-abdominal pressure slows down
blood flow, which, in turn, affects thrombosis at all levels
of splanchnic blood flow, due to the fact that it affects all
hydrostatic and hydrodynamic processes in the abdominal
cavity [7]. The calculation of intra-abdominal mean capil-
lary perfusion pressure allows more accurate prediction and
assessment of patients with acute abdominal pathology with
a possibility of hypoperfusion and ischemia in the abdominal
cavity [7]. Moreover, increased intra-abdominal and de-
creased intra-abdominal mean capillary perfusion pressure
may affect the risk of early infection in acute necrotizing
pancreatitis [20].

According to our study, it was determined that such fac-
tors as increased levels of lipase (cut-off value = 599.6 U/I),
C-reactive protein (cut-off value = 175.7 mg/l1), fibrinogen
(cut-off value = 9.7), BMI (cut-off value = 29) as well as the
severity of the disease, reduced intra-abdominal mean capil-
lary perfusion pressure (cut-off value < 63.3 mm Hg) and the
presence of portosplenomesenteric thrombosis influenced
the development of pancreatic necrosis. In contrast, other
factors such as age, gender, amylase, epidural catheteriza-
tion, central venous pressure, intra-abdominal pressure, and
mean arterial pressure did not have a statistically significant
effect on the development of pancreatic necrosis.

Conclusions

In our study factors that may indicate an increased risk of
pancreatic necrosis were identified as follows: high levels of
lipase, fibrinogen on the third day of the disease high levels of
lipase, fibrinogen on the third day of the disease, C-reactive
protein, increased BMI, decreased intra-abdominal mean
capillary perfusion pressure, severity of the disease, and the
presence of portosplenomesentric thrombosis. The presence
of microthrombosis and necrosis of pancreatic tissue and para-
pancreatic tissue was confirmed by histological examination.
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Kosanbcbka I., ApoHoB O., IsaHewb T., PoLumHa A.

HauioHanbHW MeanyH yHiBepcuteT imeHi O.O. boromonsLsi, M. Kuis, YkpaiHa

DaKTopU PUNKY NOHKPEOHEKPO3Yy NPU FOCTPOMY NAHKPEATHUTI
Y XBOPUX HO OXXUPIHHS

Pe3iome. Akmyaavnicms. TocTpuii MaHKPEaTUT — acCENTUYHE
3afajJeHHs MiAITYHKOBOI 3aJ103U 3 Pi3HOMAaHITHUMM YCKJIal-
HEHHSIMU, TTOAJIBIITM PO3BUTKOM HEKPO3Y 3aJI03U Ta TapariaH-
KpeaTUYHOI KJIITKOBUHU i MOXJIMBUM TIPUETHAHHIM BTOPUHHOIL
iH(ek1Iii. 3HauHa KiJIbKiCTh 0iOXiMiYHUX MapKepiB, SIKi MOXYTb
OyTU MpeAUMKTOpaMU PO3BUTKY YCKJIaJHEHb MaHKPEaTUTy, 1i1e
MocTiKy€eTbess. OqHaK OUTBIIICTD i3 HUX JOPOTi, a IXHi Mmokas-
HUKU MiABUIIYIOTHCS JIMIIE B repili 24—48 ronnH Bim 1moyaTky
3aXBOpIOBaHHS. ToMy iX HE BUKOPUCTOBYIOTH Y TTOBCSIKACHHIM
KJIiHIYHii mpakTuili. Memoro 11b0T0 JOCIIKEHHS € OLliHKa (hak-
TOpIB, 110 BKAa3yIOTh Ha IMiABUIICHUI PU3UK PO3BUTKY HEKPO3Y
NP TOCTPOMY TSIKKOMY MAaHKPEATUTI Y XBOPUX Ha OXMPIHHS.
Mamepiaiu ma memoou. PetpocrieKTuBHUI aHai3 80 malieHTiB
3 TOCTPUM MAHKPEATUTOM LIJISIXOM 1Mo0yaoBU GaratodakTop-
HOI JIOTICTUYHOI perpeciitHoi moaeni. Pezyasmamu. Bcranosne-
HO 3aJIeXHICTh PU3UKY MaHKPEOHEKPO3Y Bill TaKMX (haKTOPHUX
O3HAaK: Jiifa3za Ha MOoYaTKy 3aXBOPIOBaHHS (ITOPOroBe 3HAYEH-

Hs = 599,6 On/n, AUC = 0,72 (95% A1 0,57—0,88)), TSKKIiCTb
3aXBOPIOBaHHS, (GiOPMHOTIEeH Ha TPETIO 100y XBOpOOU (ITOPOroBe
3HavyeHHs = 9,7, AUC = 0,65 (95% 11 0,48—0,81)), C-peak-
TUBHUY Oinok (TmoporoBe 3HaueHHs1 = 175,7 mr/n, AUC = 0,70
(95% 110,54—0,86)), BHYTpilIHbOUEPEBHUI CEPeIHI Kamisip-
HUit nepdy3iiiHuit TUCK y Mieplry 100y 3aXBOpIOBaHHSI (ITOPOroBe
3HaueHHs 63,3 mm pr.cT., AUC = 0,88 (95% A1 0,77—0,99)). 3a
pe3yabTaTaMy PO3THHY BUSIBICHO HassBHICTb HEKPO3Y Ta MiKpO-
TpoMO003y MiALLIYHKOBOI 3a103U. Bucnoexku. ®akropamu, siki
MOXYTb BKa3yBaTW Ha IMiJBUIIEHUI PU3UK PO3BUTKY MaHKPEO-
HEKpo3y, Oy BUCOKUI piBeHb Jina3u, ¢piOpuHOreHy Ha TpeTiit
IIeHb 3aXBoploBaHHsI, C-peaKTUBHOTO OiIKa, 3HIKEHHS BHYTPIlII-
HbOUEPEBHOTO CEPEIHBOTO KAMiISIPHOTo nepdy3iliHOro TUCKY,
TSKKIiCTh 3aXBOPIOBaHHS Ta HasIBHICTh MOPTOCIVIEHOME3EHTE-
piaJbHOTO TPOMOO3Y.

KirouoBi c10Ba: roctpuii maHKpeaTuT; NAaHKPEOHEKPO3; OXU-
piHHS; TPOMOO3
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Assessment of the influence of vitamin D level
on the course of chronic hepatitis C
in comorbidity with chronic pancreatitis

Abstract. Background. Chronic hepatitis C (CHC) is often complicated by the presence of concomitant gastroin-
testinal diseases, one of which is chronic pancreatitis (CP). This has a negative impact on the clinical course of both
diseases, contributes to nutrient deficiencies, in particular vitamin D, and worsens the quality of life of patients. The
aim of the research was to study the features of the clinical course of CHC in comorbidity with CP and to evaluate the
quality of life in patients with different levels of vitamin D in blood serum. Materials and methods. The study included
120 patients who were divided into 2 groups: group 1 — 72 patients with CHC and CP and group 2 — 48 patients with
CHC. In turn, patients of group 1, depending on the enzymatic activity of the pancreas, were divided into group 1a
(n = 52), which included patients with CHC and CP with exocrine insufficiency (El), and group 1b (n = 20) — patients
with CHC and CP with preserved exocrine function of the pancreas. In all patients, fecal coproscopy was performed,
the level of fecal elastase (FE-1), vitamin D, viral load was determined, and the degree of fibrosis and necroinflam-
matory activity was evaluated using FibroTest and ActiTest. Situational anxiety was assessed according to the Spiel-
berger-Hanin method, and quality of life using the SF-12 questionnaire. The analysis and processing of the results of
the examination of patients was carried out using the computer program Jamovi 2.3.2.1, Microsoft Office Excel for
Windows 2016 using the Kruskal-Wallis method, the Mann-Whitney-Wilcoxon criterion and the Pearson correlation
coefficient. The difference was considered to be statistically significant at p < 0.05. Results. A significantly lower level
of vitamin D was found in patients of group 1a than in patients of groups 1b and 2. Patients of group 1 with higher
stages of fibrosis (F2—-3 and F3—4), a higher degree of necroinflammatory activity in the liver (> A2) and a high viral
load have lower levels of vitamin D than those with initial stages of fibrosis and less severe necroinflammatory process
in the liver. Patients with CHC, CP and exocrine insufficiency complained of mood changes, increased anxiety, rapid
fatigue, and muscle weakness significantly more often than those with preserved exocrine function and patients with
CHC. The level of vitamin D in people with CHC, CP and exocrine insufficiency positively correlates with the level
of FE-1. In all patients with CHC in comorbidity with CP, a negative effect of low levels of vitamin D on indicators of
quality of life and anxiety was found. Conclusions. A reduced level of vitamin D in the blood of patients with CHC
and CP worsens the course of the disease and is associated with a decrease in quality of life.

Keywords: vitamin D; chronic hepatitis C; degree of liver fibrosis; chronic pancreatitis; enzymatic activity of the
pancreas; quality of life

Introduction

Hepatitis C virus (HCV) is one of the most common
causes of hepatitis [1]. Its course is complicated by the pre-
sence of extrahepatic manifestations and other diseases of
the gastrointestinal tract. One of these diseases is chronic
pancreatitis (CP), which causes a severe course of chronic

hepatitis C (CHC) and a decrease in the patient’s quality of
life 2, 3].

Vitamin D is an important biological compound that
affects various physiological functions of the human body.
Unlike other vitamins, vitamin D is a prohormone. Its
primary function is to influence calcium-phosphorus
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metabolism, but it also plays an important role in protec-
ting people from infectious pathogens, reducing the risk
of autoimmune reactions, and maintaining health. A low
level of vitamin D increases susceptibility to infections
and the risk of autoimmune diseases [4]. Insufficiency
of this vitamin is very common: according to scientists,
about 1 billion people in the world have a reduced serum
concentration of vitamin D.

C. Zhu et al., X. Cui et al. showed that vitamin D defi-
ciency is associated with the presence of muscle weakness
due to impaired phosphorus-calcium metabolism [5, 6].
According to L.L.N. Husemoen et al., Y. Cheng et al. re-
ceptors for vitamin D are present in the brain in areas re-
sponsible for regulating emotions and behavior, and a lack of
vitamin D leads to deterioration of mental functions (rapid
fatigue, mood deterioration, increased anxiety), which nega-
tively affects the quality of life of patients with chronic liver
and pancreatic gland diseases [7, 8].

The prevalence of vitamin D deficiency in patients with
CHC, according to various authors, is from 39.2 to 71 % and
in patients with CP — from 22 to 86.6 %, respectively [9, 10].
According to the literature, 30—70 % of patients with CP
develop exocrine insufficiency (EI) [11], which in turn leads
to steatorrhea and reduced absorption of vitamin D, and as
a result contributes to a decrease in its level in the blood and
the emergence of negative physiological effects related to
vitamin D deficiency [9].

O.P. Shevchenko-Makarenko et al. reported that HCV
has a serious negative impact on patient quality of life [12].
In addition, according to L.S. Babinets et al., the severity of
liver fibrosis and the presence of concomitant diseases of the
gastrointestinal tract are recognized as factors that correlate
with a lower level of quality of life in patients with CHC
[13]. The impact of vitamin D deficiency on the quality of
life of patients with CHC with concomitant CP is insuffi-
ciently studied, although its deficiency contributes to liver
damage and accelerates the progression of fibrosis [14—16].
On the other hand, the presence of concomitant diseases,
especially those that can be accompanied by a decrease in
the absorption of fat-soluble vitamins (CP, cystic fibrosis,
celiac disease, Crohn’s disease), increases the likelihood of
vitamin D deficiency and the development of related with it
negative effects [9].

The purpose of the study is to investigate the features
of the clinical course of CHC in comorbidity with CP and
to assess the quality of life in patients with different serum
vitamin D levels.

Materials and methods

There were 120 patients under observation, who were
divided into 2 groups: group 1 — the main group, which
consisted of 72 patients with CHC and CP and group
2 (comparison) — 48 patients with CHC (45.8 % men
(22/48), 54.2 % women (26/48), average age 49.60 = 7.22
years). The patients of group 1, depending on the enzymatic
activity of the pancreas, were divided into group 1a, who had
CHC in comorbidity with CP and exocrine insufficiency
(n =52;55.8 % men (29/52), 44.2 % women (23/52), ave-
rage age 52.40 = 7.56 years) and 1b group (n = 20; 55 % men
(11/20), 45 % women (9/20), average age 50.60 * 7.73 years)

patients with CHC and CP with preserved exocrine function
of the pancreas. The studied groups were homogeneous by
gender and age.

Inclusion criteria: patients aged 18—70 years with a con-
firmed diagnosis of CHC with and without concomitant CP
who agreed to participate in the study.

Exclusion criteria: the age of the subjects is less than 18
and more than 70 years; presence of markers of infection
by other hepatitis viruses (A, B, D), autoimmune hepatitis
and autoimmune pancreatitis, HIV infection; alcohol abuse;
smoking; taking corticosteroids, immunosuppressive drugs;
the presence of concomitant diseases of internal organs in the
stage of decompensation, the patient’s refusal to participate
in the study.

All participants signed an informed consent to conduct
research, the structure of which corresponded to the offi-
cially agreed, and the research itself to the requirements of
the Declaration of Helsinki (1975) as amended, the Interna-
tional Code of Medical Ethics (1983) and the relevant laws
of Ukraine and WHO regulations. The study was approved
by the local ethics commission of the State Higher Educa-
tional Institution “Uzhhorod National University” (protocol
No. 13/4 dated October 19, 2023).

The scientific research was carried out within the de-
partmental theme “Combined pathology and correction of
homeostasis disorders of residents of the Carpathian region,
taking into account adverse factors”, state registration num-
ber 0121U110808 of the department of faculty therapy of the
State Higher Educational Institution “Uzhhorod National
University”.

The diagnosis of HCV was made in accordance with the
International Classification of Diseases of the 10™ revision
and verified by the detection of total antibodies of the IgG
class to the structural and non-structural proteins of HCV
(antiHCV IgG+), as well as the indication of HCV + RNA
in the blood with determination of the viral load and geno-
typing.

General clinical, biochemical, serological, and molecular
genetic studies were carried out in certified laboratories of
the central city clinical hospital of Uzhhorod, communal
non-commercial enterprise “Regional Clinical Infectious
Disease Hospital” of the Transcarpathian Regional Coun-
cil, and commercial laboratories. Indicators of biochemical
blood analysis — total bilirubin with its fractions, total pro-
tein and its fractions, activity of alanine aminotransferase
and aspartate aminotransferase, alkaline phosphatase and
v-glutamyl transpeptidase were determined using an auto-
matic biochemical analyzer and original ChemWell reagents
Awareness Technology Inc. (USA).

The degree of activity of the pathological process was
determined by the level of increase in alanine aminotrans-
ferase activity, according to the international classification
of liver diseases (Los Angeles, 1994). The degree of fibrosis
and necroinflammatory activity of the liver was determined
using a non-invasive diagnostic method — FibroMax, which
includes: FibroTest, ActiTest, SteatoTest, AshTest, NashTest
and is produced by BioPredictive (Paris, France). Also, the
patients underwent an ultrasound examination of the abdo-
minal organs according to the generally accepted method. All
patients underwent stool coproscopy, where the appearance
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of a small amount of neutral fat, altered muscle fibers and
extracellular starch made it possible to suspect a violation of
the exocrine function of the pancreas and the formation of
chronic pancreatitis.

The diagnosis of CP was established in accordance
with the Marseille-Rome criteria (1989) with additions
and clarifications of the International Classification of
Diseases of the 10" revision [16], as well as in accordance
with the Order of the Ministry of Health of Ukraine da-
ted September 10, 2014, No. 638 “On the approval and
implementation of medical and technological documents
on the standardization of medical of help in chronic pan-
creatitis”.

The exocrine function of the pancreas was evaluated
based on the results of fecal coproscopy and pancreatic fecal
elastase-1 (FE-1), which was studied by means of ELISA,
using the test systems of ScheBo® Biotech AG (Germany).
The interpretation of the results was carried out according
to the following gradation: the level of FE-1 in feces is more
than 200 pg/g of feces — the exocrine secretory function of
the pancreatic gland is preserved; 150—200 ng/g of feces —
a mild degree of exocrine insufficiency; 100—150 mcg/g of
stool — moderate EI; less than 100 mcg/g of feces — se-
vere EI.

CHC + CP
without EI*

CHC + CP + EI*

CHC* 27.3

0 5 10 15 20 25 30
ng/ml

Figure 1. The level of vitamin D in patients with CHC
and CHC and CP

Note: * — p < 0.001 when comparing groups.

CHC + CP + EI
M CHC + CP without El
B CHC

Muscle
weakness™

Anxiety*

Changes
in mood*

Fatigue*

Figure 2. Frequency of complaints related
to vitamin D deficiency in different groups of patients

Note: * — p < 0.05 when comparing groups.

Research on the level of 25(OH) D was carried out in
certified commercial laboratories. Assessment of vitamin D
status was carried out according to the classification of
M.E Holick (2011), according to which vitamin D defi-
ciency is established at a level of 25(OH)D in blood serum
< 20 ng/ml, vitamin D insufficiency is diagnosed at levels
of 25(OH)D — 20—29 ng/ml; the level of 25(OH)D — 30—
85 ng/ml is considered to be within the normal range.

To assess the quality of life, we used the SF-12 quality
of life questionnaire — a shortened version of the SF-36
questionnaire, which is much easier for respondents. This
questionnaire is able to provide information about the state
of physical and mental health. Indicators of each scale are
measured in points (from 0 to 100), and a higher score
indicates a higher quality of life. Values of indicators of
physical and mental components of health from 0 to 20
points correspond to a poor quality of life; 21—40 — ave-
rage; 41—60 — good; 61—80 — very good; 81—100 — excel-
lent. The value of the integral indicator of quality of life
is determined by calculating the arithmetic mean of the
sum of indicators. The scales of the test make it possible to
evaluate two integral indicators characterizing the quality
of life: physical component of health and mental compo-
nent of health.

Situational anxiety was determined using the Spielber-
ger-Hanin method. When analyzing the results, the following
anxiety scores were used: less than 30 points — low, 31—44
points — average, more than 45 points — high.

The analysis and processing of the results of the exami-
nation of patients was carried out using the computer pro-
gram Jamovi 2.3.21 (Australia), Microsoft Office Excel for
Windows 2016 (USA), Statistics for Windows v.7.0 (StatSoft
Inc., USA) using non-parametric methods for evaluating
the obtained results. The normality of the distribution of
interval variables was assessed by the Shapiro-Wilk criterion.
Mean values are shown as M = SD. Comparison of mean
values was performed using the Mann-Whitney U test and
the Kruskal-Wallis criterion depending on the number of
groups. Categorical data analysis was performed using Pear-
son’s y test with Yates correction and Fisher’s exact test.
The relationship between interval data was analyzed using
the Pearson correlation coefficient. The assessment of the
strength of the connection between the variables was carried
out according to the Chaddock scale. The difference was
considered statistically significant at p < 0.05.

Results

When analyzing the obtained data, we established that
the level of vitamin D was reduced in all the examined.
However, patients of the first group have a significant-
ly lower average level of vitamin D than patients of the
second group (17.70 £ 3.39 ng/ml vs. 27.3 = 1.9 ng/ml,
p <0.001).

By comparing the data of patients with different enzy-
matic function of the pancreas, it was found that the level
of vitamin D is significantly lower in the group of patients
with CHC and CP with EI than in patients with CHC
and CP with preserved exocrine function of the pancreas
(16.00 £ 2.29 ng/ml versus 22.00 £ 1.52 ng/ml, p < 0.001)
(Fig. 1).
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Analyzing the complaints, we found that patients with
CHC and CP with CKD and, accordingly, the lowest le-
vel of vitamin D, are more often bothered by mood chan-
ges, increased anxiety, rapid fatigue, and muscle weakness.
In particular, increased anxiety was subjectively noted by
73.1 % (38/52) of patients in the group la (CHC, CP, and
El), 60.0 % (12/20) of patients in the group 1b (CHC and
CP without EI) in comparison with patients of the second
group (CHC), where there were 45.8 % (22/48) of such
persons (p = 0.021); mood changes — 59.6 % (31/52) of pa-
tients in group la, 45.0 % (9/20) of patients in group 1b and
33.3 % (16/48) of patients in group 2 (p = 0.031); rapid fa-
tigue — 86.5 % (45/52) of patients of the first group, 75.0 %
(15/20) of the patients of the group 1b against 64.6 %
(31/48) of the patients of the second group (p < 0.037);
muscle weakness — 48.1 % (25/52) of patients of the first
group, 45 % (9/20) of the patients of the first group, com-
pared with 22.9 % (11/48) of the patients of the second
group (p = 0.026) (Fig. 2).

When comparing the serum vitamin D content of patients
with CHC and CP, a statistically significant difference in
values was found depending on the degree of fibrosis and
necroinflammatory activity in the liver. It was established
that a lower level of vitamin D is significantly more often
registered in patients with CHC and CP with a high degree
of fibrosis (F2—3 and F3—4) and pronounced necroinflam-
matory activity in the liver than in patients with initial stages
of fibrosis and less pronounced necro-inflammatory activity
in the liver (p = 0.008 and p < 0.001, respectively).

However, when comparing the obtained values, it was
found that the level of vitamin D in CHC patients is sig-
nificantly higher than in CHC and CP patients with similar
stages of fibrosis and necroinflammatory activity (p < 0.05)
(Table 1).

It was found that in patients with CHC and CP with chro-
nic liver disease with high degrees of necroinflammatory acti-
vity in the liver (A2—3 and A3—4) and a deep degree of fibrosis
(F3—4), a lower level of vitamin D is determined (p = 0.018

Table 1. Vitamin D level in patients with CHC and CP and patients only with CHC with different degrees
of fibrosis and necroinflammatory process in the liver, ng/ml

Fibrosis Group 1 Group 2 Inflammatory Group 1 Group 2
HE CHC+CP,n=72 | CHC,n=48 activity | cHC+CP,n=72| CHC,n=48
FibroTest Vitamin D ActiTest Vitamin D
FO-1 19.50 = 3.82*" 29.10 + 1.74* AO0-1 19.60 = 2.82*" 28.0+1.77
F1-2 18.40 = 2.73*" 27.20 + 0.56* A1-2 18.10 = 3.77*" 27.80 = 1.45*
F2-3 16.50 = 2.19*" 26.50 + 0.65* A2-3 15.90 = 2.72*" 25.20 + 1.85”
F3—-4 14.40 = 2.69*" 23.60 + 1.31* A3-4 154 +1.1*" 26.4 + 0.5"

Notes: * — p < 0.05 when comparing the level of vitamin D in patients with different degrees of fibrosis and necro-
inflammatory activity in the liver within the same group; * — p < 0.05 when comparing the level of vitamin D in
patients with CHC and CHC + CP with the same degree of fibrosis or necroinflammatory activity in the liver.

Table 2. Level of vitamin D in patients with CHC and CP with CHC with different degrees of fibrosis
and necroinflammatory activity in the liver, ng/ml

ActiTest Vitamin D FibroTest Vitamin D
A0-1 17.90 + 2.44* FO-1 16.7 + 3.0*
A1-2 15.60+ 1.99* F1-2 17.00 + 1.84*
A2-3 15.40 + 2.07* F2-3 16.00 + 1.75*
A3-4 154 +1.1* F3-4 13.40 + 0.58*

Note: * — p < 0.05 when comparing different degrees of fibrosis and necronflammatory activity in the liver.

Table 3. Vitamin D level in patients with CHC and CP with different viral loads

Group 1 Group 1a Groups 1b
Viral load, U/mi CHC and CP, n =72 CHC,CPandEl,n=52 | CHCandCP WithoutEl,
Abs./% | Vitamin D, ng/ml | Abs./% | Vitamin D, ng/ml | Abs./% | Vitamin D, ng/ml
High (> 8 x 10°) 24/33.3 15.60 + 2.92* 22/42.3 14.90 + 2.03* 2/10.0 22.60 +£0.78
Moderate (6—8 x 10°) 25/34.7 18.40 + 3.32* 19/36.5 16.8 + 2.4* 5/25.0 225+0.6
Low (< 6 x 10°) 23/31.9 19.10 + 2.98* 11/21.2 16.90 + 1.81* 13/65.0 21.5+1.9

Note: * — p < 0.05 when comparing patients with different viral loads within each group.
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Table 4. Level of FE-1 and vitamin D in patients with CHC, CP and different degrees of exocrine insufficiency

Degree of El Average level of FE-1, pg/g Level of vitamin D, ng/ml
Mild (150—200 pg/g) 171.0+£17.3 16.90 + 2.16*
Moderate (100—150 pg/g) 124.00 + 8.98 15.00 + 1.47*
Severe (< 100 pg/g) 52.7 +12.9 14.50 + 3.13*

Note: * — p = 0.013 when comparing patients with different degrees of exocrine insufficiency.

Table 5. Comparative characteristics of quality of life in patients with CHC and patients
with CHC and CP depending on the enzymatic activity of the pancreas, points

Group 1a Group 1b Group 2
Indicator CHC, CP and EI, CHC and CP CHC. n = 48 s%ﬁltflfct:‘lacle
n =52 without El, n = 20 T
Integral index 30.40 + 6.02*" 34.50 + 6.64*" 48.50 = 7.07* p < 0.001%; p =0.029"
Physical health 29.5 +6.6™ 33.90 + 5.62*" 47.90 + 7.92* p <0.001*; p=0.01"
Mental health 30.4 £6.7" 35.10 £ 8.35" 49.10 = 8.36" p < 0.001*; p =0.047"
Situational anxiety 47.40 £ 2.37* 38.30 + 3.68*" 34.30 + 2.48" p < 0.001%; p < 0.001"

Notes: * — p < 0.001 when comparing quality of life and situational anxiety in patients of groups 1a, 1b and 2; * —
p < 0.05 when comparing quality of life and situational anxiety in patients of groups 1a and 1b.

and p = 0.003) (Table 2), than in patients with initial stages of
fibrosis and necroinflammatory activity in the liver.

When analyzing the obtained data, it was also possible
to find out that the level of vitamin D decreases with the
increase of the viral load in patients of group 1 (r = —0.447,
p <0.001) (Table 3).

A positive correlation was found between the level of
vitamin D and the level of FE-1 (r = 0.431, p = 0.001) in
patients of group 1a (Table 4).

All patients interviewed using the SF-12 question-
naire had a reduced quality of life. However, in patients of
group 1, the integral indicator, as well as the separate phy-
sical and mental components, were lower than in patients
of group 2 (31.50 + 6.43 vs. 48.50 = 7.07, 30.80 £ 6.62 vs.
47.90 £ 7.92, 31.70 = 7.43 vs. 49.10 * 8.36, respectively)
and this difference was statistically significant (p < 0.001).
When comparing the quality of life in patients with different
enzymatic activity, it was established that these indicators
were lower in patients of group la than in patients of group
1b (Table 5).

It was found that quality of life indicators in patients of
group 1 were positively correlated with the level of vitamin D.
In patients with higher levels of vitamin D, quality of life was
better according to the following indicators: integral index
(r=0.473, p <0.001); physical health (r = 0.402, p < 0.001);
mental health (r=0.446, p < 0.001). Also, in patients of group
1, both with impaired and preserved exocrine function of the
pancreas, compared to patients in group 2, a higher level of
situational anxiety was noted (p < 0.001), which was negatively
correlated with the level of vitamin D (r = —0.806, p < 0.001).

Discussion

When analyzing the obtained data, we found that pa-
tients with CHC have lower than normal levels of vitamin D,
which complements the results of research conducted by
other scientists [17, 18].

Our data about the lower levels of vitamin D in patients
with CHC and CHC and CP with greater degrees of fibrosis
and higher degrees of necroinflammatory activity in the liver
confirm the involvement of vitamin D in the processes of in-
flammation and fibrogenesis in the liver, which is consistent
with the results obtained by A.S. Dadabhai et al. [19], F. Cai
et al. [9], who proved that vitamin D affects the intensity of
the inflammatory process and fibrosis both in the liver and
in the pancreas.

The positive correlation found by us between the level
of vitamin D and the level of FE-1 can indicate both the
influence of vitamin D on the processes of pancreatic inflam-
mation and fibrosis with a violation of its function, and the
possible insufficient absorption of fat-soluble vitamin D in
the intestine as a result of digestive disorders due to a de-
crease in the production of pancreatic enzymes. These re-
sults are consistent with the data of other scientists, who
demonstrated that patients with CKD have lower levels of
vitamin D more often than patients with preserved exocrine
function of the pancreas [9, 20].

The data we obtained confirm that the physical and men-
tal quality of life in patients with CHC and CP are lower,
and the level of anxiety is higher than in patients with CHC
without concomitant CP, which is consistent with the results
obtained by other scientists [13].

Conclusions

In patients with CHC in comorbidity with CP with
exocrine insufficiency of the pancreatic gland, a signifi-
cantly lower level of vitamin D, higher stages of fibrosis
(F3—4) with high viral load and necro-inflammatory ac-
tivity in the liver were found than in patients with CHC
and CP with preserved enzymatic activity and CHC with-
out CP. The level of vitamin D in patients with CHC and
CP with exocrine insufficiency is positively correlated with
the level of FE-1.
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Patients with CHC and CP with exocrine insufficiency
of the pancreatic gland significantly more often complain of
mood changes, increased anxiety, rapid fatigue, and muscle
weakness than patients with CHC and CP without exocrine
insufficiency and patients with CHC.

In patients with combined CHC and CP, a negative effect
of low levels of vitamin D on indicators of quality of life and
anxiety was revealed.
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ABH3 «Y>KropoACbKk HALIOHAABHUN YHIBEPCUTET», M. Y KIOpOA, YKpAIHQ

OuiHKa BNAMBY piBHS BiTaMiHy D Ha nepe6ir XxpoHiyHoro renatuty C,
KOMOPGIAHOIO 3 XPOHIYHHUM NAHKPEATUTOM

Pestome. Axkmyaavnicmo. Xponiunuit renarut C (XI'C) yacro
YCKJIaIHIOETHCS CYMYTHIMU 3aXBOPIOBAHHSIMU IILTYHKOBO-KHIII-
KOBOT'O TPaKTy, OMHUM 3 SIKUX € XpOoHiuHUI maHkpeatuT (XIT).
Ile HeraTUBHO BIUIMBA€E Ha KJIiHiYHUU Mepedir 060X XBOpoo,
MPU3BOIUTH 10 Ae(hillUTy TMTOXMUBHUX PEYOBUH, 30KpeMa Bi-
taminy D, ta moripinye skicts xutts (12K) mauienris. Mema
docaidxcennsa: BUBYUTU OCOOIMBOCTI KIliHiuHOTrO repebiry XI'C,
koMopb6inHoro 3 XI1, ta ouinutu 2K B 0cib i3 pi3HUM ymMicTOM
Bitaminy D y cupoBatui KpoBi. Mamepiaiu ma memoou. Y 1o-
crmimkeHHs BKitoueHi 120 xBopux, sKi OyJIu po3mijieHi Ha OBi
rpynu: nepinry — 72 nauieHTtu i3 XI'C ta XI1, apyry — 48 oci0 i3
XTI'C. Y cBoo 4epry, nepiiy TpyIry 3ajiexKHO Bijl (hepMeHTaTUBHOL
aKTMBHOCTI mianuTyHKoBoi 3ayo3u (I13) posnineHo Ha rpyny la
(n = 52), mo Bxiovana xBopux Ha XI'C ta XII i3 30BHIITHbOCE-
KpeTtopHolo HenoctaTHicTio (3CH) I13, ta rpyny 16 (n = 20) —
nauienT i3 XI'C ta XI1 3i 30epekeH0I0 30BHIIIIHbOCEKPETOPHOIO
dynkuiero [13. B ycix XBopux MpoBOAMIN KOITPOCKOTiI0, BU3HA-
yaJii piBeHb dekanbHoi enactasu (PE-1), Bitaminy D, BipycHoro
HaBaHTaXKe€HHSI, BCTAHOBIIOBAIU CTYIiHb (piOpo3y Ta HEKpo3a-
najJbHOI aKTUBHOCTI 3a nonomoroto FibroTest Ta ActiTest. Cu-
TyaTUBHY TPMBOXKHICTb OLIiHIOBaJIM 3a MeToanKolo Crinbepre-
pa — XaniHa, a 2K — 3a monmomMoroio onuryBaibHuKa SF-12.
AHai3 i 00poOKy pe3yabTaTiB 00CTEXKEeHHS XBOPUX 3MiMCHIO-
BaJIM 3a JIOTIOMOT0I0 KOMIT I0TepHoi nporpamu Jamovi 2.3.2.1,

Microsoft Office Excel for Windows 2016 3 BUKOpuCTaHHSIM
meTtony Kpackema — Yommica, kpurepist ManHa — YitHi — Bin-
KOKCOHa Ta KoediieHTa Kopesuii [TipcoHa. PisHulio BBaxkaniu
CTaTUCTUYHO 3Hauyinow 1pu p < 0,05. Pesyabmamu. Y XBOopux
rpynu la BCTAHOBJEHO BipOTiIHO HUXXYMI piBeHb BiTaMiHy D,
HiX y rpymax 16 ta 2. Y mami€eHTiB IepLIoi Tpyny 3 BUIIUMU
cranisimu ¢ioposy (F2—3 ta F3—4), 6inblum cTynieHeM HEKPO-
3amnajbHOI aKTUBHOCTI Me4iHKU (> A2) Ta BUCOKUM BipyCHUM
HaBaHTAaXXEHHSIM PEECTPYETHCS HUXKUMI piBeHb BiTaMiHy D, HixX
B 0Ci0 i3 TTOYaTKOBUMH CTamisIMU (piOpo3y Ta MEHIII BUPAKEHOIO
HeKpo3anajabHOI0 aKTUBHICTIO mevyiHku. XBopi Ha XI'C, XII i3
3CH I13 BiporigHo 4JacTille cKap>KUJIKCs Ha 3MiHU HAaCcCTPOIO,
MiABUILIEHY TPUBOXHICTb, NIBUIKY BTOMJIOBAHICTb Ta M SI30BY
CJ1a0KiCTh, HiXK 0cO0U 3i 30epekeHO0I0 30BHIIITHLOCEKPETOPHOIO
¢ynkuieto 13 ta manientu i3 XI'C. PiBeHb BiTaminy D y xBopux
Ha XI'C, XI1 i3 3CH I13 mo3utuBHO Kopeoe 3 ymictom OE-1.
B ycix xBopux Ha XI'C, Komop6inuwmii i3 XI1, BUsIBIEHO HETaTUB-
HUI BIUIMB HU3BKMX PiBHIiB BiTaminy D Ha moxa3nuku XK Ta
TPUBOXHOCTI. Bucnoexu. 3Hu>xeHui piBeHb BiTaMiHy D B KpoBi
nauientis i3 XI'C ta XII noripuiye nepedir 3aXxBOpOBaHHS Ta
acoILifOBaHMUI 31 3HUKEHHSIM STKOCTi KUTTSI.

KorouoBi ciioBa: sitamin D; xponiunuii renartur C; cTyminb ¢i-
Opo3y MeUiHKKU; XpOHIYHUI MaHKPEeaTUT; (pepMEHTaTUBHA aKTUB-
HIiCTb HiIILTYHKOBOI 3aJ103U; SIKiCTb XXUTTS
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Nursing care for diabetes mellitus

Abstract. Background. Due to the global rise in diabetes patients, nurses of all specialties and positions are
increasingly caring for these individuals on a daily basis. The purpose of this study was to examine the latest re-
commendations and individual studies on diabetes management and to determine the place of nurses in a multidis-
ciplinary team. Materials and methods. The article used descriptive methods and methods of comparative analysis
to determine the characteristics of nursing practice in the management of patients with diabetes. Results. From
the information studied, it became clear that nurses should be prepared to receive quality education associated
with ongoing support and care in the community, primary health care institutions or in hospitals for such patients.
Education in self-management and psychosocial problem solving are key elements of diabetes care and nursing.
The Diabetes Self-Management Education and Support program is a crucial tool for patient-nurse communication,
involving ongoing psychological support through educational techniques to address questions and concerns from
individuals with diabetes and their families. Conclusions. Trained nurses can also perform screening for mental
disorders and diabetes complications in order to timely diagnose or prevent their development. Regardless of new

DOI: https://doi.org/10.22141/2224-0721.19.7.2023.1324

technologies or treatments, nurses must never lose their role as advocates for patients’ rights.
Keywords: muitidisciplinary team; self-management; screening; medical nutrition therapy; physical activity

Introduction

Updated standards for the management of people with
diabetes encourage the creation of a multidisciplinary team
consisting of mental health professionals, psychologists, nu-
tritionists, physicians, pharmacists and nurses, with the latter
playing a critical role in monitoring, educating and supporting
patients and their significant ones [1]. According to the In-
ternational Diabetes Federation [2] about 537 million people
suffer from diabetes, about 75 % of which are concentrated
in low- and middle-income countries, and about 6.7 million
deaths per year are directly related to this disease or its com-
plications. Data are also presented that 541 million people
have impaired glucose tolerance (prediabetes), which is a
potential source of new patients with diabetes type 2. Mean-
while, the Centers for Disease Control and Prevention in
America reports 30.3 million cases of diabetes as of 2020, of
which 7.1 million (almost a third part) are undiagnosed or
underdiagnosed, and an additional 84.1 million Americans
have prediabetes [3]. Thus, it is clearly observed that the trend
of increasing cases of diabetes, mortality due to diabetes and
its complications has already been more than confirmed.

X. Lin et al. [4] reported a prognostic worsening of the
burden of diabetes in both global and regional populations
adjusted for morbidity, mortality and disability-adjusted life-

years (DALYs), and the World Health Organization Global
Action Plan for the Prevention and Control of Noncom-
municable Diseases in 2025 was developed. Also, numerous
diabetes associations around the world regularly publish
improved standards of patient care, providing effective re-
commendations for multidisciplinary treatment of this target
group [5, 6]. Diabetes causes a tremendous burden on the
health care system, especially on the primary health care,
which requires nursing staff in accordance with Dorothea
Orem’s Self-Care Theory to educate patients to manage their
own well-being and symptoms on their own, since they can-
not be constantly monitored medical workers, unless the clin-
ical situation requires otherwise [7]. According to J.Y.C. Yip
[8] such training consists of applying practical nursing
knowledge by determining how the patient can best perform
self-care given their living conditions and the availability of
assistive devices, and it enables the identification and use
of sensitive indicators when glycaemic control, for exam-
ple, blood glucose. However, such theory has both strengths
and limitations in primary care settings: ER.D.M. Marques
et al. [9] draw attention to the fact that the development of the
disease and the consequences of chronic hyperglycaemia may
be poorly recognized by the elderly, which hinders adherence
to self-care practices and disease control.
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According to J. Lawler et al. [10] diabetic nurses are es-
sential for diabetes management, especially in the hospital
setting, as their intervention enhances the patient experience
and improves outcomes. At the same time Y. Wang et al.
[11] attract attention, that non-endocrinology nurses do not
have sufficient knowledge of diabetes and are in dire need
of training to provide quality patient care. Because diabetes
is a multifaceted pathology, often with unaccounted for or
misdiagnosed symptoms, nurses must offer educational and
support services as the patient’s first point of contact with the
health care network. The purpose of this article is to review
existing guidelines and research to build understanding and
highlight key principles in the nursing practice of diabetes
management. This study may be useful for policy develop-
ment, priority setting, and resource allocation for diabetes
nursing strategies.

Materials and methods

The screening and selection of data was provided among
review articles and published studies in the MEDLINE,
PubMed and Scopus databases. The search was conducted
using the queries “nursing care diabetes”, “diabetes nurs-
ing”, “diabetes mellitus management”, “diabetes mellitus
recommendations”. The search was carried out using the
filtering of articles within the boundaries from January 1,
2020 to June 15, 2023. From the results of the query, the first
100 proposed positions were studied, as well as 10 each for
queries specifying “diabetes gestational”, “diabetes crite-
ria”, “diabetes self-care”, “diabetes treatment”, “diabetes
diagnostics”. Other studies were obtained using academic
search engines available via Google, or from the reference
lists of review articles. Certain articles did not fit into the
specified time frame, but it was decided to include them
in the survey, since their data resonated with the data from
the initially filtered articles, which was confirmed by them
and the continuance of the researched topics. The following
were selected as inclusion criteria for the review: review and
comparative articles; local (within the medical institution or
city/region) statistical studies; recommendations of diabetes
associations of the last 5 years; all studies evaluated patients
with type 1 and type 2 diabetes; research should address the

following topics: current practices, principles, and research
in diabetes management nursing practice; statistical data
must cover the period within the last 5 years.

The following exclusion criteria were chosen from the
review: incomplete research reports or parts of research;
unpublished results of research; repeated publications by
authors (except diabetes associations); research in the con-
text of diabetes, but without reference to the role of nursing
practice. According to the inclusion and exclusion criteria,
68 articles were selected for the review. Data extraction in-
cluded the name of the first named author or all authors
(if their number did not exceed the co-authorship of 3 re-
searchers), characteristics of the study (type and purpose of
the study, year of publication) and measured outcomes (for
example, indicators of specific and general morbidity, mor-
tality, level of glycosylated haemoglobin, fasting and post-
prandial glucose). The article used descriptive methods and
methods of comparative analysis, which were used to search
for and determine the characteristics of nursing practice in
the management of patients with diabetes, the share and role
of nursing in a multidisciplinary team, current trends and the
establishment of relationships in the doctor-nurse-patient
system, ways to control glycemia, as well as determining the
prospects for further research.

Results and discussion

One of the most significant changes that has occurred in
the care of patients with diabetes is personalized treatment
and education that listens to the most detailed requirements
of each patient, including treatment adherence, comorbidi-
ties, and prognosis. Since diabetes is considered a chro-
nic disease, with the aim of a more qualitative approach to
treatment, the six-component The Chronic Care Model
was proposed, where such treatment goals as glycated he-
moglobin (HbA,C) level, weight control, maintenance of
physical activity, as well as discussion of possible alternatives
to achieve these goals, which are implemented in coopera-
tion with the patient and their family members, always taking
into account their social class, financial capacity, quality
of nutrition, possible language barriers, material resources.
Such a model requires the active participation of the pa-

Asked for my ideas when we made a treatment plan,

Given choices about treatment to think about.

Asked to talk about any problems with my medicines or their
effects.

W N e
e gl

4.  Given a written list of things 1 should do to improve my health.

5. Satisfied that my care was well organized.
6.  Shown how what I did to take care of my illness influenced my
condition.

7. . Asked to talk about my goals in caring for my illness.

doctor or nurse, think about your most recent visit.)

Over the past 6 months, when receiving medical care for my diabetes, I was:

Think about the health care you’ve received for your diabetes over the past 6 months. (If it’s been more than 6 months since you’ve seen your

Most of
Almost  Generally Not theTime  Almost
Never Sometimes Always
0, 0, 0, 0. 0o,
CII Dz G) 04 CI,

0, 0, 0, 0O, O
0, 0, 0, o, O
0, 0, 0, 0, 0

Figure 1. Questionnaire PACIC

Note: compiled by the authors based on [12].
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tient in the process of treatment, and in order to evaluate
the quality of the provision of medical services and receive
feedback, nurses can use the Patient Assessment of Chronic
Illness Care (PACIC) scale after 6 months of therapy, and
this scale has received positive reactions from various scien-
tists, and it is also translated into different languages, which
only increases its accessibility for patients. An example of
several questions, as well as the source of this questionnaire,
is presented in Fig. 1. Since the main tool of interaction be-
tween the patient and the nurse is a conversation, the worker
can get basic information about age, education, work and
study status, housing situation, the patient’s perception of
their own health, support elements, eating habits and physi-
cal activity, socialization, national, cultural and religious
characteristics, complications and duration of the disease,
concomitant diseases and health priorities.

In this way, having an active conversation can be used by
both parts of newly formed system, both patient and nurse, to
develop effective support strategies for a person with diabetes:
for example, a man with a low financial income can choose
to eat home-cooked meals during the day instead of buying
ready-made meals, saving and while maintaining health;
and a woman who has lost a partner may choose to become
part of a diabetes support group, be active in the community,
and lead an active social life. The criteria for the diagnosis of
diabetes mellitus remain the same as the classic ones: fasting
glucose level, blood glucose level 2 hours after a 75-gram oral
glucose tolerance test (OGTT) and HbA,C level are key for
diagnosis [13]. However, it is worth noting that the latter is
not recommended as a diagnostic method in patients with a
violation of the number of circulating erythrocytes, for exam-
ple, with polycythaemia, haemolytic anaemia, pregnancy
in the I1I—III trimester or with chronic kidney disease that
requires replacement therapy (dialysis) — for such patients
only glucose is used as a diagnostic criterion. Laboratory
criteria for the diagnosis of prediabetes and diabetes are pre-
sented in Table 1 with reference limits in different measure-
ment units.

