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Abstract. To explain the causes of acute respiratory distress syndrome, which occurs as a result of SARS-CoV-2 (severe acute
respiratory syndrome-related coronavirus 2) infection, two main hypotheses are proposed: a cytokine storm theory and a
bradykinin (BK) storm theory. From a cytokine storm perspective, elevated levels of cytokines, primarily interleukin-6 (IL-6), cause
multisystem pathologic manifestations of COVID-19 (Coronavirus disease 2019), including acute lung injury and respiratory
distress syndrome in critically ill patients. The BK storm theory emphasizes the importance of decreased angiotensin-converting
enzymes in lung epithelial cells, resulting in an inability to break down BK and the BK analog des-Arg9-BK. The aim of the work
was a comparative study of BK levels in the blood of patients with diabetes mellitus (DM) and patients with mild and severe
forms of COVID-19. Material and methods. Blood was obtained by standard venipuncture and stored in EDTA tubes. Plasma
was separated by centrifugation within 10 minutes after blood sampling. The amount of BK was determined using enzyme
immunoassay kits ab136936 («Abcamy, Great Britain), IL-6 — EH2IL6 («Invitrogen», Austria). Results. It was shown that the BK level
increased significantly in patients with DM. Patients with DM and COVID-19 had a slight increase in the amount of BK. At the same
time, the amount of IL-6 increased significantly in patients with DM and, especially, in patients with acute COVID-19. Conclusions.
The BK level increase in the blood of patients with DM and COVID-19 is caused mainly by DM. In patients with acute COVID-19, the
level of the pro-inflammatory cytokine IL-6 increased almost threefold compared to controls.

Keywords: coronavirus infection, bradykinin, diabetes mellitus, interleukin-6.

Introduction

There is still no clear understanding of the caus-
es of acute respiratory distress syndrome, which
occurs as a result of SARS—CoV-2 infection. There
are two main hypotheses: a cytokine storm theory
and a BK storm theory [1-3]. From a cytokine storm
perspective, elevated cytokine levels cause multi-

© V.V. Pushkarev, N.I. Levchuk, L.K. Sokolova, V.M. Pushkarev, O.I. Kovzun, M.D. Tronko

system pathological manifestations of COVID-19
(Coronavirus disease 2019), including acute lung
injury and respiratory distress syndrome in critically
ill patients. The more recent theory of the BK storm
emphasizes the importance of a decrease in the num-
ber of angiotensin-converting enzymes (ACE and
ACE2) in the lung epithelial cells, which leads to
the inability to break down BK and the BK analog
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des-Arg9-BK [2, 3]. BK is a short-lived vasoactive
compound that acts as a vasodilator and mediator
of inflammation in various signaling cascades. It is
part of the kallikrein-kinin system, which in turn
is part of the renin-angiotensin-aldosterone sys-
tem, which plays a key role in the pathogenesis of
COVID-19. Acute respiratory distress syndrome
caused by SARS-CoV-2 disrupts the kallikrein-
kinin system and renin-angiotensin-aldosterone
system, triggering a BK storm, a process that leads
to increased BK expression and downstream effects
mediated by its signaling [ 1-7]. There are also a num-
ber of urgent problems related to the most optimal
methods for treatment of patients with DM — the
most vulnerable and large-scale category of patients,
both during the coronavirus pandemic and in the
post-coronavirus period [8].

The aim of the work was to compare the BK lev-
els in the blood of patients with DM, patients with
DM who suffered from mild or severe COVID-19,
and patients with acute COVID-19.

Material and methods

The research protocol was approved by the Eth-
ics Committee of the SI «V.P. Komisarenko Institute
of Endocrinology and Metabolism of the NAMS of
Ukraine». All patients signed informed consent for
further diagnostic and scientific research on their bi-
omaterials.

Blood was obtained by standard venipuncture
and stored in EDTA tubes. Plasma was separated by
centrifugation within 10 minutes after blood sam-
pling. Samples were stored at -80°C until use. The
amount of BK (n=70) was determined using enzyme
immunoassay kits ab136936 («Abcam», Great Brit-
ain), IL-6 (n=36) — EH2IL6 («Invitrogen», Aus-
tria). Measurements were performed at an optical
wavelength of 450 nm on an immunoenzymatic plate
analyzer Stat Fax 3200 («Awareness Technology»,
USA). The calibration curve (Fig. 1) indicates that
there is no scatter in the data.

70 patients with DM and COVID-19 participat-
ed in the study. Controls were individuals without
DM who did not have COVID-19. The groups were
represented by patients with DM (group 2, n=10),
DM patients after mild COVID-19 (group 3, n=19),
DM patients after severe COVID-19 (group 4,
n=20), acute COVID-19 patients (patients during
COVID-19) without DM, or with DM lasting no
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Fig. 1. Calibration curve for determination of BK in blood plasma.

more than 5 years (group 5, n=9), acute COVID-19
patients with DM lasting more than 10 years (group
6, n=12). Groups 2-4 included 19 men and 30 wom-
en, groups 5 and 6 (patients during COVID-19) had
10 men and 11 women.

The groups were representative of age (mean
51.50£0.93 years; groups 5 plus 6 — 64.90+2.01 years),
body mass index (mean 28.89+0.39 kg; groups 5
plus 6 — 34.89+1.56 kg). Treatment of DM and asso-
ciated pathology was in accordance with the ADA/
EASD recommendations for patients with high car-
diovascular risk and was similar in all groups.

The presence of COVID-19 in patients was de-
termined by PCR, the average oxygen saturation in
groups 5 and 6 was 88.14£0.73 %, the average max-
imum temperature was 38.13£0.19 °C. From the
groups 5 plus 6, ten patients were treated with ACE
inhibitors (iACE), and 15 received metformin. De-
termination of the degree of severity of COVID-19,
as well as treatment of the coronavirus disease, was
in accordance with the protocol «Providing medical
assistance for the treatment of the coronavirus dis-
ease COVID-19», approved by the order of the Min-
istry of Health of Ukraine (April 2, 2020 No. 762).
The group with severe COVID-19 included patients
who used oxygen during treatment or got sick 2 or
more times.

Statistical analysis and data presentation were
performed using Origin 7.0 software. The results of
the study are presented as M£SE. Student's ¢-test
was used to compare data groups. Values of p<0.05
were considered significant.
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Results and discussion

The level of BK increased significantly in patients
with DM (Fig. 2, column 2). A slight additional
BK amount increase was observed in patients with
DM who have suffered from COVID-19 (Fig. 2,
columns 3, 4). There was no difference between
patients who contracted a mild and severe form of
COVID-19 (Fig. 2, columns 3 and 4).

Bradykinin
pa/mL

5400

5200 4

5000

48004 :

4600 -

1 2 3 4 5
Fig. 2. BK levels in patients with DM and COVID-19.

Notes: 1 — control (n=8), 2 — patients with DM (n=10), 3 — patients with
DM who suffered from mild COVID-19 (n=19), 4 — patients with DM who
suffered from severe COVID-19 (n=20), 5 — patients with acute COVID-19
without DM, with newly detected DM or with DM lasting up to 5 years
(n=9), 6 — patients with acute COVID-19 with DM lasting more than
10 years (n=12).

Therefore, the BK level increase under the con-
ditions of our study is determined mainly by DM.
This can be explained by the fact that current guide-
lines recommend the use of iACE/angiotensin II
type 1 receptor blockers (iACE/ARB) in patients
with concomitant cardiovascular pathologies, but
there are assumptions that an increase in BK levels
and the severity of the COVID-19 course when us-
ing some drugs are observed. In particular, therapy
with peptidase inhibitors, such as iACE and nepri-
lysin inhibitors, increases the concentration of BK
[9]. Therefore, to maintain normal blood pressure, the
body must balance the levels of ACE and ACE2. It is
assumed that because the coronavirus attaches to the
angiotensin receptor on the cell surface and increases
the synthesis of ACE2, entering the cell with the help
of this molecule, but decreases its activity — it caus-
es a significant increase in the concentration of BK
(BK storm) and critical complications, especially in

patients with arterial hypertension who take iACE
for pressure regulation. Currently available ARBs or
sartans are able to block this pathological process.
Sartans can contribute to renin-angiotensin-aldos-
terone system inhibition more effectively than iACE,
while it does not inhibit ACE with the subsequent
formation of excess BK and does not cause the devel-
opment of a BK storm.

It is important to note that in patients with acute
COVID-19 without DM, with newly diagnosed
DM or with DM lasting no more than 5 years, the
BK level decreased to the control level (Fig. 2,
column J), in contrast to patients with DM dura-
tion of more than 10 years (Fig. 2, column 6). At the
same time, the number of blood monocytes increased
in the second group compared to the first group
(Table 1), which indicates the development of in-
flammatory processes, probably due to viral infection
and DM. The average level of glucose in patients at
the time of admission to the clinic and at the time
of discharge was also higher in the group with DM
duration of more than 10 years. This fact further in-
dicates that diabetes makes the main contribution
to the increase in BK concentration in the body of
patients with DM and COVID-19.

Table 1. The glucose level and number of monocytes in the blood of
patients with DM and COVID-19 (groups 5 plus 6)

DM duration in patients with COVID-19

Indicators

<5 years >10 years
BK (pg/mL) 4912.40+£84.15 5412.67+57.66+
Glucose (mmol/L)* 6.62+1.11 10.36%1.16+
Glucose (mmol/L)**  4.96+0.54 8.01£0.68+
Monocytes (%) 5.40+0.36 8.83+0.59+

Notes. * — glucose level at the time of patient hospitalization;
** _ glucose level at the time of patient discharge. + — differences
between groups are significant, p<0.05.

It is worth noting that the BK level in COV-
ID-19 patients (groups 5 plus 6) treated with met-
formin is significantly lower than in untreated pa-
tients (5181.27+69.70 pg/mL vs 5332.89£54.18
pg/mL) while iACE treatment led to the opposite
result (5395.04£40.98 pg/mL vs 5173.25+65.71 pg/
mL). In addition, patients with a body mass index
>30 kg/m? had higher BK levels compared to pa-
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tients with a lower index (5392.04+38.60 pg/mL vs
5077.69£34.92 pg/mL). Lower levels of BK in the
group of patients treated with metformin can be ex-
plained by a decrease in renin-angiotensin-aldoster-
one system activity under treatment of drug. There-
fore given the pathophysiology of insulin resistance
and its implication for vascular function, many have
hypothesized a potential beneficial effect of metform-
in on endothelium-dependent vasodilation, finding
positive relational evidence in many animal studies
and human trials [10].

Increased BK plasma concentrations may be due
to reduced BK degradation because of iACE treat-
ment or decreased levels of kinin degrading enzymes.

The cytokine storm theory, which is an uncon-
trolled inflammatory response, is attributed to IL-6,
which is involved in immune responses and inflam-
matory processes, including the cytokine storm in
COVID-19. IL-6, transcription factors nuclear fac-
tor kappa B (NF-kB) and signal transducer and acti-
vator of transcription 3 (STAT3) are the main factors
driving the cytokine storm. Synergistic interactions
between NF-kB and STAT3 induce hyperactivation
of NF-xB with subsequent production of inflamma-
tory cytokines. Because IL-6 is a target of NF-«xB,
simultaneous activation of NF-kB and STAT3 in
non-immune cells orchestrates a positive feedback
loop of NF-xB activation by the IL-6/STAT3 axis.
This positive feedback loop is termed the IL-6 am-
plifier (IL-6-Amp). IL-6-Amp is activated by a vari-
ety of local initiators, demonstrating that the I1L-6/
STATS3 axis is a critical target for disease therapy [1,
1].

According to our data, the level of IL-6 increased
from 0.89+0.01 pg/mL in healthy individuals to
1.10£0.04 pg/mL in patients with DM who became
ill with COVID-19 and almost three times — up to
2.56£0.67 pg/mL — in patients with acute COVID-19
(Table 2).