It is also worth noting that the diagnostic criteria for dia-
betes include classic symptoms of hyperglycaemia (polyuria,
thirst, dry and itchy skin, changes in body weight, appetite),
hyperglycaemic crisis, randomly recorded plasma glucose
level > 200 mg/dL (> 11.1 mmol/l). However, considering
that both diabetes and prediabetes have a long asymptoma-
tic period or few symptoms, nurses can help these patients
by pre-assessing their risk using a questionnaire such as the
American Diabetes Association Risk Test for Diabetes, which
is currently available in English and Spanish. This test asses-

ses diabetes risk based on age, gender, heredity, comorbidities
(such as hypertension), physical activity, ethnicity, weight
and height. Further screening is recommended for all obese
adults, adults over 45 years of age, and current guidelines
recommend screening for children and adolescents or those
with more than 2 risk factors for type 2 diabetes. These risk
factors include: family history of diabetes (first-degree rela-
tives: mother, father, siblings), overweight or obesity ac-
cording to the Quetelet index/body mass index (BMI), age
45 years or older, ethnicity (black, Alaska Native, Native
American, Asian, Hispanic, Indigenous Oceania), history of
hypertension and dyslipidaemia (low serum high-density li-
poprotein cholesterol and/or high triglycerides and low-den-
sity lipoprotein cholesterol), history of gestational diabetes or
birth weight > 9 Ib (> 4000 g), low physical activity, history of
cardiovascular disease or acute cerebrovascular disorder, his-
tory of depression, history of polycystic ovaries [13]. Patients
with diabetes have a high risk of developing cardiovascular
diseases, which is confirmed by individual studies and global
organizations such as the American Heart Association [14].
For this reason, patients with diabetes should be included in
well-designed counselling and support programs and should
be screened and consulted for possible modifiable factors
associated with cardiovascular disease.

Nutritional assessment and recommendations for healthy
eating, weight management, physical activity, and psycho-
social needs are important elements that should be provided
by nurses at each stage of treatment. Personalized diabetes
prevention programs, education programs, and support pro-
grams for self~-management of diabetes, as well as programs
designed to emphasize weight loss (7 % of recommended
body weight) and exercise recommendations (150 minutes
per week of moderate intensity) are considered important
pillars for effective control of diabetes and pre-diabetes [12].
Currently, there is no specific diet to protect against diabetes,
although weight loss is important and even key in the treat-
ment of type 2 diabetes. Dietary regimens rich in saturated
and unsaturated fats (such as the Mediterranean diet) have
been shown to help better control diabetes. A healthy diet
that includes whole grains, nuts, dairy products, berries, and
limiting red meat, added sugar, and sugary beverages may
also be beneficial. Moderate exercise, such as brisk walking,
can improve insulin sensitivity and reduce abdominal fat
accumulation. Modest but sustained weight loss has been
shown to be effective in glycaemic control by reducing the
use of oral antidiabetic agents, and such improvement occurs
mostly in the early stages, when insulin secretory capacity is
not yet too impaired.

Table 1. Laboratory criteria for diagnosing carbohydrate metabolism disorders

Diabetes Prediabetes
) mg/dL > 126 100-125
Fasting plasma glucose
mmol/I 7 5.6-6.9
Plasma glucose after 2 hours during mg/dL =200 140-199
the OGTT mmol/l >11.1 7.8-11
. % >6.5 5.7-6.4
Hemoglobin A,C
mmol/I > 48 39-47

Note: compiled by the authors based on [13].
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Both drug treatment and patient-specific factors are con-
sidered and discussed during shared decision-making between
the nurse and the patient. These factors include efficacy, risk
of hypoglycaemia, renal effects, weight changes, cardiovas-
cular risks, cost of treatment, and route of administration.
Drug therapy is usually carried out with one drug, usual-
ly metformin. Other injectable or non-injectable treatment
methods are added to control possible cardiovascular compli-
cations — in this category of patients, the addition of agents
that reduce cardiovascular risks (such as empagliflozin) is
recommended, and liraglutide can be considered for patients
with a BMI > 27 kg/m? to prevent obesity and reduce car-
diovascular risks. But at the same time, there is a problem
with the financial capabilities of patients, because combined
therapy can carry a financial burden during treatment, and
according to G. Satheesh et al. [15], the price of drugs can
reduce the patient’s adherence to therapy, so the nurse aims to
encourage the patient to compliance with all appointments,
or to discuss with the doctor alternatives to reduce the cost
of therapy. According to the latest recommendations, the
level of glycemia should be controlled at the following level:
pre-meal glucose 80—130 mg/dl (4.4—7.2 mmol/l) in capil-
lary blood, postprandial blood plasma glucose < 180 mg/dl
(< 10 mmol/1). Diabetes management is based on different
steps because of the progressive nature of disease, starting with
appropriate lifestyle intervention, including referral to spe-
cial programs such as Diabetes Self-Management Education
and Support (DSMES) [16]. Patients with diabetes, without
exception, should be referred to DSMES, Medical Nutri-
tion Therapy (MNT) and continuously evaluated for diet,
psychosocial status and emotional support of various types.
Recent studies support the creation of small virtual groups
through which patients and nurses can build communication
by discussing treatment and well-being concerns or using
digital tools for telemonitoring of diabetes, which is supported
by the American Association of Clinical Endocrinology, but
as noted by L. Blonde et al. [5] and G. Grunberger et al. [17],
the use of telecommunication devices may be limited in older
patients, which also requires training from nurses.

DSMES can be offered in groups or individually, as well
as via virtual assistance. Regardless of the format, it should
be patient-centred, cover clinical and psycho-emotional
aspects, and be tailored to the specifics of each patient —
meaning that care and education would be more effective
if nurses used patient-centred communication alternatives
(such as open-ended questions, active listening, setting in-
dependent goals and psycho-emotional assessment). For
example, one might first ask the patient about the challenges
they face in managing their diabetes, what questions they
have, and these are ways to assess their needs and perceptions

of their disease so they can be addressed first at DSMES or at
their next doctor’s visit. Standards of care should be aimed,
for example, at the correct solution of problems of the psy-
chosocial spectrum in order to change the behaviour that
affects the quality of life and worsening of the patient’s symp-
toms. Patients are encouraged to be monitored for symptoms
of depression, anxiety, or cognitive spectrum disorders and
nurses can use questionnaires to screen for mental disorders
among their patients. Since this is a common phenomenon
and directly related to the way of life, the solution to the
problems of the psychosocial spectrum should be correct
and effective not only for the patient, but also for family
members — the prevalence of problems of this nature is from
18 to 45 %, with a frequency of 38 to 48 % within the first
18 months of diagnosis. According to L. Fisher et al. [18]
high levels of distress (feelings of guilt, anger, frustration,
fear) correlate with elevated HbA,C levels, low self-esteem,
and nonadherence to diet, exercise, or treatment regimens.
Management of obesity in patients with type 2 diabetes is
an important part of diabetes management. Table 2 presents
the classification of body weight according to body mass
index taking into account ethnic characteristics, according
to World Health Organization.

Bariatric surgery is a possible alternative for the category
of diabetic patients with a BMI of 35 kg/m? or more — in
many studies it was found that the intervention led to the
normalization of glucose levels. Regarding diabetes and preg-
nancy, an important recommendation for nurses is to ensure
counselling is provided before conception and at each stage
of pregnancy to women of reproductive age — areas to focus
on are family planning, maintaining HbA,C < 6.5 % before
pregnancy. According to the latest American Diabetes Asso-
ciation guidelines, glucose targets are a fasting plasma glucose
level of < 95 mg/dL (5.3 mmol/L) and a 1-hour postpran-
dial glucose level of < 140 mg/dL (7.8 mmol/L) or a 2-hour
postprandial glucose level < 120 mg/dL (6.7 mmol/L). In
general, the haemoglobin A,C target during pregnancy is
< 6 % (42 mmol/l) if this can be achieved without signifi-
cant hypoglycaemia, but the target can be lowered to <7 %
(53 mmol/1) if necessary to prevent hypoglycaemia, because
according to N. Mohan and A. Banerjee [20], pregnant
women are more prone to metabolic risks, so they should be
informed about the symptoms of hypo- and hyperglycaemia.
Insulin is the preferred treatment for diabetes type 1 and
type 2 during pregnancy, so the woman should be trained in
injection techniques, although oral metformin is a possible
alternative with its own advantages and disadvantages. In this
category of patients with diabetes, it is no less important to
monitor the appearance of possible complications and their
treatment. A very important element is the use of low main-

Table 2. Gradation of body mass index, kg/m?

All ethnicities Asian Americans Indian Americans
Insufficient weight <18.5 <18.5 <18
Norm 18.5-25 18.5-22.9 18-22.9
Overweight 25-29.9 23-27.4 23-24.9
Obesity > 30 >27.5 > 25

Note: compiled by the authors based on [19].
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tenance doses of aspirin to prevent preeclampsia, starting
from the 20™ week of gestation until the birth of the child.
In pregnant patients with diabetes and chronic hyperten-
sion, the target blood pressure is 110—135/85 mm Hg, so
the woman should be informed about the importance of an-
tihypertensive therapy. It is also worth noting that potentially
harmful drugs during pregnancy (angiotensin-converting
enzyme inhibitors, angiotensin receptor blockers, statins)
should be stopped after conception and avoided in sexually
active women of childbearing age who are not using reliable
contraception, so this issue also requires detailed discussion.

Regarding the issue of cardiovascular complications,
the prevention and treatment of remote complications of
diabetes remains the main task of the medical staff treating
this category of patients. Lifestyle adaptation, statin the-
rapy is recommended for patients older than 40 years even
without coronary heart disease, but lifestyle changes and
glycaemic control are strongly recommended for patients
with dyslipidaemia. Smoking cessation is an important goal
in lifestyle modification, and B. Daly et al. [21] emphasize
the importance of nurse-patient communication. Optimi-
zing glucose and blood pressure is of particular importance
in reducing the risk of progression of kidney disease and
retinopathy. Research by S. Atkinson-Briggs et al. [22] and
D.C. Goncalves-Bradley et al. [23] demonstrated the benefit
of nurse-administered retinopathy screening, as it reduced
physician appointment times and increased case detection
rates. Diabetic foot is one of the important complications of
diabetes. D.R. Hughes et al. [24] demonstrated that nurse-
led patient education focusing on diabetic foot care is feasible
and has the potential to improve diabetes knowledge and
self-care, which are precursors to preventing debilitating
foot complications. Patients should be informed about the
critical situations of uncontrolled glycaemia that can hap-
pen to them and be taught the algorithms of action, and in
turn nurses should be educated on this issue, especially with
regard to patients with low adherence to control, children
with diabetes type 1 and their parents. For example, a blood
level that is considered hypoglycaemia is less than 70 mg/dL
(3.9 mmol/L), and the nurse may recommend taking 15 to
20 g of fast-acting glucose (glucose tablets or a sweet sand-
wich), and after the level normalizes glucose in the blood,
you can eat light food, in the worst case — immediate hos-
pitalization. Patients may be asked to use tools that identify
them as having diabetes and to carry devices to check their
current glucose levels (glucometers). Patients should also be
aware that illness or other stressful events can raise glucose
levels and lead to diabetic ketoacidosis in patients with type 1
diabetes or a hyperosmolar hyperglycaemic state in patients
with type 2 diabetes — nurses and physicians should educate
patients about the symptoms of ketoacidosis and emphasize
the need to receive recommended vaccinations, T.R. Anis
et al. [25], B. Joob and V. Wiwanitkit [26] emphasize the
importance of receiving vaccination against coronavirus in-
fection according to current epidemic situation.

At the hospital stage, nursing therapy is based on dis-
charge planning, ensuring balanced treatment, care in the
transition period, proper communication with the patient
and family members — along with the reference to DSMES
and MNT, nurses need to emphasize the importance of blood

glucose monitoring, information, treatment and prevention
of hypoglycaemic events, hyperglycaemic events, continued
medication use, and the importance of nutrition [27—29].
As for special populations, nurses, parents, and other health
professionals should prepare kids with diabetes for the tran-
sition to health care and self-management in adulthood [30,
31]. Thus, self-management education and psychosocial
problem solving are critical elements of both diabetes ma-
nagement and nursing practice [32]. Nurses can use quali-
ty tools to monitor the physical and mental condition of
patients, and their role remains indispensable and no less
important than the work of the attending physician. But it
is worth noting that most modern resources (questionnaires,
applications) are available in a limited number of languages
(mainly English), which can create a restriction in their use
for users from different countries, and in the future, they
require high-quality translation and testing with feedback
from patients and medical staff who used them.

Conclusions

Regardless of their speciality or position, the majority of
nurses deal daily with patients who have diabetes because of
the rising number of diabetic patients around the world (es-
pecially in low- and middle-income countries). According to
the most recent guidelines and individual studies on diabetes
management the role of nurses in a multidisciplinary team
is still important. The evidence gathered made it clear that
nurses need to be ready to obtain high-quality training linked
with ongoing assistance and care for patients of different age
and social status. Key components of diabetes treatment
and nursing include education in self-management and psy-
chosocial problem solving. A crucial tool for patient-nurse
communication is the DSMES program. In order to quickly
diagnose or stop the onset of mental problems and diabetic
complications (diabetic foot and retinopathy), trained nurses
can also do screening for these conditions. Nurses need to be
alert to obesity and cardiovascular risks. Patients should be
informed about the priorities of a healthy lifestyle, quality
nutrition (especially the Mediterranean diet), smoking ces-
sation, and regular medication intake. Discussing pricing and
material options can have a significant impact on patient ad-
herence to treatment. Communication between a nurse and a
patient can take place both in a medical institution and at the
patient’s home, as well as online through special applications
or social groups. Modern tools for diabetes management and
communication should be publicly available to users from
all over the world, so in the future they should be adapted
and researched on their quality and compliance with local
characteristics (ethnic, religious).
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CeCTPUHCbKUIA AOTASA 30 XBOPUMM
HA LLYKpOBUi AiaGet

Pestome. Axmyaavnicmo. Y 38’13Ky 3i 3pOCTaHHSAM KiJIbKOCTI XBO-
PHUX Ha LIYKPOBMI IiabeT y BCbOMY CBiTi MEICECTPHU BCiX CITeLialb-
HOCTeH i mocaj Bce yacTillie A0MISiIatoTh 32 LIMMU JIIOIBMU LIOIHSI.
‘Mema 1uporo OCIiIKEHHS MoJisArajia B TOMy, 100 BUBYMTU OCTaH-
Hi peKOMeHallii Ta OKpeMi TOCITiIKEHHS 3 JIIKyBaHHSI IIyKPOBOTO
niabeTy Ta BU3HAYUTHU MiCLIe MEIUYHMX CECTEP Y MYJIbTUIUCIIUTLITI-
HapHill KoMaHni. Mamepiaau ma memoou. Y cTaTTi BUKOPUCTAHO
NECKPUIITUBHI METOAM Ta METOIM MOPIiBHSUILHOTO aHai3y IJIst
BU3HAYCHHST 0COOIMBOCTEI MEICECTPUHCHKOI TIPAKTUKHM Y BEIEHHi
XBOPUX Ha IyKpOBUIl niabeT. Pesyabmamu. 3 BUBYeHOI iH(popma-
1ii cTajo 3po3yMijo, 110 MEAWYHi CeCTPU MOBUHHI OYyTU TOTOBI
OTpHMMATH SIKiCHY OCBITY, ITOB’sI3aHY 3 MOCTIHOO MiATPUMKOIO Ta
JIOTJISIIOM Y TPOMaJli, y 3aKJiafiax MepBUHHOI MEIUYHOI JOIMTOMOTY
a00 B JTIKapHSX IS TAKKX IMallieHTiB. HaBuaHHS caMOyITpaBIiHHIO

Ta pO3B’sI3aHHIO TICUXOCOLIaTbHUX ITPOOJIEM € KIIIOYOBUM €JIEMEH -
TOM JOIJISIIY, 30KpeMa, 3a XBOpUMU Ha jaiadeT. [Iporpama HaB4aHHsI
Ta MiATPUMKU CAMOKOHTPOJIIO XBOPUX Ha IIyKPOBHUIi 1iabeT € Bax-
JIMBUM IHCTPYMEHTOM JUIS1 CHIKYBaHHSI MiX IallieHTOM i Mezace-
CTPOIO, BKIIFOUYHO 3 TIOCTIITHOIO TICUXOJIOTIYHOIO MiATPUMKOIO 33
IIOTTOMOTOI0 OCBITHIX METO/IB IJIsI PO3B’sI3aHHSI ITUTAHb i TPO0JIeM,
SIKi BUHMKAIOTh Y JIIoAel 3 AiabeToM Ta ixHix ciMeii. Bucnoeku.
[linroToBnaeHi MeacecTpy TaKOX MOXKYTh MPOBOAUTU CKPUHIHT
MCUXIYHUX PO3JIJIiB i yCKIaIHEHb IIYKPOBOTO /IiabeTy 3 METOIO
CBOEYACHOI AiarHOCTUKY 200 3arodiraHHs iX po3BUTKY. Hesanex-
HO Bill HOBUX T€XHOJIOTii1 Y1 METO/IiB JIiKyBaHHSI MEICECTPU HiKOIN
He MOBMHHI BTpayaTu CBOIO POJIb 3aXMCHUKIB IpaB Malli€eHTiB.
KirouoBi cioBa: mynsrraucunmiiHapia KOMaHIa; CaMOKOH-
TPOJIb; CKPUHIHT; JIIKyBaJIbHE XapuyBaHHS; (hi3YHA aKTUBHICTh
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YAbTPQ3BYKOBiI TO AeMorpadiyHnm npeAKTopu
MiCLL,eBOro MeTaCTAa3yBOHHS
NANIASIPHOro PAKy WUTOMOAIGHOT 30A03U
HO AoonepauinHomMy etani:
NPOrHOCTUYHO MOAEAb

Pe3tome. AkTyanbHicTb. Yepes HU3bKY HyTMBICTb | CeuynidHICTb YibTPa3ByKOBOIO AOCIAXEHHS LM rnpu
OUiHUI NIMGbaTnYHUX BY3iB LUEHTPAsIbHOrO KOJIEKTOpa HEOOXIAHO 3HAWTV allbTePHAaTUBHI LUIISIXW 4151 [POrHO-
3yBaHHsA MeTacTasiB y YeHTpasibHi nimeatnydHi By3nu wmi (CLNM) y nauieHTiB 3 naninsapHum pakom LMTOmNo-
AiéHoi 3anosu (MPLY3). MeTa: po3pobutu nporHoOCTUYHY MOZEesb 711 OLiHKM PU3NKY MICL{eBOro metacrasy-
BaHHS nanifisipHoro paky LUTornof[i6Hoi 3as103u Ha OCHOBI foonepawiviHux yIbTpa3ByKoBUX | JemMorpacgpivHoro
npegnkTopis. Marepiann ta metogu. [lpoBefeHO PeTPOCNEKTUBHE MOHOLEHTPOBE KOrOPTHE [OCIIAXKEHHS.
OnpayboBaHo gaHi 401 nayieHta, sskmx 6yno npooneposaHo 3 npusogy MPLY3. OcHosHa rpyna — 179 xBopuXx,
y akux susisneHo CLNM Ha natorictonoriyuHomy gocnigxerri (MFL). Ipyna nopiBHAHHA — 222 nauieHTy 6e3
metacTasis 3a pesynsratamu [1I[. [py npoBeReHHi aHani3y BpaxoByBasnCh K pakTopu PU3NKY Taki O3HaKM:
cyOKarcynsipHe po3TallyBaHHS MyXJnHW; PO3MIP; HEYITKICTb MeX; HAsiBHICTb LiNAHOK Kanbuyugikayii (Mikpo-
Kanbumnbikatu); Bik nayieHta. Kputepii BKIIIOYeHHS: yntonoridyHo nigreepaxeHwn MNPLL3 Ha goonepaviviHomy
erarni; onepoBaHi nayieHTy (TMpPeoiaeKToMIs/reMiTupeoigeKToMIss Ta UeHTpasibHa NiMpaTnyHa AUCeKUis Lumi).
KpuTtepii Buknto4eHH:: onepadii B QinaHYi Lni'y aHamHe3si; nayieHTy 3 6aratooKyCcHUM ypaxeHHsM LL13. Pe-
3ynbTaTtu. 3a gonomororo rnporpamu StatPlus 6yno oTpumaHo Take norictuyHe piBHAaHHA: y = —1,839 — 0,037 x
x X, + 0,097 x X, + 1,123 x X;+ 1,198 x X, + 0,692 x X,, ge X,, X,, X;, X,, Xs — BiK (pokiB), poamip (Mm), cy6-
KaricynsipHe po3tallyBaHHs (HasiBHICTb), HEYITKICTb MeX (HasiBHICTb), Kanbungikatv (HasBHICTb) BiAMoBigHO.
OTpumaHa rnporHocTnyHa mogesib 3abearneqysana Taki onepauiviHi XapakTepucTUKU rpy YyTOYHEHHI MOPOroBoro
3Ha4eHHs1 ans P, sike gopiBHioe 0,44 (BupiwansHe npasuno X > T): yytimsicte — 75,4 %, cneyngidyHicte —
79,3 %, piarHoctnyHa egekTuBHicTb — 75,1 %. 3 MeToto OUiHKU SKOCTI Mogesi 6yn0 BUKOHaHO npouenypy
ROC-aHanizy. Otpumani Taki gaHi: niowa nig kpusoto (AUC) = 0,797 (95% Al: 0,753—0,841), o BignoBsigae
[06piii sikocTi mogeni, iHgekc KopeHa (J) = 0,5155. MNepeBipka AKoCTi Mogeni Ha KOHTPOsbHIV rpyni 3i 100 ocié
fana taki pesynbratu: 4ytmmsicTe — 72,2 %, cneyngivyHicte — 76,1 %, giarHoctnyHa eqpekTnBHicTe — 75,8 %.
BucHoBku. 3actocyBaHHs MaTeMaTu4HOI MoAesli Ha OCHOBI y/IbTPa3BYKOBUX MPEAVKTOPIB i BiKy navuieHTa gae
3MOry nporHo3yBaTu HasiBHICTb slokanbHux metacTtasis NMPLY3 Ha goonepadiviHoMy etari 3 giarHOCTUHHOK
egekTuBHicTio 75,8 %. XXogHa nporHoctnydHa mogesb He gae 100% TOYHOCTI NporHo3y. Y BMOOPI TakTUKU
JiKyBaHHS Crlig BpaxoByBaTu [OJATKOBI ¢hakTopu BravBYy (ONPOMIHEHHSI B aHaAMHe3i, OOTSXKEHWV CIMeNHWI
aHaMHe3 TOLL0) Ha KOHKPETHOro nayieHTa.

Kno4oBi cnoB.a: naninspHui pak LmMTonogioHoi 3a503u; hakTopy MifgBULLEHHSI PU3UKY MeTacTa3yBaHHsI; rpo-
rHOCTUYHa MoAersib; NiMbaTndHi By3/in UEeHTPasibHOro KofiekTopa
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skl

Bctyn

[ManinsipHuii paxk mwurononioHoi 3ano3u (ITPLLI3) no-
XOIMTH 3 (DOJIIKYISIPHOTO eIiTeiI0 IIUTOMOAI0HOI 3271031
(ILI3) i € OCHOBHMM TUIIOM MATOJIOTII cepes 3T0SIKICHUX
HoBoyTBOpeHb 113, Ha sgkuit npunanae npubauzHo 80 %
ycix pakis L3 [1].

Xoua Ginburicts nauieHTiB 3 IMPIL3 mawoTh 106puii
MPOTHO3, YaCTOTa MeTacTa3yBaHHS B JIIM(aTUIHUX By3JTax
BUCOKa i mepebyBae B Mexxax Big 20 mo 50 % [2].

Meracra3u B niMdaTuuHi By311 LEHTPaJbHOIO KO-
nektopa (CLNM) € ogHUM 3 OCHOBHUX (haKTOPiB PUBUKY
MiCIIEBOTO PELMAMBY, a TAKOX BaXKJIMBUM KPUTEPIEM TSI
BU3HAYEHHS XipypTidHOTO MiAXOIy A0 ONepalliiiHOI TaK-
THKH [3].

IlepemonepamniiiHi MeTOOM MiaTHOCTUKU, TaKi SIK yIb-
Tpa3BykoBe pociimkeHHs (Y3/1) BUCOKOI po3iabHOI 31aT-
HOCTI i TOHKOT'OJIKOBA acmipalliiiHa 0ioIIcist mig KOHTPoJeM
Y3]1, HasiexxaTh 10 30JI0TUX CTAHIAPTIB AiarHOCTUKU PaKy
II13. BucokouactorHe Y3/I MoXXHa BUKOPUCTOBYBATH JIJIsT
TOYHOI 1iarHOCTUKY METAacTa3iB y JiMmMaTUuHi By3/u jaTe-
PpaIbHOTO KOJIEKTOPA i BU3HAYEHHSI ITOKa3aHb 110 Oiorcii [3].

Opnak TouyHicTh Y3/l BiTHOCHO HM3bKAa B MiarHOCTHUIII
MeTacTasiB y LICHTpaJIbHUI JTiMpaTuuHuii Koiekrop |3, 7].
HagiTb y namieHTiB i3 KJIiHiYHO HEraTUBHUMU IUAHUMU
sniMmdatuunumu Bydnamu (cNO) yactora CLNM moxe ne-
pebyBaTi B Mexax Bin 15,9 1o 53 % [8].

Yepes HU3bKY UYyTJIUBICTD i cieuudiunicTs Y3/ mui
MpU OUiHII JTiM(aTUYHUX BY3JIiB LIEHTPAIbHOIO KOJIEKTO-
pa HeoOXimHO 3HAMTHU aJIBTEPHATUBHI IIISIXU [JIsI IIPOTHO-
3yBaHHs CLNM y nauienris 3 I[1PLL3, 110 € ocHoBHOW0O
METOIO LIbOTO AOCTiIXKEeHHST [4].

3riiHO 3 TOTNepeaHIMU TOCTiIKEHHIMU, MalliEHTU
3 [1PILI3 3a3Buyaii MarOTh MPEAUKTOPU METACTa3iB Yy JIiM-
aTuHUX By3J1aX, SIKi TIOAUISIOTH HA TPY OCHOBHI KaTeropii:
neMorpacdivHi, yIbTpa3ByKOBi it MaTOJOTiIYHI XapakTepu-
cruku. MakTopu, Mpo SIKi MOBiTOMIISIIOTh HaliuacTille: BiK,
cTaTh, pO3Mip i JoKasi3allis MyXJIMHU, MYJIbTU(HOKAIBHICTD,
NBOOIYHICTb, HASIBHICTb TUPEOINUTY XaAIIMMOTO, MyTallii
BRAF (V600E) i anomanii niMmaTiaHMX By371iB, BUSBICHI
Ha Y3/ [12].

JeaKuMu TOCTiTHUKaMU TaKOX TOBEICHO, 1110 HasB-
HicTb MiKpoKasblIMGbiKaTiB y MyXJMHI TAKOX MOB’s13aHa
3 MeTacTa3aMu B iMdaTuuHi By3nu [14].

Homorpama € rpadiyHUM iHCTpYMEHTOM TSI 300pakeH-
HSI iHAMBiTyaabHOI iMOBIPHOCTI KJIiHiYHOI MTOAil Ha OCHOBI
CTaTUCTUYHOI MOJIeJli TPOTHO3YBaHHS 11 OCTAaHHIM YyacoMm
4acTO BUKOPUCTOBYETHCS B JOCIIKEHHSIX paKky [5].

JocmimkeHHs 3 pO3p00KU MOJEII IJIs IIPOTrHO3yBaHHS
CLNM vy nmauientiB 3 cNO ITPII3 oco6amuBo oOMeXeHi.
IIpoTe Moneni mporHo3yBaHHS paKy CTaJIu KOPUCHUMM iH-
CTPYMEHTaMU ii PEKOMEHIYIOThCS U1 BAKOPUCTAHHS B Pi3-
HUX KJIiHIYHUX MPaKTUYHUX HACTAHOBAX, SIK-OT HACTAHOBU
3 paKy MOJIOYHOI 3aJ103U, PaKy JIETeHiB, TeNaToLEI0SIPHOT
KapiuHOMU TOLIO [6].

Ha BigMiny Big 6araThbox IOIepeIHiX TOCTiIKeHb, SIKi
BU3HAYaIOTh MTooTNepalliiiHi (pakropu pu3uKy MiclieBUX Me-
tactaziB [1PII3, Mmu Manu Ha MeTi BUSHAUMTHU YJIBTPa3By-
KOBi 11 neMorpadiuti moorepaliiiHi pakKTopu pu3uKy IJIst
MPOTrHO3YBaHHS HAsIBHOCTI MeTacTa3iB i Ha OCHOBI 1IbOT'O
pPO3pOOUTU MaTeMaTUYHY MOJIEIb.

Merta po60TH — PO3POOUTH MMPOTHOCTUYHY MOJEITb TSI
OLIIHKM PU3UKY MiCLIEBOTO MeTacTa3yBaHHS MamiisipHOro
paKy IIMTOIOAIOHO]I 321031 Ha OCHOBI TOOIEPALIiiTHUX YIIb-
TPa3BYKOBUX i IeMOrpadiyHOro MpeauKTopiB.

MarTtepiaAu Ta meToamn

IIpoBeneHo peTpocrieKTUBHE MOHOLIEHTPOBE KOTOPTHE
TIOCTIIKEeHHS, Y IKOMY OLIiHIOBAJIMCH AeMorpadidyHa i yib-
Tpa3BykoBi o3Haku [TPIL3, 1110 MOXYTb CITyTyBaTH MpeanK-
TOpaMu MifBUILIEHOTO PU3UKY METaCTa3yBaHHSI.

Y mopanblioMy HaMU CTBOpEeHa MaTeMaTU4YHa MO-
IieJib OLIIHKM PU3MKY MiclieBoro MetactadyBanHs [TPILL3.
OmnpaupoBaHo naHi 401 mauieHTa, IKUX OYJIO MpooOIie-
poBaHo 3 npupoay [TPII3 B 06’eMi TUpeoinekTomii abo
TeMIiTUPEOIiIeKTOMII 3 LIEHTPAJIbHOIO JTiM(POINCEKITIEIO LT
B miepion i3 ciuHs 2017 no tpaBHst 2023 poky. Yci xBopi Ha
MOMEHT oIlepallii Majau KJIiHi4Hi 03HaK1 HU3bKOT'O PU3UKY
peLMINBY 3aXBOPIOBAHHSI.

o ocHoBHOI rpynu BifgiopaHo 179 xBopux (39 voso-
BiKiB, 140 XiHOK), y SIKMX BUSIBJICHO MeTacTa3u B JiMda-
TUYHi BY3JIM 1M1 IPY MATOTICTOJOTIYHOMY MOCTiIKEHHI
(I1T1). o rpynu mopiBHSHHS BimiOpaHo 222 malli€eHTIB
(33 yonoBiku, 189 xxiHOK) 6e3 MeTacTasiB 3a pe3yJibTaTaMu
II'd. CepenHiii Bik nmaii€eHTiB OCHOBHOI Ipynu — 39 pokiB
(min = 5, max = 81). CepenHiii Bik XBOpUX I'pyNu MOpPiB-
HSIHHS — 45 pokiB (min = 12, max = 81). YacTka naiieHTiB
3 BUSIBJICHUMU MeTacTazamu 3a pesyabraramu [1T]] csarana
44,6 %.

I1pu mpoBeneHHI aHaIi3y BpaXOBYBaJIUCh SIK (paKTOpU
PU3MKY TaKi O3HAKM: CyOKarCy/IsipHe po3TalllyBaHHS TTyX-
JuHU (puc. 1); po3Mip; HEUITKICTb MeX (pUC. 2); HasIBHICTh
NUTISTHOK Kanbliidikanii (Mikpokanbiudikatu) (puc. 3);
BiK MailieHTa.

Kpurepii Bimbopy mami€eHTiB: BiICyTHICTh olepariit
y OUISTHI 1M1 B aHaMHe3i; [UTOJIOTIYHO MiATBEepIKEHUI
[TPIIL3 na moonepauiiinomy erami; Y3/ 1113 BukoHyBanoch
JIHIAHAM TaTYMKOM; MALIIEHTH JUIIE 3 OTHUM (HOKYCOM
ITPI3 3a ganumu I, [Ipu npbomy HeoOXimHO OyJIO UiT-

PucyHok 1. CybkancynspHe po3TallyBaHHs By3/a
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PucyHok 2. HeuyitkicTb MeXx By3na

KO BU3HAYUTH YJIBTPA3BYKOBI XapaKTEPUCTUKU MyXJTUHU
TTPILI3 sk npeaukropu MeTactazyBaHHs. [1pu 6aratodo-
KYCHOMY ypaxk€HHi BUSHAYUTH, 3 IKOTO (DOKYCY Bi1OyI0CH
MeTacTa3yBaHHSs, HEMOXJIUBO.

'V3]1 opraniB 1mmi BUKOHYBajIoch Ha amnapari Philips HD
11 XE niHiitHuM paTunkom 3 yactoroto 12 MIir.

CTaTUCTUYHY 0OpPOOKY OTpMMAaHUX pe3yJIbTaTiB 3/iii-
CHIOBAJIM 3a JIOTIOMOTOIO CITeliali3oBaHOT CTaTUCTUYHOT
nporpamu StatPlus Pro v.7 (AnalystSoft Inc.) i cratucTuu-
Hux KanbKyasaTopiB MedCalc (MedCalc Software Ltd.,
https://www.medcalc.org/calc/index.php).

IIpu npoBenenHi ROC-aHanizy BuU3Ha4eHHS ILIOLI ITifT
ROC-kpuBo10 3 BiIlTIOBIiZTHUMU JOBIpUMMHU iHTEpBAIAMU
BUKOHYBaIM 3a MeTofgoM D. Delong.

3a J10MoMoroto MeToy OiHapHOI JIOTICTUYHOI perpecii,
BUKOPUCTOBYI0UM rpyny 3 401 nauieHTa ik HaBYaJIbHY BU-
0ipKy, M1 CTBOPMJIM IIPOTHOCTUYHY MOJIENb, sIKa BpPaXOBY€E
5 akTopiB pU3UKY, BKa3aHUX BUILIE.

PesyAbTaTU

SAx Bimomo, GiHapHa JIOTiCTUYHA perpecis 3aCTOCOBY-
€TbCSI y BUTIAJKY, KOJIU 3aJieXKHa 3MiHHA € OiHapHO1O (TOOTO
MOXe MPpUIMaTH JUIlIe ABa 3HAUEHHST), a He3aJeXHi 3MiH-
Hi (IIpeIUKTOPN) MOXYTh OYTH 3MiHHMMHU Pi3HUX TUIIIB,
Yy TOMY YMCJIi KaTeropiaJIbHUMM.

3a moromoroio nporpamu StatPlus Oy;10 oTpuMaHo Take
JIOTICTUYHE PIBHSHHS:

y=—1,839— 0,037 x X, + 0,097 x X, + 1,123 x
x X,+ 1,198 x X,+ 0,692 x X,

ne X, — BiK (pokiB), X, — po3mip (MM), X; — cyOKaricyssipHe
posTaulyBaHHs (HasiBHICTh), X, — HEUiTKiCTb MeX (HasiB-
HiCTb), X; — Kanbuudikat (HasiBHICTb).

Otxe, iIMOBIpHICTb BUSIBJIEHHSI METACcTa3iB y KOXHOTO

KOHKPETHOT'O XBOPOTO BU3HAYAEThCH 3a (DOPMYIIOIO:
1
p=—""70r
1—e”

ne e — yucio Eitnepa, y — orpuMaHe piBHSHHSI perpecii.

PucyHok 3. HasiBHicTb ginsiHok kanbuudpikadii
(mikpokanbuyugpikatu) By3na

ITpu BupimeHHi 3agadi Kiiacudikailii, TOOTO BiTHECEH-
Hi MEBHOTO CIMOCTEPEXKEHHS 1O OJHOTO 3 KJ1aciB (Y HAlIOMY
BUIIAIKYy — «MeTacTa3|u HasBHi» a00 «MeTacTa3’ BiICyT-
Hi»), BUKOPHUCTOBYETbCSI TaK 3BAHUI MOPIT BiACiueHHS
Kiacudikalii; crmocTepeXeHHs 3 IepeadadyyBaHUMU 3HaA-
YeHHsIMU OiJibllle mopora BiaciueHHs Kiacudikalii Kia-
cUDIKyIOThCS SIK MTO3UTUBHI, a BCi iHIIII — SIK HETaTUBHI.
3a3Buyail 3a 3aMOBUYYBAHHSIM SIK TaKWIi TTOPIT 0OMPAETHCS
3HayeHHs 0,5.

OTtprMaHa MPOrHOCTUYHA MOJIENb 3a0e3nevyBaia Taki
orepalliifHi XapaKTepUCTUKU: IyTIUBIcTh (Se) — 69,8 %,
cneundivnicts (Sp) — 79,3 %, niarHocTIHA e(heKTUBHICTH
(Accuracy) — 75,1 %.

3 METOIO OLIIHKM SIKOCTi MOfeJIi OyJI0 BUKOHAHO TIPO-
uenypy ROC-ananisy (puc. 4, 5).

1A
0,9 1

0,8 1

YyTtnueicTb
o
]
1

0,3 A
0,2
0 | |

02 03 04 05 06 07 08 09 1
1-CneuudiyHicTb

0 0,1

PucyHok 4. OuiHka e¢heKTUBHOCTI mogeni
3a gonomoroto ROC-Kpusoi
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1 -
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0,7 1
0,6 1
0,5 1
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0,3 1
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0,2 1

0,1

0 T
0 01

02 03 04 05 06 07 08 09 1
P (nepep6ayyBaHa MMOBIPHICTb)
— CneumndiyHicTb

------- YyTtnueicTb

PucyHok 5. Kpusi «4ytnusicTe — cneyngpidyHicTb»

OTpuMaHi Taki pe3yJbTaTH: MJOIIA MiJl KPUBOIO
(AUC) = 0,797 (95% AI: 0,753—0,841), o Binmoinae
no0piit sskocti monedni, inaeke FOnena (J) = 0,5155.

I1pu boMy Oys10 yTOUHEHE TOPOroBe 3HaYeHHs s P,
o gopiBHioe 0,44 (BupimanbHe mpaBuiio X > T), mpu mo-
CSITHEHHI SIKOTO 3a0e3MeuyI0ThCs Kpallli onepaliitHi xapak-
TepUCTUKU TecTy (Tab. 1).

Tabnunys 1. OCHOBHI onepauiviHi xapakTepucTuku
TeCTy ANS1 NPOrHo3yBaHHs HasiBHOCTI MeTacTasis

O,
LGEe 3H3‘12HHS|, 95 {2 al,

YyTnmsicTb 75,4 68,4-81,5
CneuudpivHicTb 76,1 70,0-81,6
[porHocTn4Ha 3Ha4yLLiCTb

no3uTMBHOro peayneraty (PPV) 7.8 66,5-76,6
[porHocTn4Ha 3Ha4yLLUiCTb

HeraTmBHoro peaynesraty (NPV) 79,3 74,6-83,4
LiarHocTn4Ha ehekTMBHICTb 75,8 71,3-79,9

HeraTuBHwuii pe3yabTaT TECTy € Oelo Oiabll iHpopMma-
TUBHUM, HiX TO3UTUBHUIA.

Iiarpama Ha puc. 6 HA0OYHO JEMOHCTPYE CIiBBiIHO-
ILIEHHS TTPAaBUJIBHUX i XUOHUX TTPOTHO3iB, OTPMMaHUX y Ha-
BYAJIbHII BUOIpIIi 32 1OIIOMOI0I0 pO3pO0JIEHOIO TECTY.

IlepeBipka sIKOCTi Mozesi Ha KOHTPOJIbHI TpyIi 3i
100 oci6 nana Taki pesyabratu (TadJ. 2).

Ta6bnuys 2. OCHOBHI onepawiviHi XapaKkTepucTUKu
TecTy (Bepudbikauis Ha rpyni 3i 100 oci6)

Moka3Huk 3Ha4eHHs, %
YyTnuBsicTb 72,2
CneumndivHicTb 75,0
HiarHocTn4yHa epeKTUBHICTb 74,0

%
100 A
80 - 75,8
60 -
42,1
40 33,7
20 11,0 132
0 T T
LiarHo3u npaBunbHi - [iarHo3m xmbHi
(n=302) (n=99)
Mo3uTmeHi M HeratueHi M 3aranbHa edeKTUBHICTb

PucyHok 6. CniBBigHOLLUEHHS NpaBUIbHUX | XNBHUX
MpOrHo3iB, oTpUMaHNX y BUGIpLi 3a [JOTOMOroro
pPO3pob6rieHoro Tecty

O6roeopeHHs

BinHocHO HU3bKa uyyTaUBIiCTh Y3]I y HiarHOCTHUIII Me-
TacTasiB LIEHTPAJIBHOTO JliMpaTUUYHOTO KoJiekTopa [7] cro-
HyKaJla Hac LIyKaTH IUISIXY MPOTHO3YBaHHS HAasSIBHOCTI Me-
TacTasiB, BAKOPUCTOBYIOUM TepenorepalliiiHi pe3yabraTu
00CTEXEHbD.

[TpoBeneHo peTpocneKTUBHE OIHOLIEHTPOBE KOTOPTHE
TOCTIIKEHHSI, ¥ SIKOMY OILIIHIOBaBCS 3B’SI30K TaKMX O3HAK
ITPIIL3, s1x po3Mip MyXJIMHU, YiTKiCTh MeX, CyOKarcyasipHe
po3TalllyBaHHSI, HasSIBHICTh MiKpOKaJbLIM(DiKAaTiB i BiK XBO-
poro, 3 HasIBHICTIO MicLIeBOrO MeTacTazyBaHHs. Ha ocHOBI
1IbOTO PO3pPOOJIEHO MaTeMAaTUIHY MOJIEJb OLIIHKN PU3UKY
MmicueBoro MetactazyBanHs [TPLI3.

3a pe3yabTaTaMy OOCiIXKEHHsI, PO3Mip MyXJIUHU, He-
YiTKiCTh MeX, HassBHICTh KaJblIU(iKaTiB, CyOKarmcysip-
He po3TalllyBaHHS i BiK XBOPOI'O MalOTh CUJIbHUN 3B’SI30K
3 metactazyBaHHaM [1PIL[3, o kopemoe 3 pe3yiabraramu
JOCTiIKEHb 3aKOPIOHHUX aBTOPIB.

OrpumMaHi onepauiiitHi xapakTepuctuku Ta ROC-aHani3
po3po0bJieHOT MaTeMaTUYHOI MOJIEJIi CBiIYaTh Mpo T00py
skictb moneni (AUC = 0,797), 1110 103B0JIsIE BAKOPUCTO-
BYBaTH 11 B IPaKTHIIi.

Iloni6Hi MmaTemMaTUyHi MoneJli, a0 HOMOTrpaMu, CTBO-
PIOIOTHCS i HAIIMMM 3aKOPAOHHUMM Kojieramu. Tak, Hay-
KoBIi 3 KuTtato cTBOpUIM MPOrHOCTUYHY MOJIENb, Y SIKiii
BpaxoByBajucs 7 NpedUKTOpiB, ceped SKUX: iHBa3isg
IMPLI3 y tkanuny 13, MynbTudoKaIbHICTh, KpeaTUHIH
> 70 MkMoJb/11, Bik < 40 poKiB, po3Mip MyxJauHU > 1 cM,
iHgeKc Macu Tina < 22 i KapuMHOEeMOpPiOHATbHUI aHTH -
reH > 1 ur/ma [9]. Homorpama otpumaiia 1o6py 1MCKpH-
MiHalio 3 iHgekcoMm y3romkeHocTi 0,854 (95% MAI: 0,843—
0,867), 1110 MiATBEPAKYBABCS OLIIHKOIO TOYKU 30BHIIITHBOT
niepesipku 0,825 (95% Al1: 0,793—0,857) [9].

3a pesynbraTaMy JOCTiKEeHHS iHIMX BYeHuX 3 Kntaio
[10] cTBOopeHo ABI HOMOIrpaMu: KiiHidyHa (C) i KJIiHiKO-ma-
tosnoriyHa (c+p). KiiHiuHa HoMorpama BKjto4ana 4oTH-
PM KJIiHIYHi 3MiHHi: BiK, pO3Mip IyXJIMHU, MicClle TyXJIMHU
i1 excrpatupeoinHe po3muperas (ETE). Ll nomorpama
Majia 100py NIMCKpUMiHALiifHY 34aTHICTD i3 C-iHIeKCOM
0,79 (3 momnpaBkoto noyatkosoro koxay 0,78). Kiiniko-mna-
TOJIOTiYHA HOMOTpaMa BKJII0Yajia IBi KJIiHIYHI 3MiHHI Ta IBi
MaTOJIOTiUHI 3MiHHi: pO3Mip MyXJIMHU, JIOKaTi3allilo ImyX-
JuHU, ekctpaHoaanbHe posiupeHHs: (ENE) i KinbkicTb
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MeTacTaTUYHUX JiM(OBY3IIiB y IIEHTPAIbHOMY KOJIEKTOPI.
Homorpama c¢+p npoaemMoHcTpyBaja 4yaoBy IMCKpHUMiHa-
HiitHy 3paTHICTh i3 C-iHmekcoM 0,86 (3 mompaBKOIO IoYar-
KoBoro 3aBaHTaxkeHHs 0,85) [10].