Table 2. The interleukin-6 level (pg/mL) in the blood of patients with
DM and COVID-19

Groups IL-6 level (n)
Control 0.888+0.097 (4
DM 0.973+0.064 (6

1.097+0.038 (8)+
2.561£0.673 (21)+*

DM after suffering from COVID-19

4)

(6)

(8)
During COVID-19 (

Notes. + — differences from control are significant, p<0.05; * — differences from
groups 2 and 3 are significant, p<0.05.
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BK s a potent short-lived vasoactive peptide that
is part of kallikrein-kinin system, associated with the
inflammatory response and mediating various func-
tions of vascular permeability, such as thrombosis
and blood coagulation. BK induces vasodilatation in
the peripheral circulatory system by reducing arte-
rial smooth muscle tone and increasing blood flow
[1, 2, 4-7]. In addition, it initiates extravasation of
plasma, due to its effect on the endothelium of capil-
laries, and vasoconstriction through smooth muscle
fibers of veins induction. During inflammatory con-
ditions, such as asthma, it promotes the movement
of cells from blood to tissues and activates mast cells,
fibroblasts, macrophages, and smooth muscles of or-
gans [12]. BK-mediated signaling has also been im-
plicated in vasculopathy, obesity, neuropathy, diabe-
tes, cancer, and chronic pain [8, 13, 14]. Research by
Turnic et al. [3] strongly supports the BK storm hy-
pothesis. Since elevated BK levels have been found
in the majority of fatal COVID-19 cases, future ther-
apeutic strategies for COVID-19 should focus on re-
ducing serum BK concentrations. At the same time,
our data are more in favor of the cytokine storm the-
ory than the BK storm theory, possibly due to the
specificity of the patient treatment using a complex
of iACE/blockers of angiotensin II type 1 receptors,
that can influence BK level. Therefore, in the future,
it is worth studying the connection between taking
ACE inhibitors and the BK level.

Conclusions

The BK level increase in the blood of patients
with DM and COVID-19 is caused mainly by DM.

In patients with acute COVID-19, the level of
the pro-inflammatory cytokine IL-6 increased al-
most threefold compared to controls.
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PiHi OpapuKiHiHY Ta iHTepneiiKiHy-6 y KpoBi XxBopux Ha
COVID-19 Ta uykposwii piabet

B.B.Mywkapbos, H.l.JleBuyk, J1.K. Cokonosa, B.M.lNywKapboB,
0.l. KoB3yH, M.[l. TpoHbKO

LY «HCTUTYT eHpokpuHonorii Ta 0bmiHy peyoBuH iM. B, KomicapeHka
HAMH Ykpainn»

Pestome. [InA NoACHEHHA MPWUMH FOCTPOrO PECTipaTOPHOTO CUHAPOMY,
AKMIA BMHWKAE BHACifoK iHOIKyBaHHA SARS—CoV-2 (severe acute res-
piratory syndrome-related coronavirus 2) BUCyHyTi ABi FOMOBHI rinoTesu:
TeopiA UMTOKIHOBOrO WTOPMY Ta Teopia GpaaukiHiHosoro (BK) wropmy. 3
NOMALY  LIMTOKIHOBOMO LUTOPMY, MIABULLEHHA DIBHA LWTOKIHIB, Y NepLly
uepry iHTEpneriKiHy-6, BUKIMKAE 0AraTOCKCTEMHi MaTonoriyHi  MposBm

COVID-19, BKTioualoun rocTpe ypaxeHHa NereHis i pecnipaTopHuiA AncTpec-
CUHAPOMY TAXKOXBOPUX NaLIEHTIB. Teopia BK LWTopmy NiAKpectoe BaxvBeiCTb
3HUKEHHS KiNbKOCTi @HTIOTEH3MHNEPETBOPIOUMX pepMEHTIB B eniTenianbHix
KNiTVHaX Nerexis, WO NPY3BOAUTb 4O HE3AATHOCTI po3uleniosatt bK Ta
voro aHanor des-Arg9-BK. MeToto po6otn byno nopieHsanbHe AOCAiLKEHHA
pigHiB BK y kposi xBopux Ha Uykposuii giaber (L) Ta nauienTis, wo
nepexsopiny nerkoto i Baxxkoto dopmamu COVID-19. Matepian i metogu.
KpoB oTprMyBank 3a ONOMOTOK0 CTaHAAPTHOI BeHenyHKL Ta 30epiran B
npobipkax 3 EATA. Mna3my BigokpemnioBany LeHTPrdYryBaHHAM NPOTATOM
10 xB nicna 3abopy KpoBi. KinbkicTb bK BM3HauanM 3a fonomoro Habopis
AnA iMyHodepmeHTHOro aHanisy ab136936 («Abcamy, Benvika bpurtaHis),
iHTepneikity-6  (n=36) — EH2IL6 («Invitrogen», Austria). Pe3ynbraTu.
[NokasaHo, Wwo piseHb bK BiporigHO 3pocTas y xgopux Ha L. Y xBopux Ha
L1 i COVID-19 cnoctepiranoca He3HauHe 3p0CTaHHA kinbkocTi bK. BogHouac
KiNbKiCTb IHTEpelKiHy-6 BIpOriaHO 3pocTana y XxBopwx Ha LI i, ocobnmgo, y
xBopwx roctpum COVID-19. BUCHOBKM. 3pocTaHHs piBHA OpaayKiHiHY B KPOBI
xgopux Ha LA i3 COVID-19 BM3HAYa€ETbCA FONOBHMM YMHOM 3aXBOPIOBAHHAM
Ha L. Y xeopux roctpoto COVID-19 piBeHb npo3ananbHoro UwtokiHa IL-6
3POCTaB MaiiKe B TPV Pasvi MOPIBHAHO 3 KOHTPOMEM.
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Abstract. Cardiometabolic diseases are a major global health problem affecting millions of people worldwide. Ad-
dressing this problem requires a multifaceted approach that includes lifestyle changes, medical interventions, and
public health strategies to reduce the prevalence and impact of these diseases. A comprehensive examination is
a key element of prevention and early detection of cardiometabolic diseases. Thanks to careful anamnesis and di-
agnosis, we can identify risks in time and develop individual treatment and prevention programs that significantly
improve the prognosis and patients” quality of life. Aim. To develop a diagnostic system for determining the risks
of cardiovascular, metabolic and renal diseases. Materials. The analysis was conducted in the PubMed Central da-
tabase using the keywords «cardiometabolic diseases», «diagnosis and prevention of cardiometabolic diseases» for
the period from 2019 to 2023. Results. There was developed the IDIS2GO diagnostic system to automate the col-
lection and evaluation of medical and diagnostic data based on the latest recommendations of world professional
associations, using artificial intelligence algorithms and training own neural networks. IDIS2GO consists of three
parts: the first part is the patient's history (questions included in the examination are aimed at identifying risk factors
and potential health problems); the second part — diagnostic procedures (based on the answers to the above ques-
tions, users can perform the following diagnostic procedures for a more detailed assessment of the patient's state of
health); the third part is risk assessment scales (cardiovascular disease, lipids, diabetes and emergencies). Thus, IDIS-
2GO is a new diagnostic system designed to optimize the medical examination process. It is a portable, integrated
solution that includes advanced diagnostic tools and a powerful software platform for real-time health monitoring
and clinical decision support. IDIS2GO combines cardiovascular risk scoring algorithms (SCORE2 and SCORE2-OP)
and diabetes screening for a comprehensive risk assessment. The IDIS2GO system helps to collect all these data in
a single examination file. The data are automatically entered into the cloud storage and can be transferred to any
information system, ensuring their availability to the doctor at a convenient time. The doctor can interpret the data,
evaluate them and give the necessary recommendations.

Keywords: cardiometabolic diseases, IDIS2GO, prevention, risk assessment.
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The concept of cardiometabolic patients and
their prevalence in the world

Patients with cardiometabolic diseases (CMDs)
are individuals who suffer from a group of condi-
tions that include cardiovascular diseases (CVDs)
and metabolic disorders such as diabetes, obesity,
and hypertension. These conditions are often in-
terconnected and share common risk factors, such
as poor diet, lack of physical activity, and genetic
predisposition [1-7].

The concept of CMDs includes:

1. CVDs: heart diseases such as coronary artery
disease, heart attack, and stroke.

2. Metabolic Disorders:
 Diabetes mellitus: particularly type 2 diabetes,

which is often associated with obesity and insu-

lin resistance;

* obesity: excess body fat that increases the risk
of various health problems, including CVDs and
diabetes;

 hypertension: high blood pressure, which is a
major risk factor for heart disease and stroke;

* dyslipidemia: abnormal levels of lipids in the
blood, such as high cholesterol or triglycerides,
contributing to atherosclerosis and CVDs.
CMDs are a leading cause of mortality and mor-

bidity worldwide. According to the World Health
Organization, CVDs are the number one cause of
death globally [1-7]. The International Diabetes
Federation reports that approximately 537 mil-
lion adults aged 20-79 were living with diabetes
in 2021, and this number is expected to rise to 643
million by 2030 and 783 million by 2045. High-in-
come countries often have a higher prevalence of
obesity and diabetes due to lifestyle factors such as
sedentary behavior and high-calorie diets. Howev-
er, they also have better access to healthcare, which
can mitigate some of the impacts of these diseases.
Low- and middle-income countries have a rising
prevalence of CMDs in these regions due to urban-
ization, changing diets, and increased sedentary
lifestyles. These countries often face challenges in
healthcare infrastructure, making it harder to man-
age and treat these conditions effectively.

It is known that older adults are at a higher risk
of CMDs due to the cumulative effects of risk factors
over time. Men are generally at higher risk for CVDs
at an earlier age, but the risk for women increases
and often surpasses that of men after menopause.

CMDs are a significant global health challenge,
affecting millions of people worldwide. Addressing
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these conditions requires a multifaceted approach
that includes lifestyle changes, medical interven-
tions, and public health strategies to reduce the
prevalence and impact of these diseases.

To prevent and manage we need 2 ways:

1. Lifestyle modifications:

* healthy eating (rich in fruits, vegetables, whole
grains, and lean proteins);

* regular physical activity;

* smoking cessation;

+ moderate alcohol consumption;

* weight management.

2. Medical interventions:

» medications to manage blood pressure, choles-
terol, and blood sugar levels;

 regular health check-ups for early detection and
management of risk factors;

« surgical interventions in severe cases (e.g., angi-
oplasty, bypass surgery).

Comprehensive examinations are a key element
for prevention and early detection of cardiovascular,
metabolic, and renal diseases. Through meticulous
history-taking and diagnostic tests, we can timely
identify risks and develop individualized treatment
and prevention programs, which significantly im-
prove the prognosis and patients” quality of life.

SK-Telemed GmbH has assembled a group of sci-
entists and qualified specialists in the Health Algo-
rithms project to develop tools for automating the
collection and evaluation of medical and diagnos-
tic data based on the latest recommendations from
global professional associations, using artificial in-
telligence algorithms and training our own neural
network. This significantly intensifies preventive
examinations. We create such comprehensive diag-
nostic system for these purposes — IDIS2GO - to
determine the risks of cardiovascular, metabolic,
and renal diseases (Fig.).

Cardi ular Hyp Diabetes Lipid
Risk Risk Risk Risk

2 Y

Obesity Heart Attack ‘ Stroke ‘

Risk Risk Risk

Fig. IDIS2GO is new important instrument for prevention screening.

IDIS2GO consists of 3 parts. First is his-
tory of patient. The questions included in the
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examination are aimed at identifying risk factors

and potential health problems.

Below are the main questions included in the
diagnostic algorithm:

1. Age: An important factor for assessing disease
risk.

2. Gender: Men and women have different risks
for various diseases.

3. Do you smoke? Smoking significantly increas-
es the risk of CVDs.

4. How much do you walk in a day? Physical ac-
tivity is important for heart health.

5. Do you have thyroid diseases? Can affect me-

tabolism and the cardiovascular system.