Haykosiii 3 Itanii [11] mpoBeau cucTeMHUI OIJISIA HO-
MorpaM ItporHo3yBaHHs MeTacTasiB [1PIL3. BiciMHagusaTh
JIOCTimXeHb i3 3araioM 20 MPOTHOCTUYHUMU MOJEISIMU
Oy/IM BKJIIOUEHi B cucteMatnuHuit orysta (90 969 manieHTiB
3 narijsipHoto KapirHoMoto 11 3). YotupHanusgTs Moaeneit
MaJi BUCOKUI pU3UK YIIEPEIKEHHS, 2 YOTUPU MaJId Hesic-
HUI pU3MK yriepemkeHHs. Haitoinbiii mobooBaHHS BUHU-
KJIY B rajy3si aHamizy. TouyHicTh HOMOIpaMm Ul 3araibHOro
BUXXMBaHHS OLliHIOBaJIACS JIUILIE B OMHOMY JOCJIiKeHHI Ta
BusiBriIacs oomexenoro (0,77; 95% J1: 0,75—0,79). Tou-
HiCTh HOMOTpaM ISl 6e3pEIMINBHOTO BUKMBAHHS CTa-
Hosua Bix 0,65 (95% Al 0,55—0,75) no 0,92 (95% Al:
0,91-0,95). Innexc C mis mporHo3yBaHHS MeTacTasiB y Oiu-
Hi TiMbaTnaHi By3imm koauBasces Bin 0,72 1o 0,92 (95% J1:
0,86—0,97). [lnst MeTacTasiB y LieHTpaIbHi JTiMaTHUIHi By3-
Jm inaekce C y 30BHILIHBO MiATBEPIXKEHUX TOCTiIKEHHSIX
konmBaBcd Big 0,706 (95% M1: 0,685—0,727) 10 0,923 (95%
A1: 0,893—0,946). ABTOpU MiAKPECTIOI0Th HaI3BUYAITHO
BUCOKY FeTepOTeHHICTb cepell HOMOTpaM i KpUTUYHY Bill-
CYTHICTh 30BHIIIIHIX BaJlifalliiHUX TOCTiIXEeHb, SIKi 0OMe-
KYIOTh 3aCTOCYBaHHSI HOMOTpaM y KJIiHiuHi# npakrTuiii. Ha
X TYMKY, HOTPiOHi MOAaIbIIIi JOCTiIXKEHHS 3 BAKOPUCTaH-
HSM 3aTaIbHOTIPUHATUX (PAKTOPIB pU3UKY SIK OCHOBH TSI
po3poOKu HoMmorpam [11].

V nmocnimxenHi E. Xia et al. [13] mpogeMoHCTpOBaHO,
1110 TIOETHAHHS aJITOPUTMY LITYYHOTO iHTEIEKTY W KITiHi-
KO-TTaTOJIOTIYHUX JaHUX MOXe e(eKTUBHO MPOTHO3YBATH
meTactasu [TPLL3 y niMmpatnaHmnx By3iax go oreparilii, ajxe
MOIpPH Lieli BUCHOBOK Y JOCJiIXXEHHI 3aJIMIIal0ThCsT 00-
MmexeHHs. [lo-Tiepire, y mamieHTIB 3 MyJIbTU(OKATIBHIMK
BY3JIaMU TOCJIIKYBIMCh HAMOIIBII TTiT03piJii 800 HAlOIb-
1IIi YTBOPEHHSI JIMIILIe B TUX BUIIaAKaX, KOJIM AaHi PO iHIIIi
By3/11 Oysi1 HenocTynHi. [To-npyre, 11st oTpuMaHHs GL1bLL
MEePEeKOHIMBUX Pe3yJIbTaTiB HEOOXiMHO 30LIbIINTHY KiJIbKICTh
BaJIimoBaHOTO i1 TecToBOTO Habopy [13].

IlepcneKTUBHICTb pOOOTH HaJ JaHOIO TEMOIO IOJISITae
B TOMY, 1110 TIepeoTepalliiiHe BUSHAYeHHS BCiX MOXKIMBUX
MpeauKTOpiB perionapHoro MeractadyBaHHs [TPLL3 nactb
MOXKJIMBICTh NIPAKTUKYIOUOMY Xipypry oopaTu HalOiabIx
pallioHaJIbHY TaKTUKY JIIKyBaHHS. Y TOI Xe Yac HeOOXiTHO
3 00EPEXHICTIO CTABUTUCH A0 PE3YJIbTaTiB pOOOTH ITPOTHOC-
TUYHOI MOJIEJTi, OCKIbKM XOJJHa MaTeMaTUYHa MOJIE/Ib He
nae 100% TOYHOCTI MPOrHO3Y, KPiM TOTrO, CJIi BpaxOByBaT!
IOAATKOBI (paKTOpY BIUIMBY (OOTSKEHHUI CiMEMHMIT aHaAM-
He3 i T.JI.) Ha KOHKPETHOTO naiieHTa [14].

BMCHOBKMU

3acTocyBaHHSI MPOTHOCTUYHOI MOJIEJIi Ha OCHOBI yJb-
TPpa3BYKOBUX IIPEAUKTOPIB i BiKy IaIli€eHTa 1a€ 3MOTY IIPO-
THO3YBaTU HasIBHICTh JIoKaibHUX MeTacTtasiB [TPIL3 Ha
JOOTIepaLiiiHOMY eTalli 3 JiaTHOCTUYHOIO TOUHiIcTIO 75,8 %.

KomHa nmporHoctruHa moaenb He aae 100% TouHOCTI
MPOTHO3Y. ¥ BUOOPi TAKTUKM JIIKyBaHHSI CJIil BpaXOBYBaTU
NMOAATKOBi (haKTOpu BIUIMBY (OTIPOMiHEHHsI B aHaMHe3i,
OOTSDKEHUM CiMeMHUI aHaMHe3 TOI0) Ha KOHKPETHOI'O
natieHTa.

Ernuni acnekTu. Yci nporienypu, siki BAKOHYBJIMCS B J10-
CJTIKeHHSIX i3 3aJTydeHHSIM Malli€HTIB, BiAIOBIIAIN €TUIHUM
CcTaHIapTaM 3aKJIaday II0M0 KIiHIYHOI MpakKTUKK i [enbciH-
cbKiit meknapatiii 1964 p. 3 monpaBkamu. [lamieHTn, 6aTbku
200 OIMiKYHU HEMTOBHOJIITHIX MalliEHTIB MianucyBaiu hopMu
iH(OPMOBaHOI 3ro/I1, y IKUX BOHU TIOTOJMJIMCS Ha JIIKYBaH-
Hs1 11 yci HeOOXiHi JiarHOCTUYHI MPOLIeTypH.

KondurikT inTepeciB. ABTOpH 3as1BJISIIOTh PO BifICYTHICTh
KOH(TIKTY iHTepeciB i BIacHOi (hiHaHCOBOI 3alliKaBJICHOCTI
IIPY MiATOTOBII JaHOI CTATTi.

Indopmauis npo dinancyBanns. [oHopap He 3a1eKiIapo-
BaHo. PiHaHCY0OUi OpraHizallii He BigirpaBajiu KOIHOI poJti
B PO3po01li JOCTiIKEHHsI, 300pi, aHai3i i iHTepripeTalii
MIaHWX, Y HallMCaHHIi CTaTTi a00 pillleHHi MOoAaTH 3BiT IS
Iy OJTiKaIlii.

Buecok aBropiB. Jliwuncokuil I1.0. — KOHUEIILIS Ta IU-
3aiiH DOCIiIKeHHs, Ha3Ba TeMU i HAyKOBMI iHTepecC Mpo-
6emu, 30ip Ta 0O0poOKa MaTepiaidy, HalUCaHHS TEKCTY;
Toexaii O.A. — KOHIEIILig Ta JU3aiiH JOCTiIKEHHSs, Ha3Ba
TeMU i HayKOBUI iHTepeC Ipo0IeMu, peaaryBaHHsI.
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Ultrasound and demographic predictors
of papillary thyroid cancer local metastasis at the preoperative stage:
a predictive model

Abstract. Background. Due to the low sensitivity and specificity of
neck ultrasound in the evaluation of the central lymph nodes, it is
necessary to find alternative ways to predict central lymph node me-
tastases in patients with papillary thyroid cancer (PTC). The purpose
of the study is to develop a prognostic model for assessing the risk of
local metastasis of papillary thyroid cancer based on preoperative
ultrasound and demographic predictors. Materials and methods.
A retrospective monocenter cohort study was conducted. The data
of 401 patients who underwent surgery for PTC were processed.
The main group included 179 patients in whom central lymph node
metastases were detected during histopathological examination.
The comparison group consisted of 222 patients without metastases
according to the results of histopathological examination. When
conducting the analysis, the following signs were considered as risk
factors: subcapsular location of the tumor; size; blurred boundaries;
the presence of calcification areas (microcalcifications); age of a pa-
tient. Inclusion criteria: PTC that was cytologically confirmed at the
preoperative stage; surgeries (thyroidectomy/hemithyroidectomy
and central neck lymph node dissection). Exclusion criteria: history
of neck surgery; multifocal lesions of the thyroid gland. Results. The
following logistic equation was obtained using the StatPlus program:
y=-1.839 — 0.037 x X, + 0.097 x X, + 1.123 x X,+ 1.198 x X, +

+0.692 x X;, where X,, X,, X,, X,, X; are age (years), size (mm),
subcapsular location (presence), blurred boundaries (presence), cal-
cifications (presence), respectively. The obtained prognostic model
provided the following operational characteristics when specifying
the threshold value for P, which is equal to 0.44 (the decisive rule
X > T): sensitivity — 75.4 %, specificity — 79.3 %, diagnostic ef-
ficiency — 75.1 %. To assess the quality of the model, the receiver
operator characteristic (ROC) analysis was performed. The following
data were obtained: area under the ROC curve = 0.797 (95% confi-
dence interval: 0.753—0.841), which corresponds to the good quality
of the model, and Youden index J = 0.5155. Checking the quality of
the model on a control group of 100 people gave the following results:
sensitivity — 72.2 %, specificity — 76.1 %, diagnostic efficiency —
75.8 %. Conclusions. The application of a prognostic model based
on ultrasound data and the patient’s age makes it possible to predict
the presence of local metastases of the PTC at the preoperative stage
with a diagnostic efficiency of 75.8 %. No prognostic model gives
100% prediction accuracy. When choosing the treatment, additional
influencing factors (history of radiation exposure, burdened family
history, etc.) for a specific patient should be considered.

Keywords: papillary thyroid cancer; factors increasing the risk of
metastasis; prognostic model; central lymph nodes
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MNMepebir apTepiaAbHOI rinepTeHsii
Y NAUIEHTIB 3 LYKPOBUM Aia6eToM 2-ro Tuny
NiCASA XipypriYHOro AiKkyBaHHS
CTEHO3YI04YOro YPa)KeHHs1 COHHUX apTepiu

Pe3tlome. AkTyanbHicTb. ApTepianbHa rineptensis (Al) € npudnHo 70-75 % iHCynbTiB. ATepoCcKIepoTnyHe
ypaxeHHs1 coHHoi aptepii (CA) € Knacu4HUM rnpuKIa[oM CyANHHOMO ypaxeHHs B ocib 3 Al". Puauk iHcynety npu
noeaHaHHi Al" Ta yykposoro giabety (4[) 36insLuyetbes yasidi. KapotugHa eHgaptepexktomis (KE), sika mae sik
JiKyBasibHWUN, TaK i MPEeBEHTUBHUV XapakTep, € OCHOBHUM METOLOM XipypridyHoro nikysaHHs cTeHosis CA. Meta
AocnigxeHHs: BuBYnTY nepebir Al y xsopux Ha L[] 2-ro tuny ta 6e3 Hboro nicns KE. MaTtepianu Ta mertoau.
Bigi6pa+o 138 navjieHTiB 3 Al” Ta cteHo3om CA 3 meToro nposefeHHs1 KE nig micyesym 3He60/10BaHHAM. XBOpuX
posgineHo Ha ABi rpynu: 68 xBopux Ha LU 2-ro tuny (rpyna l) Ta 70 xsBopux 6e3 LY/ (rpyna Il). MegiaHa Biky
xBopux rpynu | ctaHosuna 64 [50-71] pokun, rpyrmv Il — 63,5 [47—68] poky. NpoBogmn [o60Be MOHITOPYBaHHS
aprepianbHoro tmeky (AMAT) 3a 2 gHi 4o onepadii (nepLue o6CTEXEHHS), Ha 5—7-4 aeHb nicna onepadii (apyre
06CTEXEHHS) Ta Yeped 3—6 micsuis nicnia KE (Tpete o6¢TexeHHs1). OuiHoBanv cepeaHi nokasHuku cUCToniYHOro
AT (CAT) ta giactonidHoro AT (HAT) 3a goby, aeHsb, Hi4; cepeaHboro mynbcosoro AT (I1AT); BapiabenbHicTe CAT
i JAT 3a o6y, neHb, Hi4. Pesynbrarun. [o onepauii y rpyni |, Ha BigmiHy Big rpyrv Il, gikcysBam icTOTHO BULYi
nokasHukun: CATg6 (p = 0,02), CATg (p = 0,03), CATH (p = 0,01), JATH (p < 0,05), AT (p = 0,03), BapdATH6
(p = 0,03), BapCATA (p = 0,03), BapdATH (p = 0,04). Iig 4ac [pyroro o6ctexeHHs y rpyni Il BigaHa4aam icToTHO
BaromiLLy auHamiky nokasHukis MAT: CATa6 (p = 0,002), CATg (p = 0,02), OATH6 (p = 0,002), AATA (p = 0,01),
HATH (p = 0,03), BapCATH (p < 0,04), BapATH (p < 0,05), BapCATA6 (p = 0,0002), BapATA6 (p = 0,0001). He-
icToTHoto 6yna auHamika AT Ta cepeaHboHidHoro CAT. Yepes 3 micsyi nicns KE y xsopux rpynv Il yci cepeHi
3HadeHHs1 CAT i AT, a takox NAT icTOTHO 3HU3UIMCh. BupaxkeHicTb 3MiH nokasHukis AT npoTsarom gobu, gHs 1a
Houi, a Takox rnokasHukis BapiabensHocTti CAT y rpyni Il 6yna icToTHiLor. g Yac TpeTboro 06CTeXeHHs y 4BOX
rpynax 3pocra 4Yactka XBopux 3 UmpkagHum putmom dipper (p < 0,05). Y rpyni Il icTOTHO 3HM3Mnack Yactka XBopux
3 HecrnpusaTInBUM TUNom fobosoro npoginto over-dipper (p < 0,001), yoro He Bigbyrnock y rpyni |. BUCHOBKN.
XipypridyHe JliKyBaHHSA KapoTuaHUX CTEHO3IB y xBopux Ha Lif] 2-ro tuny ta 6e3 Hboro acouivioBaHe 3i 3HVKEHHSIM
rnokasHukis AT B paHHbOMY riic/isionepawiviHoMy rnepiogi, LLjo CriocTepiracTbCs MpoTAroM AEKisIbKOX MicauiB ricss
BUKOHaHOI onepadii.

KntouoBi cnoBa: aprepiasibHa rinepTeH3is; LUyKpoBuii JiabeT; KapoTUAHWE CTEHO3; KapoTUAHa eHAapTepeKToMis

Bctyn

AprepianbHa rinepTeHsis (Al') € MpUYMHOI BUHUKHEH -
Hs1 70—75 % iHCYJBTIB Ta 3a/IMIAETHCSI OCHOBHUM (haKTO-
POM PU3UKY PO3BUTKY CEePIeBO-CYINMHHUX YCKIIaTHEHbD,
SIKi TIPU3BOAATD 10 MepeayacHol iHBaiau3allii Ta cMepT-
HocrTi [1]. Ycboro B YkpaiHi 3apeecTpoBaHo mmoHan 12 MiaH
oci6, xBopux Ha Al Llopiuno Al BusBIsioTh B 1 MJIH

YKpaiHIIiB, a 4aCTOTa MO3KOBOTO iHCYJIBTY Ta CMEPTHOCTI
BiIl HLOTO € HaBMIIOIO B €BporeiicbhkoMy perioHi [1, 2].
AT 3aciyroBye Ha MeplLIOYEproBy yBary He JIMIIE 3 Me-
JIUKO-COIiaJIbHOI TOYKHU 30Dy, a 1 BUXOASYU 3 peaTbHUX
MOXJIMBOCTEN BILIMBY Ha Hei. KopucTh Bia Kopekilii apTe-
pianbHOrO THCKY (AT) moBemeHa y HM3III BEIMKKUX Oarato-
LIEHTPOBUX JAOCTIIXKEHb, a TAKOX BUSIBJISIETbCS B peaJIbHOMY
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30i/IBIIIEHHI TPUBAJIOCTI KUTTS B 3axigHiit €Bporri ta CIIA.
BomHodac HaBiTh y po3BMHEHUX KpaiHax Oibiie Hixx 40 %
XBOPUX HE OTPUMYIOTb JIIKYBaHHSI, IBi TDETUHU 3 HUX € HE-
KOHTPOJIbOBAHUMU, i TiTbKU OJTM3bKO 34 % KOHTPOJIOIOThH
piBenb AT [1-3].

Kpim TSXKKUX yCcKIagHeHb 3 O0KY CeplieBO-CYIMHHOI
cuctemu, Al’ CynpoBOIKY€E aTepOCKIIepO3, IIyKPOBUIA 1iabeT
(L) Ta oxupiHHs, SKi BAHUKAIOTh BXe y Bili 40—50 pokiB
[4]. 3a manumu odiiitHoi cratuctuku, y 80 % XBOpHX Ha
1IJI 2-ro Tuny po3BuBaeTbest Al Cepen xBopux 3 Al' momu-
penictb LIJ1 y 2,5 pa3a BuIla, HiXX y JIIOAeH i3 HOpMaJIbHUM
THUCKOM [4—6].

3rigHo 3 maHuMu OpeMiHreMChKOTO ITOCTiIKEHHS,
BITHOCHMIA PU3MK PO3BUTKY iHCYJBTY B mamieHTiB 3 LIJI
y 1,8—6 pasiB BUILMIi BiJl CEpeIHBOMOMNYIISLIIHOI0, pU3MK
CMepTi Bifl iHCY/IbTY B 2,8 pa3a BUILMIA, HixX B ocid 6e3 LI/,
Ta B 3,8 pa3a, SIKIIO iHCYJIBT ilneMiuHuii. BogHovac iHTeH-
CUBHUIT KOHTPOJIb AT MOXe 3HU3UTH YacTOTY iHCYJIbTY Ha
40 % (ACCORD-BP, 2010). Pusuk Mikpo- Ta MaKpOCYIUH-
HUX YCKJIATHEHb 3MeHITYEThCs Ha 12—19 % npu 3HKEeHHI
cuctoriyHoro AT (CAT) Ha 10 MM pT.cT. [6—9].

KirtacmyHuM mpukiiamoM cyaMHHOTO ypaKeHHsS B 0Ci0
3 AT, oco6imBo BikoBOI rpymnu crapiie Bin 50 pokiB, € aTe-
POCKIIEpOTUYHE YpaxkeHHs 3arajibHOi coHHOI aprepii (CA)
Ta ii 6idypxkarii [10—12]. ¥ 65—85 % cnocrepexkeHb ate-
POCKJIEPOTUYHE ypaXKeHHs JIOKa/li30BaHe B eKCTpaKpaHi-
anbHOMY Bimmiji BHyTpittHboi CA [13]. [linBuinenus AT
MpU KapOTUIHUX CTEHO3aX € HACJIiIKOM MPECOPHOI dii Xe-
mopetenTopiB CA, Iyru aOpTH Ta HEIOCTaTHHOI AEIIPecop-
Hoi dyHKIiT KapoTuaHux 6apopetientopis [13, 14]. Bimomo,
1o miguieHuii AT cripysie BAHUKHEHHIO TypOyJI€HTHOTO
MOTOKY KPOBi B MiCIIsIX JIOKaJIi3allil aTepoCcKJIepOTUUHUX
OJISILIOK, 1110, Y CBOIO YepTry, MPU3BOAUTH 10 MOLIKOIXKEH-
Hs €HIOOTEJIiI0 CYyINH Ta IIPOTrpecyBaHHs iX cTeHOo3y [14].
HesnoB3i AI' npu KapoTUIHUX CTEHO3aX BTpaya€ pUCHU
KOMIIEHCATOPHOTO SIBUIIIA, CTA€E HEOOOPOTHOIO Ta PE3UC-
TEHTHOIO JI0 KOHCEpBAaTUBHOI Teparrii [15].

Huckycii mono nmaroreHe3y Al' mpu KapOTUIHUX CTe-
HO3aX TPUBAIOTh i noci. JIuckyTadbebHUM 3aTUIIAEThCS
MUTAaHHS WOAO MEePIIOYEPTOBOCTI BAHUKHEHHSI CTEHO3Y
KapoTUIHOI OidpypKallii, SKuii IPU3BOOUTH IO MOSBU Ta
nporpecyBaHHsI AT, un AT, sika cnipuunHioe ypaxeHHs1 CA
3 (hopMyBaHHSM iX cTeHo3y [15—17].

XipypriuyHi MeToIM JIiKyBaHHSI KApOTUIHUX CTEHO3iB
Oyu po3pobiaeHi e y 50-x pokax XX CT. Ta HaTenep 4acTo
€ 6e3anprepHatTuBHUMU [ 14—18]. KapoTtunHa eHpapTepek-
ToMmis (KE) 3anuiaeTbes 3010TUM CTaHAAPTOM Xipypriu-
HOTO JIiKyBaHHs cTeHO03iB CA Ta Ma€ sIK JiKyBaJIbHUI, TaK
i IpeBeHTUBHUI XapakTep [18].

Hwuzka aBTopiB BuBYanu cupoOy 3HmkeHHs AT micis
KE sx ogun 3 MexaHi3MiB BIimBy Ha Al 3a mormomMororo
XipypriuHoro BTpy4YaHHs y 1li€i rpynu naiieHTis [17—19].
Jlesiki aBTOpu 3a3HavyayIM HEOOXiAHICTh KOPEKIIii TiloTeH-
3uBHOI Tepartii 1o Ta micias KE [20].

3 omisy Ha B3a€EMO3aJIeXXHICTh 1IepEeOPOBACKYISIPHUX
3axBoptoBaHb, Al, LI/ Ta (paTanbHicTh HasIBHUX YCKJIA/I -
HEeHb 3a3HavyeHa MpobjieMaTKa MoTpedye KOMILIEKCHOTO
MiIXOIY 10 CTAaHAAPTIB AiarHOCTUKM Ta JIIKYBaHHS JIiKapsiIMU
pPi3HMX CIlellialbHOCTe!l — TepamneBTaMu, KapaioJoraMu,
HEBPOJIOraMU Ta CYAMHHUMM Xipypramu.

MeTa gocimKeHHs: BUBIUTH 0COOIMBOCTI mepediry Al
y xBopux Ha LIJ1 2-ro Tumy Ta 6e3 HbOTO MiCJIst XipypriyHOro
JIIKyBaHHSI CTeHO3y10490r0 ypaxkeHHs CA.

MarTtepiaau Ta meToamn

s mocimkeHHs Oyno Bimiopano 138 manienTis 3 Al ta
creHo3ytounM ypaxkeHHsiM CA (aTepockiiepos, aToJIoriuHa
3BUBHUCTICTH Ta (hiOpoOM’s130Ba AUCILIA3IA), SIKi ITepeOyBaaIn
Ha o0CTeXeHHi y BimaineHHi cynuHHoi xipyprii KHIT JIOP
«JIbBiBCchKa oGacHa KJiHiYHA JikapHs» 3 15.06.2018 o
25.01.2022 p. 3 metoro nipoBeneHHs KE.

XBopux 0yJI0 PO3IiJIEHO Ha IBi Tpynu. Y MepIiy rpymy
criocTepekeHHs BBiiinuIo 68 xBopux, y akux Al moemgHy-
Basiach 3 L1J1 2-ro Tuny (rpyna I). BinnosinHo apyry rpymy
crocTepexkeHHsI cTaHOBWIM xBopi 3 Al 6e3 LI/ 2-To tumy
(rpyna I, n = 70). MeniaHa Biky xBopux rpynu I craHoBuia
64 [50—71] poxwu, rpymu 11 — 63,5 [47—68] poky. AHai3
TFeHJIEPHOTO CKJIaay y Ipylax CloCTepekKeHHs 3aCBiTUNB
repeBakaHHs YOJIOBIiKiB Ha XiHKaMU: B rpy1i I — 48 yo-
JIoBiKiB Ta 20 xiHOK, y rpyni II — 52 Ta 18 BinnosinHo.
Y rpyny I yBiitino 59 xBopux 3 arepockiaeporudHum (AC)
YpaXXeHHSIM KapoTUIHUX CYIWH, y 6 XBOPUX CITOCTepirain
noenHaHHs AC 3 nmogoBxeHHsIM BCA i yTBopeHHSIM Tie-
TeJb Ta cripajieil (KOyJIiHT) Ta y 3 XBOpUX — KyTOMOMiOHi
nedopmaltii BiinmoBinHUX CyauH (KiHKIHT). Y npyry rpymy
criocTepexkeHHs BBilIIO0 62 xBopi 3 AC-ypaxkeHHsm CA,
y 8 XBOopuX BifizHaya1 oegHaHe ypaxkeHHs — AC, maToJio-
riyHa 3BUBUCTICTh Ta (hiOpoM’s130Ba TUCTLIA3isl BiAMOBIAHUX
CY/JIUH.

KputepissMu BKJIIOYEHHS XBOPUX Y JOCTIIKEHHS Oy/Iu:
emizonu minBuineHoro AT B aHaMHe3i; illleMiYHUIA iHCYJIbT
ta/a6o TIA ynponosx octaHHix mectu micsuis; LI 2-ro
TUILy B CTaHi KOMIIEHCALIil 1151 BKJIIOYEHHs y Ipymy 1 a6o
BincytHicTh LI mis BkiroyeHHs y rpymy 1l; 3HMKeHHS
LIBUIKOCTI KPOBOTOKY 1o CA BHACIiIOK aTEPOCKIEPOTHY -
HOTO CTeHO3Y a00 IaTOJIOTiYHOI 3BUBMCTOCTI; JOOPOBiIbHA
MUCHbMOBA 3rojla Ha y4acThb Y JOCTiAKEHHI.

HiarHoctuka L1JI 2-ro Tumy rpyHTyBajlach Ha KpUTEPisIX
komitery ekcrieptie BOO3 (2013). LIl miarHOoCcTYBanu 3a
HAsSIBHOCTI TJIFOKO3M KpOBi Hatiie > 7,0 MMOJIb/J1, TJIiKO-
BaHoro remorio6iny (HbAlc) > 6,5 % Ta rioko3u micis
HaBaHTaxeHHs > 11,1 MMoub/J1.

O06cTexXeHHsI XBOPUX TTPOBOAUIMCH HA KOKHOMY 3 TPbOX
eTamiB: 3a 1—2 gHi 1o onepallii — Tepire oOCTeXKeHHS; Ha
5—7-i1 nensb micnst KE — apyre obctexxeHHs (paHHIM ITic-
JIOTIepalliiHUI Tiepion); Yyepe3 3—6 MicsIIiB Ticys orepa-
il — TpeTe 0OCTeXXeHHs (BiamaaeHUi micasionepamiiHuii
nepion). KE mpoBoauiacs Imin MicieBUM 3HEOOIIOBAHHSIM.

[1pn BUKOHaHHI TOCTiIKEHHS BUKOPUCTOBYBAIUCH 3a-
TaJIbHOKJTiHIYHI, CTAHAAPTHI TJa0OPaTOPHi, iHCTpyMeHTaIb-
Hi (JIMAT, EKI, ynbrpa3ByKoBe AyIJIeKCHE CKaHYBaHHSI,
exokapaiorpadisi, nepdysiiiHa KoM’ 1oTepHa Tomorpadisi,
dbynnockoris Ta iHII 1719 BUKJIIOUeHHSI BTOpUHHOT Al')
METOIM OOCTEXEHHS.

st ominky ocobnmBocTeit nmHaMmiku AT yciM maii-
€HTaM MpoOBOIWIN 1000Be MOHiTOpyBaHHs AT (JIMAT)
OCIIMJIOMETPUYHUM METOJIOM 3a JOMOMOI0I0 MPUCTPOIO
ABPM-04 (Meditech, Yropmuna). BumiptoBanHss AT
y nepioa aeHHoi aktuBHOCTI (8:00—20:00) mpoBoauIn
KOXHi 15 XBUJIMH, y niepioq HiYHOTO CHY — KOXHi 30 XBU-
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mvH. BuBuyanu taki mokasnuku JIMAT: cepenHi 3HaYeHHS
CAT 3a 100y, nens ta Hiu (CATa6, CATn, CATH), cepenHi
3”HayeHHs giactoiiuHoro AT (AT) 3a 1o0Oy, neHb Ta Hi4
(IATno6, 1ATn, IATH), cepenHe 3HAYEHHSI TTyJIbCOBOTO
AT (I1AT) 3a no0y, BapiadenbHicTs CAT i JIAT 3a no0y,
nenb Ta Hiu (BapCATno, BapCATn, BapCATH, BapdATHO,
BapIATn, BapJATH), ingekc yacy (14, %), no6oBuii iHaekc
(A1, %). Bupginsum Taki Tunu 1060B0ro npodiio, Bpaxo-
BYIOUM CTYMiHb HidYHOTO 3HMXeHHs AT: dipper — ocobu
3 HopMaJIbHUM 3HMKeHHIM AT BHoui (11 AT = 10-20 %),
non-dipper — ocobu 3 HemocTaTHIM 3HIKeHHIM AT BHOUI
(A1 AT < 10 %), over-dipper — 0co0u 3 HaAMIPHUM 3HU-
xkeHHstM AT Broui (I AT > 20 %), night-peaker — ocobu
3 HagMipHUM TiaBuieHHsIM AT BHoui (JII AT mae Big’eMHe
3naueHHs1) (O’ Brien E., 2013).

CraTucTUYHY 00pOOKY MaTepially BUKOHAIU 3a JOTIO0-
MOTOIO ITaKeTa MpUKIagHUX mporpam Statistica for Win-
dows 6.0 (Statsoft, USA). OcKilbK¥ po3ITO/IiT GiTBIIOCTI Ma-
paMeTpUYHUX MOKA3HUKIB y Tpyrnax He BilMoBigaB 3aKOHY
HopMasibHOCTI (3rigHo 3 KpuTepiem Lllanipo — Binka), To ix
OIMKCYBaJIY 3a MeliaHo (MiHIMyM — MaKCUMYyM) i ITOpiB-
HIOBaJIM MiX TpyIaMu 3a IOITOMOTOI0 HerapaMeTpUuIHOTO
kputepito Manna — BitHi. [1apHuit kputepiit BitkokcoHna
3aCTOCOBYBAJIM [UTSI OLIIHKY JTUHAMIKW MapaMeTpUIHUX T10-
Ka3HMKIB ycepeInHi TPYIIN.

PesyAbTaTH

o oneparii y rpymi xBopux 3 LIJI (ta6:a. 1), Ha npoTu-
Bary xBopum 6e3 LI/1, (pikcyBaim icTOTHO BUII ITOKA3HUKMN:
CATx6 (p =0,02), CATa (p =0,03), CATH (p =0,01), AATH
(p <0,05), TTIAT (p = 0,03).

Bemuunu BapiabensHocTi AT y rpymi I Ha moonepairiii-
HOMY eTarli Oy/iu BiIXWIeHi Bill HOPMATUBIiB, B OCHOBHOMY
3a paxXyHOK IOKa3HUKiB BapiabenbHocTi CAT (Tabma. 2).
VY rpyni xBopux 3 LIJI, Ha BinmiHy Big xBopux rpynu II,
¢dikcyBanu ictorHo Builli mokasHuku: BapIATa6 (p = 0,03),
BapCATx (p = 0,03), BapIATH (p = 0,04).

Ilin yac apyroro oocrexxeHHs1, 5—7 nHiB miciasg KE,
y rpymi xBopux 3 LI/ Big3dHa4eHO iCTOTHY HO3UTUBHY JIMHA-
Miky cepenHix 3HaueHb CAT i IAT (ta6:x. 1). Cioctepiranu
icrotHe 3HIKeHHs nmoka3HukiB JIMAT. CATx (p = 0,01),
CATz6 (p = 0,002), JATa6 (p = 0,003), AATx (p = 0,02).

Yepes 3 micsaui micas KE orpuMmanu icTOTHe 3HUKEH-
Hs cepenHix 3HaueHb CAT (p = 0,0001) i AAT (p = 0,007)
IIPOTATOM ITACUBHOTO IEPioy 00U, YOTO HE CIIOCTEpiraau
y paHHbOMY ITic/IsIonepauiiitHoMy nepioai. Crocrepiraamn
icrotHi mo3utuBHi 3mMiHu [TAT (p = 0,001) sk HacaimoK
Baromimoro 3HmKeHHs CAT, anixx JIAT.

Y xBopux rpynu | BapiabenbHicts AT y paHHbOMY TTic-
JisioniepaliiiHoMy Mepiofi TaKoX MaJia ITO3UTUBHY JUHAMIKY
(Tabn. 2). 3umkeHHs BapiabenbHocTi AT Oys0 3a paxyHOK
iCTOTHOI MO3UTHUBHOI AMHAMiK1 N1OOOBUX 3HAYeHb Bapia-
oempHOCTI CAT (p=0,01) i IAT (p < 0,05). Y BinganeHomy
micisionepauiifHoMy nepioi Bim0y10Ch iCTOTHE 3HUXKEHHST
ycix moka3HukiB BapiadeabHocTi CAT i JIAT, okpim Bapia-
6enbHOCTI CAT MpOTSIrOM aKTMBHOTO TIepioay 100U MopiB-
HSTHO 3 BiIMOBIAHUM 3HAUYE€HHSIM Y paHHbOMY Micsionepa-
LifHOMY TIePioIi.

Ananiz nuHamiku nokasHukiB AMAT mnicna KE 3a-
CBiIUMB iCTOTHY BiIMiHHICTb MixX rpyramu xBopux 3 LI/ Ta
6e3 LIl mpakTuyHo 3a ycima nokazHukamu JIMAT. Y rpymi
xBopux 6e3 LIJI (taba. 3) y paHHbOMY ITic/IsIonepaliiiHO-

Ta6nunys 1. uHamika AT (mm pT.c1.) nicns KE y xsopux rpynu |, megiaHa (MiHiMmym — makcumym)

MNMoka3Huk MepLue 06¢CcTEXEHHS [pyre o6¢cTeXEHHs TpeTe 06CTEXEHHS
CATn6 151 (134-164)* 135 (130-156)* 119 (117-136)**
CATq 153 (136-166)* 135 (131-155)* 128 (120—141)*t
CATH 149 (131-163)° 132 (126-150) 115 (110-131)*
OATRH6 87 (75-98) 84 (73-92)* 74,5 (60-85)*"
OATq 89 (78-101) 86 (76—94)* 79 (60-90)**
OATH 85 (73-95)* 82 (70-90) 71 (60-81)**
MNAT 66 (58-69)* 58,5 (48-65) 48 (40,25-64)*"

Mpumitkn: TyT i B Tabn. 2-4: * — BiAMIHHICTb iCTOTHa NOPIBHAHO 3 nepLIMM O6CTeXeHHsIM (p < 0,05, napHuii
KpuTepii BinkokcoHa); * — BiAMIHHICTb iCTOTHa NOPIBHAHO 3 APYrUM o6cTexeHHsaM (p < 0,05, napHu KpuTepin
BinkokcoHa); £ — BiAMIHHiCTb icTOTHa nopiBHsAHO 3 rpynoto Il Ha eTani nepLuoro o6ctexeHHs (p < 0,05, kpuTepiii

MaHHa — BiTHi).

Ta6nnys 2. [iuHamika BapiabenbHocTi AT (Mm pT.cT.) nicnsa KE y xsopux rpynu |, megiaHa
(MiHiMyM — makeumym)

MNMoka3Huk MepLue o6¢cTEXEHHS Apyre o6CTeXEeHHs TpeTe 06CTEXEHHS
BapCAT 6 17,4 (16,1-18,7) 15,9 (14,8-16,6)* 13,5 (13-14,3)*
BapCATq 16,5 (15,3-17,4) 15,5 (13,9-16,2) 15,2 (14,6-16)*
BapCATH 14,3 (13-15,9) 14,1 (13,1-15,1) 11,3 (10,6-12)*"
BapOAT a6 13,4 (12,1-15,1)¢ 11,1 (10,3-12,5)* 10,3 (9,5-13,2)*t
BapOATq 12,06 (10,6—13,2) 11,9 (10,7-12,9) 11,2 (10,5-12)*
BapOATH 12,1 (10,8-12,9)* 11,5 (10,9-12,2) 10,9 (10-11,6)*"
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Ta6bnuys 3. AuHamika AT (mm pt.cT.) nicnsa KE y xsopux rpynu Il, megiaHa (MiHimym — makcumym)

El

Moka3Huk MepLue 06CTEXKEHHS Apyre o6CTeXeHHs TpeTe 06CTEXKEHHS
CATn6 144 (128-156) 136 (124-149)** 121 (111-129)*t
CATh 147 (134-161) 139 (128-152)* 127 (116-136)*"
CATH 139 (125-152) 133 (121-146)* 115 (106-122)*"
OATn6 87 (75-96) 81 (72,9-87,2)** 74 (64-81)*
OATH 90,9 (80-100) 87 (80-96)* 78 (68-86)*1*
OATH 81 (70,2-92) 77 (65,3-86)** 69 (61-79)*™*
MNAT 56 (52,9-70) 55 (52—-69)* 48 (44-54)*t

Tabnuys 4. AuHamika BapiabenbHocTi AT (Mm pT.cT.) nicns KE y xsopux rpynu Il, megiaHa
(MiHiMYyM — makcumym)

MNMoka3Huk MepLue 06¢cTEXEHHS Apyre o6cTeXeHHs TpeTe 06CTEXEHHS
BapCATga6 17 (14,8-19,1) 14,3 (12-16,6)** 13 (11,6-14,7)**
BapCATq 15,5 (12,5-17,3) 14,6 (11,2-18) 13,5 (12-15,1)**
BapCATH 14,1 (11,6-17,9) 13,1 (10-16,2)*¢ 11 (9,1-13,4)*
Bap[ATa6 12,9((10,9-14) 10,7 (8-13,3)** 10,7 (8,6-12,6)*
BapOATno 11,9 (9,6-13,2) 11,1 (9,9-12,8)° 10,3 (9—-11,5)**
Bap[ATH 11,6 (9,6-13,1) 9,2 (8,7-9,7)*¢ 9,1 (7,1-11,2)*¢

My IIepiofii, OKpiM icTOTHOI muHaMiku rmoka3HukiB CATa0
(p = 0,002), CATxn (p = 0,02), JATa6 (p = 0,002), AATx
(p = 0,01), cnoctepiranu icrotHi 3minu JAT y macuBHui
nepiox noou (p = 0,03). HaTtomicTh HeicToTHOMO OyJia au-
Hamika I1AT Tta cepennboHiuHoro CAT.

Yepes 3 micsui nicas KE y xBopux rpynu I1 mo3utusHa
IMHaMika 30epiranachk, yci cepenti sHaueHHs1 CAT i JIAT,
a TakoxX [1AT icTOTHO 3HM3MINCE. Y BimmaJeHOMY ITiCIIsI-
onepauiitHomy nepioai BupaxeHictb 3MiH JAT npotsrom
moOu, oHS Ta HO4i y rpymi xBopux 0e3 IIJI Oyma ictoTHO
BUIIOIO.

V xBopux rpynu 1l mig yac apyroro oocTexkKeHHsI BUSIB-
JISUIM iCTOTHO Baromiury IMHaMiKy MOKa3HUKIB Bapiabesib-
Hocti AT Ha nportuBary rpyii xsopux 3 LI (ta6:. 4).

Bimznauanu ictotHi 3miam BapCATH (p < 0,04),
BapdATH (p < 0,05), BapCATn6 (p = 0,0002), BapAATHO
(p =0,0001). Bomrouac Bapiadenbnictb CAT Ta JIAT mpo-
TSITOM aKTUBHOTO TIepioay A00M iCTOTHO HE 3MiHUJIACh.
Yepes 3 micani nicasg KE BapiadenbHicts CAT npotsirom
IoOM, THS Ta HOYi iCTOTHO 3HM3WIAch. HaToMicTh 3MiHM
BapiadenbHocTi AT mpotsrom 106y Ta HOYi, MTOPiBHSIHO
3 paHHIM MiC/IsoInepaliitHUM IIepiogoM, Oy HeiCTOTHUMM.

[MpoBeaeHMiT aHai3 PO3IMO/LTY XBOPUX 32 TUTIAMM JIO-
0oBoro npogiao 3rigHo 3 piBHeM m000Boro iHmekcy AT
IIiJT 9ac JooIrepaiiiHoro o0CcTeKeHHS IT0Ka3aB, 110 Y TPYITi
xBopux Ha LIJI (puc. 1) ¢izionoriunuii Tun dipper criocte-
piraBcs nuie y 16 (23 %) XBopux, Yy pelITH 00CTeKEHMX
OyJIM MPOTHOCTUYHO HECHPUITAUBI HMpKaaHi putMu AT
y 32 (47 %) — tun non-dipper, y 13 (19 %) — over-dipper,
y 7 (11 %) — night-peaker.

V rpyni xBopux 6e3 LI/l HeonTuMaabHi TUIIX KPUBUX
JMAT cranoBwiu 73 %, cepen skux ThI non-dipper Tpa-
misiBest y 32 (46 %) xBopux, HaaMmipHe 3HIKeHHsT AT mpo-
TSITOM ITACUBHOTO Tepioay noou (over-dipper) criocTepiraiu

y 16 (23 %) xBopux ta y 3 (5 %) xBopux (ikCyBau HIiYHY
rinepreHsito. JlocratHe 3HMXeHHsI AT y HiYHI TOAWHU Bif-
3Havanu qmie y 19 (28 %) xBopux (puc. 2).

Y panHboMy TiicasioniepauiitHoMy miepioni 3sminu CAT
i AT y Gik mostiniieHHs 3yMOBWJIM i 3MiHY CIiBBiIHOIIIEHb
XBOPUX 3 Pi3HUM TUTIOM LIUPKATHUX pUTMiB AT.

UYepes 5—7 nuiB micag KE y rpymi I (puc. 1) ictotHo
30iIBIIMIACS YaCTKa 00CTEXEHUX 3 JOOOBUM IIpodineM
tuny non-dipper (p < 0,04, kputepiit Mak-Hemapa) Ta
3MEHIIMIACh YaCcTKa 0Ci0 3 HaAMipHUM HiYHUM 3HMKEHHSIM
AT (p < 0,002, kpurepiit Mak-Hewmapa).

MepLue Opyre Tpete

06CTEXEHHS 06CTEXEHHS 06CTEXEHHSs

night-peaker M over-dipper M non-dipper M dipper

PucyHok 1. [uHamika umpkagHux putmis AT
nicns KE y xsopux rpynu |
lMpumitka: * — BiAMIHHICTb ICTOTHa NMOPIBHSIHO 3 nep-
MM o6cTexeHHs M (p < 0,05, kputepii Mak-Hemapa).
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PucyHok 2. [uHamika yumpkagHux putmis AT
nicnsi KE y xsopux rpynum Il

lpumitka: * — BiAMIHHICTb iCTOTHa NMOPIBHSIHO 3 nep-
wum obctexxeHHsM (p < 0,05, kputepii Mak-Hemapa).

V BinmaneHoMmy micisionepauiiiHoMy Mepioai MU OTpU-
MaJii MO3UTUBHY IUHaMiKy no0oBux mpodineit AT —
yacTKa XBOPUX 3 LIMPKaAHUM puTMoM dipper 3pocia 10
33 % nipotu 22 % xBopux 1o onepailii (p < 0,002, kpurepiit
Maxk-Hewmapa).

VY rpymni xBopux 6e3 LU micisa KE Bin3navanu momioHy
IUHaMiKy 1o6oBux nipodineii AT (puc. 2).

I1in yac apyroro o0CcTexkeHHS KiIbKiCTh XBOPUX 3 He-
nocTaTHiM 3HIKeHHsIM AT BHoui (non-dipper) craHoBuIa
40 (57 %) nipotu 32 (46 %) xBopux 1o omnepaiiii (p < 0,05,
kputepiit Mak-Hewmapa). Uepe3s 3 micsi miciss KE ¢iziono-
riyHU 1060BMIt TTpodiik dipper crioctepiramm y 26 (37 %)
xBopux npotu 19 (27 %) — y noormepailiiHoMy Tepiofi
(p <0,05, kputepiit Mak-Hemapa). BogHouac icToTHO 3HU-
3WJIaCh YacTKa XBOPUX 3 HECTIPUSITIIMBUM THUIIOM T0O0BOTO
npodinto over-dipper (p < 0,001, kputepiit Mak-Hemapa),
4yoro He Bixdyaoch y rpymi xBopux 3 LII.