6. How often do you eat vegetables, fruits, ber-
ries? Nutrition plays a key role in maintain-
ing health.

7. Do your close relatives have diabetes? Family
history of diabetes increases the risk.

8. Do your close relatives have heart attack or
stroke? Family history increases the risk of
heart attack.

9. Have you had hyperglycemia? It is an impor-
tant marker for diabetes diagnosis.

10. Have you had atrial fibrillation? It is associated
with an increased risk of stroke.

11. Do you have familial hypercholesterolemia? It
is a genetic risk factor for atherosclerosis.

12. Do you have chronic kidney disease? It affects
overall health and cardiovascular risk.

13. Do you take medications for high blood pres-
sure? Blood pressure control is important for
preventing complications.

14. Do you experience shortness of breath or
chest pain during exertion? Symptoms indi-
cating possible heart problems.

The second part is diagnostic procedures.
Based on the answers to the above questions, us-
ers can conduct the following diagnostic proce-
dures for a more detailed assessment of the pa-
tient's health:

1. Electrocardiogram: Assessing the electrical
activity of the heart, detecting arrhythmias
and ischemia.

2. Blood glucose measurement: Diagnosing dia-
betes and controlling glucose levels.

3. Lipid profile: Determining cholesterol and li-
pid levels in the blood, assessing atherosclero-
sis risk.

4. Blood creatinine measurement: Assessing kid-
ney function.

5. Urinalysis: Detecting kidney and other sys-
temic diseases.

6. Height and weight measurements, Body Mass
Index calculation: An important indicator for
assessing overall health and metabolic risks.

7. Waist circumference measurement and its ra-
tio to hip circumference: An important indica-
tor for determining metabolic risks.

8. Cardiac troponin level measurement: If there
is a positive response to questions about short-
ness of breath or chest pain during exertion.

9. Glycated hemoglobin measurement: If there
are positive responses to questions about fam-
ily diabetes or hyperglycemia in the medical
history and currently elevated blood glucose
levels.

The third part is Risk Assessment Scales
(cardiovascular, lipids, diabetes and emergency
situations).

Thus, IDIS2GO — a new diagnostic system
designed to optimize the medical examination
process. This is a portable, integrated solution
that includes advanced diagnostic tools and a
powerful software platform for real-time health
monitoring and clinical decision support. IDIS-
2GO combines the scoring algorithms for car-
diovascular risk (SCORE2 and SCORE2-OP)
and diabetes screening for a comprehensive risk
assessment.

The IDIS2GO system helps to collect all these
data into a single examination file. The data au-
tomatically goes to cloud storage and can be
transmitted to any information system, ensuring
its availability to the doctor at a convenient time.
The doctor can interpret the data, assess them,
and make the necessary prescriptions.

We are already training our own artificial in-
telligence and will soon introduce the function of
automatic interpretation of examination data and
prediction of cardiovascular, renal, and metabolic
risks, which will significantly ease and speed up
the doctor's work.

With the use of IDIS2GO, processes that pre-
viously took 30-35 minutes can be reduced to
20 minutes or less due to automation and support
from medical staff:

1. Examination and measurements are performed
by a nurse, the results are entered into the sys-
tem — 5 minutes.

2. Patient survey can also be performed by a
nurse with automatic data entry — 5 minutes.
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3. Examinations with IDIS2GO are performed
by a nurse, their time is reduced due to the
speed of the devices and automatic data trans-
mission — up to 15 minutes.

4. Data recording, transmission to the cloud, and
HIS are done automatically.

5. Interpretation and assessment of data by the
doctor from ready results — up to 5 minutes
(the doctor does not need to be present during
the examination procedures and can do this at
a convenient time).

If a doctor wants to conduct such an exam-
ination today, it would take at least 350 work-
ing hours or about 50 working days per year for
700 patients (30 minutes per patient). With the
distribution of functions, collection of history,
and objective data allowed by the new technolo-
gy, the doctor will spend only 58.3 hours or about
8.5 working days (up to 5 minutes per data eval-
uation and prescription).

Organization of Pre-medical Reception Office

It is advisable to organize a pre-medical recep-
tion office where patients will be referred for an-
nual preventive examinations.

Potential capacity of such an office:

* serving one patient — up to 25 minutes;

* 20 people per day;

* 100 people per week;

* 400 people per month;

* 4500 people per year.

Serving multiple family doctors: Considering
the need for annual health evaluation of 1500 to
2000 citizens per family doctor, with a 40% ne-
cessity for examinations, this will average 700
patients per year. Thus, one pre-medical recep-
tion office can serve up to 7 family doctors.

Economic Efficiency

Saving 41.5 working days of a doctor per
year will allow freeing up time for more produc-
tive work with patients. The savings in working
time for 7 doctors will amount to 2042 hours or
291 working days. The cost of such working time
will fully pay off the investment in the organiza-
tion of such an office with new technology and the
salary of the nurse working there within a year.

Implementing the IDIS2GO comprehen-
sive diagnostic system not only saves doctors'
working time but also allows for rational use of
resources. Thanks to process automation and re-
duced doctor workload, medical institutions can
reduce operational costs and improve the quality
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of services provided. The quick return on invest-
ment and reduction in labor costs make the im-
plementation of IDIS2GO an economically effec-
tive solution.

Today examinations are conducting by doc-
tors. It takes a lot of time, several visits, and it is
not always convenient to enter and save all the
data in the patient's record. This greatly affects
the effectiveness of preventive diagnostics, due
to the shortage of medical personnel in the Euro-
pean Union and in the world. Offering a compre-
hensive diagnostic system using express methods,
in one visit, with automatic data collection and
evaluation, significantly reduces the labor costs
of the doctor and all medical staff, reduces the
risk of errors, and provides a complete diagnostic
report for the doctor, the patient and his medical
documentation.