O6roBopeHHs

Ilim yac moomepaiuiiitHOro JOCIiIXEHHS MPOBEeACHUN
aHani3 pe3yabraTiB JIMAT y rpynax crioctepexXeHHs 3a-
CBimuuB, 110 yci mokasHuku JAMAT Buxoauau 3a paMKu
HOPMaTUBHUX 3HaUeHb y XBopux 5K 3 LIJ] 2-ro tumy, Tak
i 6e3 Hboro. /1o onepaTuBHOTO BTpyYaHHs nepeBaxHa OiJib-
mricth moka3HukiB JIMAT Oynu icTOTHO BUIIMMU Y TPYIIi
xBopux 3 LII.

Heo0xinHo 3a3Ha4nTH, 1110 MiABUILEHI PiBHI ITyJIbCOBOTO
AT, BapiabenbHOCTiI AT, CUCTOJIIYHOTO Ta MiaCTOTIYHOTO
AT y HiyHMIi yac 100U € BAarOMUMHU MIPEAMKTOPaMU Ceplie-
BO-CYAMHHUX Troiit [11].

Yepes 5—7 auiB nicnsg KE y xsopux rpynu I Bigdynoch
icrotHe 3HMKeHHs noka3HukiB: CATn (p = 0,01), CATao
(p=0,002), AATA6 (p = 0,003), AATx (p = 0,02) (Tabdm. 1).
OnHak npuBepTae yBary HeicroTHa 3miHa [1AT, a Takox
CAT i JAT npotsirom Houi. Takum Y4MHOM, OIUH i3 (hakTO-
piB PU3MKY BUHUKHEHHSI CEPIIEBO-CYIMHHUX YCKIIaIHEHD,
a came [1AT, 3anumancs. BincyTHicTpb iCTOTHOI [UHaMiKu

ITAT moxe OyTH HACTIIKOM 3MEHIIEHHS BEJIMYUH CHCTO-
JIiyHOTO i miactoniyHoro AT B aKTMBHUM Tiepion 100U, Ha-
TOMICTb IIPOTSITOM HOUYi 3HIDKeHHSI AT Oy10 HEICTOTHUM.
Vuacnigok Baromimroro 3HmkeHHs CAT, anix JIAT yepe3
3—6 micauis micisg KE orpumanu ictotHe 3HvkeHHsT TTAT.

Y rpyni xBopux 6e3 LIJ1 y paHHbOMY TTicIsI0TIepalliiiHO-
My TIepiofli, OKpiM iCTOTHOI JUHAMiK1 1OOOBUX Ta JEHHUX
sHaueHb CAT i JIAT, Bin3Hayaau iCTOTHI 3MiHM HiYHOT'O
AT (p = 0,03). BonHouac 3minu [TAT Oynu Takox He-
iCTOTHUMM. Y BiggajeHOMY MicisioIepaliiiHoOMy Iepio-
ni BUpaxeHictb 3MiH JIAT mpoTsarom no6u, nHs Ta HOYI
(Tabj. 3), a Takoxk a1000BOi, HiuHOI BapiadbenbHoCTi CAT
i AT (ta6n. 4) y rpyni xBopux 6e3 L1 Oyna icToTHO Bu-
11010.

AHaJi3 po3Ioaisly XBOpHX 3a TUITAMU [UPKATHUX PUTMIB
AT noxazas, 1110 y IBOX I'pyIax croctepexeHHs ¢diziono-
riunuit Tun dipper cranoBuB MeHIe Hixx 50 %. [Tpusep-
Ta€ yBary BUCOKa 4acTKa XBOPUX 3 JOCTATHBO PiKiCHUM
BapiaHToM Al 3 HaIMipHUM HiYHUM 3HMKeHHIM AT (110-
Han 20 %). [puryckaioTh, 10 TUIT J0O60BOTO MPOodisiio
over-dipper € (pakTOpoM pU3KKY illieMiuHOrO iHCYIbTY [21].
Bonmnouac nuupkamgxi putmu non-dipper Ta night-peaker
aCOIIiIOI0THCS 3 MiABUIIIEHUM PU3UKOM YpaKeHHSI opra-
HiB-MillleHe# (rinepTpodii JiBoro nuyHouKa, MiKpoaib-
OyMiHypii, reMopariyHoro iHcybTy) [22, 23].

OuiHlo4y n1MHaMiKy noo6oBoro iHaekcy AT y rpymax
CITIOCTEPEXXEHHSI, CJTijl BIA3HAUUTH, 1110 BaroMe 301JIbIIEHHS
KUJIBKOCTi XBOPHMX 3 HECITPUSTIMBUM TO0OOBUM MHpodizeM
ity non-dipper miciss KE, iimoBipHO, 00yMOBIeHe 3HAU-
HUM 3HWXEHHSIM AT NpoTsSroM aKTUBHOTO Tepioay A00u.
BopHouyac BiicOTOK XBOPHUX 3 HAIMipHUM HIYHUM 3HVKEH-
HsM AT (over-dipper) pi3Ko BrnaB, a KiJIbKiCTb XBOPUX 3 ITi/I-
BuiieHHsIM AT yHoui (night-peaker) 3pocia. Taky nuHamiky
IIUPKAJTHUX TUITIB MOXKHA TTOSICHUTH 3HAUHUM 3HIKEHHIM
BeJUYMH AT TTpOTSroM JIHS Ta IOrO HEAOCTATHIM 3HMXKEH-
HSIM y HiuHi ronuHu. O4eBUAHO, TTicsomnepalliiiHe BimTHOB-
JICHHsI KPOBOTOKY B KapOTUJIHOMY OaceiiHi Mpu3BOaUTh
JIO0 3MEHILIeHHs iMITyJIbcalliil 3 LIEHTPiB TOJOBHOTO MO3KY,
a TOMY i IEBHOTO 3MEHIIIEHHS TTapaMeTpPiB yIapHOTO Ta XBU-
JIMHHOTO 00’eMiB KpoBi. BogHouac micist onepariii MOXIn-
Ba MATOJIOTiYHA iMIIyJIbCAllis 3 pelenTOPiB KapOTUIHOIO
CHHYCa 3a paXyHOK HasiBHMX TaM IpolieciB iHGiabTpallii,
HabpsKy Ta rpoideparrii [16].

BucHOBKMK

Hassnicte LI 2-ro Tumy y xBopux 3 Al' Ta ypaxxeHHSIM
CA acoliifoBaHa 3 iCTOTHO BUIIMMHU ITOKa3HUKAMU Cepel-
Hroro CAT 3a no0Oy, neHs, Hi4, JIAT 3a Hi4 Ta BUIIMMU 3HA-
yeHHsiMU BapiabenbHOCTi CAT i JIAT y neHHi roguHu, 110
3YMOBUJIO 30iIbLIIEHHS YACTKU XBOPUX 3 HECIIPUSTIIMBUM
uupkagHuM putmoM AT Turry night-peaker Ta 3MeHIIIEHHST
yacTKU 3 (hiziogoriyHumM tumnoM dipper.

XipypriuHe JliKyBaHHSI KADOTUIHUX CTEHO3iB Y XBOPUX
3 AT' y moenHanHi 3 111 2-ro Turty i 63 HbOTo acoliroBaJoch
3i 3HKeHHAM AT BxXe B paHHbOMY IiCJ/ISIONepalliiitHOMY
nepioni. ¥ Bimmamenomy nepioni miciasa KE y nBox rpymax
CIIOCTEPEXEeHHS Bi3HAYaJIM TMOAAJIbIIIEe 3HUXKEHHS OKa3-
HUKIiB 1000BOoro MoHiTOpyBaHHs AT Ta icroTHi 3Minu [TAT,
1110 3yMOBIJIO 3POCTaHHS YaCTKU XBOPHUX 3 (hbi3i0a0TiYHUM
HupKagHuM putmom dipper.
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Hagsnicts LIJI 2-ro Tumy y xBopux 3i cteHo3oM CA, Ha
BimMiHy Bin xBopux 6e3 LIJI, acouiiifoBaHa 3 MEHIII BUpaxke-
HUM 3HIDKeHHAIM AT y paHHbOMY Ta BiogaJaeHOMY ITiC/Isi-
orepaliifHoMy Irepiogax.

KE y xBopux 3 AI' Ta cteHO3y10unuM ypaxkeHHsIM CA,
acotiitoBanum 3 L] 2-ro tumy Ta 6€3 HHOTO, MPU3BOAUTH
JIO iCTOTHOTO 301/IbILIEHHS YACTKU XBOPUX 3 (hi3i0JOTIYHUM
LUpPKagHUM PUTMOM TUILy dipper.

CyrreBuii anturinepreH3uBuuii epexkt KE, 1o nmpo-
SIBJISIETHCSI BXE Y paHHbOMY MiC/IsI0IIepalliiiHOMY Mepiomi,
BUMAarae oNnTUMi3yBaTH paHillle 3acTocoBaHy Tepariito Al

OomexeHHs nocaimkenHs. JlocmimkeHHs 0y10 oqHO-
LIEHTPOBUM.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOTH MPO BiJICYTHICTb
KOHOIIIKTY iHTepeciB i Bl1acHOI (hiHaHCOBOI 3al1iKaBJIEHOCTI
Mpu IiArOTOBII 1aHOi cTaTTi. [OHOpap: He 3aaeKIapoBaHo.

Indopmanis npo dinancysanns. OinaHcyrodi oprasi-
3allii He BigirpaBajiv XKOIHOI PoJIi MpX HAIlMCaHHI CTaTTi
a0o B pillleHHI TToxaTy 3BiT 151 myostikaitii. JlocimkeHHs
€ (hparMeHTOM HAyKOBO-AOCJiIHOI pOOOTH Kadenpu Xi-
pyprii Ne 2 JIbBiBCbKOTO HalliOHAJIbHOTO MEIUIHOTO YHi-
Bepcutety iMeHi Januna [anunbkoro «IIporHosyBaHHs,
JiarHOCTHKA Ta JIIKyBaHHs FeMOAMHAMIYHUX PO3/Ia/iB Ta iH-
ekuiitHO-3aMaJbHUX YCKJIaHEHb Y Xipyprii, ceplieBo-cy-
JMUHHIM Xipyprii Ta TpaHcIIaHToori» (Ne gepkpeecTtpartii
01150000038, mmcdp remu 1H.21.00.0001.15).
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The course of arterial hypertension in patients with type 2 diabetes
after surgical freatment of carotid artery stenotic lesions

Abstract. Background. Arterial hypertension (AH) is the cause of
70—75 % of strokes. Atherosclerotic lesion of the carotid artery (CA)
is a classic example of a vascular lesion in individuals with hyperten-
sion. The risk of stroke increases twice when hypertension and dia-
betes are combined. Carotid endarterectomy (CA), which has both
a curative and preventive nature, is the main method of surgical treat-
ment of CA stenoses. The purpose was to study the course of blood
pressure in patients with type 2 diabetes and without it after CE.
Materials and methods. 138 patients with arterial hypertension and
CA stenosis were selected for the purpose of CE under local anes-
thesia. Patients were divided into two groups: 68 patients with type 2
diabetes (group I) and 70 patients without diabetes (group II). The
median age of patients in group I was 64 [50—71] years, group II —
63.5 [47—68] years. Daily blood pressure monitoring (BPD) was
performed 2 days before surgery (1 examination), 5—7 days after
surgery (2 examinations) and 3—6 months after CE (3 examinations).
The average indicators of systolic blood pressure (SBP) and diastolic
blood pressure (DBP) per day, day, and night were evaluated; average
pulse blood pressure (BP); variability of SBP and DBP per day, day,
night. Results. Before the operation, group I, in contrast to group 11,
recorded significantly higher indicators: SATdb (p = 0.02), SATd

(p=10.03), SATn (p=10.01), DBTn (p <0, 05), PAT (p =0.03), var-
DATdb (p = 0.03), varSATd (p = 0.03), varDATn (p = 0.04). During
the second examination in group II, significantly more significant
dynamics of DMAT indicators were noted: SATdb (p = 0.002), SATd
(p=0.02), DAPdb (p =0.002), DAPd (p =0.01), DAPn (p =0.03),
varSATn (p < 0.04), varDATn (p < 0.05), varSATdb (p = 0.0002),
varDATdb (p = 0.0001). The dynamics of PAT and midnight SAT
were insignificant. 3 months after KE, all mean values of SBP and
DBP, as well as PAT, decreased significantly in patients of group I1I.
The expressiveness of changes in SBP indicators during the day, day
and night, as well as indicators of SBP variability in group II was
more significant. During the third examination, the proportion of
patients with a "dipper” circadian rhythm increased in the two groups
(p <0.05). In group II, the proportion of patients with an unfavorable
type of daily profile "over-dipper" significantly decreased (p < 0.001),
which did not occur in group 1. Conclusions. Surgical treatment of
carotid stenoses in patients with and without type 2 diabetes is as-
sociated with a decrease in blood pressure in the early postoperative
period and is observed for several months after the operation.
Keywords: arterial hypertension; diabetes; carotid stenosis; carotid
endarterectomy
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Assessment of serum calcium, magnesium
and zinc levels in patients with type 2 diabetes
mellitus in the Ukrainian population

Abstract. Background. The research deals with the provision of calcium, magnesium and zinc in patients with
type 2 diabetes mellitus (T2DM). The purpose was to investigate the serum content of calcium, magnesium and
zinc in patients with type 2 DM. Materials and methods. The open-label controlled study included 27 patients with
T2DM. The control group consisted of 12 people without endocrine and somatic diseases. 70 % of patients had
newly diagnosed DM; in others, the disease duration was up to 5 years. Most of the examined were of mature age,
on average 61.83 + 5.52 years for patients and 55.25 + 5.52 years for controls. In the group with T2DM, women
accounted for 62.96 %, among controls — 63.64 %. Anthropometric measurements and glucose indicators were
determined according to a standard procedure. Concentrations of calcium, magnesium, zinc in serum were evaluated
by atomic optical emission spectrometry with inductively coupled plasma (PerkinElmer Optima 2100 DV ICP-OES,
USA) according to the original procedure approved by the Kundiiev Institute of Occupational Health of the NAMS
of Ukraine. Results. The level of fasting blood sugar ranged from 7.1 to 17.2 mmol/l and indicated the presence of
T2DM, glycated hemoglobin was from 7.1 to 11.2 %. According to anthropometric data, the group of patients almost
completely corresponded to the control group. Although a slight increase in body weight and waist circumference
was registered already at the stage of initial diabetes, the level of triglycerides increased significantly, and the level of
high-density lipoprotein decreased. A significant reduction in the levels of calcium and magnesium in the blood serum
of patients with T2DM was found. The zinc content was at the level of the lower edge of the reference value in 44 %
of patients, in the control group — only in 16.6 % of cases. There were no significant differences in this indicator in the
observation groups. A high correlation was found between the studied parameters in the blood, as well as an inverse
correlation between the fasting glucose level and the content of calcium and magnesium. Conclusions. A significant
decrease in the level of calcium and magnesium in the blood of Ukrainian patients with type 2 diabetes mellitus
was found. There is a high correlation between serum calcium, magnesium and zinc levels in patients with T2DM.
Significant risks of diabetes were revealed when the serum concentration of calcium and magnesium decreased.
Keywords: type 2 diabetes mellitus; fasting blood glucose; calcium, magnesium; zinc; correlation analysis

Introduction

Type 2 diabetes mellitus (DM) is a highly prevalent, cost-
ly, chronic disease that poses a serious threat to both domes-
tic and global health [1]. The International Diabetes Fede-
ration reports that 10 % of adults (aged 20—79 years) have
type 2 DM worldwide [2]. Type 2 DM is currently one of the

leading causes of death in the USA with a crude death rate
of 26.7 per 100,000 people [3]. A common and potentially
preventable disease, type 2 DM imposes substantial health
and economic burdens in the USA, where the medical costs
and lost work wages of people diagnosed with the disease
total an estimated $327 billion annually [4].

© «MixHapogHuil eHoKpUHonoriuHuii XypHan» / «International Journal of Endocrinology» («Miznarodnij endokrinologicnij Zurnal»), 2023

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2023

[Ins kopecnopenuii: BikTop KpaBueHKo, BiaAin enigemionorii eHA0KpUHHUX 3aXBOPIOBaHb, 1Y “IHCTUTYT eHZoKpuHonorii Ta 06miHy peyosuH im. B.M. Komicapenka HAMH Ykpaitu’, Byn. Buwropog-

CbKa, 69, M. Kuig, 04114, YkpaiHa; e-mail: endocrinolog@ukr.net; Ten. +380978990111

For correspondence: Victor Kravchenko, Department of Epidemiology of Endocrine Diseases, State Institution “V.P. Komisarenko Institute of Endocrinology and Metabolism of the NAMS of Ukraine”,

Vyshgorodska st., 69, Kyiv, 04114, Ukraine; e-mail: endocrinolog@ukr.net; tel. +380978990111.
Full list of authors’ information is available at the end of the article.

40 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 19, N2 7, 2023



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

The most prevalent complications of type 2 DM include
microvascular events, including neuropathy, nephropathy,
and retinopathy, or macrovascular events such as athero-
sclerosis, aneurysm, embolism, peripheral vascular diseases,
cerebrovascular disease, or coronary artery disease [5]. Half
of people diagnosed with type 2 DM present microvascular
complications, and 27 % have macrovascular complications
[6]. Chronic kidney disease is one the most common and
devastating complications of DM, with 20—40 % of all per-
sons diagnosed with type 2 DM developing kidney disease.
Diabetic foot is another well-known complication of uncon-
trolled diabetes affecting 4—10 % of people diagnosed with
type 2 DM. Other complications include diabetic retinopa-
thy, cataracts, erectile dysfunction, and non-alcoholic fatty
liver disease [7].

Trace elements refer to any chemical element indispen-
sable for various vital activities of our body. These microele-
ments are required in small amounts by the body, but their
absence can lead to significant negative impacts on the health
and survival of organisms. There are some indications that
the pathoglycemia and the occurrence of DM are related to
alterations in serum trace elements [8]. Patients with DM are
generally diagnosed with abnormal levels of serum trace ele-
ments, including magnesium, calcium, zinc, selenium, and
others. In most cases, these microelements are pathologically
lost or reduced in vivo [9].

The maintenance of optimal micronutrient levels is es-
sential for glucose homeostasis. Remodeling the function
of pancreatic islets and restoring the glucose homeostasis
denote an ultimate cure for DM, but it remains a great chal-
lenge due to mutations in the glucose metabolism profile.
Microelements supplementation, especially using their
nanoparticle form, is showing unique therapeutic vision in
DM [10].

Calcium (Ca?") is a highly versatile intracellular signal
capable of regulating different cellular processes. The role
of intracellular calcium as a mediator of insulin action was
originally proposed [11]. Changes in concentration of free
Ca?" in different compartments (cytosol, endoplasmic re-
ticulum, mitochondria, Golgi, nucleus, secretory vesicles,
endo-/lysosomes) are crucial for the control of many cellu-
lar responses. The optimal concentration of cytosolic Ca**
appears to be within the range 140—350 nM. When Ca**
concentrations are too low or too high, the ability of pan-
creatic islets and insulin target cells to respond appropriately
to physiological stimuli is significantly diminished leading to
a break on glycemic homeostasis [12].

Magnesium (Mg) is one of the most abundant ions in the
human body and is essential for many physiological proces-
ses. For example, Mg is a cofactor of hundreds of enzymes
involved in cellular bioenergetics, protein metabolism, and
cell signaling pathways. Thus, Mg deficiency in the develop-
ment and persistence of type 2 DM. Although Mg deficiency
has been widely studied in type 2 DM, the molecular clinical
and molecular mechanisms are poorly reviewed [13].

DM has been linked to disruptions of zinc homeostasis.
Zinc is an essential trace metal that regulates many enzyma-
tic functions and cellular processes in the human body, in-
cluding apoptosis, oxidative homeostasis, immune function,
biological control of metabolism as well as signal transduc-

tion [14]. Zinc supplementation has been reported to exhibit
beneficial effects in enhanced glycemic control in diabetic
animals and humans. Furthermore, this metal can also im-
prove the conditions associated with diabetic complications
such as nephropathy and cardiomyopathy [15].

The study of these elements in patients with type 2 DM
provides an opportunity to improve their treatment.

This research purposed to investigate the serum content
of calcium, magnesium and zinc in patients with type 2 DM.

Materials and methods

An open-label randomized controlled trial was conducted
to evaluate the serum content of calcium, magnesium and
zinc in 27 patients with type 2 DM aged 18—79 years. The
control group included 12 persons without endocrine and
somatic diseases. Written informed consent was taken from
all patients to participate in this study. We included studies
of adult humans with type 2 DM. We excluded studies of
patients with type 1 DM, impaired glucose tolerance, car-
diovascular complications.

The study protocol was conducted according to the prin-
ciples of the Declaration of Helsinki and approved by the
local Ethical Committee from the SI “V.P. Komisarenko
Institute of Endocrinology and Metabolism of the NAMS
of Ukraine”. Informed consent was obtained from all par-
ticipants.

Data on age (year), duration of DM (months), treatment
of DM, anthropometrics (body weight, height), and clinical
and analytical data were recorded. Body weight and height
were determined using certified electronic scales (KERN
440-4, Kern & Sohn, Germany) and a portable stadiometer.
Weight was measured to the nearest 0.1 kg, height to the
nearest 0.1 cm. Body mass index (BMI) was calculated as
BMI (kg/m?) = (weight in kg) / (height in meters). Waist cir-
cumference (WC) was measured using a flexible centimeter
tape with a measurement accuracy of 0.5 cm at the level of
the maximum waist size in a standing position.

Fasting blood samples were collected to measure glu-
cose, insulin, calcium, magnesium, zinc serum, total cho-
lesterol, triglyceride, and glycated hemoglobin (HbAIc).
Serum calcium, magnesium and zinc levels were analyzed
by atomic optical emission spectrometry by inductively
coupled plasma (PerkinElmer Optima 2100 DV ICP-OES,
USA) according to the original procedure approved by the
Kundiiev Institute of Occupational Health of the NAMS of
Ukraine. Multi-element standard solution (Merck, Germa-
ny, catalog number 111355.0100) containing 23 elements
was used to build a calibration curve for Ca, Mg and Zn
in the ICP-OES analysis. Reference ranges for magne-
sium, calcium, zinc were considered respectively as 17—28,
90—112, 0.6—1.2 mg/L [16].

Statistical data processing was performed in accordance
with the requirements of evidence-based medicine and bio-
statistics, using the approaches of modern non-infectious
epidemiology [17]. The statistical package used the software
package SPSS 16.0 and MedStat. Student and Mann-Whit-
ney criteria were used for odd comparisons.

The experimental data were given as mean = SE, median,
and quartiles due to their non-normality of distribution of
experimental variables. The correlations between experimen-
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Table 1. Results of studies of parameters of diabetes and calcium, magnesium, zinc in patients
with type 2 DM and in controls

Parameter Type 2 DM (n = 27) Control group (n = 12) P (type 2 DM vs controls)
Women, % 37.04 36.36 1
Age, years 61.83 +1.93 55.25 + 5.52 0.16
FPG, mmol/l 10.160 + 0.528 5.320 + 0.136 < 0.001
HbA1c, % 7.7 (6.8-9.2) - -
Height, cm 166.140 + 1.785 166.100 + 2.278 0.991
BW, kg 93.15 (83.25-107.78) 79.5 (75.5-97.25) 0.052
BMI, kg/m?2 35.33 +1.33 31.07 £ 2.24 0.105
WC, cm 113.38 + 2.89 100.2£54 0.028
SBP, mm Hg 142.89 + 3.75 129.3+7.8 0.087
DBP, mm Hg 81.0 (79.0-90.0) 80.0 (74.5-92.5) 0.681
HDL-C, mmol/I 1.12 £ 0.07 1.73+0.18 0.02
TGL, mmol/l 2.160 + 0.393 0.820 + 0.145 0.015
Calcium, mg/| 76.1 (71.3-82.7) 89.25 (85.73-94.05) < 0.001
Magnesium, mg/| 16.56 + 0.22 20.12+1.25 < 0.001
Zinc, mg/| 0.72 (0.62-1.04) 0.94 (0.76-1.18) 0.117

Notes: normally distributed characteristics are expressed as mean and standard deviation (SD) values. Non-
normally distributed characteristics are expressed as medians (QI-Qlll). Means are compared by the Student’s t
test and medians are compared by the Mann-Whitney U test nominal data are compared by the Chi-square test.
FPG — fasting plasma glucose; HbA1c — glycated hemoglobin; BW — body weight; BMI — body mass index;
WC — waist circumference; SBP — systolic blood pressure; DBP — diastolic blood pressure; HDL-C — high-

density lipid cholesterol; TGL — triglycerides.

tal variables were evaluated using Pearson’s rank correlation
coefficients. Spearmen were was implemented for non-para-
metric variables.

Results

Most of the examined patients (70.3 %) were newly diag-
nosed with DM. The rest of the patients had a disease du-
ration of no more than 5 years. The level of fasting blood
glucose of the patients ranged from 7.1 to 17.2 mmol/I and
indicated the presence of DM. HbAlc level in patients
ranged from 7.1 to 11.2 %. According to age data, the majori-
ty of patients were in the age category of 50 years and older.
Clinical picture fully corresponded to type 2 DM.

According to anthropometric data, the group of patients
almost completely corresponded to the control group. Al-
though a slight increase in body weight and waist circum-
ference was registered already at the stage of initial DM, the
level of triglycerides increased significantly and the level of
high-density lipoproteins decreased (Table 1). There was also
a tendency to increase systolic blood pressure.

The study of elements in patients showed that the content
of calcium was in the range of 67.5-92.4 mg/I1, the median
was 76.1 mg/1. The first and third quartiles of the results are
shown in Table 1. When compared with the control group,
the serum level of total calcium was by 8.4 % lower compared
to control patients (p < 0.011).

Magnesium interacts with calcium in many of its effects.
In patients with DM, serum magnesium levels were also
reduced by almost 8 %. Important meaning in the develop-
ment of DM is given to zinc. In our studies, an abnormal
distribution of the results of serum zinc content in patients
with type 2 DM and the control group was observed. There-

fore, we calculated the reliability for the abnormal series.
Despite the visible distinction in medians, the difference
was not significant. Analysis of individual results showed that
the minimum value of zinc in patients was 0.518, while the
maximum was 1.86 mg/l. Accordingly, healthy people have
0.676 and 1.405 mg/I.

It is worth noting that in patients with type 2 DM 44 %
of samples had a value of about 0.6 mg/I, that is a lower re-
ference index for zinc. Only 16.6 % of such samples were in
control. It is possible that the level of reliability will change
when the sample of studies and controls is increased.

Considering presence of changes in some parameters in
patients with type 2 DM compared to controls, as well as
a significant decrease in the serum level of total calcium and
magnesium we conducted a correlation analysis between
the determined indicators. We will not dwell in detail on all
the obtained results. We will only give reliable correlations
concerning blood elements and indicators. A positive and
reliable correlation was established between the serum con-
tent of calcium and magnesium, and high-density lipides.

Table 2. Risks of type 2 DM depending on the serum
level of essential elements (calcium, magnesium, zinc)

Indicators OR 95% CI p
Ca, mg/l 0.883 0.798 0.977 0.016
Mg, mg/l 0.543 0.343 0.859 0.009
Zn, mg/l 0.267 0.027 2.624 0.258

SBP, mm Hg 1.036 0.994 1.079 0.095
DBP, mm Hg 1.018 0.951 1.091 0.603

Notes: OR — odds ratio; Cl — confidence interval;
p < 0.05 — significance level.
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A negative correlation was observed with the age of the
subjects and fasting plasma glucose (FPG). Accordingly,
magnesium showed a positive correlation with calcium and
high-density lipides and a negative correlation with fasting
blood glucose. The high negative correlation of zinc with
the age of patients and systolic blood pressure is noteworthy.
A high correlation between the concentration of calcium
and magnesium in relation to FPG (mmol/l) indicates the
important role of these elements in the pathogenesis of DM.
To verify this position, we calculated the risk factors for these
elements, as well as for one of the most important complica-
tions of type 2 diabetes, increased systolic and diastolic blood
pressure (Table 2).

The obtained results indicate an increase in the risk of
DM with a decrease in the concentration of calcium and
magnesium in blood serum Regarding zinc, as well as systolic
and diastolic blood pressure, we did not observe any signi-
ficant changes. The insufficiently large sample did not allow
us to calculate the risks for other indicators, which will be
done in further studies.

Discussion

The study of macro- and microelements attracts the at-
tention of specialists due to the fact that they are a consti-
tuent part of biological tissues and their exclusive regulatory
participation in many processes and reactions in the body.
In particular, calcium and magnesium are a component of
bones, and due to their ionic form, they regulate the flow of
ions and substances into various cells of the body.

Magnesium and zinc are cofactors of more than 300 en-
zymes and are part of them. An important aspect of the
action of minerals is their influence on the immune sys-
tem [18]. The study of indicators of the immune system in
diabetes and minerals will help to approach their use more
rationally [19].

Considerable attention is paid to these elements in the
study of the DM pathogenesis [20]. Taking into account the
obtained results and the value of these elements, it is necessary
to the appointment of these elements in the DM management.
However, ambiguous results are often obtained, which may be
due to an insufficient assessment of the level of elements in the
body of patients and the state of the disease [21].

In this regard, regional studies of elemental support, spe-
cific analysis, as well as objective assessment of the stage of
the disease and the presence of its complications are neces-
sary. Patients with the initial stage of the disease and in the
absence of serious complications took part in our study. A de-
crease in the level of calcium and magnesium in the serum
of patients with type 2 DM was established, which makes it
possible to consider the need for the use of appropriate drugs
and further study of their effect on the course of the disease.

Conclusions

A significant decrease in the level of calcium and mag-
nesium in the blood of patients with type 2 diabetes mellitus
in Ukraine was found.

There is a high correlation between calcium, magnesium
and zinc levels in the blood of patients with type 2 DM. Sig-
nificant risks of diabetes were revealed when the serum con-
centration of calcium and magnesium is decreased.
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" [HCTUTYT EHAOKPUHOAOTT TQ OBMIHY pedyoBuH iMeHi B.I1. KomicapeHka HAMH Ykpainu, m. Kuis, YkpaiHa

2 lHctntyT meanumHy npadi im. LK. KyHaieBa HAMH YkpaiHu, m. Kuis, YkpaiHa

3 YKpQiHCbKK HQYKOBO-MPAKTUYHNM LIEHTP €HAOKDUHHOI Xipyril, TOQHCAAQHTALIT EHAOKPWHHVX OPraHiB i TkaHuH MO3 YkpaiHu,

M. Kwi, YkpaiHa

4 BYKOBUHCBKI ASPIKABHUA MEANYHA YHIBEPCUTET, M. YepHiBuj, YkpaiHa

OUiHKA pPiBHS KOABLLiKO, MATHIlO TA LUHKY B CUPOBATLI KPOBi XBOPUX
HQA LYKPOBUMN AiQBET 2-ro TUNY B YKPATHCBKIN NONyAsiLii

Pesiome. Axmyaavnicmo. JTocnimxeHHs NPUCBAYEHE BUBYEHHIO
BMICTY KaJIbllil0, MarHito i IMHKY B 0Ci0 i3 LIlyKpOBUM JIiabeTom
2-ro tuny (L1/12). Mema: BCTAHOBUTH PiBeHb KaJbllil0, MarHilo ta
UMHKY B cupoBaTLi KpoBi xBopux Ha LI 2-ro tuny. Mamepiaau
ma memoodu. Binkpute KOHTPOJIbOBaHE MOCTIIKEHHS BKIIIOYAIO
27 nauienTiB i3 LIJ12. KoHTpoabHy rpymy ctaHoBuau 12 ocib 6e3
CHIOKPUHHUX Ta COMAaTUYHMX 3aXBOpIoBaHb. Y 70 % XBopuX mdia-
OeT BUSBJICHO BIIEPIIE, Y iHITUX TPUBATICTh 3aXBOPIOBAHHS Oyia
10 1’ st pokiB. CepeHiii Bik 00cTexXeHux craHoBuB 61,83 + 5,52
poky njs namieHTiB 3 LIJ12 ta 55,25 + 5,52 poKy 118 KOHTPOJIb-
Hoi rpynu. Y rpyni 12 xiHok 6ymo 62,96 %, y KOHTPOJbHIi —
63,64 %. AHTPOTIOMETPUYHI BUMIPIOBAHHSI Ta BUBHAUEHHSI TTOKA3-
HUKIB TJIIOKO3M TTPOBOJIMJIN 32 CTAHIAPTHOIO MeToaANKOI. KoH-
LIEHTpaLlil KaJbllil0, MarHilo, IMHKY B CUPOBATILIi KPOBi OLliHIOBAIU
3a I0NTOMOT0K0 aTOMHO-OITUYHOI €MiCIiiHOT CLIEKTPOMETPIi 3 iH-
NMYKTUBHO-3B’s13aHO10 T1a3moto (Mozenb PerkinElmer Optima 2100
DV ICP-OES, CIIA) 3rigHO 3 OpUTiHAJIbHOIO METOAUKOIO, 3a-
TBepaKeHo IHcTuTyToM Meauiimuu npaiii im. 1.}FO. Kynaiesa
HAMH VYkpaiuu. Pesyasmamu. PiBeHb 1IyKpy HaTIlIe B CUPOBAT-
1i KpoBi nauieHTiB rnepedysaB B Mexax Bin 7,1 1o 17,2 MMonb/a
i BKa3yBaB Ha HasiBHicTb LIJ12, yMiCcT IJIiKOBaHOTO TeMOTJIO0iHY

craHoBuB Bix 7,1 no 11,2 %. 3a aHTPOTIOMETPUYHUMHU JTaHUMU
rpyrna XBOpMX MOBHICTIO BiAIOBinaaa rpyni KOHTPOJI0. Xoua BXe
Ha cTalii moyaTkoBOro aiabety Oyj0 3apeecTpOBaHO HE3HAYHE
301JIbILIEHHS MAacH Tijla Ta OKPYXXHOCTI Tasii, piBeHb TPUTITiliepu -
IiB BipOTiIHO BUPIC, a BMICT XOJIECTEPUHY JIITOMPOTEIHiB BUCOKOL
LIITBHOCTi 3MEHIIMBCS. YCTAaHOBJIEHO BipOTigHE 3HUXKEHHSI PiBHSI
KaJblLlil0 Ta MarHito B cupoBaTLi KpoBi xBopux Ha LIJ12. Ymict
LMHKY B KPOBi NepeOyBaB Ha PiBHi HUXKHBOI MeXi pedepeHTHOro
3HayeHHs B 44 % nauienTis Ta 1uiie B 16,6 % 0ci6 y KOHTPOJIbHI
rpyri. BiporigHux BiAMiHHOCTEl 3a LIMM MOKa3HUKOM Yy Ipyrax
CIIOCTEPEXEHHsI He OyJio. BUsiBIeHO BUCOKMIA KOPESILIiiHUMA
3B’130K MiX JOCJIKYBaHUMU TTOKa3HUKAMU B KPOBi, a TAKOX
3BOPOTHUI 3B’SI30K MiXX piBHEM TJIIOKO3M HATIIIEe Ta BMiCTOM KaJlb-
uito i MarHito. Bucnoseku. BusiBleHO BiporifiHe 3HUXXEHHSI PiBHS
KaJIbI1il0 Ta MarHilo B KpOBi XBOPUX HA LyKPOBHUIi AiabeT 2-ro TUITY
B YKpaiHCbKiil momyssiuii. [cHye BUcoKa Kopesisiisi MixXX piBHSIMU
KaJIbllil0, MarHilo Ta IUHKY B KPoBi 0ci0 i3 LIJI 2-Tro tumy. 3HauHmii
PU3UK PO3BUTKY [ia0eTy Bin3HAYaBCsl MPU 3HUKEHHI KOHLIEHTpaLii
KaJIblIil0 Ta MarHilo B CUPOBATILi KPOBI.

KimouoBi ciioBa: uykposuii giab6er 2-ro Tumy; piBeHb IIIOKO31
B KPOBI HaTIIE; KaJbliii, MarHiii; IUHK; KOPEISLiMHNM aHaTi3
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AHQOAI3 noAiMopdismMmy Ta eKcnpecii reHa
ceAeHonpoteiHy P SEPP1 (rs7579)
Yy XBOPUX HO XPOHIYHUN NAHKPEATUT,
NOEAHOHUN i3 FiNOTUPEO3OM

Pestome. AkTyanbHicTb. Hatenep He 3'sicoBaHi KOHKPETHA POSIb | MICLE FreHETUHHUX (DaKTOPIB Yy PO3BUTKY XPOHI4-
HOro naHkpeartuTy Ta rinotupeosy, siki BU3Ha4aroTb aKTUBHICTb [T1yTaTIOHOBOIrO aHTUOKCUAAHTHOrO 3aXUCTY, B3a€-
MOIOB’ si3aHi 3i 3MiHamMu MeTabosi3My XWPIB Ta BYIr1IEBOAIB, @ TAKOX BI/IMBaKOTh HA TPAHCMOPT Ta CUrHasIbHI LLSISAXU
KJTHOHOBUX MOXMBHNX PEYOBUH A715 pOOOTH IMYyHHOI, eHAOKPUHHOI | HepBOBOI cuctem. MeTa: BuB4UTYH NoniMopghiam
Ta excrpecito reHa ceneHonpoteiHy P SEPP1 (rs7579) y XBopyx Ha XpOHIYHWI naHKpeaTuT, NoeaHaHm i3 rinotu-
peosom. Matepianv Ta meToan. ETarn CKpUHIHIY npoviLLiv 49 nayieHTiB 3 XPOHIHYHUM NaHKPeaTUToM y NoeAHaHHI 3
rinotupeodom 1a 30 npakTn4HoO 340poBux ocib. lNonimopgiam reHa ceneronpoteiHy P SEPP1 (rs7579) BusHadanmn
MeTOH[OM rosiMeEPa3HoI naHUoroBoi peakujii. Pesynbratu. [NpoBefeHe [OCTiIKEHHS oKasarso, Lo i3 98 BugineHmnx
anesnevi y naylieHTiB i3 XPOHIYHVUM MaHKpeaTUToM y NMoeAHAaHHI 3 rinoTupeo3dom Ta 60 anesnevi rpyn KOHTPOITO JOMi-
HyBaB G-anesnb reHa SEPP1 (rs7579, 25191G/A) Han A-anenem: y xBopux — Ha 34,7 % (° = 23,59; p < 0,001), y
rpyni npakTM4Ho 340poBuxX — Ha 53,34 % (* = 34,13; p < 0,001). [Npy LbOMY BiHOCHa YacToTa OKPEMUX FeHOTUIB,
a TaKoX AUKOro i MyTaLiviHoOro anesnevi MiXK JOCIAHO | KOHTPOJILHOK rpyrnamu BiporigHo He Bifpi3HsIacs. A-anesb
reHa SEPP1 (rs7579) He3Ha4HO nigBuLLyE PU3MK MOSIBU XPOHIYHOIO NaHKpeaTuTy B OOCTEXEeHIV rnonynsyii, ogHak
HesiporigHo [RR = 1,43, RR 95% CI: 0,91-2,26; OR = 1,65; OR 95% CI: 0,88-3,08; p = 0,115]. BucHoBku. MyTaujisi
reHa SEPP1 (rs7579, 25191G/A) y XBopuXx Ha XpOHIYHUV naHKpeaTuT, MeLLKaHiB [1iBHiYHOI BykoBuHM, y romo3u-
rOTHOMY CcTaHi TpannseTscs 3 Yactotoro 10,2 % 3a BiACYTHOCTI Takoi y NpakTU4YHO 340poBux ocib. B o6ox rpynax
AomiHye G-anernb Hag A-anenem: y xsopyx — Ha 34,7 % (? = 23,59; p < 0,001), y koHTposni — Ha 53,34 % (y? = 34,13;
p < 0,001). Monimoppiam reHa SEPP1 (rs7579, 25191G/A) He BU3Ha4Yae py3uK rosiBU XPOHIHHOIo naHKpeaTuTy y
nonynayii. OgHak A-anesb nigBULLYE MMOBIPHICTb riMOTUPEO3y y XBOPUX Ha XPOHIiYHWY naHkpeatvTt yasidi [OR = 2,0;
OR 95% CI: 1,09-3,66; p = 0,023], 3a HaliHX4umX LLaHCIB Ha vioro nosisy y BnacHukis G-anesns [OR = 0,50; OR 95%
Cl: 0,27-0,91; p = 0,023]. KapTorpaghysaHHs JIOKYCiB KifibKicHuX o03HaK ekcripecii eQTL ro obuasa 60ku Bif canTy
rno4atky TpaHckpunyii reHa SEPP1 (rs7579) 3acBig4ye 152 cTaTUCTUHHO 3Ha4mMi LUmc-BapiaHTy acouiauivi rs7579
reHa SEPP1 (SELENOP) i3 excripecieto 20 reHis y 35 pisHux opraHax i TkaHmHax 1a 22 ¢heHOTUNOBI O3HaKM.
Knro4oBi cnoBa: xpoHiyHuii naHKpeartuT; rinoTupeos; rnosniMopgiam reHa ceneHonpoteidy P SEPP1 (rs7579);
ekcnpecis reHa ceneHonpoteiHy P SEPP1 (rs7579)

Bctyn

Xponiunuii mankpeatut (XIT) — 1e mporpecyrode 3a-
MajbHe 3aXBOPIOBAHHS, K€ MPU3BOIUTH 10 HEOOOPOTHO-
ro pyilHyBaHHSI €K30KPMHHOI Ta €eHIOKPUHHOI MapeHXiMU
MiIILTYHKOBOI 3aJ1031, BUKJIMKaHe aTpodi€lo Ta 3aMillleH-
HsM ibposHoto TKaHuHOMO [ 1]. KinbkicTs xBopux Ha XI1 3a

OCTaHHI IBa JECATWIITTS 3pOcia YABiUi, IO CYIIPOBOIKYETh-
Csl BUCOKMM piBHEM iHBalimM3allii i JIeTaIbHOCTI (OJIM3bKO
15 %), nepeBaxkHo 4epe3 oHKomnarosjorito [2]. CydacHi no-
CJII/DKEHHSI B TaJTy3i BHYTPILIIHIX XBOPOO aKIIEHTYIOTh yBary
Ha B3a€EMO/Iii TOPMOHIB IIIUTOIOAIOHOI 3aJ1031 3 (PYHKIIiEIO
OpraHiB ILUTYHKOBO-KUIIIKOBOTO TPaKTy |3, 4].
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Bunuknennsa XI1 ta rimotupeosy, ixHili 1repe0Oir 9u 1mo-
sIBa YCKJIAJHEHb 3HAYHOIO MipOIO JETEPMiHYIOThCSI CTUIIEM
JKUTTS, CTPECOM, TeHETUMHUMM, €KOJIOTIYHUMU Ta iHIIUMU
YUHHUKAMU pU3UKY |5, 6]. Hu3ka reHeTHIHUX YNHHUKIB
yKe YBilIILIa y CBiTOBI peKOMeHIallii, 3aCHOBaHi Ha TIPUH-
LIUTIax 10Ka30BOi MEAULIMHU, 3 IIaTHOCTUKM Ta JIIKYBaHHSI
XIT i rinotupeosy [7, 8].

[oci HeBimoOMO, SIKy KOHKPETHY pOJIb TeHETUIHI YMH-
HUKU BilirpaloTh y pO3BUTKY LIMX 3aXBopioBaHsb [9, 10]. Te-
HETUYHI YNHHUKU BU3HAYAIOTh aKTUBHICTh IJTyTaTiOHOBOTO
AHTUOKCUJIAHTHOTO 3aXKCTY, B3AEMOITOB’s13aHi 3i 3MiHAMU
MeTabo1i3My XHUPiB Ta BYIJIE€BOMAIB, a TAKOX BILUIMBAIOTh
Ha TPAHCIOPT Ta CUTHAJIbHI HIJISIXM KJIFOUOBUX MOXUBHUX
pe4yoBMH (LIMHK, CeJeH, O TOUI0) AJIsI pOOOTU iIMYHHOI,
eHIOKPUHHOI i HepBoBOi cucteM [11, 12].

Cepell HUX 0COOJIMBO BaXKJIMBUM € CEJICH, 1110 iHTeTpYy-
€ThCA Y (POpMi aMiHOKHUCIIOTU CEJIEHOLUCTEIHY B 25 pi3HUX
CEJICHOIPOTEIHIB, SKi BiIITOBiIaIOTh 3a 3aXMCT Bil aKTHB-
Hux ¢opMm kucHio (ADK), BKIHOUYaI0YM OKUCHO-BiTHOBHI
¢byHKIIiT Ta TooaHHsS OKMCHOTO cTpecy [ 13, 14]. 3rinHo 3
HayKOBUMU JTAHUMU, 3pOCTaHHS PiBHS CeJIEHY MPU3BOAUTD
IO ITiABUIIIEHHS 0i0CMHTE3Y CEeJICHOIIPOTEIHY i, IK HACIIIOK,
npurHiuye cuHte3 C-peakTUBHOTO OijKa, TUM CaMUM I10-
cJI1a0JTI0109 M 3ananbHIi mpotiec [15, 16].