The IDIS2GO system is an innovative solu-
tion that significantly reduces the working time
of family doctors during annual preventive ex-
aminations. It does not only improve work effi-
ciency but also enhances the quality of medical
care, leading to better patient outcomes. Organ-
izing a pre-medical reception office and using the
IDIS2GO system will allow efficient allocation
of medical staff working time and improve the re-
sults of preventive examinations.

The potential of implementation IDIS2GO
as comprehensive examination to determine
the risks of cardiovascular, metabolic, and re-
nal diseases

IDIS2GO is an innovative portable diagnos-
tic system designed to conduct comprehensive
examinations for assessing the risks of cardiovas-
cular, metabolic, and renal diseases. Its potential
lies in its ability to provide accurate, real-time
health assessments in various settings, including
remote and underserved areas.

Here's a closer look at its potential implemen-
tation:

1. Comprehensive Health Assessment:
 cardiovascular: IDIS2GO can monitor blood

pressure, heart rate, and electrocardiograms,

helping detect hypertension, arrhythmias, and
other heart conditions;

« metabolic: By measuring blood glucose and
cholesterol levels, it can identify individuals
at risk for diabetes and dyslipidemia.
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« renal: It can assess kidney function through
markers like creatinine and estimated glome-
rular filtration rate, identifying early signs of
kidney disease.

2. Accessibility:

* remote areas: IDIS2GO's portability makes it
ideal for use in remote or underserved regions
where access to healthcare facilities and com-
prehensive diagnostic tools is limited;

* mobile clinics: It can be used in mobile health
clinics to reach populations that might not
have regular access to healthcare services.

3. Real-time Data and Monitoring:

e Immediate Results: The device provides re-
al-time results, allowing for immediate analy-
sis and decision-making;

* Continuous Monitoring: It can be used for
continuous monitoring of patients with chron-
ic conditions, enabling better management
and timely interventions.

4. Cost-Effectiveness:

* Reduced Healthcare Costs: Early detection of
diseases can lead to earlier and more effective
treatments, potentially reducing long-term
healthcare costs;

 Efficiency: Combining multiple diagnostic
tests into one portable device streamlines the
diagnostic process, saving time and resources.
5. Improved Patient Outcomes:

» Early Detection: Identifying risk factors and
diseases early can lead to better patient out-
comes through timely treatment and lifestyle
interventions;

 Personalized Care: The data collected can be used
to tailor personalized treatment plans for patients.
We need to provide following implementation

strategies:

1. Pilot Programs:

* Conduct pilot programs in diverse settings to
evaluate the effectiveness, accuracy, and user
experience of IDIS2GO;

» Gather data on its impact on early disease de-
tection, patient outcomes, and healthcare costs.
2. Partnerships:

* Collaborate with healthcare providers, gov-
ernments, and non-governmental organiza-
tions to facilitate widespread adoption and
deployment;

» Partner with technology companies to en-
hance device capabilities and integrate with
digital health platforms.

3. Education and Training:

* Develop comprehensive training programs for
healthcare providers and community health
workers;

* Provide educational materials and resources
for patients to understand their health data
and take proactive steps in disease prevention
and management.

4. Regulatory Approvals:

* Ensure compliance with relevant regulato-
ry standards and obtain necessary approvals
from health authorities.

Conclusion

IDIS2GO holds significant potential as a
comprehensive diagnostic tool for assessing the
risks of cardiovascular, metabolic, and renal dis-
eases. Its portability, real-time data capabilities,
and comprehensive assessments can enhance
healthcare delivery, especially in remote and un-
derserved areas. With proper implementation,
training, and integration, IDIS2GO can play a
pivotal role in early disease detection, improving
patient outcomes, and reducing healthcare costs.
SK-Telemed GmbH has assembled a group of
scientists and qualified specialists in the Health
Algorithms project to develop tools for automat-
ing the collection and evaluation of medical and
diagnostic data based on the latest recommenda-
tions from global professional associations, using
artificial intelligence algorithms and training our
own neural network. This significantly inten-
sifies preventive examinations. We create such
comprehensive diagnostic system for these pur-
poses — IDIS2GO - to determine the risks of car-
diovascular, metabolic, and renal diseases.
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Y «IHCTUTYT eHAOKPUHONOrT Ta 0OMiHY peyoswH im. B.I1. KomicapeHka
HAMH YkpaiHun»

25K-Telemed GmbH, AscTpis

Pestome. KappaiomeTaboniuHi 3axBOPIOBaHHA € CEPMO3HOK o-
6anbHoo NpobnemMoto A1A 340POB'A, AKa BPaXae MiNbioHW nofe y
BCbOMY CBITI. Po3B'A3aHHA Ui€i npobnemy noTpebye GaratorpaHHoro
MigXoAy, AKWA BKIIOUAE 3MIHW CMOCOBY KMTTA, MeaVYHI BTPyYaHHs Ta
CTpaTerii OXOPOHM 3A0POB'A ANA 3MEHLUEHHA NOLMPEHOCTI Ta BIIMBY
UMX 3aXBOPIOBAHb. KOMMMEKCHe 0OCTEXEHHS € KNIOYOBMM efleMEeHTOM
NPOdINAKTVKM Ta PaHHBOTO BUABNEHHS KapaioMeTaboniuHX 3axBopto-
BaHb. 3aBAAKM peTenbHOMY 300py aHaMHe3y Ta [iarHOCTULI MU MOXe-
MO BYACHO BU3HAUWTV PU3MKK Ta PO3POBUTI iHAMBIAYANbHI MPOrpamy
NiKyBaHHA Ta NPOGINaKTUKW, AKI 3HaYHO MOKPaLLYIOTb MPOrHO3 Ta AKICTb
XWTTA nauieHTis. MeTa. Po3pobuti fiarHocTnuHy crctemy AnA BU3Ha-
UeHHA PY3KKIB CepLeBO-CyANHHMX, OOMIHHMX Ta HUPKOBMX 3aXBOPIO-
BaHb. MaTepianu. AHani3 nposefeHo no 6a3i PubMed Central 3a Kio-
YOBUMI CIOBaMI «KapAioMeTaboniuHi 3aXBOPIOBAHHSY, «iarHOCTVKa
Ta NpodinakTviKa KapaioMeTaboniyHyX 3aXBOPIOBaHb», 3a nepiog 3 2019
poky no 2023 pik. Pesynbratu. Po3pobunn aiarHOCTUUHYy cuctemy
IDIS2GO ansa aBTOMaTU3aLT 360pPY Ta OLHKI MEANYHUX i [iarHOCTUYHIX
JaHVX Ha OCHOBI OCTaHHiIX pekomeHAali CBITOBUX MpPOdeciHmX
acouiallilt, BUKOPWCTOBYOUM anrOpUTMM LUTYYHOTO IHTENEKTY Ta HaBYa-
four BNaCHI HepoHHi mepexi. IDIS2GO cKnaga€etbea 3 TpbOX YaCTUH:
neplua YacTuHa — iCTopiA naLjieHTa (M1TaHHA, BKAOUEHi 10 06CTeXeH-
He, CNPAMOBaHI Ha BMABNEHHS GaKTOPIB PU3NMKY Ta MOTEHLIMHIX NPO-
6nem 3i 300poB'AM); Apyra YacTMHa — AlarHOCTWYHI npouenypu (Ha
NiACTaBi BIANOBIAEN Ha BYMLLE3a3HaYeHi NUTaHHA KOPWCTYBaUi MOXYTb
NPOBECTV HACTYMHI [iarHOCTUYHI Npouedypy AnA 6inbl AeTanbHOT
OUIHKM CTaHy 340POB'A NaLieHTa); TPETA YacTMHA — L WKanu OUiHKK
PU3VKIB (CepLEeBO-CYAVHHI 3aXBOPIOBAHHA, NNiNiaw, fiabeT i Haa3BMYaiHi
cntyauii). Takum ymHom, IDIS2GO — HoBa AiarHOCTMYHa cucTemMa, Npu-
3HauYeHa 1A ONTWMiI3auil npouecy meguuyHoro ornagy. Le nopra-
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TUBHE [HTErpOBaHe PILLeHHA, AKe BKIOYaE NepefoBi IHCTPYMEHTY
AIarHOCTUKM Ta MOTyxHy NporpamHy nnatdopmy AN MOHITOPUHIY
CTaHy 300POB'A B PeanbHOMY Yaci Ta MIATPVMKM MPUAHATTA KITIHIYHUX
piweHb. IDIS2GO noeaHye B cobi anropuTMm OLIHKN CepLEeBO-CYANHHO-
ro pu3uky (SCORE2 i SCORE2-OP) i cKpuHIHT fiabeTy Ana KoOMMeKcHol
ouiHkM pu3nky. Crctema IDIS2GO ponomarae 3ibpati BCi Ui AaHi y
ENVNHAI eKk3ameHaliiHui Gainn. [JaHi aBTOMaTUYHO MOTPannAioTb B
XMapHe CxoBMULLe i MOXyTb OyT1 NepefaHi B Oyab-AKy iHGopMaLiriHy cv-
cTemy, 3abe3neuytoun ix JOCTYNHICTb ANA NikapA B 3pyYHUid Yac. Jlikap
MOe IHTePNPETYBaTU faHi, OLIHUTL iX | AaTW HeObXiaHI pekomeHaaLlii.
KniouoBi cnoBa: KapaiomeTaboniyHi - 3axBopioaHHs, IDIS2GO,
NPOdINaKTVIKa, OLIHKa PU3NIKY.
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Abstract. Visceral obesity (VO) can cause many diseases in the body, including leading to thyroid pathology.
Therefore, the search and development of new effective methods for preventing of thyroid dysfunction in obesity
is a relevant research area. One of these methods can be the use of the pineal gland hormone — melatonin.
The aim was to study the effect of melatonin on the histomorphometric changes in the thyroid gland of rats with
VO and to evaluate the possibility of its use as a prophylactic agent for gland dysfunction in this pathology. Material
and methods. For the experiment, 30 male Wistar rats aged 3 months were selected. VO in animals was modeled by
maintaining them on a high-calorie diet (HCD). 3 groups of rats were formed: group | - control, group Il - animals that
were on the HCD for 12 weeks, and group Il - rats that were on the HCD for 8 weeks, and then for another 4 weeks, in
addition to this diet, orally received melatonin (Unipharm Inc., USA) at a dose of 5 mg/kg. Histological preparations
were made from the thyroid tissue. Histomorphometry was performed using the «imageJ» computer program. The
concentration of total lipids, triglycerides and cholesterol was determined in blood serum. Results. Rats received
HCD showed clear signs of VO: the weight of visceral fat and the concentration of lipid metabolism indicators
probably increased. Structural changes were found in the thyroid gland, which indicated its hypofunction. Follicles
were emptied of colloid and its accumulation was inhibited. Hyperplasia of the thyroid gland was observed, which
led to an increase in its size. Rats that received melatonin in addition to HCD had significantly less structural thyroid
dysfunction. In addition, melatonin contributed to reducing the degree of obesity development, namely, it reduced
the weight of visceral fat and returned lipid metabolism indicators to control values. Conclusion. Administration of
melatonin to rats has a protective effect on the thyroid gland against the harmful effects of obesity. This may be of
practical interest when using melatonin as a prophylactic agent for disorders of the structure and function of the
thyroid gland caused by VO.

Keywords: thyroid gland, melatonin, visceral obesity.

© TR.V. Yanko, T.G. Shcherbatiuk, |.G. Litovka

213

VERTE }



ISSN 1680-1466" EHOKPUHOJIONA 2024, TOM 29, N 3

OpwuriHanbHi OCHIAKEHHSA

The global increase in obesity among the popu-
lation has become a serious problem in health care.
Obesity can cause many diseases in the body, in-
cluding leading to thyroid pathology [1]. Studies
have shown that there may be a connection between
obesity and thyroid activity [2]. It has been studied
that hypothyroidism can cause the development of
obesity. And obesity, in turn, can lead to a decrease
in gland activity and further weight gain [3].