Cenenonpotein P (SEPP1) Bukonye yHkIio TpaH-
CIIOPTHOTO OijJIKa CeJeHy i MiCTUTh MPUOJIU3HO TOJOBUHY
3arajbHOrO cejieHy B 1ia3mi Kposi [17, 18]. T. Bosschaerts
et al. BCTAHOBUJIU, 1110 €KCIPECisl CeEHOMPOTEIHY MOXeE
OyTHU ITOB’sI3aHa 3 pe3UCTEHTHICTIO A0 XiMioTepalrii IIISIXOM
3arnobiranHs iHaykuii APK y pakoBux KJIiTHHAX MiAIITyH-
KoBoiI 3as103u toauHu [19]. Takox excnpecis SEPP1 3wmi-
HIOETBHCS MIPU HAsIBHOCTI Pi3HUX MATOJIOTIYHUX CTaHIB, a
BiICYTHICTb ITaTOJIOTi1 CIIpMSIE HAMBUILIOMY PiBHIO eKCIpecii
SEPP1 [20]. Tomy BuBueHHS moxiMopdizmy reHa SEPPI
€ JIyXe aKTyaJlbHUM Ta HaOyBa€ BaroMOro 3HaUYC€HHS JIJIst
Cy4acHOI MeIUYHOI HAayKH.

MeTta a0CHiIKeHHs: BUBYMTHU MOJIiMOPdi3M Ta eKCIIpe-
cito reHa cesieHonpoteiny P SEPPI (1s7579) y xBopux Ha
XI1, moeaHaHUit i3 TIMOTUPEO30M.

MaTepiaAn Ta MeToAmn

[Tin yac mocnimxeHHss HaMu o0cTexxeHo 79 ocib. IMa-
LieHTIB moniiiM Ha 3 rpynu. o mepinoi rpynu yBiiio
24 xBopi Ha XII, mo npyroi — 25 manienriB 3 XI1 y roen-
HaHHI 3 TiMoTUpeo3oM, A0 TpeThoi — 30 MpakKTUIHO 3/10-
poBuUX 0ci0. Yci nmauieHTH nepeOyBajii Ha CTallioOHAPHOMY
JIikyBaHHi B YepHiBelbKill 00JacHiiA KJIiHIYHil JiKapHi Ta B
YepHiBeIbKOMY 00JIaCHOMY €HIOKPUHOJIOTIYHOMY LIEHTPI.

Hiarno3 XI1 BcTaHOBIEHMIA 3rimHO 3 HaKa3oM MiHic-
TepcTBa OXOPOHHU 340poB’st Ykpainu Ne 638 Bix 10.09.2014
POKY, liarHO3 TiMOTUPe03y — BiATOBIIHO 10 HaKa3y MiHic-
TepcTBa OXOPOHU 310poB’st Ykpainu Ne 507 Bin 28.12.2002
POKY.

3abip KpoBi IJIs JOCTiIXKEHHS 3/1iliCHIOBaBCS BpaHILi
HaTIie, micast 12-roqMHHOro TOJ0yBaHHS B CTEPUIbHUN
BaKyyMHUI KOHTeliHep, crabinizoBanuit K2-EDTA. Ilo-
JiMop(di3M reHa BU3HAYAJIM METOIOM MOJIiMepa3HOi JIaH-
moroBoi peakuii (ITJIP) y nepxxaBHomy 3akiani «Pede-
PEHC-LIEHTP 3 MOJIeKyJIsipHOi AiarHocTuku MO3 Ykpainu»
(m. KuiB). Excrpakuito JIHK nipoBonunu 3 sigep jiMbonn-

TiB LTbHOI BEHO3HOI KPOBI 32 JOIIOMOT0I0 Ha0OpY UISI BU-
nineHHst Quick-DNA Mini Prep Plus Kit Bin Zymo Research
(CLIA) BigmmoBigHO 10 cTaHAAPTHOTO IMPOoTOKOJy Biological
Fluids & Cells. dnst amruticdikanii ¢pparmentiB JJHK rena
SEPP125191G/A (1s7579) BukopuctoByBaiu sikicHy I[TJIP
y peasibHOMY 4aci (QRT-PCR), 3actocoByoun crietiudiuHi
npaitMepu Bin Metabion (baBapisi, HiMmeuunHa), a reHO-
TUITyBaHHS OYyJI0 BUKOHaHe 3 BUKOpUCTaHHSIM DreamTaq
Green PCR Master Mix Bin Thermo Scientific (CLLIA) Ha
tepmotiukiepi FlexCycler BU Big Analytik Jena (Himeu-
yuHa) [21].

JocaimkeHHs BinOyBasocs 3rifHo 3 HopMamMu €Bporneii-
CbKOI KOHBEHIIIi 3 TIpaB JIOAWHU Ta OiOMEIUIIMHA, TIPUH-
uunamu GCP, GLP, EUC Ne 609 Ta iHIIMMK 3aKOHAMK
€C i MixkHapOgTHUM 3aKOHOIABCTBOM 3 OioeTnku. KoxeHn
YYaCHUK TiamnucaB iHPOPMOBaHY 3rofy Ha y4acTb y JOCJTi-
JKEHHI.

CratucTuuHy 00pOOKY pe3y/bTaTiB JOCIiIKEHHS TTPO-
BOJMIIM 3a jgornoMoroto StatSoft Statistica v.7.0 (StatSoft
Inc., CIIIA). [lsist mopiBHSIHHS Pi3HUILL MiX IrpynamMu Mu
Bukopucrtaiu t-kpurepiit Ctoionenra, ANOVA, y>-tecT
[Tipcona ta U-kpurepiit Binkokcona — ManHa — YiTHi.
JLUTst OLIHKY PU3UKY MATOJIOTil OyB BUKOPUCTAHMIA JIOTiC-
TUYHUU perpeciiiHuii aHami3, 1110 J03BOJMB PO3paxyBaTu
BimHocHMI1 pusuk (RelR), cniiBBinHoeHHs pu3uky (RR)
Ta criBBigHoweHH 11aHciB (OR) 3 ypaxyBaHHsIM 95% no-
Bipuoro inTepBainy [95% CI]. BimmiHHOCTI BBaXkaucst cTa-
TUCTUYHO 3HAYYIIMMU MpH 3HaueHHsxX p < 0,05.

PesyAbTaTU

Posnonin nonimopdHux BapiantiB rena SEPPI (1s7579)
y xBopux Ha XI1 HaBeneHo B Tab6u. 1. 13 98 BunineHux ase-
neit y mauienTiB i3 XIT ta 60 ayeseit rpynu KOHTPOJIIO TOMi-
HyBaB G-anenb reHa SEPPI (157579, 25191G/A) Han A-ane-
nem: y xBopux — Ha 34,7 % (x> = 23,59; p < 0,001), y rpymi
MPaKTUYHO 310poBUX — Ha 53,34 % (> = 34,13; p < 0,001).
[1pu 11bOMY BiTHOCHA YaCTOTa OKPEMUX T'€HOTHIIIB, @ TAKOX
JIMKOTO i MyTallilfHOIO ajiejieil MixK TOCIiIHOIO i KOHTPOJIb-
HOIO TpyIaMu BipOTiTHO He BiApi3HsIach. A-ajiesib reHa
SEPPI (1s7579) He3HauHo miaBulye pusuk nosisu XI1 B
00CTeXeHil MoITyJsiii, omHak HeBiporigHo [RR = 1,43;
RR95% CI:0,91-2,26; OR = 1,65; OR 95% CI: 0,88—3,08;
p=0,115].

Posnonin nmonimopdHux BapianTiB rena SEPPI (1s7579)
y xBopux Ha XII i3 ypaxyBaHHSIM HasiBHOCTI TiITIOTUPEO3Y
HaBeneHo B Tabj. 2. Cepen oO6cTexXeHUX 0e3 TimOTUPEO-
3y TepeBaxaly Mali€HTH i3 KJIiHIYHO JErM nepedirom
OCHOBHOI HEIyTH 3a KiJIbKIiCTIO cKapT Ta J1abopaTOpHO-Ii-
arHOCTUYHMMM TToKazHuKaMu. OKpiM TOro, cepen XBO-
pux Tiabku Ha XI1 He crocTepiraay Takux i3 MyTaliiHUM
AA-TeHOTUIIOM, Ha BiMiHY Bil KOMOpOigHOTO TIepebiry
XTI, 1110 3yMOBUJIO BipOTiAHICTh ajeJbHOr0 PO3MOAiIY: Y
nauieHTiB i3 XI1 Ta rinotupeo3om A-ajienb Bin3Hayaiu Ha
15 % uacriure, a G-ajenb piaiie, HixX 3a i30J1bOBaHOTO ITe-
peoiry XIT (x> = 5,13; p=0,023).

3a3HayeHUIi PO3ITOAiJI TeHOTUIIIB Ta ajelieii reHa SEPP]
(rs7579) 3ymMOBUB 301/IbIIIEHHS] PU3UKY TilIOTUPEO3Y Y XBO-
pux Ha XIT — HociiB A-anens yasiui [OR = 2,0; OR 95% CI.:
1,09—-3,66; p = 0,023] 3a HAMHXYKX IAHCIB HA OTO TOSIBY
y BinacHuKiB G-anenst [OR = 0,50; p = 0,023] (Taba. 3).
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Ta6bnuysi 1. Po3nogin anenevi Ta reHotunis 25191G/A (rs7579) nonimopgpiamy reHa ceneHonpoteiny P1 (SEPP1)
Y XBOPUX Ha XPOHIYHWI NaHKpeaTuT

MonimopcpHi BapiaHTu reHa JJ,ocmm-la rpyna,
SEPP1 KoHTposnb, n = 30 OR [95% CI]

5 (10,20)
f’f‘,’;f)’ 1(A>G), AG 22 (44,90) 14 (46,67) 0,93[0,37-2,32]  y2<1,0:p> 0,05
GG 22 (44,90) 16 (53,33) 0,71 [0,29-1,77] ¥?<1,0; p>0,05
P ¥ =0,28; p=0,597 - -
onpp1 (A>G), A-anenb 32 (32,65) 14 (23,33) 1,59 [0,77-3,31] =157 p=0210
(%) G-anenb 66 (67,35) 46 (76,67) 0,63 [0,30-1,30]
bals) ¥2=1,15; p = 0,283

TMpumitkn: OR — BigHOLEHHS WwaHciB; 95% Cl — [oBip4nyi iHTepBasl BigHOLLEHHS LUAHCIB; N — a6CoJII0THa Ki/lbKiCTb.

Ta6bnuys 2. Po3nogin anenevi ta reHotunis 25191G/A (rs7579) nonimopgpiamy reHa ceneHonporteidy P1 (SEPP1)

MiX rpyrnaMmu XBopux
. . . XBOpi Ha XpOHiYHUN | XBOpi Ha XPOHIYHUN
n°"'M°pq°S"":.g7,';'aHT" rexa naHKpearwur, naHKpeaTut
n=24 Ta rinotupeos, n = 25
0 5 (20,0) 0,028
f’fo’Z’)’ 1(A>G), AG 12 (50,0) 10 (40,0) 0,49 0,484
GG 12 (50,0) 10 (40,0) 0,49 0,484
X P 2 =0,94; p=0,332 -
SEPP1 (A>G), A-anenb 12 (25,0) 20 (40,0)
o 513 0,023
n (%) G-anenb 36 (75,0) 30 (60,0)

Ta6bnuys 3. lNonimopdpHi BapiaHTn reHa ceneHonpoTteiHy P1 (rs7579) sik npeAUKTOpM NosiBy rinoTupeosy
Y XBOPUX Ha XPOHIYHWUI NMaHKpeaTuT

MoTeHLWinHnn

npeavktop | RR____| RR95%CI | __OR___| OR%%CI | P |

AA-reHoTun 6,72 0,89-50,61 8,94 1,01-79,46 0,028
AG-reHotun 0,80 0,43-1,49 0,67 0,21-2,07 > 0,05
GG-reHoTun 0,80 0,43-1,49 0,67 0,21-2,07 > 0,05
A-anenb 1,60 1,06-2,42 2,0 1,09-3,66 0,023
G-anenb 0,80 0,66-0,97 0,50 0,27-0,91

Bulk tissue gene expression for SELENOP (ENSG00000250722.5)
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PucyHok 1. Ekcnpeciss reHa SEPP1 (rs7579) B opraHax i TkaHUHax
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Ta6bnuys 4. KinbkicHi o3Haku TKkaHuHocneyugiyHoi ekcrnipecii eQTL i reHeTnyHoi perynsyii
Ansa nonimopgpiamy reHa SEPP1 (rs7579)

EcbekTnBHUA
leH, ekcnpecia anenb Cuna
sIKoro B3aemopii TkaHuHa, opraH ecekTy
3MiHIOETbCA HGVS B
Genomic
T lominkoBa apTtepis 0,6078 0,0445 1,9513E-36
T AopTta 0,5536 0,0524 1,5535E-22
T LLinTonogi6Ha 3anosa 0,3317 0,0440 2,3343E-13
T MigwnyHkoBa 3anosa 0,4688 0,0630 1,5472E-12
CCDC152 T KOp(?HapHi aprepii 0,5698 0,0819 6,8956E-11
T LlineHa kpoB 0,2303 0,0435 1,6417E-7
T FonoBHMIA MO30K (MO3040K) 0,3638 0,0886 6,2823E-5
© HeakTtnBoBaHi CD4+ T-KMiTUHW KPOBI 0,8851 0,1015 2,850e-18
T AkTtnBoBaHi CD8+ T-KNiTUHM KPOBI 0,4147 0,0527 3,220e-14
— CD14+ moHOUUTK KPOBI 0,7706 0,0952 5,610e-16
T CnunsoBa cTpasoxony 0,2025 0,0381 1,6899E-7
GHR T ['ominkoBa apTepia 0,1519 0,0338 8,4975E-6
T LLinTonopi6Ha 3ano3a 0,1242 0,0322 0,0001
T LLinTonopnibHa 3anosa -0,1349 10,0262 3,9283E-7
T MigwnyHkoBa 3anosa -0,1385 0,0348 9,2383E-5
T LLkipa, LLI0 He OCBITNIOETECS COHLEM (Haamobkoea) —0,1095 0,0264  3,9228E-5
SELENOP T TkaHWHa MONOYHMX 3a503 -0,1312 0,0348 0,0002
T JlereHi -0,1183 0,0323 0,0003
T LLIKipa, LLIO OCBITNIOETHCSA COHLEM (Ha HOrax) —0,0931 0,0263 0,0004
T MpocTarta -0,1400 0,0389  3,550e-4
OXCT1 T CkeneTHi M’a3un -0,1501 0,0353 2,3741E-5
CTD-2325A15.5 T . r(E)MiHKOBMVI HepB —-0,1806 0,0485 0,0002
T LLIkipa, L0 OCBITMIOETHCA COHLEM (Ha HOrax) -0,1633 0,0454 0,0004
NIM1K T LLIKipa, L0 OCBITMIOETLCSA COHLEM (Ha HOrax) -0,1867 0,0529 0,0005

lpumitka: SE — standard error (ctaHgapTHa noxnoka).
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PucyHok 2. TennoBa kapTta Bi3yani3ayii 3anexHuUX 03HaK Ha piBHi opraHa/TKaHUHW/KIITUH (rOpU30HTanbHUI
pPsAok) i monekynsapHux (reHetn4dHnx) e QTL o3Hak (BepTUKaibHUI CTOBMYUK) Ans rs7579 reHa SEPP1
(minsHka £ 10 M) chr5:42800808 (hg19). Hacu4eHictb Konbopy syHku — cepeaHe P-3Ha4eHHs eQTL
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ITomyk moKyciB KiTbKiCHMX O3HAK €KCIpecii (expres-
sion quantitative trait loci, eQTL) 1151 OTHOHYKJIEOTUIHOTO
nojiMmopdizmy (SNP) rena SEPPI (rs7579) 3 ypaxyBaHHSIM
Binkputoi 6a3u nanux QTLbase 3acBiquuB, 1110 TPAHCKPUII-
1iiHa akTuBHICcTb reHa SEPPI (rs7579) cnoctepiraeTbcs B
0araThbOX TKAaHMHAX Ta OpraHax, HaliCUJIbHilllEe B MeYiHIli,
TOJIOBHOMY MO3KY i TOHKOMY Bi[IiJTi KUIlIeYHUKa (0COOIMBO
B iJIeyMi), JeIIo caaldIie — y MOJIOYHMX 3a103aX, CeJIe3iHIIi,
JereHsix (puc. 1).

BaxuiBuM BBaXKaiv BUBUEHHSI BIUIMBY 157579 mosiMop-
¢izmy reHa SEPPI Ha yHKIIIOHAJIIbHY aKTUBHICTb KJIITUH
Ta ekcrpecito iHmumx reHiB (MetwioBanHsa JAHK, ekcripe-
cito mikpoPHK, Momudikaiiio ricToHiB TOIII0) 3i BCTa-
HOBJICHHSIM JIOKYCiB KiIbKiCHUX 03HakK ekcripecii (eQTL),
3B’SI3Ky TPaHCKPUIILIAHOI aKTUBHOCTI TeHa Ta TEHOTUILY Y
nokyci. AHani3z eQTL 3acBimuye, 1o came BapiaHtu SNP
3yMOBJTIOIOTH 0J1M3bKO 90 % Mommdikalliii ekcrpecii reHiB
|GeneCard].

KaprtorpadgyBanusa eQTL mo3Boauio ImepeBipUTHU
muc-gitounii BapianT eQTL (cis-QTL) posmipom = 10 M 3
000x 00KiB Bin caitty Tpanckpuniii pist SNP rena SEPP1
(rs7579) i iioro edeKTUBHUI ajieib BIUIMBY Ha €KCIPECito
reHiB. BcTaHOBIEHO CTATUCTUYHO 3HAYMMI acoliialtii 1s7579
redHa SEPPI (SELENOP) i3 excripecieto 20 reHiB y pizHUX
opraHax i TKaHWHaX, HalOiIbII BIUTMBOBI 3 IKMX HaBEJICHO
B Tab1. 4.

3aranom TkanuHocrenudiuny eQTL excrpecito rs7579
reHa SEPPI (ninsHaka + 10 M) chr5:42800808 (hgl9) Bu-
SIBWIN Y 35 TKaHWHAX, i3 22 (eHOTUITOBUMHU O3HaKaMu, 152
acoltiatisimu, 3 sikux 152 nuc-Bapiantu, 0 TpaHC-BapiaHTIB
(puc. 2). EbexrusHnuii T-anens rs7579 rena SEPP1 (HGVS
Genomic gDNA g. 42800808C>T, o Bigmosizac HGVS
cDNA-konyouomy A-anento ¢.*14G>A) acouiloeTbes 3
nigBuIeHolo ekcmpecieto reHa CCDC152 B aopTi, TOMiJT-
KOBIif i KopoHapHuUX aptepisix (B = 0,55—0,61, p < 0,001),
IIUTONONIOHI i mignuTyHKOBi# 3amo3ax (f = 0,33—0,47,
p <0,001), aktuBoBanux CD8+ T-kiitunax i CD14+ Mo-
Houwutax kposi (B = 0,41-0,77, p < 0,001). Okpim Toro,
3pOCTa€e TPAaHCKPUIILiitHa aKTUBHICTh TeHa GHR 'y cnu3oBiit
CTpaBOXOJy, TOMLUJIKOBI apTepii Ta IIMTOIOAIOHIN 3a103i
(B =0,12—0,20, p < 0,0001). Haromicts T-amens rs7579
BUKJIMKAE TPaHCKPUIILiiiHY penpecito reHa SELENOP'y
BCiX JOC/IIDKyBaHUX OpraHax i TKaHUHaX/KJIITUHAX: IIUTO-
MOMiOHIH, MiANUTYHKOBIN i MOJTIOUHUX 3aj103ax, MPOCTAaTi,
wiKipi ta sierensix (B = —0,14—/-0,09/, p <0,0004), 3HMXKYye
ekcnipecito reHiB CTD-2325415.51 NIMIK y uikipi i ro-
MinkoBomy Hepsi (f = —0,19—/-0,16/, p < 0,0005) Ta reHa
OXCT1y ckeneraux M’si3ax (f = —0,15, p =2,3741E-5).

O6roBopeHHs

ITin yac HaIIOTO HayKOBOTO MOCJIIKEHHS BIepIle B
VYkpaini Oys10 3ailiCHEHO BUBUYEHHSI MMOJIiMOPQi3My Ta eKC-
npecii reHa cesieHonpoteiny P SEPPI (1s7579) y xBopux Ha
XI1, moenHaHuii i3 TiMOTUPEo30M, y MellKaHILiB [1iBHiYHO1
bykosunu.

VY nesikux poboTax MOBIZOMIISIOTH PO T€, IO MOJTi-
Mopdi3Mm rs7579 po3TaiioBaHU y HETPAHCIbOBAHOMY
perioni (3’UTR) rena SEPPI i moTeH1iiTHO MOXe BILIM-
BaTU Ha BKJIIOYEHHS CEJICHOIMCTEIHY Mill yac CUHTEe3y
Oinka [22].

3 inmmoro 60ky, 157579 y 3'UTR MPHK moke BImmHyTH
Ha ¢yHkuii MikpoPHK uepe3 BropuHHy ctpyktypy 3'UTR i
TepMOIVHAMIYHi XapaKTepUCTUKU CalTy riopumamsaitii [23].

Leit onHonykJieoTuaHUI TToJiMopdizMm (SNP) 157579
TaKOX MOXKE€ IeperyjroBaTh €KCIIPEeCilo 1iJIbOBOIO reHa
SEPP] muisixoM 3MiHU 31aTHOCTI 3B’s13yBaHHS MikpoPHK
(MiPHK). Bunukae nuranHs, skum ynHoM 1ieit SNP rena
SEPPI moxe acoitoBatucd 3 riepebirom XI1 Ta mpu mmoen-
HaHHI i3 rinotupeo3oM. He 1o KiHIIsg BUBUEHUM € OpMY-
BaHHs MeTa0OJIiYHUX MTOopyIlIeHb y XBopux Ha XI1 i3 ypaxy-
BaHHsIM cTaTi Ta myTatlii reHa SEPPI (rs7579). Oxpim Toro,
MOTPeOyIOTh CUCTeMAaTH3allii i aeTanizalii okpeMi JaHKKU
naroreHe3y XI1 3anexHo Bi CynmyTHIX YMHHUKIB PU3UKY,
(bepMEHTATUBHOI aKTUBHOCTI MiLUTYHKOBOI 381031 Ta IOP-
MOHJIBHUX 3MiH IIUTOTIONIOHOI 3271031 Y KOHTEKCTi MaTo-
TFeHeTUYHO OOIPYHTOBAHOTO TIEPCOHI(PiKOBAHOTO JTiKyBaHHS
i BTopuHHOI npodinaktuky XI1, 30Kkpema mpu moeaHaHHi
3 rimotupeo3oM. [loci He mociimkeHo 3B’s130K reHa SEPP1
(rs7579) i3 KJIiHIYHO-J1aOOPaTOPHUMU Ta DEPMEHTATUB-
HO-TOPMOHaJIbHUMU TapaMmeTpamu 3a XI1.

ToMy nepcneKTUBHUM HayKOBUM HAampsIMKOM € BCTa-
HOBJICHHS acouiauii reHa ceimeHomnporeiny P SEPPI
(rs7579) i3 KJIiHIYHUMU Ta METaOOTIYHO-TOPMOHATBHUMU
mapameTpamu y xBopux Ha XII Ta 3a moeaHaHHS 3 TiMOTH-
peo3oM.

BucHoBKM

Myrauist rena SEPPI (157579, 25191G/A) y XxBopux Ha
XIT memkanuiB IliBHiYHOI ByKOBMHM Y TOMO3UTOTHOMY
cTaHi TparasieTbest 3 yactotoio 10,2 % 3a BiacyTHOCTI Tako1
y IIPaKTUYHO 310poBUX. B 000X rpymax nominye G-anenb
Hana A-aneneMm: y xBopux — Ha 34,7 %, y KOHTpOJIi — Ha
53,34 % (p < 0,001). AnebHUIA PO3ITOILT HE BIIXUIISIETHCS
Bill 3aKOHY Moy isiiitHO1 piBHOBaru Hardy-Weinberg i Bin-
TMOBiJ1a€ TAKOMY JJISI EBPOTICOITHUX MOMYJISILIA.

IMonimopdism rena SEPPI (1s7579, 25191G/A) He Bu-
3Havae pusuk nossu XI1y monyssiuii. OnHak A-ayiesb I -
BUIILIYE MIMOBIPHICTB rinotupeo3y y xsopux Ha XI1y 2 pa3u
(p =0,023), 3a HAWHMKYMX 1IIAHCIB HA MOTO TOSIBY Y BJIac-
HuKiB G-anens (p = 0,023).

KaprorpadyBaHHS JIOKYCiB KiIbKiCHUX 03HAK eKCIIpecii
eQTL no obuasa 60KM Bi cailTy nmovyaTKy TpaHCKPUIILIii
reHa SEPPI (rs7579) 3acBiquye 152 cTaTUCTUYHO 3HAYUMI
Mc-BapiaHTu acotianiii 1s7579 rena SEPPI (SELENOP)
i3 excrpecieto 20 reHiB y 35 pi3HUX opraHax i TKaHMHAaXxX Ta
22 deHOTUTIOBI O3HAKM: 3pocTae ekcripecis reHa CCDC152
B QOPTi, TOMIJIKOBIili i KOpOHApHUX apTepisiX, IIUTOIOII0-
Hilf i minnuryHKoBii 3amo3ax (B = 0,33—0,61, p < 0,001),
a Takox aktTuBoBaHux CD8+ T-ximitunax i CD14+ mo-
HoruTax Kposi (B = 0,41-0,77, p < 0,001); rena GHR — y
CJIM30Biii CTPaBOXO/Y, TOMIJIKOBIl apTepii Ta IMTOIOAi0Hi it
3ano3i (B = 0,12—0,20, p < 0,0001). Haromicts ecdekTnB-
HUIi anenb 1s7579 BUKIIMKA€E TPAaHCKPUIILITHY pernpeciio
redHa SELENOP y BCiX IOCTiIXKyBaHUX OpraHax i TKaHU-
HaX/KJITUHAX: IIUTOMOAIOHI, MiAILTYHKOBIHN i MOJIOYHUX
3aJ103ax, MPOCTari, MmKipi Ta JereHsx (f = —0,14—/-0,09/,
p < 0,0004), 3amxye exkcnpecito reHiB CTD-2325415.5 i
NIM Ky mikipi i rominkoBomy Hepsi (f = —0,19—/—0,16/,
p <0,0005) Ta rena OXCT1y ckenetHux M’s3ax (f = —0,15,
p =2,3741E-5).
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IMoasku. ABTopu BUCIOBIIOIOTHL TToasiky Kobaci Iropio
MuxaiioBuuy, JOKTOPY XiMiYHUX HayK, Mpodecopy, 3aBiry-
Bauy Kadeapu XiMiYHOTO aHaIi3y, eKCIIEpTU3H Ta Oe3MeKN
XapuyoBoi nponyKilii YepHiBelIbKOTO HalliOHAJTBHOTO YHi-
Bepcutety iMeHi FOpisg denpkoBuYa, 3a IOMOMOTY Ta KOH-
CyJIbTAllilO i/l YaC BUKOHAHHSI HAyKOBOTO JOCTi/IKEHHSI.

KonduikT inTepeciB. ABTOpU 3as1BJISIIOTH PO BiJICYTHICTh
KOHIIIKTY iHTepeciB i B1acHOI (piHaHCOBOI 3alliKaBICHOCTI
MpU MiArOTOBIII TaHOI CTAaTTi.

Indopmamnis npo dinancyBanna. Haykosi gocimkeHHS
€ YaCTUHOI HAyKOBO-IOCJHiTHUIILKOI poOoTH Kadeapu
BHYTPIIIHbOI MeIULIMHU ByKOBMHCHKOIO AepKaBHOTO
meanuHoro yHiBepcutety Ne 011700023553 «Moneky-
JISIPHO-TEHETUYHI Ta KJIiHiKO-MaTOreHeTUYHi OCOOJIMBOCTI
MOEIHAHOI MATOJIOTil BHYTPIIIHIX OpraHiB, poJib iHPEK-
LHifHUX, METa0OJIIYHUX YNHHUKIB Y i1 pO3BUTKY, 1UdepeH-
LiiioBaHi MigxXoau 10 JiKyBaHHs». [>kepena ¢piHaHCOBOI
MiATPUMKH BilICYTHI.

Buecok aBTopiB. Paya B.B. — KOHIIEMNIIisl Ta TU3aiiH;
30ip maHuX, aHaJi3 Ta iHTeprnpeTalis JaHUX, MiArOTOBKa
CTaTTi 1O OPYKY, Neperis] Ta OCTaTOUYHE 3aTBEPIKEHHS
cratTi; Pedie O.1. — KOHILIETLis Ta AU3aliH; KpUTUIHUIA TTe-
perisi i ocTaTouHe 3aTBepaKeHHs ctatTi; Cudopuyk JI.IT. —
KOHIIETIis Ta AM3aliH; aHaJi3 Ta iHTepIIpeTallis JaHUuX,
KPUTUYHUI TEPErsisiy i ocTaTOuHe 3aTBEPIKEHHS CTaTTi;
Poccoxa 3.1. — npoBeneHHSI TEeHETUYHOTO J1abopaTOPHO-
ro aHaJli3y, KpUTUYHE JTOOTpallOBaHHSI CTaTTi, OCTaTOUHE
3aTBepIKeHHs ctarti; Cudopuyk O.1., Cmenan B.T. — 306ip
JaHUX, aHaJli3 Ta iHTepHpeTalis JaHUX, pelleH3yBaHHs/
JIOOTIpAlOBaHHSI, OCTATOYHE 3aTBEP/KEHHSI CTaTTi; by3dy-
ean 1.0. — 30ip maHUX, KPpUTUYHE JOOMpPALIFOBaHHS CTATTi,
OCTaTOYHE 3aTBEPIKEHHSI CTATTi.
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Analysis of the selenoprotein P (rs7579) gene polymorphism and expression
in patients with chronic pancreatitis combined with hypothyroidism

Abstract. Background. The specific role and place of genetic
factors in the development of chronic pancreatitis and hypothy-
roidism, which determine the activity of glutathione antioxidant
protection, have not been clarified. They are interconnected with
changes in the fat and carbohydrate metabolism, and also affect
the transport and signaling pathways of key nutrients for the work
of the immune, endocrine and nervous systems. The purpose of
the study is to investigate the selenoprotein P (SEPPI) (rs7579)
gene polymorphism and expression in patients with chronic pan-
creatitis combined with hypothyroidism. Materials and methods.
Forty-nine patients with chronic pancreatitis and hypothyroidism
and 30 practically healthy individuals passed the screening stage.
The SEPPI (1s7579) gene polymorphism was determined by the
polymerase chain reaction. Results. The study showed that out of
98 isolated alleles in patients with chronic pancreatitis and hypo-
thyroidism and 60 alleles of the control group, the G allele of the
SEPPI gene (157579, 25191G/A) dominated over the A allele: in
the examined patients — by 34.7 % (x> = 23.59; p < 0.001), in the
practically healthy group — by 53.34 % (y* = 34.13; p < 0.001).
At the same time, the relative frequency of individual genotypes,
as well as wild-type and mutant alleles, probably did not differ
between the experimental and control groups. The A allele of the
SEPPI gene (rs7579) slightly increases the risk of chronic pancrea-

titis in the studied population, but non-significantly [risk ratio
(RR) = 1.43; RR 95% CI (confidence interval): 0.91—2.26; odds
ratio (OR) = 1.65; OR 95% CI: 0.88—3.08; p = 0.115]. Conclusions.
In patients with chronic pancreatitis who are residents of Northern
Bukovyna, mutation of the SEPPI gene (157579, 25191G/A) in
the homozygous state occurs with a frequency of 10.2 %, while it
is absent in practically healthy people. In both groups, the G allele
dominates over the A allele: in the examined patients — by 34.7 %
(x> = 23.59; p < 0.001), in controls — by 53.34 % (y* = 34.13;
p <0.001). SEPPI gene polymorphism (157579, 25191G/A) does
not determine the risk of chronic pancreatitis in the population.
However, the A allele increases the risk of hypothyroidism in chro-
nic pancreatitis patients twice [OR = 2.0; OR 95% CI: 1.09—3.66;
p = 0.023], with the lowest chances of its appearance in carriers
of the G allele [OR = 0.50; OR 95% CI: 0.27—-0.91; p = 0.023].
Mapping of the expression quantitative trait loci on both sides of
the SEPPI gene (rs7579) transcription start site evidenced 152
statistically significant cis-variants of rs7579 of the SEPPI gene
(SELENOP) associations with the expression of 20 genes in 35
different organs and tissues and 22 phenotypic traits.

Keywords: chronic pancreatitis; hypothyroidism; selenoprotein P
(rs7579) gene polymorphism; selenoprotein P (rs7579) gene ex-
pression
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Lnanoscbka T.A.", HaBaabkiBcbika H.51.7, KocTiybka 1.O.?
T Aep>KaBHQ YCTAHOBA «IHCTUTYT OTOAQPUHIOAOTr im. npod. O.C. KoromiviveHka HAMH YikpaiHu», M. Kui, YkpaiHa
2 IBaHO-OPAHKIBCEKUK HALIOHAABHNA MEAMYHU YHIBEPCUTET, M. IBOHO-PPAHKIBCHK, YKpAiHO

NMopyLweHHsa CAYXoBOT PYHKLIT B OCI6
3 LYKpOBUM Ai06ETOM 2-ro TUny 3aAeXXHO BiA PiBHS
nepudeprnyHoOro Mi€ AiHosoro 6iAKa 22

Pestome. AkTyanbHicTb. OfHVUM 3 NPIOPUTETHMX 3aBAaHb CyHacHOi MeanLMHM € paHHs fiarHOCTUKa Ta JliKy-
BaHHs MIKpO- Ta& MakpOBAaCKYISAPHUX YCKNaaHeHb Lykposoro giabety (L), siki 06yMOBIIOIOTL 3HUKEHHSI IKOCTI
XKWTTSA OCI6 npaye3faTHoro BiKy Ta 3pOCTaHHS /1IeTaslbHOCTI. BapiabesibHIiCTb NoKa3HWKIB BYrnieBogHOro 0OMiHYy,
meTaboridyHa ANCYHKLIA € NPoBIQHUMU haKTopamu PO3BUTKY | MNporpecyBaHHs iHBanign3yYmx yCKiaaHeHb
L/ 2-ro Tuny i3 BTpatoto C/yxXy BHAC/I[OK AereHepaTnBHNX 3MiH HEPBOBUX BOJIOKOH. Baxnnesum acrekTom
[iarHoCTnYHO-/iKyBaribHUX anropuTMIiB CEHCOHEBPASIbHUX PO3/afiB criyxy y nauieHTis 3 LI 2-ro Tuny e paHHe
BUSIBIIEHHST AEMIETIHI3Y04YMX MPOLECIB /151 3arobiraHHs yLUIKOAXXEHHIO HeBpasibHUX CTPYKTyp. MeTa gocnigXeHHs:
BU3HA4YNTU CriBBIGHOLLEHHSI MXK PiBHEM nepughepuyHoro MIi€siiHoBOro 6iska i cTaHoM C/lyxoBoro aHasnizatopa 3a
LaHnMu IHCTPYMEHTallbHUX METOLIB O6CTEXEHHS y XBopux Ha L[] 2-ro Ty y noeaHaHHI i3 MopyLUEHHSAMM CIIyXY .
Martepiann Ta metogm. O6ctexxeHo 30 xBopux Ha L[] 2-ro tuny (YonosikiB 15, xiHok 15, Bikom 56,28 + 4,54 poky)
Y NOEAHAHHI i3 CEHCOHeBPasilbHUMM MOPYLLUEHHAMMU CrlyxoBoi (yHKUi I-Il cTyneHs; 15 oci6 3 o3Hakamu ceHcoHe-
BpasnbHoi npurnyxysatocTi (CHI) (onosikiB 8, xiHoK 7, Bikom 59,33 + 2,65 poky) 6e3 L[] Ta 15 oci6 KOHTponbHOI
rpynun. Y npouyeci o6¢TexXeHHs gocnigxysaHri nayieHty 3 L 2-ro tuny ta CHIT 3anexHo Big TSXXKOCTi nepebiry
OCHOBHOIO 3aXBOPIOBaHHS 6/ PO3NOAINeHi Ha rpynu: nepLua rpyna (n = 15) i3 MooaMHOKUMU MIKPOBACKYISPHUMU
yeknagHeHHsvun LJJ 2-ro tury abo 6e3 Hux; gpyra rpyna (n = 15) 3 Helpo-, Heghpo- i peTuHonarieto. Ycim nayieHTam
rPOBEL[EHO KOMIIIEKC S1TabopaTopHUX OOCTEXEHb i3 BUSHAYEHHSIM BMICTY rMepughepuyHoro miesiHosoro binka 22
(MMBE 22) cuposaTku KpoBi Ta KiHIKO-IHCTpYMEHTalbHY AiarHOCTUKY criyxoBoi eoyHKUIT. OTpumaHi gaHi niggasanm
CTaTUCTUYHIV 06PO6Li Ta BUSIBIIAIN KOPESUIVIHY 3arexHicTs. Peaynbratu. [Npu aHaniai pe3ynbtartis BUSB/IEHO,
o y xsopux 3 4L 2-ro tuny ta CHI (nepLua ta gpyra rpynu) Big3Ha4asaocs sBiporigHe nigsuLyeHHs pisHs MNMMb 22
OPIBHSIHO SIK 3 KOHTPOJIEM, TaK i 3 rpyroro MOPIBHAHHSA, MPUYOMY 6ifibLL 3Ha4YHe B rpyni ocib i3 MikpoaHrionatisiMuy.
BusiBrieHo KopensuiviHi 38'i3K1 MiXX HavbinbLL iHhOpMaTUBHUMM MOKa3HUKaMM, LLO Bigobpaxasnu CTaH Pi3HuX
CTPYKTYp CJ/lyXoBOro arasizaropa, 1a smictom [TMBE 22 'y cuposaryi kpoBi. BucHoBKu. BctaHosrieHe 3HaqyLue
nigsuLLieHHs BmicTy NMB 22 ta nocunerHs nposisis CHI B oci6 i3 L[] 2-ro Tury y noegHaHHI i3 MikpoaHrionatismu,
Lo CBIQYUTL PO AEMIENIHI3YIOYI MPOLEeCcU HEBPASIbHUX CTPYKTYP CJIyXOBOIro aHasisaTopa.

Knro4oBi cnoBa: ceHcoHeBparbHi MopyLLIEHHS CITyXY; LyKPOBWi AiabeT 2-ro TUry; NepughepmnsHni MiesliHoBmb
6inok 22

Bctyn

Ilopsn i3 HacmimKamMu BiliCbKOBUX TpaBM, ITAHASMIisIMU
OJHUM i3 HallyacTilIMX AiarHO3iB, 3 SKMM MalOTh CIIpaBy
JIiKapi pi3HUX CIeLiaIbHOCTE Y CyJYaCHUX yMOBaX, € IIy-
kpoBuii miabet (LI/]) Ta fioro yckiagHeHHs1. 3a OCTaHHI
NECATUIITTS MPOJEMOHCTPOBAHO 3HAYHE 3POCTAHHS MOLLU-
peHocri LI/l mpakTuyHO B ycix perioHax cBity [1].

36iabeHHs KiabkocTi moaeit 3 LI/ 3miHI0€e mpodiab
3aXBOPIOBAHHS B 0aratbox MOIYJISIisSIX, 30KpeMa, yepes
6inbiy yactory cnenudivaux mist L/ yckiagHeHb, IK-0T
Helpo-, Heppo-, peTUHOIIATIS i 3aXBOPIOBaHHS nepude-
pUYHUX apTepiit [2].

3a pe3yabraTaMi HU3KHU TTOIYJIILiHIX, 00cepBalliiHIX
NOCITIKeHb, NiabeTuuHy noJjineiiponarito (JITTH) BusiBns-
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101h y 50 % xBopux Ha [1/1, a mmix yac ne6toty LIJI 2-ro Ty
ii miarHocTytoTh y 20 % martieHTiB, mo B 11 pasiB gacriie,
HiX B 0ci0 03 mopylIeHb BYIJIEBOOIHOIO OOMiHY |3, 4].

He3sanexkHUM YMHHUKOM PO3BUTKY i MpOrpecyBaHHS
MiKpOBaCKYISIPHUX YCKJIaAHEHDb € He3ad0BiJIbHA KOMIIEH-
callisi ByIJIeBOMHOTO 0OMiHy, TpuBauticTh U Tun LI [5, 6],
KOMOPOIiTHICTh Nepediry 3aXBOpIoBaHb, SIKi CIIPUSIIOTh Pyii-
HYBaHHIO Mi€IiHOBOI 000JIOHKM HEMPOIIUTIB.

3’scoBaHoO, 110 crieludiYHUM MapKepoOM CTYyIeHS
ypaxkeHHSI HEPBOBUX 3aKiHUEHb € MepupepuIHnN Mi€i-
HoBuit 6iok 22 (ITMB 22, peripheral myelin protein 22,
PMP 22) — x11040BUii KOMIIOHEHT Mi€JIiHOBOI 000JIOHKMU,
1110 CUHTE3YEThCS 1IBAHHIBCHKUMU KJIITUHAMU i 3a0e311euye
MIKKJIITUHHI KOHTaKTH Ta MOTEHIiI0€ (haKTop pOCTy Hep-
BiB Ta ix mieminizawito |7, 8]. Ha choromni minTBepmkeHa
NiarHOCTUYHA 3HAUYIIicTh 3pocTaHHs BMicTy [IMbB 22 y
CUPOBATIIi KPOBi K XapaKTEPHOTO JJabOpaTOPHOTO IMOKa3-
HUKa CTyIeHs aeMieiHizauii nepudepuyHux HepBiB, 110
CBIiTUUTD MPO MIPOrpecyBaHHs yCKIaaHEHb 3 00Ky HEpBOBOI
cuctemu [9, 10].

HocninHukamu goBeneHo, 1o B ocid 3 LI/] criocrepira-
IOTHCS PO3JIaAY LIEHTPAJbHUX BiIJIUIiB CIIyXOBOTO aHaIi3a-
topa [11, 12]. Lli mopyieHHs € crienniyHUM MOLIKOIXKEH-
HSIM HEpBOBOI TKAHWHU TOJIOBHOTO MO3KY Ta YpaK€HHSM
neprdepuIHUX HEPBIB, SKi BUHUKAIOTh HaBiTh HE3aJIEXKHO
Bin npossiB JITTH [13, 14]. be3 cyMHiBY, OmHUM i3 HaliBaX-
JIUBIIIUX 3aBaHb MEIMYHOI CITUJTBHOTH CJIijl BBaXKaTH BYac-
HY AiarHOCTUKY, MPO(MiIaKTUKY MOpYIIEeHb CIYyX0BOI (DYyHK-
1ii B oci6 3 L] 2-ro Tuny [15, 16].

YHacinoK MoumKoIKeHHSI Mi€JIiIHOBO1 OO0JIOHKHM Y CH-
HanNTUYHUX OUISTHKAX CIYXOBOI'O aHaji3aTopa CIOCTepi-
Tra€ThCsl MOPYIICHHSI HEMPOHAIBHUX KJIITUH Ta PO3Jiaain
MPOBEICHHSI CUTHAJTYy Ha peTpoKoXJIeapHiit aiistHi [17, 18].
Oxpim nporo, KonueHtpamisg [IMb 22 y cuposatii KpoBi
BioOpakae CTyMiHb ypaKeHHS Mi€JTliHOBOT 000JIOHKU Hell-
POLIUTIB, TOMY MOXe OyTH BUKOPUCTAaHA SIK paHHill MapKep
YIIKOJIKEHb HEBPAJIbHUX CTPYKTYp y XBopux Ha LI/ 2-ro
TUILY, 30KpeMa CeHCOHeBpaibHOI npuriyxyBatocTti (CHII)
[19]. ToMy ocHOBHUM 3aBIaHHSIM TOCITIIKEHHS CJTiJl BBAaXKa-
THW BCTAHOBJIEHHS] TATOT€HETUYHUX 3B’ 13KiB MiXK CTYTIEHHM
ypaxkeHHs MieJiHy 3a BMmictoM [IMbB 22 y cupoBartiii KpoBi
Ta CTAaHOM CJIyXOBOTO aHajlizaTopa.

3 orjsiay Ha BUlLLe3a3HaYeHE METOI0 HALIOT pOOOTH CTAJIO
BU3HAYEHHSI CITiBBiTHOIIEHHS MiX piBHeM ITMDbB 22 i cTa-
HOM CJIyXOBOI'O aHaJli3aTopa 3a JaHUMM iHCTPYMEHTATbHUX
MeTOiB o0cTexkeHHs1 y xBopux Ha LIJI 2-ro tuny y noen-
HaHHI i3 TOPYLIEHHSIMMU CIIyXY.

Marepiaam Ta meToamn

Mo mocmimkenHsa oyno 3axydeHo 30 oci6 i3 LIJI 2-ro
TUITY, 15 Mali€eHTIB Tpynu MOPiBHSIHHS, Y SIKUX 3TiTHO 3
MixXHapoaHOIO Kiacu(ikalli€lo Ta fTaHUMU Cy0’€KTUBHOI
ayIioMeTpil MiATBEPIXKEHO CEHCOHEeBPaIbHI TTOPYILIEHHS
ciyxoBoi dyHkuii [-1I1 ctynens. JocinxeHHs MpoBoau-
JIOCSI BiAIIOBIZHO 1O OCHOBHMX IIPUHLNIIB [eabCiHCHKOI
JeKIapallii, Tmicis mianMcaHHs iHpopMoOBaHOI 3roJu Talli-
€HTU MPOXOAWIN KOMIUIEKCHE KIIiHIiYHE i iHCTpyMEHTaJIbHe
00CTeXXEeHHSI.

AynioMeTpruyHe 00CTexXKeHHSI 3iliCHIOBAJIOCH Y 3BYKO-
i30JIbOBaHill KaMepi, 3 piBHEM ITYyMOBOTO (DOHY HE BHUIIIE

Hix 30 1B, 3a tonomorolo KiaiHiyHUX ayaiomeTpis AD 229E
ta AC 40 dbipmu Interacoustics (daHist). ¥ 3BuyaitHomy
(KoHBeHIiOHAJIbHOMY) miana3oHi yactot (0,125—8 lIir)
BU3HAYaJu MOPOTY CJIIyXy Ha TOHM IO KiCTKOBIii Ta MOBi-
TPpsIHit 3BYKONPOBiAHOCTI. TakoxX BCiM IOCTiIKyBaHUM
ocobaM TipoBoaMIach MoBHa ayniomeTpist (50% pos6ipau-
BiCTb TECTY YMCIiBHUKIB 3a €. M. Xapmakom ta 100% po3-
6ipiuBicTs MoBHOTO Tecty I.1. IpunGepra, JI.P. 3unnepa).
[TpoBoauauck KaMepToHalbHi Npoou biHnra i Penepiui,
a TaKOX JOCIIIKyBaaIUCh AudepeHIiaabHi ITOPOTU CUIN
3BYKY T10 iIHTEHCUBHOCTI 3a IoroMoroto Meroay Jltomiepa B
nminsgHi 0,5, 2 Ta 4 kIiI.

[MpoBoaunack peecrpatist oroakyctuuHoi eMicii (OAE)
Ha yacToTi mponykTiB crmorBopeHHs1 (DPOAE) 3a momo-
moroio rpuiany Eclipse ¢ipmu Interacoustics ([anist) 3
BUKOPUCTAHHSIM CITCLIiaJIbHOTO 30HA.

PeecTpaiiito KOpoTKo- Ta JOBroJIaTeHTHUX CIYXOBUX
BUKJIMKAHUX MOTEHIialiB 3AiiCHIOBAIN 32 1OMOMOIOI0
aHanizyouoi cuctemu EP 25 Ta komm’ioTepu3oBaHOTO
koMmruiekcy Eclipse ¢ipmu Interacoustics ([lanist), y 3By-
KOi30JIbOBaHili €KpaHOBaHill Kamepi B HAIiBCUASYOMY 3a-
¢ikcoBaHOMY TTOJI0XKEeHHI. Pe3ynbsrat KOpOTKOIAaTEHTHUX
cayxoBux Bukiimkanux noreHuianis (KCBIT) peectpyBanu
y BiImoBiab Ha KJ1aaHHs TpuBajicTio 100 MKC 3 4acTOTOI0
caigyBaHHs 21 B 1 ¢, intencusHicTio 80 1b Hax cy0’eKTHB-
HUM TTOPOTOM YYTJIMBOCTI. AHanidyBanu 1024 ycepenHeHi
BUKJIMKAHi KpUBI i3 3aCTOCYBAaHHSAM HU3bKOYACTOTHOTO
(200 Tix) i BucokouactotHoro (2000 Iix) dinbrpiB 3 €MOX010
a"amizy 10 mc. Orpumani nani nociimkenb KCBII 3ammcy-
BaJIM y BUTJISIII XBWJIenonioHuX KpuBKX. [1in yac aHaiizy ta
ouinku pesynsratiB KCBIIT mu 6panu 1o yBaru nmokasHuKu
snareHTHUX niepioniB mikiB (JITIIT) I, I1, 111, IV i V xBuab
KCBII ta ammutityau I, 111 Ta V mikiB, a Takox MiXITiKOBi
inTepsanu 1111, II1-ViI-V KCBII.

Peectpaliist 1OBrojlaTeHTHUX CTyXOBUX BUKJIMKAHUX T10-
tenuianiB (JJCBII) BinOyBamach y BiOllOBiAb Ha TOHAIbHI
nocuaku TpuBaiictTio 300 mc, iHTeHcuBHIcTIO 40 1B Hax
Ccy0’€EKTUBHUM ITOPOrOM YYTJIMBOCTI 3 YaCTOTOIO 3aIIOBHEH-
Hs 1 a4 xIi1 (gac 3poctanns i criagy 20 mc). Yactora crimy-
BaHHS imMIyJibciB ctaHoBmiIa 0,5 KIi1, KiJIbKiCTh BUOIPpOK —
32. BukopucToByBaau 4ac aHaji3y TOBXUHOIO 750 Mc mipu
cMy3i niportyckaHHsT ¢inbrpiB 2—20 I, [Tpu aHamizi otpu-
MaHMX KPUBUX OpaJiiCh IO yBaru JIaTeHTHI MEePioau MiKiB
xswib P, N,, P,i N, ICBII.

KinbkicHe BuzHaueHHs1 [IMb 22 cupoBaTku KpoBi J110-
JIMHY TIPOBOJMIIN CEPOJIOTIYHUM METOIOM iMyHO(DEpMEHT-
Horo aHaunidy (ELISA) 3 BUKOpUCTAHHSIM 3a iHCTPYKIIi€IO
Habopy peaktuBiB Cloud-Clone Corp (CILA). Pedepentae
3HaueHHs [IMb 22 — 0,05—0,32 ur/m.

CraTucTuyHy 00pOOKY OTpMMaHMX Pe3yJIBTaTiB IIPOBO-
AN 32 3aTaJIbHOTIPUIAHATUMU METOIaM1 MaTeMaTUYHOI
BapialliiiHOI CTAaTUCTUKU Ha MEePCOHAJbHOMY KOMII I0Te-
pi 3a JOMTOMOTOIO JIilIEH30BaHOTO IMPOTPAMHOTO IaKeTa
IBM SPSS Statistics 26.0.0 (Subscription 1D: 07553533)
ta Microsoft Excel (Microsoft Office 365 subscription ID:
1003BFFDA6372E60). BiporinHicTh 3MiH i BinMiHHOCTEH
MiX MOpPiBHIOBAHMMU BEIMUYMHAMU OLIiHIOBAJIM 3a KPUTE-
pisimu t CthiofeHTa Ta Dimrepa. BinmoBigHiCTh pe3yabTaTiB
HOpMaJbHOMY PO3IIOAiTY HepeBipsuin 3a KputepieM Illarmi-
po — VYinka. [I71s1 olliHKM B3a€MO3B’SI3KiB MixX TOCITiIXKyBa-
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HUMM MTOKa3HUKAMU 3aCTOCOBYBAIM KOPEJISILIMHWI aHaJTi3
LLIJISIXOM BU3Ha4YeHHs Kputepito [lipcoHa 3 iX piBHSIMU 3Ha-
gymocTi (r) Ta moxuoku (mr). Pe3ynpratu KopemsimiiitHux
3aJIeXKHOCTE! BimoOpaxain Ha rpadiky 3 HaCTYITHOIO T10-
OyI0BOIO JIiHil apOKCUMALIil /151 pe3yabTary.

PesyAbTaTU

Ha nepriiomy ertari HayKoOBOTO TOCTiKEHHS BU3HAUEHO
piBeHb [IMB 22 y cupoBariii KpoBi xBopux Ha LI/ 2-ro tumy
3 TIOPYLICHHSIMHU CIyXOBOI (PyHKIIil 3 pi3HUM IIepebirom
OCHOBHOTO 3aXBoproBaHHs. BigmosigHo mo Tskkocti LIJT
2-ro TUMY YCiX nauieHiB 0yJ10 paHAOMi30BaHO Ha JBi Ipynu
no 15 oci6: 10 nep1oi rpynu yBililIM Naui€eHTH i3 MOOau -
HOKMMU MiKpOBacKyJapHUMHM yckaagHeHHsmu LIJ1 2-ro
THITy 200 0€3 HUX, IO APYToi Py — OCOOH i3 HasIBHICTIO
TPbOX YCKJIanHEeHb (Helpo-, Hepo- Ta peTuHomarist). Sk
TpyIly ITOPiBHSHHS 06cTexxeHo 15 xBopux Ha CHII 6e3 LI/I.
KoHTpoJibHY Tpyny cTaHOBUIU 15 310pOBMX HOPMAaJIbHO
yyroumx oci6 6e3 L.

V Bcix obcrexeHux mauieHTiB 3 LIJI 2-ro Tumy 3a pe-
3y/bTaTaMu Cy0’€KTUBHOI ayIiOMETpii peecTpyBaucs rnep-
LEeNTUBHI TOPYIIEHHS 3 HU3XiIHUM TUTIOM ayTiOMEeTPUIHOI
KpuBoi. Halibinblie miaBUIleHHSs ITOPOTiB BiA3HaYanocs y
IinsgHII BUcoKux yacToT 4—8 kIi1. Tak, Ha yacrori 4 xIi1 rmo-
Ka3HMKM ITOPOTiB ciIyxy ctaHoBwin 29,5 + 2.4 nb; Ha yacTo-
Ti 6 kIir — 37,1 + 2,9 n1b; Ha yacroti 8 kIt — 44,8 + 3,4 nb.
Tpusanicts LIJI 2-ro Tuny cranoBuiia Biax 2 10 14 pokis,
BMicT nirikoBaHoro remoryiobiny (HbA.c) — 7,6 = 1,4 %.

3’sicoBano, 110 Wist ocib i3 L1 2-ro Tumy Ta CHII (mep-
11a Ta Apyra rpyru JOCTiIXKeHHSs) XapaKTepHe BipoTriaHe
ninBuieHHs BMicTy ITMbB 22 mopiBHSIHO K i3 310pOBUMU
HOpPMaJIbHO yyrounmu ocobdamu 6e3 LI/1, Tak i1 3 rpymnoio
nopiBHsAHHS (nauieHTy i3 CHIT 6e3 LI/1). [Tpuyomy y 1ibo-
MY ITOKa3HUKY TaKOX CIIOCTepirajacs BipoTigHa pi3HUIIS
Mix rpynamu 3 LI 2-ro tumy, y apyriii rpymi 3pocTaHHs
BMmicty [IMBb 22 y cupoBarii KpoBi Oy/10 OiJIbII 3HAYHUM.
VY nocnimxyBanux nepiuoi rpynu Bmict [IMbB 22 nepe0y-
BaB y Mexax Bif 2,3 1o 9,8 HM/MJI (CepeTHbOCTaTUCTUUHE
3HaueHHs 7,2 £ 0,5 Hr/mJ1), y ApyTiii TpyITi KOHIIEHTpaLlist
TIMB 22 — y mexax Bin 8,5 1o 37,2 HM/mi1 (cepeHbOCTa-
TUCTUYHE 3HaueHHd 24,5 + 1,8 ur/mn). Lle 3HauHO nepe-
BUIILYBaJl0 HOPMATUBHUIA piBeHb Ta BiporigHo (p < 0,01)
OiIbllIe MTOKA3HUKIB KOHTPOJILHOIL IPYyIIH.

IMinBuieni pisni [IMBb 22 B oci6 3 LI/ 2-ro Tumy cBiz-
9aTh MPO ypaxkeHHsI HEBPAJTLHUX CTPYKTYP, MPOLIECH AeMi€-
JIiHi3a1il, SIKi OLTbII BUpaXkeHi MpU NMOETHAHHI MiKpOBACKYy-

JsipHuX yeKinagHeHb LIJI. 3ayBaxknmo, 1o cepen XBopHx Ha
CHIT 6e3 LI Titbku y 1BOX OyJI0 HE3HAYHE ITiABUIIICHHSI
piBHs I[IMDbB 22 y cupoBatii KpoBi, sSIKe He IIepeBUIILYyBaIo
BipOTigHO KOHTPOJIbHI 3HaYeHH: (p > 0,05). OTXe, ITpoiiecn
neMieliHi3allii, 03HaKO0 HagBHOCTI IKUX € ITiIBUILICHHS
I[IMB 22 y cupoBaTiii KpoBi, MatOTh TIeBHE 3HAYEHHS y PO3-
ButKy CHII B oci6 i3 LIJI 2-ro Tumy.

[Ipu anami3i po3nonily Nali€HTiB 3a BiIXUJICHHSIM Bif
HopMmu nokazHukiB [TMbB 22 6yno BusiBiaeHo, 110 y rpymi
nauienTiB i3 CHIT Ha doni L] BiporinHo yacriiie, HixX y
IpYIli TIOPiBHSIHHSI, CIIOCTEPIrajaocs IMiABUILECHHS BMiCTY
IIMB 22 y cupoBaTii KpoBi. Y rpymnax xsopux Ha LIJ1 2-ro
ity y noeagHanHi i3 CHIT gacrine miarHOCTYIOTb MiTBU-
meHHs piBHs [IMB 22, HiX y rpyIii MOpiBHSHHSI, OCOOIMBO
B JPYTiil TPYIIi i3 MHOXXMHHUMU XPOHIYHUMHU YCKJIATHEH-
Hsmu L1, 3okpema, y nmamienTiB 3 L1 2-ro Tumy y apyriii
IpyMi JOCTIMKEeHHS BipOTiIHO YacTillle BUSIBIISIA BiAXUJICH-
Hs Binm Hopmu piBHsI [IMbB 22, HixX y mociiakyBaHUX oci0
e IOl TPYIIN.

Otke, 3’s1coBaHoO, 110 I1pu LIJI 2-ro Tumy BigOyBarOThCS
nopyueHHs piBHsg [IMbB 22 y cuposariii KpoBi, 1110 CBifI-
YUTb NIPO PALliOHATIbHICTb, AOIIBHICTh BUSHAYEHHS 1IOTO
crieivyHOro Mapkepa paHHbOI 1iarHOCTUKM CTYTICHS JIe-
Mi€eniHizallii HelipoHiB.

BcTraHoBiieHO HaitOIbII iHPOPMATUBHI MOKA3HUKHU
IHCTpYMEHTAJbHUX NOCIiIXEeHb, SIKi CBiT4aTh MPO OiabIil
IMOOKe ypaXKeHHSI Pi3HUX CTPYKTYP CJIYyXOBOTO aHali-
3aropa B oci6 3 LI/l 2-ro tumy, 0co06JIMBO y MOEAHAHHI i3
MiKpoaHTiomaTissMu. 30Kpema, J0 HUX HaJleXaThb: IIOPOTHU
ciyxy Ha ToHax 4—8 kIi1 (HOLiIbHUM € BUKOPUCTAHHSI iH-
TerpajbHOr0 NMOKa3HMKa CepeIHbOT0 3HAYEHHSI TTOPOTiB Ha
1IMX YacToTax), iHTeHCUBHICTh Binnosiai OAE Ha vacToTi
MPOAYKTIB cioTBOpeHHs 4 KI1I (SIKIIIO BOHA PEECTPYETHCS ),
JITIIT xBuni [T KCBIT ta JITITT xomnionenTa P, JICBII.
Came 11i MOKa3HUKHY OYJIM BipOTriTHO 3MiHEHi Y MAIli€HTIB 3
TskauM 1iepedirom LI/ 2-ro Tumy nopiBHSIHO 3 BUITaAKAMU
OiJIbIII JIETKOTO HOro Iepeoiry.

Pesynbratu npoBefeHUX AOCTIIXKEHDb 103BOJIWIN BU-
SIBUTH HacTyrHe. Mix 3HadeHHsiMu [TMB 22 ta Haii0inbIn
iHOpMaTUBHUMHU MMOKAa3HUKAMMU, 110 BimoOpaxkaiu cTaH
Pi3HUX BiIIiTiB CIIyXOBOIO aHaIi3aTopa 3a JAHMMU iHCTPY-
MEHTaJbHUX IOC/iIXXEeHb, HAMW BUSIBJICHO TIEBHUI B3a€-
MO3B 130K, BUPAXK€HUI Ti€I0 UM iHIIIOI0 Mipolo (Tab. 1).

K BUIHO 3 HaBeeHNX y Ta0JI. 1 TaHUX, CIIOCTEPITa€Th-
Csl JOCUTDb BUPaK€HUM MPpSIMUIA Ta 3BOPOTHUI KOPEJISIIiii-
HUT 3B’S130K MiXX PiI3HUMU JOCIiIKYBaHUMU TTOKa3HUKAMU.

Tabnuysi 1. Bsaemo3anexHicTb cy6’eKTUBHUX | 06’ EKTUBHUX pe3YNbTaTiB AOCNiAXEHHS CTYXOBOI ¢hyHKUii
Ta piBHsA [TMbB 22 y cupoBarui kposi y xsopux Ha L 2-ro tuny (koedpilieHT kopensuii lNipcoHa)

Aypiorpama 4 kI'y, OAE NMvB 22 KCBIN acBn
Aypiorpama 4 KI'y 1 -0,579** 0,487* 0,455* 0,429*
OAE -0,579** 1 -0,827** —-0,858** —-0,901**
MMB 22 0,487* -0,827** 1 0,811** 0,837**
KCBI 0,455* -0,858** 0,811** 1 0,801**
AcBn 0,429* —-0,901** 0,837** 0,801 1

Tpumitkn: * — ctatncTnyHa 3HayyLicTb 3 UMOBIPHicTio 0,05 (BBOCTOPOHHS); ** — cTaTUCTUYHA 3HaYyLYicTh 3
vimoBipHicTio 0,01 (4BOCTOPOHHS).
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IIpoBemeHuii CTaTUCTUYHMNI aHaIi3 BUSBUB MPSIMUA
c1abKuit KOpesiiiHUi 3B’ 130K MixK JaHUMU MOPOTiB CITy-
XY, OTpPUMAaHUX i 9ac ayIioMETPUUYHOIO OOCTEXKEHHS Ha
yacroti 4 kIi1, Ta piBHem [IMB 22 (puc. 1), 1o cBiguuTh
PO HMOBIpHY pOJIb AEMIETiHI3YIOUMX TTPOLIECIiB Y 3HMKEHHI
CITyXOBOI (DyHKILil.

Takox HaMu OyJIO BUSIBJIEHO BUPaXKEHY 3BOPOTHY KO-
peisiio Mix piBHeM I[IMbB 22 Ta cepeqHbOCTaTUCTUIHUM
3HAYEHHSIM IHTEHCUBHOCTI BiZIMTOBi/li OTOAKYCTUYHOI eMicil
Ha yacToTi npoaykTiB corBopeHHs1 (DPOAE) (puc. 2), mo
CBiZIUUTH PO WMOBIPHUIA BIUIMB IMPOLIECiB NeMieTiHi3allii Ha
peLenTOPHUI arapar cJiyxOBOTo aHali3aTopa, epeayciM Ha
CTaH 30BHIIIIHIX BOJIOCKOBUX KJIITUH.

3 BUKOpUCTaHHAM KpuTepito [TipcoHa Hamu OyJj10 BU-
BYEHO B3a€EMO3B 30K MiX CTaHOM LICHTPAJIbHUX BiIIiIiB
cJIyXoBOro aHajizaTopa Tta piBHeMm [IMbB 22 y cuposariii
KpoBi mauieHTiB 3 LI 2-ro Tumy.

Ilpu cTatucTUYHOMY aHaji3i OTpUMaHUX TAaHUX MU
BCTAaHOBWJIM CUJIbHY MPSIMY KopeJisiito Mixk nanumu JITTTT
1T xBuni KCBIT (puc. 3) ta JITTIT komnonenTa P, ICBII
i piBaem I[IMB 22 y cuposarui kposi (puc. 4). Ha mincrasi

OTPUMAHUX NaHUX MOXHA IiTU BUCHOBKY MPO 3HAUHUIA
BIJIMB MpPOLIECy AeMi€eliHi3allii Ha cTOBOYpOMO3KOBi Ta
KOPKOBI CTPYKTYpHU CIyXOBOro aHaiizatopa npu LI/ 2-ro
TUIY.

O6rosopeHHs

Pesynbratu nociimkers mono Bmicty [IMBb 22 sk pan-
Hboro Mapkepa nporuo3yBanas CHII B oci6 i3 111 2-ro
TUITYy Ta 0€3 MOPYIIEHb BYTJIEBOJHOTO OOMiHY € HEOJIHO-
3HAYHUMU.

VY nesikux poboTax MoBiTOMJISIETbCSI TIPO Te, 1110 [TMb 22
BBaXkalOTb KPUTEPIiEM aKTUBHOCTI JIE€Mi€JiHi3yl0uOro Impo-
1ecy nepudepuyHux HepBiB [8, 9]. [HIII HayKOBIi 10BO-
IIATh, 1110 TinBuIiieHHs BMicTy [TMB 22 acoriitoeTbest i3 ypa-
JKeHHSIM BereTaTUBHOI Ta epru(epruIHOi HEPBOBOI CUCTEMU
y Mali€HTIB i3 TpuBasuM repedirom LI 1-ro i 2-ro Tumis
[10, 22].

[TpoBeneHe HaMU AOCIIIKEHHST Y3TOIKYEThCSI i3 pe3yJib-
TaTaMU iHIIMX HAyKOBIIB. 3HAUYYIiCTh 1IbOTO OioMapKepa
MoTpeOdy€e MOAAIBIINX MTPOCTIEKTUBHUX TOCTIIKEHb B OCi0
i3 CHII 6e3 nopyliiieHb BYTJIeBOAHOTO OOMiHY, MpeaiabeTy
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PucyHok 1. IpacghiyHe 306parkeHHs1 KopensiLiiHoro
3B’513KY MiX piBHsimu [TMbB 22 ta noka3Hukamu
rnoporie cnyxy Ao ToHiB Ha YacToTi 4 kI'y

PucyHok 2. pachiyHe 306paxKeHHs1 KOpensayifiHoro
3B’513KY Mix pisHsimu [TMB 22 ta DPOAE B oci6
iz 4 2-ro runy
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PucyHok 3. pacghidyHe 306parkeHHs1 KopensiliiHoro
3B’3Ky Mix piBHamu NTMbB 22 ta gaHumu JIIT 11
xsuni KCBIT

PucyHok 4. pachiyHe 306paxkeHHs1 KOpensayifiHoro
3B’3Ky Mix piBHsimu lMMB 22 ta gaHumu JII1
komnoHeHTa P, [CBI1
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ta LU1. Y mocimkeHHi BCTAHOBJICHO BipOTiaHE ITiABAIIICHHS
piBHst [IMB 22 y cuposariii KpoBi y naiientis 3 LI 2-ro
tuiry Ta CHII (p < 0,01) mopiBHSIHO i3 KOHTPOJILHOIO TPY-
noto oci6. Lleit akT cBiguMTH PO MpolLecH AeMieiHizallil
Ta YIIKOIKEHHsI HEBPaJIbHUX CTPYKTYP.

IligBumeni piBui [IMbB 22 B oci6 3 LI 2-ro Tumy
BKa3yloTh Ha ypaKe€HHsI HEBPAJbHUX CTPYKTYp, MPOLieCU
IeMieliHi3alii, sKi OibII BUpaXKeHi IpKU MOEAHAHHI Mi-
KpoBackyJsspHux yckiangHeHb LI [8, 20, 21]. 3ayBaxkumo,
mo cepen xBopux Ha CHII 6e3 LI Tinbku y aBox Oyio
He3HauHe nigBuieHHs piBHsa [IMbB 22 y cuposariii Kposi,
sIKe He MepeBUIIyBaJO BipoOrifHO KOHTPOJIbHI 3HAUYEHHS
(p > 0,05). Tomy npoiiecu aeMieniHizalii, 03HaKOW0 Ha-
SIBHOCTI sIKuX € migsuiieHHs [IMB 22 y cuposariii Kposi,
MaoTh NeBHe 3HaueHHs Y po3BuTKy CHII B oci06 i3 LIJI,
2-ro tuny [7, 23].

B o6c¢cTexkenux Hamu xBopux Ha LI/ 2-ro tumy Ta CHIT
JIOBEICHO BipOTiAHUI KOpEJSILiHHUI 3B’S130K MiX CTaHOM
CJIyXoBOro aHajizatopa Ta BMictoM IIMb 22 y cupoBat-
i KpoBi. [1pu 1boMy criocTepira€Tbcst BUpaXkeHa mpsma
kopessiis 3 mokasHukamu KCBIT ta JICBII i BupaxkeHa
3BopoTHa — 3 ganumu OAE.

TakuM YMHOM, Hallle TOCiIKEHHS TTPOJEMOHCTPYBAJIO
BaxXKJIMBiCTh BU3HaueHHs BMicTy IIMDbB 22 came y mauieHTiB
i3 LIJ1 2-ro Tury, 110 AacTh 3MOTY MTPOTHO3YBATH Y TaKUX
0Ci0 pO3BUTOK AEMi€JIiHi3yI0UMX IIPOLECIB Pi3HUX CTPYKTYP
CJTyXOBOT'O aHaJjizaropa.

BucHoBKMU

BcraHoBiieHo 3Hauylie nigBuileHHs piBHs [IMbB 22
y cupoBarTii KpoBi y mauieHTiB 3 LI/l 2-ro tumy Ta CHII
(p < 0,01) mopiBHSIHO i3 KOHTPOJBHOI I'PYIOIO OCI0, 1110
MOX€ CBITUMTU PO IMPOLIeCH AeMi€liHi3allil Ta YIIKOIKEH-
HST HEBPAJIbHUX CTPYKTYD.

B ob6crexxennx nmauieHTiB i3 L1 2-ro Tuny ta CHII
IOBEIEeHO 3HAYYIIUN KOPESILIMHUN 3B’ 130K MixK CTAHOM
CJIyXOoBOro aHanizatopa ta BMictom I[IMbB 22 y cuposar-
1Ii KpOBIi, CIIOCTEPIra€ThCsl BUpaKeHa IpsiMa KOpeJIsiiis 3
nokasHnkamMu KCBII ta JICBII i BupaxkeHa 3BopoTHa — 3
nanumu OAE.

OTpuMaHi pe3yabTaTé CBigJaTh IIPO BaroMy POJIb Jde-
MI€JIiHI3yI0YMX MPOLIECIB Y PO3BUTKY CEHCOHEBPaJIbHUX
MHOpYIIeHb CIyXy B oci6 i3 LI/ 2-ro tumy.

KonduaikT inTepeciB. ABTOpU 3as1BJISIIOTH ITPO BiZICYTHICTh
KOHMIIKTY iHTepeciB i Bi1acHOI (hiHaHCOBOI 3al1iKaBJIEHOCTI
MpU MiArOTOBIIi 1aHOI CTaTTi.

Indopmanis npo dinancysanns. Pobota € ckiango-
Boto yactuHoto HJP 1Y «lHCTUTYT oTonapuHTONOTI1
iM. mpod. O.C. Konomiituenka HAMH Ykpainu», Homep
nepxkpeectpanii 0118U000194.

Indopmanisi npo BHECOK KOXKHOro aBropa. [lludioé-
coka T.A. — KoHUeNUis i [u3aitH J1OoCTiakeHHs, 30ip Ta
aHaJli3 aHWX, pefaryBaHHs, KpUTUUHUI OTJIsIL, OCTaTOU-
He 3aTBepmXKeHHs cTarTi; Hasanvkiecoxa H.A. — 30ip Ta
o0poOKa MartepiajliB, aHali3 JaHUX, MiITOTOBKA JiTepa-
TYPHUX JIKepeJT, CTAaTUCTUYHUM aHasli3, HalTMCaHHS CTaTTi;
Kocmiyvka 1.0. — 306ip Ta aHaJIi3 TaHWX, KJIIHIYHI aCITIEKTH
TIMDb 22 B koHuenuii nmpouecis nemienidizauii npu L1,
KOPEKTYBaHHSI TEKCTY.
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Impairment of auditory function in persons with type 2 diabetes mellitus depending
on the level of peripheral myelin protein 22

Abstract. Background. One of the priority tasks of modern medi-
cine is early diagnosis and treatment of micro- and macrovascular
complications of diabetes mellitus (DM) which cause a decrease in
the quality of life of working age people and an increase in mortali-
ty. Variability of carbohydrate metabolism indicators, metabolic
dysfunction are leading factors in the development and progression
of disabling complications of type 2 DM with hearing loss due to
degenerative changes in nerve fibers. An important aspect of di-
agnostic and treatment algorithms of sensorineural hearing disor-
ders in patients with type 2 DM is early detection of demyelinating
processes to prevent damage to neuronal structures. The purpose
of the study is to determine the relationship between the level of
peripheral myelin protein 22 (PMP 22) and the condition of the
auditory analyzer according to the data of instrumental examination
in patients with type 2 DM combined with hearing impairment.
Materials and methods. There were examined 30 patients with type 2
DM (15 men and 15 women aged 56.28 * 4.54 years) associated
with degree I—II sensorineural disorders of the auditory function;
15 people with signs of sensorineural hearing loss (SNHL) (8 men,
7 women aged 59.33 £ 2.65 years) without diabetes and 15 controls.
During the examination, the patients with type 2 DM and SNHL,

depending on the severity of the underlying disease, were divided
into groups: the first group (n = 15) with or without isolated micro-
vascular complications of type 2 DM, the second group (n = 15)
with neuro-, nephro- and retinopathy. All patients underwent a set
of laboratory tests to determine the content of PMP 22 in the blood
serum, clinical and instrumental diagnosis of the auditory function.
The obtained data were processed statistically, and correlations
were identified. Results. The analysis of the results revealed that in
patients with type 2 DM and SNHL (groups 1 and 2), the level of
peripheral myelin protein 22 significantly increased compared to
both controls and the comparison group, and more significantly
in those with microangiopathies. The correlations were found bet-
ween the most informative indicators reflecting the state of various
structures of the hearing analyzer and the content of PMP 22 in
the blood serum. Conclusions. A significant increase was revealed in
the content of PMP 22 and manifestations of sensorineural hearing
loss in patients with type 2 diabetes mellitus associated with micro-
angiopathies that indicate demyelinating processes in the neural
structures of the auditory analyzer.

Keywords: sensorineural hearing loss; type 2 diabetes mellitus;
peripheral myelin protein 22
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LnkaHe-LUnwosa K. O., 3iHny O.B., KywHapboBa H.M., Kosanbyyk A.B., lNMonéura O.B.
AY «I[HCTUTYT eHAOKPUHOAOTI TQ OBMIHY peyosuH iM. B.l1. Komicaperka HAMH YkpaiHu», m. KuiB, YkpaiHa

BnAuB iHKpeTUMHOMIMEeTUKIB
HQ piBeHb MIKPOOIOABHOIro MeTabOoAITa
TPUMETUAOMIH-N-OKCUAyY —
MapKepa cepLeBo-CYAUHHOIoO PU3UKY
Y XBOPUX HO LLYKPOBUM AiabeT 2-ro tuny

Pe3tome. Meta: fgocnigutv B3aeMo3B’130K PiBHIB MiKpOGiasibHOro MeTabosiita KULLKOBOIrO MiKpoGioMy TpUMeTH-
namiH-N-okengy (TMAO) y cupoBaTLi KpoBi 3 K/TiHIKO-11a60paTopHUMU OKa3HUKaMM Ta napameTpamu KOMo3nLii
Tina y nayieHTiB 3 Uyykposum giabetom tvny 2 (LU2) nig BrnavmBom iHKpeTuHoTepanii, Lo npuaHa4anace JOAATKOBO
[0 nonepeaHboro sikyBaHHs. Matepiann Ta metogun. O6¢ctexeHo 33 xBopi Ha L2 (17 xiHok i 16 4onosikiB),
BikoM Big 31 [0 72 poKiB, O Masin He3af[0BiflbHWI KOHTPOJIb BYr/1IeBOAHOIro0 0OOMIHY Ha TJ1i nornepenHboi LiyKpo-
3HUXKyBasbHoI Tepariii (MeTehopMiH, NOXigHI CyribgOHIICEHYOBUHN, IHCYIIH, rTichrI03UHM), SIKUM Npu3Ha4aiu aro-
HICT peyenTopa rrrokaroHonogioHoro nentugy-1 (aplTil-1). o no4atky nikysaHHs Ta Y4epe3 6 micsyis Teparnii
BU3Ha4am napameTpy aHTpornoMeTpii, Komrnoauyii Tina (MeTogom 6ioeneKTpuyHoro iMnenaHcy 3a [4ormoMOoror
aHanizatopa Tanita); piBHi B KpOBI r1110K03u Ta rriikoBaHoro remoro6iHy (HbA1c), koHuyeHTpauito TMAO, nokasHukm
ninigHoro crnekTpa kposi. Pesynbtatn. O6¢TexeHi nayieHTy Maau piseHb HbA1c > 7,4 %; 91 % manin OXUPIHHS
(IMT 34,70 + 6,60 kr/m?), 100 % — abgomiHanbHe oxupiHHa (OT 118,00 + 11,24 cm, Med = SD). Y 72 % Bunagkis
rnayieHTv Manm B aHaMHe3i cepLeBO-CYANHHI yCKaaHeHHs (IHgbapKT Miokapaa, iHCY 1T, BCTAHOBIEHWV KOPOHaPHWI
Ta nepughepu4HU aTepocKIepo3, CTeHo3 aptepiv). lig BravBom Teparnii iHKkpeTuHoMIMeTukamu crioctepiranoch
3MEHLLIEHHS CTYreHs1 3arajibHoro 1a ab[oMIHaIbHOro OXUPIHHS, BipOrigHE 3MEHLLEHHS BICOTKa XUpY Ta PiBHS
BicyepasnbHoro xupy (BXK), Lo cynpoBoaXyBanock nigBULLEHHAM rigpaTtauii, 3HKeHHAM Tpuriiyepyaemii Ta KoH-
LeHTpauii xonecTepuHy JinonpoTeiHiB gyxe Hu3bkoi winsHocti (XC JINMAHLL). Y nauieHTiB 3aghikcoBaHo BiporigHe
BHWKEHHS1 KOHLeHTpaLii MikpobiasibHoro metabosita TMAO B cupoBaTLi KpoBi, L0 MOXe 6YTu BifO6PaKeHHIM
MexaHiamiB aHTnaTeporeHHoro egpexty aplTil1-1, NoB’ss3aHNx 3 KOHTPOsIEM METabO0IiI3MY XONIECTEPUHY | KOBYHMX
Kuenot, ctumyntoBaHHsaM peyentopis XC JIMAHLL Ta BrBoM Ha CeKkpewito iHCYsiHY, [TIIOKaroHy, rpesiHy, nenTuHy,
IHKpeTuHIB. BucHoBKK. [JOCnigXeHHs KIiHIYHUX eqheKTiB iHKpeTuHomimeTuka (aplTirl-1) y nayientis 3 42 nig-
TBEPANIIO KIOro rMo3nNTUBHMK BIJINB HAa METabOos1i3M [T1H0KO3M Ta ninigHuv crnexTp. [pu ysomy ripy Tepanii aplTir-1
3achikcoBaHO MOSIMNLLIEHHS1 AesIKMX KOMMO3nUiviHux T1a ninigHnx nokasnukis (IMT, OT, BXK, TI, XC JI1HLL) npn
O[HOHaCHOMY 3HWXKEHHI KOHLeHTpaLii TokenyHoro metabosnita TMAO.

Knto4oBi cnoBa: aronict peyentopa rnokaroHonogiéHoro nentugy-1; TpumeTtunamit-N-okcug; KoMnosunyis Tina;
JNgHMV CrIeKTP CUPOBATKU KPOBI; LiyKpoBuu fiabeTt 2-ro Tury

BCTYH nuit noninentun — [T (Gastric inhibitory polypeptide,

TopMOHM iHKPETUHOBOI TPYIK ceKpeTyioThes y Binmo-  GIP) ta rmokaronononionuit nenrtua-1 — ITITT-1 (gluca-
Biob HA MPUUOM IXi €HTepOSHIOKPUHHUMM KiiTuHamMu  gon-like peptide-1, GLP-1). I1pn HopmanbHOMY abo0 mim-
KUIIIEYHUKA, SIKi € YAaCTUHOI BHYTPIIIHBOI (hiziosoriuHo1  BuileHOMY piBHi riitoko3u Kposi ['TIT-1 i T'IIT cripusitots
CUCTEMM PEryJisiilii roMeocTasy IoKo3u. IcHye 2 Buau Ha-  30i/IbIIEHHIO CUHTE3Y i ceKpellil iHCYIiHy OeTa-KJIiTUHAMU
TypaJbHUX iHKPETUHIB: IJIIOKO303aJIeXKHWI IHCYJIIHOTPOIT-  MiAIUTYHKOBOI 331031 Ta IPUTHIUYIOTh CEKPELLil0 TTI0Karo-
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Hy. EdexT iHKpeTHHIB IIpH LIyKPOBOMY HiabeTy 2-TO THUILY
(LLA2) 3HMXeHUit abo BiICYTHil, 1110 CIIPUSIE MOPYIIEHHIO
MIKeMiYHOTO KOHTpoIio [1].

L-xJ1iTuHM, 1110 pO3TAIIOBYIOTHCS B CIM30Biit 000IOHII
KJIyOOBOI1 Ta TOBCTOI KUIIIOK, cekpeTyioTh ['TITI-1 enmo-
KPUHHO (Y KPOBOTOK) a00 TapakpuHHO, Oe31ocepeIHbO
B KJIITMHM-MillIeHi, yepe3 KIiTUHHI BinpocTku [2]. [Tpena-
paTy rpyIy iHKPETUHOMIMETHUKIB IMITYIOTh €(DEKTH HATUB-
Horo ['TITT-1, rmoko303aneXH0 3HMXKYIOUYHM PiBEHb ITiKeMil
IIUISIXOM CTUMYJISILT CEeKpellil iHCYJIiHy Ta MPpUTHIiYeHHS
[JIIOKAaroHy.

IHKpeTMHOMIMETUMKM HajeXaTb 10 HaMOLIbII eheK-
TUBHUX Cy4aCHUX MPOTUAIia0eTUYHUX 3aCO0iB Y JIiKyBaH-
Hi LIJ12. Aronictu peuenropa ['TITT-1 (apI'TIT-1) maioTh
IUIEOTPOITHY [il0 Ha MiAIUIYHKOBY 32103y, MO30K Ta iHIIIi
OpraHM-MillleHi yepe3 CUCTeMHI a00 eHTepaibHi HelpoeH-
JOKPMHHI KITITUHHI IUISIXY; TPOTU3aIajibHYy Iil0, BIUIUB Ha
IIiKeMilo Ta 3HMDKeHHS Macu Tija [1-3].

OnHak KJIiHiYHA MpakTUKa MpoJAeMOHCTpYBaja, 1110
Bigmosigi Ha apl'TII1-1 MoXyTh OyTH HEOTHO3ZHAYHUMMU,
npudyomy npuoausHo Bix 30 o 50 % mailieHTiB 1eMOH-
CTPYIOTh HeaaeKBaTHY BidIIOBiAb a00 BiICYTHICTH e(heKTy
[4]. TereporeHHicTh y Binnoginsix Ha apI' TIT1-1 Moxe Oyt
MOTEHIIiAHO MOB’s13aHa 3 KUIIIKOBOIO MiKpOOiOTOIO.

BcranoBieHo, 1110 MiKpoOHMI AUCOAKTEePio3 KUIIeU-
HUKa MOXe€ IOPYIIUTHU KUIIIKOBI 6ap’epu Ta CIIPUYMHUTU
€HJ/IOTOKCEMil0, PE3UCTEHTHICTb 10 iHCYJIIHY Ta TileprJi-
kemilo [5]. KuikoBa Mikpo6ioTa Moxe CIyryBaTh iHAMKa-
TOPOM CTYIIeHsI TSKKOCTI mist xBopux Ha LIJ12. Kpim Toro,
iICHY€ B3a€EMO/Iisl MiX KHAIIIKOBOIO MiKpOOiOTOIO Ta IETKUMU
npoTtuaiabeTHIHUMMU 3acobamu. byayyn HoBuM GioMapke-
pPOM, KMIIIKOBA MiKp0o0ioTa TaKOX MOXe OyTH 3aydeHa 10
peaxuii Ha ikyBaHHs apI' TITI-1 [6].

Tax, y miJToTHOMY JOCITiIKeHH] OyJIO IIPOIeMOHCTPOBA-
HO, 1110 YHiKaJbHi CUTHATYPU KMIIIKOBUX MiKpPOOiB MOB’sI-
3aHi 3 NIiKeMIYHUMM BinnoBinsamu Ha JikyBaHHs apl TIIT-1
i BiZoOpakaloTh CTYITiHb TMcOaKTepio3y y mauieHTiB i3 LIJ12
[7]. B excneprMeHTi Ha MUILIAX 3 OKUPiHHSIM, CIIPUYMHE-
HUM JIETOI0, BUBYAJIU BITJIUB (DApMAaKOJIOTiYHOT CTUMYJISIIIT
peuenropiB I'TITI-1 ta I'TITI-2 Ha ckiag MikpobGioMy Ku-
mevyHuka. KoMmruiekcHe mmpodiaoBaHHs 3MiH MiKpo06io-
My KHWIIEYHUKa NUITXOM cekBeHyBaHHs 16S pJIHK micis
JIIKyBaHHSI JIiparslyTUAOM I10Ka3ajJ0 OUCKPETHI 3pYIIeHHS
Yy MaJOMOIIMPEHMX BUJAX i BiAMOBIAHUX OaKTepialbHUX
MeTa0OoMIYHUX IIIsIXaX, 110 CBiIYUTh NP0 MOTEHLIMHUMI
B3aEMO3B’SI30K 3MiH MiKpOOioMy 3 KOHBEpPIreHTHUMM 0i0J10-
riyHMMU nissMu curHadizaiii peuenrtopis [TITI-1 i TTITI-2
IIOJ0 CITOXKMBAHHS KaJIOpiii, MeTab0Ii3My TTIIOKO3U Ta 00-
poOKw Jimifis [8].

Bimomo, 110 KuikoBa MiKpo0ioTa crpaBiisi€ BILUIUB Ha
MeTaboTiYHiI MPOLIECH B OPTraHi3Mi 3aBIsSIKY MIPOAYKIIii TAKUX
MeTa0oJIiTiB, IK KOPOTKOJIAHIIIOTOBI XKUPHi KUCJIOTH (ale-
TarT, POITioHAaT, OyTUPAT), )KOBYHI KUCJIOTH, NesIKi BiTaMiHU
[9]. Topy1eHHsT MPOAYKILiT LIMX METabOMiTiB PO3IJISIIAIOTh
SIK TaKi, 1o 6epyTh y4acThb y matoreHesi LI/12 Ta cepue-
BO-CynMHHUX 3axBoproBaHb (CC3) [10—12].

B nHaykoBiii JiTepaTypi ocTaHHIM 4acOM IPUIIISIETb-
¢S yBara MOTeHIIHIN yJacTi TpuMeTnyiaMiHy-N-oKcuLy
(TMAO) gK cnoiy4HOi JJaHKU MiX Ti€TOI0, MiKp0o0OioTOIO
kumeyHuka ta CC3. Beranosneno, mo TMAO, yTBope-

HUM KUIIKOBUMU OaKTEPisIMU MEPEeBaXHO 3 XapuOBOTO
XOJIiHY Ta KapHIiTUHY (4epe3 MPOMiXHi MPOAYKTU TpU-
MeTWJIaMiH Ta O0eTaiH), 32 YMOB XPOHIYHOTO MiABUIIEHHS
OTO piBHSI MOXe CIIPUSITU KapJioMeTaboJiuYHUM 3aXBO-
proBaHHaM [13, 14].

[Migsrmennit TMAO moxe cripusitu CC3 yepe3 Mexa-
Hi3MM OKMCHIOBAJIBHOTO CTPECY Ta 3aMajleHHs eHAO0TENI0,
KanbHu(iKallilo CyaIuH, aKTUBALII0 PeleNTOPiB-IIOTINHA-
YiB, iHTOyBaHHS 3BOPOTHOI'O TPAHCIIOPTY XOJIECTEPUHY Ta
cepueBo-cynuHHY aucdyHkiio. TMAQO moxe BinoOpaxkatu
panHiii pusuk CC3, OyBIIM NPOTHOCTUYHUM OiomMapke-
POM ab0 BTOPMHHOIO MillIEHHIO TP BCTAaHOBJIEHil1 XBOPOOi
[15—17].

bByno BusisieHo, 1mo TMAO € He3anexkHUM (hakTOpoOM
pU3UKY imeMidHoi XxBopoou cepiisd. TMAO Moxe ToCHINTA
Mpoliec aTeporeHe3y yepe3 MeTaopraHizMeHuit MeTabo-
JIIYHUI 115X, 30KpeMa MOCUJIIOI0YM 3amajieHHsl CY/IuH,
TMOTipIIyroYn QYHKIIIT CYIUH i TTOPYIIYIOYM TOMEOCTa3 XO-
JIeCTepUHY Ha pi3HUX piBHX [18].

V 3p’s3ky 3 TuM, mo CC3 € omHUMHU 3 HANIIOMIMPEHi-
IIMAX Ta HAWTSXKYMX 3a CBOIMUA HETaTUBHUMU HaCJiAKaMU
yckinagHeHb mpu L/12, oco6auBoi akTyaTbHOCTI HaOyBa€e
TOCJTIIDKEHHST MeXaHi3MiB PO3BUTKY KapAioMeTa0O0IiYHUX
MOpPYLIEHb, a TAKOX BIPOBAKEHHS CYyYaCHUX BUCOKOUYT-
JINBUX JIAOOPATOPHUX MapKepiB, 1110 J03BOJISITh BYaCHO BU-
ssiTy migBuineHuit pusuk CC3 y xsopux Ha L1J12 i mpoBo-
IUTU 00’ EKTUBHY OLIIHKY e(peKTUBHOCTI Tepallii II1X CTaHiB
3 BUKOPUCTAHHSIM Pi3HUX IPYII MPernaparis.

MerTa: 1OCITiIKEHHS B3a€EMO3B 13Ky PiBHIB MiKpoOiaib-
Horo Mmetabosita TMAO 3 KJiHiKO-J1abopaTOpHUMU T10-
Ka3HMKaMU Ta mapaMeTpaMy KOMITO3UIIil Tijia y Malli€HTiB
3 12 min BruiMBOM iHKpeTUHOTEpaITii, 110 pu3Havyaiach
JIOIATKOBO JI0 MOMNEPEIHBbOTrO JiKyBaHHS.

Marepiaau Ta metoaun

J1o TIpOCIEKTUBHOIO MNOCIIIKEHHS 0yJI0 BKIIOYeHO 33
nauieHTn 3 giarnozom /12, 3 Hux 17 XiHOK i 16 40JI0BIKiB,
BikoM Bin 31 10 72 pokiB, 110 MaJu HE3aA0BIIbHUI KOH-
TPOJIb BYTJIEBOJHOTO OOMiHY (TiBUILIEHN PiBeHb ITiKO-
BaHOro reMoniobiny (HbAlc) > 7,4 %) Ha TJ1i monepeaHboi
LYKPO3HMKYBaJIbHOI Tepallii, sika BKJIro9aaa MeT(QOpPMiH,
MOXiHI CYIb(POHIICEUOBUHHU, IHCYJIiH, MTihI03UHU, IKUM
npusHavanu npenapart apl TII1-1. TpuBanicts criocTepe-
SKEHHSI CTAHOBUJIA 6 MiCSIIIiB.

Kpurtepii BkitoueHHs: giarHo3 1112 (TpuBanicTh moHas
6 Mics11iB), MPUITOM CTAGiTBHOI TIPOTATOM 6 MiCSIIIiB TIEpO-
pabHOI IyKPO3HUXKYBaIbHOI Tepartii (kpim al TITT-1).

Kputepii BUKII04eHHS: IpUIIOM aHAJIOTIB JIOICHEKOTO
['TIT1-1, HasBHICTh aKTUBHUX 3aMaJIbHUX MPOLIECiB, TIXK-
KMX ypaXkKeHb MeYiHKU Ta )KOBYHUX IUISIXiB (IiIBUIIEHHS
MEeYiHKOBUX TpaHcaMiHa3 OiiblI HiX Y 2,5 pa3a), XpOHid-
Hoi HupKoBoi HepocTtaTHOCTI (LLIK® Huzkue 3a 30 Mi1/XB);
alleTOHYpisl; apTepiajibHa TiMepTeH3isl, He KOHTPOJIbOBa-
Ha MPUHAOMOM JIiKapChbKUX 3aC00iB 200 3 €eHIOKPUHHUX
MPUYUH.

B o6cTexxeHuX Mali€eHTiB BU3HAYaIM aHTPOIIOMETPUY-
Hi TTapaMeTpu: 3picT, Macy Tija, oKpyxkHicTb Tamxii (OT),
obuncnaoBanu IMT (3a popmynow: IMT = maca Tina
(xr)/3pict? (M?)). IIpakTruno Bei nmauienTu (91 %) manu
3arajibHe OXMpiHHS 3TigHO 3 Kputepismu BOO3 mis
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MetabomiyHoro cuaapomy (IMT > 30 kr/m?). AGaomiHaIb-
He oxupiHHs (OT > 80 cM mus xiHok i OT > 95 cMm s
YOJIOBIiKiB) BCTAHOBJIEHO Y BCiX OOCTEKEHUX.

Kommnosuiiito Tijia oliHIOBaIM METOAO0M OioeIeKTprUY-
Horo immnenaHcy (aHanizatop Tanita BC-545N, fAnoHis).
BusHavanu taki mapameTpu: BiICOTKOBUI BMiCT 3aTaJibHOTO
JKMpY Ta BOAY B OpraHi3Mi, piBeHb BiCLIEpaIbHOTO XUPY
(B2X), M’s130By Macy Ta KiCTKOBY MiHepaJIbHY Macy, a TaKOXK
CerMeHTapHY Macy KUPOBUX BiIKJIaleHb Ta TTOKa3HUKH BiJl-
COTKa XXKUPY i M’130B01 Macu (KT) 3a CeTMEHTaMu: KOPIIYyC,
JIiBa pyKa, IIpaBa pyka, JliBa HOTa, IpaBa HOTa, CETMEHTapHy
M’sI30BY Macy B KOPITYCi Ta Y KOXKHii KiHIIiBLIi.

PiBeHb BicuepajlbHOTO XMPY OLIIHIOBAJIM B iHTEpBai Bill
1 mo 59 on.; KoxXHa oguHUIIS Bigmosizae 10 cM? XKupy Ha
MOBEPXHi BHYTPIILIHIX OpraHiB; HOPMaJIbHUI piBEeHb CTa-
HOBUTH B 1 10 12 oa. xxupy. ®izuyHuii Tum (0ymoBy Tina)
OLIIHIOBAJIM 32 111Kas010 Bif 1 10 9 GaitiB (mpuxoBaHa MOBHO-
Ta — 1, MOBHMIT — 2, MillHa cTaTypa — 3, TpeHOBaHUIl — 4,
HOPMaJIbHUI — 5, CTaHAapTHO-M I3UCTUIA — 6, Xyauii — 7,
Xynuit i M’sI3uctuii — 8, myke M’sa3ucTuit — 9).

KoHueHTpaliito roko3u BU3HaYaIu Y BEHO3Hi KpoBi
3 BUKOPUCTaHHSAM CepTU(HIKOBAHUX TIarHOCTUIHHMX CMYKOK
Ta riokoMmerpa One Touch (LifeScan Inc, IlBeiinapis).
bioximMiuHi MOKa3HMKM BU3HAYaIM B CepTUDIKOBAHUX Ja-
oopatopisix M. Kuena.

V KpoBi, 3i0paHiil BpaHIli HaTIle, BUMipIloBaJlIu piBHi
HbAlc iMmyHOTYpOOAMMETPUYHUM METOIOM Ha aHasli3a-
topi Cobas 6000 (Roche Diagnostics, IlIBeituapis) 3 mpu-
CBOEHHSIM YHiKaJbHUX J1a00paTOPHUX HOMEPIB KOXKHOMY
3pa3ky. KoHuieHTpattii ninigHux dpaxiiiil y cupoBaTiii KpoBi
MAali€HTIB OLIiHIOBAJIM 3a JOIIOMOIOI0 METOIY TOMOI€HHOI
€H3MMAaTUYHOI KoJlopuMeTpii. BusHavanu piBHi 3arajibHOTO
xosiectepuny (3XC), tpurniuepunis (TT), xonectepuny
JimornpoTeiniB Hu3bKoi minbHoCTi (XC JITTHIL), xyxe
Hu3bKoI minbHocTi (XC JITTIHILL), Bucokoi mijibHOCTI
(XC JIIBIL). Konuenrtpauiro TMAO B cupoBaTiii KpoBi
BU3HAYaJIM METOJIOM iMyHO(EPMEHTHOTO aHaJli3y 3 BUKO-
puctanHsaM Habopy E4733Hu Human Trimethylamine-N-
Oxide (TMAO) ELISA Kit, 96.

CrarucTuunmii aHami3. 17151 y3araJlbHeHOI XapaKTepUCTH -
KU1 TOCTIKYBaHUX TTapaMeTpiB BUKOPUCTOBYBAIU METOIHN
BapialliiHO1 CTaTUCTUKU. AKiCHI mapaMeTpu HaBeIeHO Ye-
pe3 XapaKTepUCTUKY YaCTOTHUX PO3MOILIIB i3 MMOJaHHSIM
pe3yJIbTaTiB y BUTJIsIII aO0COTIOTHUX 3HAYeHb (YMCIIa maili-
€HTIB /) Ta PO3MOILIY y BiAcoTKax. s KibKiCHUX 03HaK
pO3paxoByBaJu Cepe/lHi 3HAUEHHS TTIOKA3HUKIB Ta BU3HAYa-
JIM iX BapiabeIbHICTh Yepe3 po3paxyHOK TaKMX IMTOKA3HUKIB:
cepenne apudmernude (M), memiana (Med), cranmapTHe
BinxuneHHs (SD), cepenHst moxubka Juisl cepeHixX Beau-
quH (m).

Ha 6a3oBomy eTamni aHani3y BUHaYaIl XapaKTepUCTUKHI
HOPMAaJIBHOCTI pO3MOAiTY IJIs KiJIbKiCHUX MOKa3HUKIB 3a
kputepiem Konmoroposa — CmipHoBa. BuzHaueHi mapame-
TPU HOPMAJILHOCTI PO3MOITY NaHUX CAYTYBaJIU Y MONaTb-
IIOMY KPUTEPieEM BUOOPY METOMIB MOPiBHAJIBHOTO aHAJi3y
(mapaMeTpUyYHi Ta HemlapaMeTpuuHi). st opiBHSHHS
MOKAa3HUKIB y IMHAMIIli 3aCTOCOBAHO MapHUii t-TecT (ma-
paMeTpuyHa CTaTUCTHKA) Ta KpuTepiit BilkokcoHa (Hemna-
paMeTpuyHa cTaTucTrKa). [TopiBHSIHHS MiX IiaArpynamu
MPOBEIEHO 3a t-TECTOM ISl He3aJIeXKHUX CYKYITHOCTEN Ta

kputepiem Manna — YirHi. Kputnanmii piBeHb 3Haqy-
LIOCTI MPU MepeBipli CTATUCTUYHUX TiNMOTe3 NpUuiiMaiu
piBauM 0,05. ITpu npoMy OpaBcs 10 yBarv (haKT MHOXKMH-
HOCTi MOPiBHAHb MiX MiATpYNaMu HUISIXOM BpaxyBaHHS
nonpasku Llledde.

PesyAbTaTH

O6crexeni mamienTn 3 1112 manu TpuBaiicTh 3aXBOPIO-
BaHHs 13,00 £ 8,37 poky, Med & SD. Binb1ricTs naiieHTiB
(91 %) manu 3aranpHe oxupinasg (IMT 34,7 £ 6,6 kr/m?),
Y BCiX BUSIBJIGHO O3HaKU abaomiHaibHOTO OXupiHHS (OT
118,00 + 11,24 cm, Med £+ SD). ¥V 72 % Bunankis nauieHTH
MaJid B aHaMHe3i iHapKT Miokappa, iHCYJIbT, BCTAHOBJIE-
HUIT KOpoHapHUi Ta nepudepuyHuii aTepocKiepos, CTeHO3
apTepii.

Y 1abn. 1 HaBeleHO pe3yJIbTaT OOCTEXKEHHS TalliEHTIB
10 i micns 6-micsraHoro Kypey Tepartii apI TITI-1.

Ha i 3Hm>XeHHsI piBHIB rtikemii Ta HbAlc y maiiieHTiB
ITicJIsl JIIKyBaHHSI CIIOCTEPIrajJloch BipoTriTHe 3MEHIIEHHS
koHueHTpauii TMAO.

Kpim Toro, BinzHaueHO BiporinHe 3HMKEHHST KOHIIEH-
tpauii TI' Ta xonecrepuny JIIIJHIL, 6e3 3MiHu KOHLIEH-
Tparii 3araabHoro xoyectepuny Ta XC JITTBILI.

B obGcTexeHux namieHTiB BiporinHo 3Hu3uaucsa IMT
ta OT. Kpim Toro, cmocrepirajjoch 3MeHIIIEHHS BilcOTKA
KMpY B OpraHi3Mi Ta BiINOBiIHEe MiABUILIEHHS TigpaTallii
(BiZACOTOK BOMIM) i MPAKTUYHO HOPMAaJIi3yBaBCsl PiBeHb Bic-
LiepajbHOro Xupy (tab:. 2). He BUsiBIeHO BiporinHUX 3MiH
M’S130BOi MacH, OLiHOK TiJIOOyI0oBH, 0a3aJIbHOTO MeTabo-
JIi3My Ta MeTabOJIIYHOTO BiKY MAIli€EHTIB MiCJIS JIIKYBaHHSI.

3a cerMeHTaMM Tija (KiHIiBKH, KOPIIyC) He 3adik-
COBAHO BipOTiIHMX 3MiH BMICTy XHUpY Ta M’SI30BO1 Macu
(Tabn. 3).

O6roeopeHHs

[Micna 6-micstanoro npuitomy apI' TITT-1 Ha i moJin-
LIEHHST KOMITIeHCcallii ByTJIEBOJHOTO OOMiHY Ta 3MEHILIEHHS
CTYMEHs 3arajJibHOro i a0IOMiHaJIbHOTO OKUPiHHS CIIOCTe-
pirajgoch BiporigHe 3MeHIIIeHHS 3aTajlbHOTO BiICOTKA XXUPY
B OpraHi3mi.

3HIDKEHHS BITHOCHOTO BMiCTY XXMPY B OpraHi3Mi CyIIpo-
BOJIXKYBaJIOCh MiIBUILLIEHHSIM TiapaTailii. 3 JaHUX JliTeparypu
BiZOMO, 1110 BUCOKUI YMICT BHYTPIIIHbOKIIITUHHOI BOAU
ACOIIIETHCS 3 KpallMMU (DYHKIIOHAJIbHUMU TTOKa3HM-
KaMH Ta MEHIIMM PU3MKOM CJIA0KOCTi y JIIoAeii TTOXUIOro
BiKY, Y IKUX HaBiTh HE3HAYHi 3MiHM 200 OyIb-sIKUI1 1ucOa-
JIaHC CTaHy rifpartaiii MOXyTb MaTU HeOe3MeuHi ISl 310-
PpOB’sI HACTIAKY. Y MOMYJISILIMHUX JOCTIIKEHHIX BUSIBICHO,
1110 3HEBOJHEHHS TTOB’sI3aHE 3 OXXUPIHHIM, XpPOHIYHUMU
3aXBOPIOBAHHSIMU Ta 3HVXKEHHSIM TPUBAJIOCTI XKUTTS, MOXKE
CUJIBHO TIOPYIIUTH KOTHITUBHI (DYHKIIi Ta (hi3u4Hi 3MaTHO-
cTi opranizmy [19].

Ha i nikyBanus apI'TII1-1 cioctepiraioch cTatucTny-
HO BiporigHe 3HKeHHs cepeaHboro piBHs B2XK. Ak Bimomo,
BiclLiepa/ibHa XXNPOBa TKaHMHA MiCTUTh Oarato GeTa-ampe-
HOpPELENTOPiB Ta Ma€ BUCOKY METabO0JiYHy aKTUBHICTb,
TOMY 3a CTPECOBMX YMOB BUILJISIE BIJIbHI XKMPHI KUCIOTA —
MeiaTopu iHCYJIIHOPEe3UCTEHTHOCTI TeNaToLUTIB i mepude-
PUYHUX TKAHUH, a Takox Kopemtoe 3 OT Ta mopylieHHsIM
riikomeTtadosizmy [20].
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— BiporigHa pisHULsa MiXK NokasHUKamMu A0 i nicns nikyBaHHS
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TMpumitka

Tabnuysi 2. AHTporomeTpisi Ta KoMmno3uyis Tina nayientis 3 Y42 o i nicna nikyBaHHA iHKpeTuHomimetukamm (M = m)
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* — BiporigHa pi3Hnys Mix nokasHukamm Jo i nicns nikysaHHs (P < 0,05).

Tpumitka

Ta6nunys 3. CermeHTapHi NokasHUKU Komno3uyii Tina xeopux Ha L2 fo i nicnsa nikyBaHHs iHkpeTuHomimeTukamm (M £ m)

JliBa Hora

10,12 + 0,48
9,32 + 0,36

lMpaBa Hora

10,03 + 0,45
9,35+ 0,37

Kopnyc
33,65 + 1,02

31,19 + 0,95

M’si3o0Ba Maca no cermeHTax, Kr

JliBa pyka
3,76 £ 0,19
4,45+ 1,18

lMpaBa pyka

3,66 + 0,20
4,09 + 0,89

JliBa Hora

lMpaBa Hora

36,76 + 2,28 | 36,54 + 2,28

Kopnyc

BigcoTok Xupy no cermeHTax

37,86 +2,47 | 38,75+2,50 | 36,94 + 1,72 | 39,13 £ 2,07 | 38,24 + 2,30
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(P < 0,05).

: BiporigHa pi3HULsI MiDK MOKa3HUKamu Ao i nicns nikyBaHHS

lMpumitka

V npoueci aikyBanus apI' TITI-1 y naiieHTiB He BUSIB-
JIEHO CYTTEBMX 3MiH MOKa3HUKA 0a3aibHOr0 MeTaboi3my,
TOOTO KiJIbKOCTi €HEeprii, 110 BUTPAYAETLCS HA MiATPUMKY
KUTTENISTIBHOCTI OpraHi3My B CTaHi CIOKOIO.

4K BimoMo, OKpiM TOJIiMIIIeHHS I1iKeMiYHOTO KOHTPO-
JIIO Ta 3HUKEHHS CTYTIEHST OXKMpiHHSA Y mauieHTiB i3 /12,
apl'TII1-1 maoTh 1ONATKOBI CIPUATIAUBI MJIEHOTPONHI
e(eKTH, 30KpeMa MOJIMIIYIOTh JIMiTHUI CIIEKTp, 3HIXKY-
I0Th apTepiaJbHUN TUCK i KITyOOUKOBY Tinepdinbrpaiiiio,
SIKi MOXYTb CITPUSITH 3MEHILIEHHIO PU3UKY XapaKTEPHUX ISt
L2 ycknamHeHb i3 00Ky HUPOK i CeplieBO-CYIMHHOI CUC-
TEeMM, MAlOTh NTOMITHWI BIJIMB Ha JIMiAHUN OOMiH, Jil0un
Ha Pi3HUX KJIITUHHUX piBHsX [21].

Pesynbrati BU3HAYeHHSI MOKA3HUKIB JIIMIIHOTO CMEK-
Tpa CMPOBAaTKM KPOBI ITALliEHTIB y IIPOILIECi JIIKyBaHHS
IHKpETUHOMIMETUKAMM TIPOJEMOHCTPYBaJIM MMO3UTUBHI
3MiHM TTOKa3HUKIB JIimigHoro komiuiekcy. Hopmamnizaris
cepenHboro piBHs T Ta rosloBHOI TpaHCIOPTHOI (hopmu
TI' — XC JIITAHILL Bka3ye Ha MOMIMILIEHHST eHEPTeTUYHO1
3abe3reueHocTi nepudepuyHnx KiaiTuH, Tomy 1o TT Bu-
CTYNalOTh TOJIOBHUM JIKEPEIOM KUPHUX KUCTOT — HalBaX-
JIMBIIIMX €HEPreTUYHUX CyOcTpaTiB. 3HKeHHs piBHSI 1T
y LIMPKYJIsiii HaTie 1ig BrutuBoM Teparii apl TITT-1 moxke
MOSICHIOBATUCH MOJITIIEHHSIM PELENTOPHOTO MOTJIMHAHHS
TI — XC JITAHII, sii Hanexatb 10 aTepOreHHUX JIiri/i-
HUX (ppakliiii CHpOBaTKMU KPOBi.

B o6cTexxenux nauieHTiB y mpoueci tepamii apl ' TIT1-1 e
BUSIBJICHO BipOTiIHUX 3MiH PiBHSI aHTUATePOreHHOI (hpak-
uii xonectepuny — XC JITIBILL. MoxuBo, 11e moB’s13aHO
3 0J1M3bKUM 10 HOpMU TToyaTkoBuM piBHeM XC JITIBILL
y maniit koropti (1,20 = 0,26 mmonb/1, Med &+ SD).

V pesynbraTi 1OCHiIKeHHSI B CMpOBaTILi KPOBi maili-
eHTiB 3 LI/12 BusiBIeHO BiporigHe 3HUKEHHSI KOHIIEHTpa-
il TOKCMYHOTO MEeTa0OoJIiTy MiKpo0OiaIbHOTO MOXOIKEeH-
Hs TMAO. Ockinbku Binnosiab Ha apl TITT-1 moxe OyTH
MOTEHIIiIITHO ITOB’sI3aHa 3 KUIIKOBOIO MiKp0o0iOTOIO0, 3HU-
>keHHs1 piBHSI TMAO moxe OyTu BigoOpaXkeHHSIM MeXa-
Hi3MiB aHTHaTeporeHHoro edpekry apl'TIII-1, moB’s3aHux
3 KOHTPOJIEM MeTab0J1i3My XOJIECTepUHY i SKOBUHUX KUCJIIOT,
CTUMYJIIOBAHHSIM PELIENITOPiB BUIBHUX XXKUPHUX KUCIIOT Ta
XC JIITAHIII, a TakoxX BIIIMBOM Ha CeKpeIlilo iHCYIiHY,
[JIIOKAroHy, JIENTUHY Ta iHKPETUHOBUX TOPMOHIB.

Takum ynHOM, 3aCTOCYBaHHS iHKPETMHOTEpAaIIil CIIpH-
SIJTO TIOJITIIIEHHIO TIIKeMiYHOTO KOHTPOJIIO Ta TTapaMeTpiB
KOMMo3ullii Tina nmamieHTiB i3 LI/12. 3aBasiku aHTUTineprJIi-
keMiuHiii aii ap['TIIT-1 Ta 3MeHIIIeHHIO KiJIbKOCTi XKUPOBUX
BiIKJIaJIeHb MOXe€ 3iACHIOBATUCSI MO3UTUBHMI BIUIUB Tepa-
ITii Ha MeTa00Ii3M JIITiAiB IK €HepreTUIHUX Ta IUIACTUIHNX
cyocTpaTiB, HEOOXiTHMX JJ1sT (DYHKIIIOHYBaHHS TKAHUH i Op-
raHiB, 3HMKYyBaTUCh pu3uK areporeHedy Ta CC3. Ilomin-
IIEHHS CTaHy KMIIIKOBOTO €HIIOTEIiI0 Ta CKJIa Ty KUIITKOBOT
MiKpOoOiOTH TaKOX MOKe OyTH YMHHMKOM, 1110 BIUTMBA€E Ha
MIPOAYKIIiI0 OAaKTEPiIMU Ta IPOHUKHEHHS B KPOBOTIK I10-
TEHIITHO TOKCUYHUX MeTaboJIiTiB, 1K-0T TMAO.

BMCHOBKM
JocnimkeHHs KIiHiYHUX e(PeKTiB iHKpeTMHOMIMETHKIB
y manieHTiB 3 LIJI2 migTBepauiIo iX MO3UTUBHMI BIUIUB Ha

MeTa0oJIi3M IJII0KO3M Ta JiIiAHUI CrieKTp (HopMaJi3allis
piBHiB TT, XC JITIJITHIL).
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Ha 1i repamii apI'TII1-1 3adikcoBaHO MOJIIIIIEHHST Ie-
SIKUX aHTPOITOMETPUYHMX Ta KOMIO3UIIHHUX IMOKA3HUKIB
(IMT, OT, Bincotka Xupy, rinparaiii, piBHsI BicliepaJIbHOTO
XUpY).

3acrocyBanHs apl'TIIT-1 cnipusiio 3HMXKEHHIO KOHIIEH -
Tpallii TOKCUYHOTO MikpobiaabHoro merabdosita TMAO
B CMpOBaTIi KpoBi nauieHTiB 3 LI/12, 3MeHIIIEHHIO TTPOSIBiB
aTeporeHe3y Ta 3HUKEHHIO PU3MKY BUHMKHEHHS ceplie-
BO-CYIMHHUX YCKJIaTHEHb.

KondurikT inTepeciB. ABTOpH 3as1BJISIIOT PO BiJICYTHICTb
KOH(DIIIKTY iHTepeciB Ta Bl1acHOI (DiHaHCOBOI 3alliKaBJIeHO-
CTi TIpY TIATOTOBIII JAHOI CTATTi.

Buecok asropiB. [luwkars-Illuwosa K.O. — KOHUEIILisT
Ta IM3aliH JOCIiIKeHHs, 30ip JaHWX, aHaJli3 Ta iIHTepIIpe-
Tallisl JaHuX, HarKucaHHs ctatTi; 3inuy O.B. — KOHIICTILIisT
Ta AU3aliH JOCJiIXKEeHHs, aHaJli3 Ta iHTeprIpeTallisl JaHUX,
KPUTUYHUI OTJISI CTATTi, OCTATOYHE 3aTBEPIKEHHSI CTaTTi;
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The effects of incretin mimetics on the level of the microbial metabolite trimethylamine-N-oxide,
a marker of cardiovascular risk in type 2 diabetic patients

Abstract. Background. The purpose was to investigate the ef-
fect of therapy with glucagon-like peptide-1 receptor agonists
(GLP-1ra) on the serum concentration of trimethylamine-N-
oxide (TMAO), an intestinal microbiome metabolite, in patients
with type 2 diabetes mellitus (T2DM) in relation to clinical and
laboratory indicators and parameters of body composition. Mate-
rials and methods. Thirty-three T2DM patients (17 women and 16
men) were examined aged 31 to 72 years who had unsatisfactory
control of carbohydrate metabolism (HbAlc > 7.4 %) against the
background of previous glucose-lowering therapy (metformin,
sulfonylurea derivatives, insulin, gliflozin) and were administered
GLP-1ra. Before the start of treatment and after 6 months of
therapy, parameters of anthropometry, body composition were
measured (using the bioelectrical impedance analysis with the
Tanita analyzer); blood glucose and glycated hemoglobin, TMAO
concentration, blood lipids were assessed. Results. Patients diag-
nosed with T2DM had HbAlc > 7.4 %; 91 % had general obesity
(body mass index 34.7 + 6.6 kg/m?), 100 % had abdominal obesity
(waist circumference 118.00 £ 11.24 cm, Med £ SD). In 72 % of
cases, there was a history of cardiovascular complications (myo-
cardial infarction, stroke, coronary and peripheral atherosclerosis,

arterial stenosis). Under the influence of a 6-month administra-
tion of GLPlra, there was a decrease in the degree of total and
abdominal obesity, a significant drop in the percentage of fat and
the level of visceral fat, which was accompanied by an increase in
hydration, a reduction in triglyceridemia and the concentration of
very-low-density lipoprotein cholesterol (VLDL-C). A significant
decrease in the level of TMAO microbial metabolite in the blood
serum was recorded, which may reflect the antiatherogenic effect
of GLPIra, associated with the control of cholesterol and bile acid
metabolism, the stimulation of VLDL-C receptors, and the effect
on the secretion of insulin, glucagon, ghrelin, leptin, incretins.
Conclusions. A study on the clinical effects of the incretin mimetic
(GLP-1ra) in patients with T2DM confirmed its positive impact
on glucose metabolism and blood lipids. At the same time, during
GLP-1ra therapy, an improvement of some compositional and
lipid indicators (visceral fat, triglycerides, VLDL-C) was recorded
with a simultaneous decrease in the concentration of TMAO toxic
metabolite.

Keywords: glucagon-like peptide-1 receptor agonist; trimethy-
lamine-N-oxide; body composition; blood lipids; type 2 diabetes
mellitus
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ApxurnikiHa T./\., boHaapeHko B.O., Arobumosa A.1., Mictopa K.B.
AY «IHCTUTYT MooBAeM eHAOKPUHHOI NAToAorii im. B.SI. AaHuaescbkoro HAMH YkpaiHu», m. Xapkis, YkpaQiHa

PiBeHb roMOLUCTEIHY TA NOAIMOP}i3M reHis
POAATHOIO LIUKAY Y XKIHOK
I3 CUHAPOMOM MNMOAIKICTO3HUX SEYHUKIB

Pe3tome. AkTyanbHicTb. CuHgpom nosnikicTosHux sieuHukiB (CIMKS) — 6aratohakTopHe 3axBOproBaHHS,
Y PO3BUTKY SIKOrO BaxXKJInBe 3HAYEHHs Mae rosimopgiam reris. OcTaHHiMU pokamu 3’ aBs0TLCA AaHi Wwono
porni romoyucteiny (I'l) y gpopmysaHHi CIK5, a rinepromouncTeiHeMiss HaBiTb BBAXAaeTbCs OJHIEI0 3 OCHOBHUX
O3HaK LbOro 3axBoproBaHHs. [lpuduHu, siKi npu3BoasaTh [0 MopyLLueHb 0OMiHy L, fy>xe pisHOMaHIiTHI Ta B 6i/lb-
LLIOCTI 3anexarb Bifj CTaHy reHis ¢gponatHoro ymksy. BogHo4ac icHyroudi gaHi LWoR[o BriavBy nomiMopgiamy reHis
5,10-metuneHtetparigpo-gonar-peagykrasn (MTHFR), meTioHiH-cnHTasu (MTR), MeTiOHIH-CUHTa3un-peayKTasu
(MTRR) Ha po3suTOK rinepromouucteiHemii Ta puank BuHukHeHHs CIIKS HeducnerHi Ta cynepeynusi. MeTa:
LocnignTn noniMopghiam reHis, Lo KogyoTb hepMeHTn ¢ponatHoro ymkny MTHFR, MTR, MTRR, Ta BcTaHoBUTH
ix 38’s30kK 3 piBHem L] y xBopux Ha ClIK5. Matepianu Ta metoamn. O6¢cTexeHo 129 XiHok Bikom 20—28 pokiB:
ocHoBHa rpyna — 98 xsopux i3 CIK5, koHTporbHa — 31 380poBa xiHka. BuaHaveHo Bmict 'l y cuposartyi
KpoBI Ta NMpoBe[eHO MOJIEKYIIAPHO-reHeTUYHE [OCNigXeHHs 3 igeHTugikayieto reHis MTHFR, MTR, MTRR.
Pesynbratu. [NoniMoppHi BapiaHTV reHiB hepMeHTIB ¢honaTHoro ymkiy mamam micye sk y xsopux Ha ClIK5, Tak
iy 3q0poBux XIiHOK, ogHak 3a ymos ClK5 crnocTepiranacek icTOTHO BULLa KOHUeHTpauis 'L y cuposaTtyi KpoBi.
AHarnia nonimopgismy reHa MTHFR C677T nokasas, Lo HasiBHICTb MyTauiviHoro anesnsa T cyrnpoBoaXyBanach
nigBuLyeHHsm piBHs ' (12,9 + 0,2 MkMmorib/n1) Ta pudunkoM BuHukHeHHs1 CIKS (OR = 1,19; 95% Cl 0,52-2,71).
lMpn HasiBHoCTI ABOX anenis T piseHb L] (14,6 + 0,3 MkMosIb/11) Ta WwaHc BuHUkHeHHs1 CIMKS (OR = 7,69; 95%
Cl 0,98-59,87) 3poctanu Lye 6inbLue BIGHOCHO (OYHKLUIOHAsIbHO «HOpMarsbHOro» redotuny C677C. Mix nosi-
mopapiamom reHa MTHFR y nokyci 1298 ta CIK5 Takox icHyBana acoyiayis, cnia sKoi 3anexana Bif KilbKocTi
nartonoridyHux anenis C 1a 6yna onocepegxkosaHa pisHem 'L, xo4a Usi MyTaLis cyrnpoBoaXyBanacb MEHLL iCTOT-
HUM 3pocTaHHAM piBHSA L, HX MyTayis B 11okyci 677. [OpIBHIHO 3 HOCISIMU FOMO3UroTHOro reHotuny A1298A
Y xBopux, siKi Mann oguH anesns C, pusnk po3sutky CIKS5 6ys y 5,7 pasa BuluM, a 3a HasiBHOCTI ABox anernis C
3pocrtas y 7,3 pasa. [eHotunin MTRR A66A Ta A66G cynpoBoAXyBancCh iCTOTHUM NigBULLEHHAM piBHS 'L npu
MOPIBHAIHHI 3 NMOKAa3HUKOM KOHTPOJILHOI rpyrnu Ta NoeAHyBannch 3i 36iMbLLUEHHAM pu3nKy BuHukHeHHs ClKS.
MyTaHTHW romo3nrotHui reHotnn G66G YacTille 3yCcTpiyaBcsi B KOHTPOJIbHIV rpyni Ta He Mas 3Ha4YHoro BriinBYy
Ha piBeHb 'l{. He goBeaeHo, Lo reH MTR e reHom-kaHangaTom po3sutky ClIIK5, a vioro nonimopghHi BapiaHTn
MaroTb HeratuBHuY BRauB Ha piBeHb Y. [NoegHaHHA myTayiviHnx BapiaHTiB reHieB MTHFR C677T ta A1298C,
MTHFR C677T ta MTR A2756G, MTR A2756G ta MTRR A66G acouitotoTbcsi 3 6irlbLL BUCOKUMM MOKa3HMKaMu
'Y ta warcy possutky ClK5 nopiBHAHO 3 6yAb-sIKOK OKPeMoto MOHOMYTaLieto. BUcHoBku. Nonimopiam reHa
MTHFR ta cuHepridHwuii echekT myTtauivi redis MTHFR, MTR, MTRR MOXyTb 6yTu BaX/IMBUMN reHeTUYHUMMU
fetepmiHaHTamu piBHs 'L Ta puauky BuHukHeHHs1 CITKA.

Kno4oBi cnoBa: cuHapoMom nonikicTo3HUX SeYHUKIB; romoumcTeiH; reqHn MTHFR; MTR; MTRR
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Bctyn

Cunapom noJikicrozHux sieuHukiB (CITKA) € Haitbinbin
MOUIMPEHOI0 EHAOKPUHHOIO PEeNpPOAYKTOIATIEI0 3 MeTa-
OOJIIYHUMU pO3JIaJaMU, sIKa BpaXka€e XKiHOK TiTOPOIHOTO
BiKy [1]. Xoua eTionorist CITK 11e He MOBHICTIO BUBYEHA,
Bce OiJIblIIe JaHUX CBiAYaTh MPO Te, 1110 1ie bararodakTopHe
3aXBOPIOBAHHS, Y PO3BUTKY SKOTO BaXJIMBE 3HAYEHHSI MAa€E
noximopdism rexiB [2]. Ha choromHi B HayKoBUX poOoTax
00roBopiloeThes B3aeMo3B’ 130K MixK CITKS Ta kinmbkoma
reHaMM-KaHIuaaTaMu, OfHAK XOJEH TeH 11ie He OyB ineH-
TdiKOBaHUI SIK Hioro 6iomapkep [3]. BomHovyac nutaHHs
NaTOTeHETUYHUX IIPOLIECIB, SIKi € MiATPYHTIM /11 PO3BUTKY
1IbOTO 3aXBOPIOBAHHSI, TAKOX 3aUILIAKTHCS A0 KiHIIS HE
BUPILIEHUMU i MPOAOBXKYIOTh peTelbHO BUBYaTHUCs. Oc-
TaHHIMU POKaMU Bce Oiblie 3’ SIBJISETHCS JaHUX LIOAO POJIi
romouucteiny (I'll) y dopmysanni CITKSI, a rinepromo-
nucreinemis (I'TLL) HaBiTH BBaXKa€ThCS OMHIEIO 3 OCHOBHUX
03HaK 1IbOTO 3axBoproBaHH [4]. Uepe3 OKMCHIOBaJIbHUI
ctpec ['TL cripusie po3BUTKY iHCYJIIHOPE3UCTEHTHOCTI, I1C-
dyHK1ii B-KITiTHH, Bimirpae poik MemiaTopa eHIOTeTiaTbHO-
TO YIIKOJXXKEHHS, 110 aCOLIIOETHCS 3 MiABUILIEHUM PU3UKOM
CepleBO-CYIMHHUX 3aXBOPIOBAHB Ta BBAXKAETHCS MTPEIUKTO-
POM BUHMKHEHHSI pePOIyKTUBHUX po3iadiB [5—7].

IIpuunHu, sKi mpu3BOAATH 10 TopyiieHb ooMiny 'Ll Ta
po3ButKy I'TL, myxe pisHOMaHITHi, BOgHOYAC, 3a JTaHUMU
nitepatypu, 2/3 ycix Bunankis I'TLI moB’s3aHi 3i 3MiHaMH,
110 BUHMKAIOTH T1if yac peMmeTuaioBanHs 'Ll mo MeTioHiHy
Ta 3HAYHOIO MipoI0 3ajeXaTh Bill cTaHy (hoJaTHOTO K-
kiy [8]. Y donarHOMy UK OepyTh y9acTh MOHAM AECATH
E€H3MMIB, cepejl SKUX HalOLIbII JOCTiIXKYBaHUMHU Ta Baro-
MUMMU TSI aIeKBaTHOTO (DYHKITIOHYBaHHS PEIPOLYKTUBHOI
CHUCTEMHM BBaXKaIoThCs 5,10-MeTuaeHTeTpariapo-goiar-pe-
nyktaza (MTHFR), metionin-cunraza (MTR), meTtio-
HiH-cuHTa3a-penykraza (MTRR) [9]. V cBoto uepry, i
depMeHTH KOnyloThcsl oqHoiMeHHUMM reHamMu (MTHFR,
MTR, MTRR), 3a ymoB nmorimopdi3my SIKUX pO3BUBAIOTHCS
MPOLIECH, 1110 TTPU3BOJSITh 10 aHOMAJIbHOTO HAKOMTMUEHHSI
I'll i, BinroBinHo, 10 po3Butky I'T1I [8, 10]. Otxe, LiIKOM
MOBipHO, 1110 TTOTiIMOP(}i3M TeHiB (HOTATHOTO TUKITY MOXKE
OyTH OorocepeaKoBaHO abo HarpsiMy ToB’si3anuii i3 CITKS,
OIHAK Pe3yJbTaTU HAYKOBUX MOCIHIIKEHb, SIKi BEIyThCS
B LIbOMY HampsIMKY, Cyrepewinsi [5].

KitouoBuii pepment ¢onatrHoro oominy MTHFR xo-
nyetbess reHoM MTHFR Tta nepeBonuth ¢omieBy Kucio-
Ty B aKTUBHY (popMy — S-MeTHATETpariapodoiat, SKui
Hece METUJIbHY TpYyITy, HeoOXinHy mist pemeTwioBaHHs ['11.
3HmxKeHHs akTuBHOCTI epmeHTy MTHFR nipusBoauts 10
3MEHIIIEHHs YTBOPEHHS S-MeTWITeTpariapodoary i omHo-
yacHo o ninBuieHHs piBHs 'Ll B kpoBi. IcHye nexinbka
mytauiii reHa MTHFR, 1110 BUK/IMKaioTh TSLKKY HEIoCTaT-
HICTh LILOTO €H3MMY, aJie OUIBIIICTh 3 IIMX BapiaHTIB dyXkKe
pinkicHi. Ha cboromHi BaroMy nmpakTH4YHY pOJib BilirpatoTh
nBa nosiiMopdHi Bapiantu C677T ta A1298C, ocKibKU
came BOHM TTPU3BOMSTD 0 3HWKEHHS aKTUBHOCTI (hepMEHTY
MTHER [11, 12]. BonHoYac maHi om0 B3a€MO3B’SI3Ky MixX
3a3HauyeHUM monimopdizmom ta CITKS cynepewnnsi. Tak,
MOJIBCHKi TOCTITHUKHU CTBEPIKYIOTh, 110 MiXK TeHETUIHOIO
mytauiero MTHFR C677T ta CITKS BigcyTHs acouiaitist
[13], Tomi six HaykoBIIi 3 Kopei BBaxkaloTh HAasIBHICTh ajesist
T dpakTopom pusuky po3sutky CITKS B kopeiichKiit morry-

ssuii [14]. Hogo myTauii y gokyci 1298 Ta miaHCcy BUHUK-
HeHHst CITKS noBruii yac He OyJ10 )XOMHUX 10Ka3iB. Jluiiie
B OCTaHHI poku y po6otax X. Jiao 3i cmiBaBT. Ta W. Feng
3i CITiBaBT. BUCJIOBJIIOETHCST TIPUTTYILIEHHS, 110 3aMiHa ajie-
7151 A Ha anenb C y JaHOMY JIOKYCI TAaKOX CYPOBOIKYEThCS
3HMXKeHHsIM akTuBHOCTI hepmenty MTHFR [14, 15], onHak
JIO KiHIISl LI€ MUTaHHS 3QIMIIAETHCS HE BUPILLIEHUM.
®epment MTR konyerbest reHoM MTR. MeTioHiH-CUH-
Ta3a karaiizye pemerunoBaHHs 'Ll y MeTioHiH 3a goro-
MOTOIO peaklliii, ae K MIPOMiXKHUI MePEHOCHUK METUIBbHOI
IPYIY BUCTYMA€E METUIKOOAIaMiH. Y 1IbOMY Mpolieci Binoy-
Ba€EThCS OKMCHEHHS Kobaaminy, a epmeHT MTR neperBo-
PIOEThCS Ha HeaKTUBHUIA cTaH. Myraiii rena MTR MoxyThb
3MiHIOBaTH aKTUBHICTb METIOHIH-CUHTA3M, 110 BILUIMBAE
Ha npouec pemeTtunoBanHs 'L Ta cnipusie HakKoNMMYeH-
HIO OCTaHHBOTO [16]. ICHYIOTH JIMIIIE TTOOAUHOKI pOOOTH,
B KX BMBYABCS 3B’SI30K MiX MyTalliiHUMM BapiaHTaMU
reHa MTR A2756G ta CITK4, a orpumaHa BapiabGeJIbHICTh
pe3yJbTaTiB CBiIUUTh PO iCHYBaHHSI HalliOHAJbHUX OCO-
O6sMBOCTEH B pi3HUX reorpacdiyHux perioHax [17].

BinnoBneHHs aktuBHOCTIi MTR MOX/IMBO 3a ydyacTio
depmenty MTRR. AMiHOKMCIIOTHY MOCTiZOBHICTh dep-
MEHTY METiOHiH-CMHTa3u-peaykra3u kogye reH MTRR.
I1pu noniMopdi3Mi y IIbOMY I'eHi BiZOYBa€eThCS 3aMiHa aMi-
HOKHMCJIOTHOTO 3aJIMIIKY i30JIEWIIMHY HAa METiOHiH, a (DyHK-
LioHaJibHa aKTUBHicTh pepMeHTYy MTRR 3meHIIyeTbcst
[14]. 3HIKeHHSI aKTUBHOCTI KOXKHOTO 3 €H3UMIB (h0JIaTHOTO
LIMKJTY CYMIPOBOKYETHCS MMOPYLIEHHSIM MPOLIECY METHITIO-
BaHH!I, a IeeKT y poOOTi JOHOPa METUILHUX IPYIT — METi-
OHIiHY TSITHE 3a COOO0IO IOBTMiA JIAHIIIOT TeHETUYHUX IO,
IIO SIKMX 3ajTy4eHi IoIiMopdHi aiei Ta reHu, 110 perysio-
10Th MeTa0o01i3M (oJaTiB i BIIMBaOTh Ha po3BUTOK ['TLI.
KymynsatuBHUM reHeTUYHU TToIiMOpdi3M NOrInoIII0E 110-
PYIIEHHS MPOLIECY PEMETWIIOBAHHSI, TTOCUJTIOE METa0OTiuHI
i peNPOAYKTUBHI pO3JIa/iu, 1110 MOXE BILUTMBATH Ha KJTiHiY-
Huii Ta MeTaboaiyauii penorun CITKS [18].

OTxe, MTPUBaOIMBICTH BUBUCHHSI TTOJIIMOP(MHUX BapiaH-
TiB I'eHiB (DOJaTHOrO LIMKIIY Y KOHTeKCTi BuHUKHeHHs I'TLI,
K miarpyHTs st po3sutky CITKS, He BuKinkae cymMHiBiB.
BonHouac cynepewinBiCTh iCHYIOUMX HayKOBUX JaHUX Ta
MMPAKTUYIHO BiICYTHICTh HAYKOBUX POOIT 1100 BIUIMBY MOJIi-
Mopdi3My reHiB ojaTHOro LUKIY Ha TIPOLIECH, TTOB’sI3aHi
3 pu3ukoM po3BuTKy CITKS y XiHOK yKpaiHChKOI ITOMyJIsI-
11ii, CTOHYKAIOTh JI0 TTOJAIBIINX TOCTiIKEHb.

MeTa gocaiKeHHs: TOCTiIUTY MToIiMOPdi3M OCHOBHUX
TeHiB, 1110 KoayoTh hepMeHTH onaTHoro uukity MTHFR,
MTR, MTRR, ta BcraHoBUTHU iX 3B’s130K 3 piBHeM I'1]
y xBopux Ha CITKSI.

CraTTs BUKOHaHa B paMKaX HayKOBO-I0CIiIHOI poOOTH
«BuzHaueHHs posi OMHOHYKJIEOTUIHUX IT0JiMOpP(di3MiB
reHiB-KaHIMUIAaTiB 11010 e(heKTUBHOCTI pPi3HUX BapiaHTIB
Teparii LyKpoBOIo niadbeTy 2-ro TUILY, OXKUPiHHS Ta €HI0-
KPUHHO 00yMoBJIeHOTo G6e3rmtimasa», Ne 0122U200336.

MarTtepiaAu Ta meToamn

VY pamxkax 1iei podotn oocrexxeHo 98 xiHok i3 CITKS
(Porrepnamcbkuii konceHcyc 2003 p. [19]), ski 3BepHyIUCS
1o kiiHiku JIY «ITTEIT». [lo koHTposibHOI rpyru yBifinuia 31
3710pOBa XiHKa 6e3 MopyllleHb MEHCTPYaJIbHOIO IIUKJIY i pe-
MPpOAYKTUBHUX po3afiB. [pyna xsopux Ha CITK Ta 3mopo-

Tom 19, N2 7, 2023

www.mif-ua.com, https://iej.zaslavsky.com.ua 65


http://www.mif-ua.com
https://iej.zaslavsky.com.ua

OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

Bi XKiHKM Oy/IM MOpiBHSHHI 3a BikoM (24,2 * 0,2 poKy mpot
24,9 + 0,3 poky) i1 iHmekcom Macu Tiia (26,4 = 0,4 xkr/m?
npotu 25,8 + 0,5 kr/M?). 2KonHa 3 XXiHOK He OTpuMYyBajia
BiTaMiHU Tpynu B monaiiMenIe 3a 3 micsii 10 movaTky
IOCTiIKeHHs. 3alydeHHs 10 JOCTiIKEeHHs ITPOBOAMIOCS
MiCIIs TmianmrcaHHs iHPOpMOBaHOI 3TOAM MAlli€HTA.

JU1st IipoBeneHHS MOJIEKYISIPHO-T€HETUYHOIO TOCi-
mxeHHs 3 ineHtudikauiio renis MTHFR, MTR, MTRR
BUKOPUCTOBYBaJIM Ha0ip JJIs1 BUBHAYCHHSI CXWJIBHOCTI 10
nopyieHs donarHoro uukiay BC-Folate (Biocorp, Ykpa-
THa). 3a pe3ybTaTaMyu BUALISUIA TEHOTUITN: TToJiMopdizm
C677T rena MTHFR: CC — romosuroruuii qukuii, CT —
rerepo3urotHuii, TT — roMO3UTOTHUI MyTaHTHMIA; TTO-
niMmopdizm A1298C rena MTHFR: AA — romo3urotHuit
nukuii, AC — rerepo3urorauii, CC — roMo3uroTHU1 My-
TaHTHUIT; TTosiMopdizm A66G rena MTRR: AA — romo-
3urotHuit nukuii, AG — rereposurotiuii, GG — romo-
3UTOTHUI MyTaHTHUI; TiojiMopdizm A2756G rena MTR:
AA — roMo3uroTHuit nukuit, AG — reTepo3uroTHUI,
GG — roMO3UTOTHUIA MyTaHTHUIA.

g Bu3HaueHHs1 KoHueHTpallii I'Ll BukopucroByBaiu
TecT-cucteMy Roche Diagnostics (I1IBeitiapist).

CraructruHa 00poOKa oiep>KaHUX TaHUX MPOBOAMIACH
MeTOJaMM BapialliliHOI CTaTUCTUKU 3a TOIOMOTIOIO0 CTaH-
NapTHOTO MakKeTa CTaTUCTUYHUX po3paxyHKiB Microsoft
Excel i Statistica 10.0. BiporigHicTh po30ixXHOCTEl cepenHix
BeJIMYMH BU3Havyau 3a t-kputepieM CrblofeHTa. JlaHi Ha-
BeseHi 1K X + Sg. OLiHKa KaTeropiaabHUX 3MiHHUX TPOBE-
JIeHAa 3 OOUMCIIEHHSIM YacTOT i 4acToK (%), [Jist TOPiBHSIHHS
BiIMiIHHOCTE BUKOPMCTOBYBAIM TAOJIUIIi ITOB’SI3aHOCTI i B~
paxoByBaJu ¥’ TecT. Bkiroyanu monpaBky €iitca Ha 6e3rie-
pepBHiCTh. Po3paxoByBain IMOKa3HNUK BiTHOIIICHHS IIIAHCIB
(OR) 3 95% noBipunM iHTepBazoM. CTaTUCTUYHO 3HAYYIL -
MU BBaXKaJIl BiIMiHHOCTI ITpH piBHi BiporigHocTi P < 0,05.

JocainkeHHs TPOBOAMIOCS BiIMOBIAHO 10 OCHOBHUX
npuHuMIiB 6ioetuku Konsenuii Pany €Bpomnu mpo mpasa
moanHu Ta 6ioMeanimny (4 kBiTHS 1997 p.), [enbciHChKOT
nexiiapauii BeecBiTHBOI acouiallii OXOpOHU 310POB’sl PO
€TUYHI TIPUHILIUITU TTPOBEICHHS MEIMYHUX TOCIiIKeHb
3a yvacTio soneit (1964—2013). Kowmicist 3 6iomeanuHo1
etuku Y «lHCTUTYT MpoOGeM eHIOKPUHHOI ITaTOJIOTil
im. B.4l. JanuneBcbkoro HAMH Ykpainu» (nmpoTokoi
Ne 6 Bix 31 TpaBHs 2023 poKy) MOpylIieHb MOPAJIbHUX i Ipa-
BOBUX HOPM TIiJT Yac JOCTi/IKEHHS He BUSIBUIIA.

PesyAbTaTH

I1pu Bu3HaveHHi piBHs 'Ll y cupoBaTLi KpOBi BCTAHOB-
JICHO BipOTigHi po30iKHOCTI B IOT0 cepeaHiX MoKa3HUKaX
y xBopux Ha CITKSI 3 HagBHicTio (12,1 = 0,2 MKMOJIB/JT)
i BincytHictio (10,6 + 0,3 MKMOJIb/T) TEHETUYHOTO T1O-
JiMop(}i3My MOPIiBHSIHO 3 XiHKaMU KOHTPOJIbHOI I'PYITH
(8,2 + 0,3 mxmounb/i; P < 0,05).

PesynbraTt MOJIEKYJISIDHO-TEHETUYHOTO aHalli3y Io-
JiMOp(HUX BapiaHTIB AOCIIXKYBaHUX I'eHiB (osaTHOTO
LUKy B 00CTeXXeHMX IAIli€EHTIB HaBeAeHi y Tao. 1.

Amnani3 nonimopdizsmy reHa MTHFR B ob6cTexkeHUX
JKiHOK BCTAHOBUB CTAaTUCTUYHO 3HAUYIIi BiIMiHHOCTI MixX
OCHOBHOIO Ta KOHTPOJIbHOIO TpyrnamMu. Tak, 3a ymoB CITKS
HOCIICTBO (DYHKIIIOHAJIbHO «HOPMaJbHOTO» I€HOTHUILY
C677C cnocrepiraioch B 1,6 pa3a piziile, a TOMO3UTOTHOTO

«HecnpusaTIuBoro» renoruny T677T y 6,4 pa3a uacrilue,
HiX y KOHTPOJIbHIN Tpyni. BcTraHOBIEHO, 1110 HasiBHICTh
MyTauiiHoro ajneis T cympoBomKyBajlach HasIBHICTIO
acomiartii i3 CITKS (> = 0,04; P =0,84; OR = 1,19; 95%
CI1 0,52—-2,71), sika 3pocTaja 3i 30iJIblIeHHSIM KiJIbKOCTi
anenis (TT) (x> = 3,919; P = 0,048; OR = 7,69; 95% CI
0,98—59,87). OTpuMaHi HaMu pe3yJbTaTH Y3TOIKYIOThCS
3 JaHUMU iHIIMX JOCIIHUKIB Ta HMiATBEPIXKYIOTh IIPUITY-
LIEHHS, 1110 ajieJib T MoxXe OYyTHU MOETHAHUN 3 PUBUKOM
BuHukHeHHs CIIKSA [14]. HagBHicTh MyTaliiiHOro Bapi-
anta reHa MTHFR C677T B 06¢cTexkeHUX MaLli€EHTOK TaKOXK
MoEeAHYBaIach 3i 3pocTaHHsIM KoHueHTpauii 'Ll y cupo-
BaTLi KPOBIi, IIPU IHOMY JAaHUI TTOKA3HUK OyB BipOTigZHO
(P <0,001) Bumum 3a pieHb 'Ll sIK y 310pOBUX XiHOK, TaK
iy xBopux 3 renoturiom C677C.

JpyruM 3a MOILIMPEHICTIO TTOJiMOP(MHUM BapiaHTOM
reHa MTHFR € myratiist A1298C. [oM0O3UTOTHUI reHOTHTT
A1298A B rpyni xxiHok i3 CITKS tparisiBest BiporigHo pii-
11I€ TTOPiBHSIHO 3 KOHTPOJIEM, a BiICOTOK HOCiiB T€HOTUIIiB
A1298C Ta C1298C OyB zelo BUIIMM, X04a JJOCTEMEHHOI
pi3HULIi He BcTaHOBJIeHO. [1pu ouiHIII MOXJIMBOCTI acowia-
i1 MK IMMU MyTallissMu Ta pru3ukoM BuHuKHeHHs CITKS
3a3HAYCHO YiTKY 3aJIeXKHICTh 3 KiJIbKiCTIO ayestiB pusnky C.
TTopiBHSIHO 3 HOCIIMU TOMO3UTOTHOTO reHOTuIly A1298A
Y XBOPUX, sIKi Maiu ofuH ajenb C, maHce po3Butky CITKSA
OyB y 5,7 paza BUILIUM, a 32 HasIBHOCTI 1BOX anefiB C 3po-
craBy 7,3 pasa (ta6:a. 1). BonHouac nonimopdi3zm reHa
MTHEFR 3 myraitissmu B jiokyci 1298 cynpoBoaKyBaBcs
MEHIII iCTOTHUM 3pocTaHHsaM piBHs 'L, HixX mpu myTalisx
B JIoKyci 677. OTXe, MOXHA MPUITYCTUTH, 1110 3aMiHa Ha [Ti-
ngHui 1298 rena MTHFR 3HuXy€e akTUBHICTb BiIMOBIIHOTO
(bepmeHTy hOIATHOTO LIMKITY, OJJHAK HE TaK CYTTEBO, SIK IPU
noiMmopdizmi C677T.

BcTaHoBieHO, 110 HASIBHICTh KOMITAyH/I-T€TEPO3U-
rotHux mytanii MTHFR C677T ta A1298C noenHyBa-
JIach 3 OLbII iICTOTHUM ITiIBUIEHHSIM KoHIeHTparii I'L]
(13,7 £ 0,2 mxmouib/i; P < 0,05) mpoTH KOXXHOTO 3 BapiaH-
TiB OKpPEMOi IreTepOo3UroTHOI MyTallii y 1IboMy r'eHi. OTpu-
MaHi pe3yJIbTaT! 1al0Th ITiJICTaBy BBaXXaTH, 110 caMe PiBeHb
I'Ll y cupoBaTLi KpoBi 00YMOBJIIOE acolliallito MixX MOJiMOp-
dizmom rena MTHFR 677/1298 ta CITKA.

[lomo yactotu reHotuniB MTR A2756G, To BoHa
BIpOTiZHO HE BiApi3HsIacCh B O0CTEXKEHMX ITALliEHTOK Ta
3I0POBUX XiHOK (Tabj. 1), Tomi ik KoHueHTtpailis 'Ll 3a
ymoB CITKS Gyna BiporiiHo BUIIOIO, HIXK 11ei1 MOKa3HUK
Y KOHTPOJbHIH rpymi (ta6s. 2). [Torpu 6inbin BUCOKUT
piBeHb '], My He BUSIBUIM acoliallii MixK mojiMopdHU-
MU BapiantamMu reHa MTR A2756G ta pu3uKOM PO3BUTKY
CITKA. IMpu moeaHaHHi reTepo3uroTHux myrauiit MTR
A2756G ta MTHFR C677T noka3HUK CEPEIHBOTO PiBHS
I'tl (13,4 = 0,2 mxmonb/i; P < 0,05) 3pocTaB 111e Gisblire.

Ouinka nmomimopdismy reHa MTRR A66G mokasaia
BiJICYTHICTb BipOTiTHOI Pi3HUIIi Y 4aCTOTi, 3 SIKOIO Tparuisi-
JIUCSI TOMO3MTOTHUH (DYHKITIOHAIEHO «HOPMAaTBHUI» AGOA
Ta reTepo3uroTHuilt A66G reHOTUIIN cepell 00CTEKEHUX
OCHOBHOI Tpynu. Bincorok HOCIiB 11ux mnojiMopdHUX Ba-
piaHTIiB cepen XBOPUX HE BiIpi3HSBCS Bil BiICOTKa cepen
3M0POBUX XiHOK (Ta6r. 1). [eHoTHIIE MTRR A66A Ta A66G
CYIPOBOIKYBAJIMCH iICTOTHUM MiABUIIeHHSIM piBHs 'Ll mpu
MOPIBHSIHHI 3 TOKA3HUKOM KOHTPOJILHOI Ipynu (Tadm. 2).
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Ta6bnuysi 1. Po3nogin reHoTunis Ta anenis noniMopghHUX BapiaHTiB reHiB gponaTHoro LKy
B 06CTEXEHUX XIiHOK

XBopi Ha CMKSAl | KoHTponbHa rpyna
FeHoTun CTaTUCTUYHUIA NOKa3HUK
A6c. (%) A6c. (%)
Anens C 114 (58,2) 48 (77,4) ¥?=6,67; P=0,01; OR =0,41; 95% CI 0,21-0,78
Anenb T 82 (41,8) 14 (22,6) ¥ =6,67; P=0,01; OR = 2,47; 95% CI 1,28-4,77
MTHFR | CC 36 (36,7) 18 (58,1) % = 3,57; P = 0,06; OR = 0,42; 95% Cl 0,18-0,96
Ce77T |t 42 (42,9) 12 (38,7) 2 =0,04; P =0,84; OR = 1,19; 95% Cl 0,52—2,71
TT 20 (20,4) 1(3,2) 2 =3,919; P = 0,04; OR = 7,69; 95% CI 0,98-59,87
CT+TT 62 (63,3) 13 (41,9) ¥?=4,18; P = 0,04; OR = 2,52; 95% Cl 1,11-5,69
Anenb A 125 (63,8) 50 (80,6) ¥?=5,39; P =0,02; OR = 0,42; 95% CI 0,21-0,85
Anens C 71 (36,2) 12 (19,4) ¥?=5,39; P = 0,02; OR = 2,37; 95% Cl 1,18-4,74
MTHER | AA 42 (42,9) 21 (67,7) = 4,88; P =0,03; OR = 0,36; 95% C1 0,15-0,83
A1298C | ac 41 (41,8) 8 (25,8) ¥?=1,93; P = 0,16; OR = 2,07; 95% Cl 0,84-5,08
cc 15 (15,3) 2 (6,5) ¥?=0,93; P = 0,33; OR = 2,62; 95% Cl 0,57-12,16
AC+CC 56 (57,1) 10 (32,3) ¥?=4,88; P =0,03; OR = 2,8; 95% Cl 1,19-6,57
Anenb A 125 (63,8) 39 (62,9) ¥2=0,001; P =0,98; OR = 1,04; 95% Cl 0,58-1,88
Anenb G 71 (36,2) 23 (37,1) ¥?=0,001; P =0,98; OR = 0,96; 95% CI 0,53—1,74
MTR AA 45 (45,9) 14 (45,2) ¥ =0,018; P =0,89; OR = 1,03; 95% CI 0,46-2,32
A2758G | aG 35 (35,7) 11 (35,5) 2 =0,04; P = 0,85; OR = 1,01; 95% Cl 0,44-2,35
GG 18 (18,4) 6(19,3) ¥ =0,02; P =0,89; OR = 0,94; 95% CI 0,34-2,62
AG+GG 53 (54,1) 17 (54,8) x> =0,018; P =0,89; OR =0,97; 95% CI 0,43-2,18
Anenb A 119 (60,7) 28 (45,2) 2 =4,04; P = 0,04; OR = 1,87; 95% Cl 1,05-3,34
Anenb G 77 (39,3) 34 (54,8) ¥? =4,04; P =0,04; OR = 0,53; 95% Cl 0,29-0,95
MTRR | AA 38 (38,8) 8 (25,8) ¥2=121;P=0,27; OR = 1,82; 95% Cl 0,74-4,48
AB6G AG 43 (43,9) 12 (38,7) 2 =0,089; P =0,77; OR = 1,23; 95% Cl 0,54-2,83
GG 17 (17,3) 11 (35,5) ¥? =3,56; P = 0,06; OR = 0,38; 95% CI 0,16-0,94
AG+GG 60 (61,2) 23 (74,2) ¥?>=1,21; P =0,27; OR = 0,55; 95% Cl 0,22-1,35
Tabnuys 2. CepenHs KOHLUEHTPaLis roMoLMCTeiHy B cupoBaTLi Kposi
3asnexHo Big gocnigxyBaHux reHoTuniB, X = Sy
XBopi Ha CIK4 KoHTponbHa rpyna
FeHoTun P
n 'y, mkmonb/n n 'y, mkmonb/n
CcC 36 11,4 +£0,2 18 8,4+0,2 < 0,001
MTHFR C677T | CT 42 12,9+0,2 12 9,2+0,3 < 0,001
TT 20 14,6 £ 0,3 1 9,8
AA 42 10,6 £ 0,2 21 7,9+0,2 < 0,001
MTHFR A1298C | AC 41 11,8 +0,2 8 8,3+0,3 < 0,001
CcC 15 13,8 £0,3 2 8,8
AA 45 11,4+£0,2 14 79+0,2 < 0,001
MTR A2758G AG 35 12,2+0,2 11 8,2+0,2 < 0,001
GG 18 11,9+0,2 6 8,4+0,3 < 0,001
AA 38 12,4+ 0,2 8 8,8+0,3 < 0,001
MTRR A66G AG 43 11,9+0,2 12 9,2+0,3 < 0,001
GG 17 9,8+0,3 11 8,2+0,3 < 0,01
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Kpim 11p0T0, Taki reHOTUNHN IMOETHYBAIMCH 3i 301JIbIICH-
HSIM TTOKa3HWKa BimHOIIeHHs maHciB BUHUKHeHHsT CITK S
(Tabi. 1). 3a yMOB KOMITAyHA-T€TEPO3UTOTHUX MYTalliii
MTRR A66G ta MTR A2756G crnioctepiranocs e Giib-
e 3poctaHHst KoHueHTpauii I'll (13,8 + 0,2 MKMoIb/J1;
P < 0,05). lllogo roM0O3UTOTHOTO TeHOTUITY 3 IBOMA ajie-
nssmu G, TO BiH BipOTriIHO YacTillle peeECTPyBaBCsS B KOH-
TpOJbHil rpymi (Tabu. 1). [TamienTku 3 renorummom MTRR
G66G manm 6ieir HU3bKi piBHi ['L] (Ta6ur. 2). [IpoBeneHumit
CTAaTUCTUYHMIA aHaTi3 ITOKa3aB, 1110 HaIBHICTh IBOX aJIeJIiB
GG He € pakropom pusuky po3Butky CITKS (OR = 0,38;
95% CI 0,16—0,94). OrpuMaHi HaMu pe3yJIbTaTH y3roj-
KYIOTBCSI 3 JAHUMU iHIIUX JOCTIIHUKIB, SIKi BUCYBalOTh
rimoresy 1010 MPOTEKTOPHUX BJACTUBOCTEN PELIECUBHOT
roMO3UToTHOI Mozemi [20].

Otxe, BUIIe3a3HaUYeHe BKA3y€ Ha HasSIBHICTb acolliallii
MiX 11o1iMopdizMOM TeHiB (pOJIaTHOTO LIMKIY Ta PU3UKOM
BuHukHeHHs1 CITKS, mo, iMoOBipHO, onocepeIKoBaHO
koHueHTpatielo 'Ll y cupoBaTiii KpoBi.

O6roBopeHHs

V HaykoBii jiTepaTypi MUTaHHS IIOAO0 acolliallii Imo-
JiMopdi3My reHiB (posaTHOTO LIMKITY 3 PU3UKOM PO3BUT-
Ky CIIK{ 3anuiaeTbes cynepeynBUM, a HEOIHO3HAY-
HICTh OTPUMAaHUX pe3yJIbTaTiB HacaMIiepe. MoB’SI3yI0Th
3 FTeHETUYHOIO Pi3HOMAaHITHICTIO, sIKa iCHY€E cepel pi3HUX
eTHiuHux rpymn [17]. OTxe, MU BBaxasu 3a AOIiJIbHE MPO-
aHanizyBatu myTtauii reHiB MTHFR, MTRR, MTR Ta ix
30aTHICTh MomymoBaTu pu3uk po3Butky CITKS y xiHOK,
SIKi MMPOXUBAIOTh HAa CXOMAi YKpaiHU, OCKIJbKU MPUITY-
CKaJIu iCHYBaHHSI MOXJIMBUX OCOOJIMBOCTEM, 3 ypaxyBaH-
HSIM BIUIMBY eTireHeTUYHUX (haKTOpiB, Ta HE 3HANIILIN
nonidoHux gociimxeHb. OTpUMaHi JAaHi cBigyaTh Npo Te,
110 TT0JIiMOP(HI BapiaHTU TeHIB, SIKi KOOYIOTh (DepMEHTH
dosiaTHOrO LMKITY, MaJI1 Miclie 1K Yy xBopux Ha CITKSI, Tak
iy 3m0poBuX XKiHOK, omHak 3a ymoB CIIKS cnocTepiranach
icroTHO BuIla KoHUeHTpauisg 'Ll y cuposarui kposi. I'L]
BBAXKA€TbCS HAUOIIBII UYTIMBUM MapKepOM FeHETUYHO Jie-
TepMiHOBaHUX MOPYIIeHb y posaTHOMY 1uKii [S—7]. TTpo-
BeneHuii y po6oti aHaiz reHa MTHFR nokazas icHyBaHHsT
acoLiaTUBHUX 3B’S3KiB MiXX HasgBHUMHU MOJiMOPpOHUMU
BapiaHTaMu Ta pusukoM BUHUKHeHHs CITKA. Tak, romo-
3UTOTHUI MyTaliiHuit reHoTun T677T, iIMOBipHO, 31aTeH
HalOiAbII CUJIBHO 3HUKYBATU aKTUBHICTh BiIMOBIAHOTO
(epMeHTY, OCKIJIbKM HasIBHICTh ABOX IaTOJOTIYHUX aJieJliB
CYIPOBOJIXKYBaIach OiIbIII BUCOKUM cepenHiM piBHeM ['L]
y CUPOBaTILi KPOBi Ta 3pOCTaHHSIM MOKa3HUKA BiTHOIIEHHST
maHciB BuHuKHeHHsT CIIKS mopiBHSIHO 3 reTepo3uror-
HUM reHoTUIoM. Mix mnojiimopdizmMom y jokyci 1298 Ta
CIIK{ Takox icHyBaJa acollialiisl, cuia sIKoi 3ajiexaa Bi
KinpKocTi aneniB C Ta Oyia orocepenkoBaHa piBHeM ['LI.
Harre mpunyienHs, 1mo akTuBHicTh pepmenty MTHFR
3a yMOB MyTallii y JoKyci 1298 3HMXY€EThCS HE TaK CYTTEBO,
SK TIPU 3MiHaX y JJOKyci 677, 30ira€TbCs 3 IyMKOIO iHIIINX
nmocnigHukis [20, 21].

[lomo rena MTR A2756G, To MU He BUSIBUJIM 3B’SI3KY
MiX #1oro nojiiMmopcHUMHU BapiaHTaMU Ta IIaHCOM BUHUK-
HeHHs1 CITKS, 110 y3romKyeThest 3 HeYUCIeHHUMUI JaHUMK
JliTepaTypu, Y sIKiit OyJu IpoaHasli3oBaHi pe3yabTaTh JOCTi-
JIKEHb, MIPOBEJCHUX Y PI3HUX €THIYHUX Tpymax [22].

Acoriais mixk reiom MTRR ta CITIK4 peectpyBanach
npu reHoTunax A66A ta A66G. IpuBepTaiio yBary, 1o re-
notun G66G yacrimie 3ycTpidaBcs cepel )KiHOK KOHTPOITb-
HOI Tpynu. MOXJIMBUM MOSICHEHHSIM 1IbOTO MOXe OyTH
MPUNYIIEHHS BITYN3HSIHUX JOCTiTHUKIB, 3TiIHO 3 SIKMM BU-
COKa YacToTa 1€l pelieCMBHOI TOMO3UTOTHOCTI cepe KiHOK
YKPaATHChKOI MOMYJIsALil MOXe MaTy aJdalTUBHE 3HAYEHHS,
a mytauii MTRR G66G maioTb NpOTEKTOPHI BJIACTUBO-
cTi [23]. Pesynbratu Hallloro TOCTiIKEHHS TAKOX CBiT4aTh
Ha KOPUCTh L€l TiMOTe31, OCKIIbKU el moaiMophHMUIA
BapiaHT BipOTiZIHO HE 3MiHIOBAaB MOKA3HUK IIAHCY PO3BUTKY
CITKA.

TakuM yMHOM, OTpUMaHi pe3yIbTaTh BKa3yloTh Ha Te,
110 HECTIPUATIMBI TToiMOpGhHI BapiaHTH TeHiB GoaaTHO-
ro LIMKJTY aCOLiI0I0ThCs 3 pu3nkKoM BuHUKHeHHs CITKA,
1110, “MOBipHO, OOYMOBJIEHO 3POCTaHHSIM KOHIEHTpaIlil
I'Ll y cuposatui kposi. Komnaynau reniB MTHFR, MTRR,
MTR noenHyoThCs 3i 11ie OiTBIIMM 3pOCTaHHSIM MOKa3-
HukiB 'Ll Ta BimHOIIIEHHS IIAHCIB pU3UKY BUHUKHEHHS
CIIKA nopiBHSHO 3 OyIb-IKOI0 OKPEMOIO0 MOHOMYTALIIEIO.
Otxe, nonaiMop@dizm renHa MTHFR Tta cunepriunmii epexr
myTauiii reHiB MTHFR, MTR, MTRR MmoxyTs Oyt Baxk-
JIMBUMY TEHETUYHUMMU JeTepMiHaHTamu piBHs 'Ll Ta pusu-
Ky BuHukHeHHs1 CITKS, ogHak 11e moTpedye moaaablioro
JOCHTIIKEHHS Y OLTbII YMCEHHIH BUOIpIIi.

BucHoBKM

Y XiHOK YKpaiHCBKOI IOMYyJIsLil oJaiMopdHi BapiaHTU
rena MTHFR 677/1298 acomuitoBaauce 3 OiTbIll BUCOKHU-
mu piBHsIMU 'Ll y cupoBariii KpoBi Ta pU3MKOM PO3BUTKY
CIIK4, a cTyneHb acouiallii 3ajiexkaB Bill KiJIbKOCTi aJiesliB
pusuky T ta C.

IMokasnuk maxcy po3Butky CITKSI 36inblyBaBcst y HO-
ciiB renotumniB MTRR A66A ta A66G, Tozi SIK MyTaHTHUIA
roMo3uroTHui reHotumn G66G yacTilie 3ycTpiyaBcs B KOH-
TPOJIbHIl TpyIi Ta HE MaB 3HAYHOTO BIUIMBY Ha piBeHb ['L1.

BincyTHi maHi, siki 6 minTBepaKyBaiu, 1mo reH MTR
€ kanauaaTom po3Butky CIIKSI, a iioro nojimMopdHi Bapi-
aQHTU MalOTh HETaTUBHUI BIJIMB Ha piBeHb ['L1.

[loenHanHs MyTalliii TeHiB, sIKi 0epyTh y4acTb y MeTa-
6ouismi ¢omieBoi kucinoru: MTHFR C677T ta A1298C,
MTR A2756G ta MTHFR C677T, MTRR A66G ta MTR
A2756G — npu3BOIMIO M0 OiIBII iCTOTHUX ITOPYIIEHD Pe-
MetuitoBaHHs 'L, 110 cynpoBomKyBasioch 10ro HaKOIMM-
YEHHSIM Y CMPOBAaTILIi KPOBi Ta 3pOCTaHHSIM PU3MKY PO3BUT-
ky CITK4.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOTh PO BifICYTHICTh
KOHQJIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.

Buecok aBtopiB. Apxunkina T.JI. — po3poOka inei Ta
IUIaHy JOCJiIXKEeHHs, KOHIEMN1ii poOoTH; 30ip JaHUX, CTa-
TUCTUYHUI aHai3 TaHUX Ta iX OOrOBOPEHHSI, MiJITOTOBKA
CTaTTi 10 ApyKy; bondapenxo B.O. — po3pobKa inei ta niaHy
IOCITiMKEHHS, KOHIEMIil poOOTH; CTATUCTUIHMUI aHaIIi3
JTAHUX Ta iX 0OrOBOPeHHsI, MiArOTOBKA CTATTi 10 APYKY; JIto-
oumoea JI.Il. — HAOip KIIHIYHOTrO MaTepialy, CTATUCTUIHUI
aHaJIi3 TaHMX Ta iX 0OTOBOPEHHSI, TiITOTOBKA CTATTi 10 JIpY-
Ky; Miciopa K.B. — po3po0Ka ifei Ta IjiaHy JOCTiIKeHHS,
KOHIIEMIIii poOOTH; 00TOBOPEHHSI.
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Level of homocysteine and polymorphism of genes involved in folate metabolism
in women with polycystic ovary syndrome

Abstract. Background. Polycystic ovary syndrome (PCOS) is a mul-
tifactorial disease in the development of which gene polymorphism
plays an important role. In recent years, data on the role of ho-
mocysteine (Hcey) in the formation of PCOS have appeared, and
hyperhomocysteinemia is even considered one of the main symp-
toms of this disease. The causes of an impaired Hcy metabolism are
varied and mainly depend on the condition of the genes encoding
enzymes of the folate cycle. At the same time, available data on the
effect of the 5,10-methylenetetrahydrofolate reductase (MTHFR),
methionine synthase (MTR), and methionine synthase reductase
(MTRR) gene polymorphisms on the development of hyperhomo-
cysteinemia and the risk of PCOS are few and contradictory. The
purpose of the study was to investigate the polymorphisms of the
main genes encoding enzymes of the folate cycle (MTHFR, MTR,
MTRR) and to reveal their relationship with the level of Hey in
PCOS. Material and methods. One hundred and twenty-nine women
aged 20—28 years were examined: the main group — 98 patients with
PCOS, the control group — 31 healthy women. The serum content
of Hey was evaluated and a molecular genetic study was conducted
to identify the MTHFR, MTR, and MTRR genes. Results. Poly-
morphic variants of genes involved in folate metabolism were found
in both patients with PCOS and in healthy women. However, serum
concentration of Hcy was significantly higher in PCOS. Analysis of
the MTHFR C677T polymorphism gene showed that the presence
of the mutant T allele was associated with an increased Hcy level
(12.9 £ 0.2 pmol/1) and the risk of PCOS (odds ratio (OR) = 1.19;
95% confidence interval (CI) 0.52—2.71). In the presence of two

T alleles, the level of Hey (14.6 & 0.3 umol/L) and the risk of deve-
loping PCOS (OR =7.69; 95% CI1 0.98—59.87) increased even fur-
ther compared to the functionally “normal” C677C genotype. There
was also an association between the MTHFR gene polymorphism at
locus 1298 and PCOS whose strength depended on the number of
pathological C alleles and was mediated by Hcy content, although
this mutation was accompanied by a less significant increase in the
level of Hey than the mutation at locus 677. Compared to carriers
of the homozygous A1298A genotype, the risk of developing PCOS
was 5.7 times higher in patients with one C allele, and 7.3 times
higher in the presence of two C alleles. The MTRR A66A and A66G
genotypes were associated with a significant increase in the level of
Hcy compared to that of the control group and were associated with
an increased risk of PCOS. The mutant homozygous G66G geno-
type was more common in the control group and had no significant
effect on Hcy concentration. It is not proved that the MTR gene is
a candidate gene for the development of PCOS, and its polymorphic
variants have a negative effect on the level of Hcy. The combina-
tion of MTHFR C677T and A1298C, MTHFR C677T and MTR
A2756G, MTR A2756G and MTRR A66G gene mutations are
associated with a greater increase in Hcy and the risk of developing
PCOS compared to any individual monomutation. Conclusions.
The MTHFR gene polymorphism and the synergistic effect of the
MTHFR, MTR, MTRR gene mutations can be important genetic
determinants for homocysteine levels and the risk of PCOS.
Keywords: polycystic ovary syndrome; homocysteine; MTHFR
genes; MTR; MTRR
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in Autonomic Nervous System»

London, UK: IntechOpen, 2023.
Edition by Maria Elena Herndndez Aguilar
and Gonzalo Emiliano Aranda Abreu

IntechOpen — mnpoBigHe CBiTOBE BUIABHUITBO
KHUT y BiAKpPUTOMY IOCTYMi, IO CIEIiali3yeEThCsI Ha
TEXHOJIOTisIX, Hayli Ta MeauluHi. KHuru, onyoaiko-
BaHi B IntechOpen, ingekcytorbes y Clarivate Web of
Science™ Core Collection (BKCI). BKCI € yactuHo
Web of Science Core Collection (WoSCC), sika 3apeko-
MeHayBaja cede SIK MPOBITHUN CBITOBUM iHAEKC IIUTY-
BaHHsA. CKopucTaTUCS pecypcamMu IIaTQOpMU MOX-
Ha, MepelIoBIIM 3a JiHKoM https://www.intechopen.
com/open-for-submissions?hasNoEditors=0&sort=-
date EndThirdStepPublish.

Oco06JMBO MPUEMHO, 110 aBTOPaMU OTHOTO 3 PO3MiNiB
IbOTO COJIiTHOTO BUAAHHS € CIIIBPOOITHMKU Ta MOJIOMI
BYeHi JIbBIBCbKOTO HalliOHaAbHOTO MEAUYHOTO YHiBEep-
cuteTy iMeHi Januna lanuubkoro — BikTopis Cepri-
eHko, Mapta lTouko, FOpiii Mapkesuu, Maptun-tOpiii
Mapkesuu, Bonogumup Cerin, Jlronmuna CeprieHKo
ta Onekcanap Ceprienko (Victoria Serhiyenko, Mar-
ta Hotsko, Yuriy Markevich, Martyn-Yurii Markevich,
Volodymyr Segin, Ludmila Serhiyenko and Alexandr
Serhiyenko. Diabetic Cardiac Autonomic Neuropathy:
Link Between Heart Rate Variability, Violated Blood Pres-
sure Pattern and Pulse Wave Velocity. In: Aguilar MEH,
Abreu GEA, editors. Recent Topics in Autonomic Ner-
vous System. London, UK: IntechOpen, 2023. P. 1-22.
ISBN 978-1-83768-346-8. http://dx.doi.org/10.5772/
intechopen.112894).

Metor posainy kHuru «Recent Topics in Autonomic
Nervous System» Oys0 IpoaHaaidyBaTu CydacHUI cTaH
MpoOJIeMU B3aEMO3B’SI3KY MiX IIyKPOBUM AiaGeTOM i T0-
PYLIEHHSIMU LMPKAIHOTO PUTMY, BapiaTUBHICTIO PUTMY
cepus (BPC) Ta xopcTKicTio cynnHHOI cTiHKU. Bimomo,
o nopyueHHst BPC i BapiaTUBHOCTI apTepiajlbHOrO TUCKY
MOXYTbh TiIBUIIYBaTH PU3UK aTePOCKIEPOTUIHUX Ceplie-
BO-CYIMHHUX 3axBoptoBaHb (ACC3).

daxkropom pusnky ACC3, IK-0T apUTMii, iHCYJIbTH, 3a-
CTiliHa ceplieBa HEAOCTAaTHICThb, TOCTPi KOPOHAPHI CUHIPO-
MU Ta CUHIPOM PaITOBOi CMEPTi, € KapaiaibHa aBTOHOMHA
Heiiponatisi. XpoHoOiosyoriuHa otinka BPC i AT ta ontumi-
3allisl ePEeKTUBHOCTI CBOEYACHOTO JIiIKYBaHHSI MOXKe 3HAUHO
3HU3UTU PUBUK CMEPTi BHACIIIOK CepLIeBO-CYIUHHUX 3a-
XBOPIOBaHb, 30KpeMa parToBoi cepleBoi cMepTi. Binomo,
110 (izioaoriuHa misJIbHICTh CeplLeBO-CYIUHHOI CUCTEMU
3HAXOAMTHCS TiJI KOHTPOJIEM BereTaTUBHOI HEPBOBOI CHC-
TeMmu. [TolIKOMKEHHS BEreTaTUBHMUX HEPBiB MPU3BOIUTH
110 AUCOYHKIIIT KOHTPOJIIO YaCTOTHU CEPLIEBUX CKOPOUEHbB Ta
CYAMHHOI TMHAMIiKH, 30KpeMa, 10 KapaialbHOi aBTOHOMHOI1
Heliporatii. MeTa0oJ1iuHi TOpyIIeHHS Ta 3HaYHAa 3aXBOPIO-
BaHICTh i CMEPTHICTh XBOPUX Ha IYKPOBUI IiabeT 6arato B
YOMY COPUYMHEHI BereTaTUBHUM IMCOATaHCOM MiX CUM-
IMaTUYHOIO Ta NMapacUMIIaTUYHOI HEPBOBUMM CUCTEMaMU.
IcHye TicHU KOpesaiiHUHi 3B’ 130K MixX 3MiHaMU HeHpo-
E€HJIOKPUHHOI apXiTeKTypU CHY, JOOOBUMHU KOJMBAHHSIMU
yacy, MeTaboJ1i3MOM IJIIOKO3M, BereTaTUBHOIO (DYHKIIIEIO
Ta 10OOBUMU IPODIIIMU apTepiaTbHOTO TUCKY i YaCTOTHU
CepILEBUX CKOPOUYCHB, a TAKOX iCHYIOTh JIOKA3K MOPYILICHHS
LIMPKATHOTO PUTMY Y XBOPUX Ha IIYKPOBUIA Tia0eT.

Knura «Recent Topics in Autonomic Nervous System»
MpU3HaYeHa JJIs IMPOKOI ayIMTOpii, 30KpeMa BUKJIagadiB
Kadeap BHYTPIITHHOI MEIVLIMHY Ta CYMiXXHUX AUCIIUATLUTIH,
JIiKapiB 3arajbHOI MPAKTUKK; TEPATIEBTIB Ta CIELIaJIICTIB Y
rajay3i eHOOKpMHOJIOTIi, KapaioJIorii, ImemiaTpii, repiaTpii,
eITiIeMioJIOTii Ta OXOPOHU 3I0POB’s.

Bonogumup lNaHbKIiB, LJOKTOP MEAUYHUX HAYK,
npogpecop, 3asigyBad BigAINy npoinakTky,
JIIKYBaHHs LJyKpOBOIo fJiabeTty Ta voro ycknagHeHb
YKpaiHcbKoro HaykoBO-rpakTMYHOro LeHTpy
E€HOOKPUHHOI Xipyprii, TpaHcrnnaHTayii
EHIOKPUHHUX opraHiB i TkaHuH MO3 Ykpainn M
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Dexpicron’ D; 2000 MO 4000 MO 5600MO!

Oekpicton’ D,

-
(€]

eKpicTon

HIMELIbKUI BITAMIH D
Ang BClel POANHN

Oekpicton” 500 MO 20000 MO

Kpanni A 30Tabnerok 30T1abnetok 30 Tabnetok [ 50 TabneTtok 20 kancyn

HAWBI/IbLLINA ACOPTUMEHT [103 * LWOAEHHUN / LWOTWXXHEBUWN MPUAOM

Certificate of Free Sale flekpicron® D3: 1000 MO - 18 rpyss 2017 p; 2000 MO - 14 cepris 2017 p, 4000 MO - 4 rpyass 2017 p.; 5600 MO~ 14 cepnis 2017 p,

IHCTPYRWA 17 WEAUHOTO 33CT0cyBaHks flepicton* 500 MO. Kpyr, 3nerca oy Taber Ginoro 360 XOSTYSATOrO KoMbopy. Byl 12k, 33€pHITs Yeary! s ACTanta ipopwaLs awknagewa
BIHCTPYKLIT AN MEAWIHOTO 3aCTOCYBaHHA Npenapary, Takox i MOXHa orpiwari y TOB «MIBE YKPAIHAY. Cknap: 1 Tabnerka MictuTs (y Burnsgi chopwal) 12,5 ks,
o ainnosigae 500 MO sirawity D3. Moxasats. Mpodinakuka paxiry Ta ocreomansily Airet, nignirkia Ta gopocnu. MpocpinakTka fediLiuTy airawiy D y Aitei, NAAITKIB Ta AOPOCTIAX I3 BUSBNEHUM PU3AKOM
TaKoro edjiuTy. Sk AONOBHEHHS A0 CneUwiuHOl Tepanii OCTENOpo3y y AOPOCTHX. MpOTUNOKa3aHHS. FinepUyTAMBICTS 10 aKTUBHOT PeHOBUHA 36O A0 GyRb-AKX AOMOMIKHINK DEYOBMH, BKasaHYX Y Po3gini
«Cnapy. M6 peaku, 3acbikcosari Ha T pHitomy. HacToTa noBidi¥ix PeaKLl HEsi0Ma, OCKiflokW MACLITaBHI KII4AI AOCTIIXEHHS, 5ki A2/l 6 3MOTY OLIHTA HaCTOTY, He NPOBOBWIVCs. Binbl AETansHa
iH(hOpMaLis PO MOXWBI NIOGIHi PeaKkLi Ta MPOTMNOKA3aHHS MICTWTBCA B IHCTPYKLT /1A MEAVSHOTO 3ACTOCYBAHHA Mpenapary. JJaTa OCTaHHBOTO Meperninay iHCTpyKui — 23.00.2021. Kareropis BIATyCKy.
Be3 pelienta, Peccrpaiiive noceiaens N° UA/18957/01/01, Haxas MO3 Yipaiiiu N° 2034.

ale out cvcremy gocri pl [expicron® saiimae
kux 3ac06ia ATC 5 pisia AT1CC05 chepor Ta gieTusiin 3a nigcywkami 2022 poxy.

p Texpicron® y Aarowy p i i wo npencraBneri ipaitin,
m I Bupo6iuk: mibe GmbH Arzneimittel, Hivexiia, www.dekristol.com.ua
Tlpencrahuk & Ykpaiki: TOB eMi6ie Yipaitiay, 01021, . Kuls, Knoscokuityaais, 13. Ten./pakc: (044) 254-39-36

Zexpicron® 20 000 MO. Kpyri npo3opi M'ski kancynw, 10 20 Karncyn. By /1acka, 38epHiTs yBary! Bineiu AeTansha
HbOpMaLIA BYKTaea B HCTPYKLIT 3 MeIW4HOTO 3acTocyEaHHs Npenapary, Taxox i MOXHa OTpuvarA y TOB «MIE
YKPAIHA». Cknap: 1 kancyna MICTvTs xonexansLuiepony 20,0 , Lo BiAnoBiaae 05 r, abo 20 000 MO, airawiky D3. Mokazats.
TlikyBaksi KNHIHO NATBEPXeHOrO fediiTy BirauiHy D y A0pOCTAX; Npodhinakrika AediliTy eiramivy D y nalexTia 3 BucoKMM
PYSIKOM: A AONOBH 1 0 CHELABHOI TEpaT GCTEOTGpO3 a3 LUTOM saiy D 3503 BHCOKM PISHKOM Tt
aitaniky D.

WO MICTATBCA B 7KAPCHKOMY 3aCOBi. Ti Ti fi

HIPKO52 HEAOCTATCTs Capkoiaos. T/GEpKyTos. JOBRTKORMA TDAROM Sy D. I'Ioﬁmm e e
Hevacro (eia 1/1000 40 < 1/ L3 0G4 peaKLli MICTUTHCs
B IHCTPYKLIT 47 MEQM4HOTO 3aCToCyBaHHA penapary. PeecTpatiive nocainderHs N° UA/17901/01/01. Jlava OCTaHHb0r0 neperniny
iHCTPYKUT~16.01.21 p. N° 60. Kareropis sianycry. 3a peLiertrow.

IHOPMALIA HARAETLCA [1A MEAHYHMX BUKIIOYHO 3
Tlepef 32CTOCYBaHHSM CHalOMTECh 3 NOBHAM TEKCTOM IHCTPYKL