Obese people often have thyroid dysfunction.
With obesity, the hypothalamic-pituitary-thyroid
axis is activated, which leads to an increase in the
level of thyroid-stimulating hormone. At the same
time, the synthesis of thyroid hormones is at a low
level [4]. In addition, obesity is often associated
with insulin resistance, which can affect thyroid
function, preventing the penetration of thyroid
hormones into cells and the manifestation of their
metabolic effects. In conclusion, obesity is the main
risk factor for the development of thyroid dysfunc-
tion [5]. Therefore, the search and development of
new effective methods for preventing thyroid func-
tion disorders in obesity is an actual direction of re-
search. One of these methods can be the use of the
pineal gland hormone — melatonin.

It is known from the literature data that exoge-
nous melatonin supplements reduce weight gain and
visceral fat deposition in many animal models associ-
ated with HCD feeding [6]. It has also been studied
that melatonin plays an important role in glycemic
homeostasis, mitochondrial activity, increases the
activity of brown adipose tissue, and has antioxidant
and anti-inflammatory properties [7]. While other
works did not reveal a significant effect of melatonin
on the development of obesity [8]. Therefore, addi-
tional studies are needed for further clinical confir-
mation of the melatonin effect in this pathology. The
dose, time and duration of melatonin administration
should be considered as a treatment option among
the factors that determine its effectiveness.

Among scientists, there is no single point of view
regarding the influence of melatonin on thyroid ac-
tivity. Some researchers note the suppressive eftect of
melatonin on the thyroid gland [9], others — a stimu-
lating eftect [10], and some others deny any involve-
ment of melatonin in the gland functioning [11]. Also,
there is still no consensus on the possible role of
melatonin as an adjunctive drug for the treatment
of structural disorders of the thyroid gland in VO,
although it shows great potential in this aspect.
For a better understanding the mechanisms of me-
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latonin's effect on the state of the thyroid gland in
obesity, further researches are needed in this direc-
tion.

The aim of this work was to study the effect of
melatonin on the histomorphometric changes in
the thyroid gland of rats with VO and to evaluate
the possibility of its use as a prophylactic agent for
gland dysfunction in this pathology.

Material and methods

Experiment was conducted on 30 male Wistar
rats aged 3 months. VO in animals was modeled
by maintaining them on a HCD. 3 groups of rats
were formed: group I — control, group II — animals
that were on HCD, and group III — rats that were
on HCD for 8 weeks, and then for another 4 weeks
orally received melatonin (Unipharm Inc., USA) at
a dose of 5 mg/kg in addition to HCD.

Each rat of the control group received 20 g of
standard feed daily (66 kcal), which contained:
6% fat, 23% protein, and 55% carbohydrates (recipe
K120-1 «Rezon-1», Ukraine). Animals of this group
had free access to water. Experimental rats of the II
and I1T groups received HCD with a total daily cal-
orie content of 116 kcal per animal. The composition
of such a diet, in addition to standard mixed feed, in-
cluded pork lard, white breadcrumbs and sunflower
seeds (fats — 45%, proteins — 9% and carbohydrates
— 31%). In addition, experimental rats received a
10% fructose solution after a day instead of water,
which increased the caloric content to 140 kcal and
accelerated the development of VO [12].

Rats were removed from the experiment by de-
capitation under isoflurane anesthesia. All manip-
ulations with rats were carried out in accordance
with the principles of the Helsinki Declaration of
1975 and its revision of 1983, as well as in accord-
ance with the «Rules for the performance of work
using experimental animals» approved by the Min-
istry of Health of Ukraine. All protocols were also
approved by the Committee on Biomedical Ethics
of Animal Care and Use of the Bogomoletz Insti-
tute of Physiology of the NAS of Ukraine (protocol
No. 5 dated 31.11.19).

For histomorphometric studies of the thyroid
gland, samples of its tissue were taken from the cen-
tral part, from which histological preparations were
made according to the standard method [13]. The
samples were fixed in Bouin's liquid, dehydrated
in alcohols of increasing concentration and embed-
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ded in paraffin. Paraffin sections 6 um thick were
made on a sled microtome (MS-2, Reichert, Aus-
tria). Staining of the obtained sections was carried
out according to Van Gieson. Using a digital cam-
era, micropreparations were photographed on an
«Eclipse E100» microscope (Nikon, Japan). Mor-
phometry on digital images of micropreparations
was performed using the «ImageJ» program.

The cross-sectional area of follicles, colloid and
follicular epithelium, external and internal diame-
ters of follicles, the height of the follicular epithe-
lium on histological sections of the thyroid gland
were measured. The average number of thyrocytes
in the follicles was calculated. The follicular-colloid
index (the ratio of the area of the follicular epithe-
lium to the area of the colloid), the stereological re-
sorption index (4/h, where h is the average chord
length of the line segments falling on the colloid)
and the colloid accumulation index (the ratio of the
average internal diameter to twice the height of the
epithelium) were determined. Using the method of
superimposing point morphometric grids, the rela-
tive area of the connective and parenchymal tissue
of the gland was determined and the stromal-pa-
renchymal index was calculated (the ratio of the
relative area of the connective tissue to the relative
area of the parenchyma of the gland). The width of
interlobar, interlobular and interfollicular connec-
tive tissue layers was measured [ 14, 15].

The concentration of total lipids, triglycerides,
and cholesterol was determined in the blood serum
of rats by a colorimetric-enzymatic method using
standard sets of reagents («Filisit-Diagnostikas,
Ukraine) on a biochemical analyzer («Sinnowas,
China). The obtained data were processed by the
methods of variational statistics using the software
Statistica 6.0 for Windows («StatSoft», USA) and
Excel 2010 («Microsoft», USA). The normality of
the distribution of digital arrays was checked using
the Shapiro-Wilk W-test. One-way analysis of var-
iance was used to compare the samples. Differences
at p<0.05 were considered significant.

Results and discussion

The presence of VO in rats was determined
by the weight of visceral fat and by indicators of
lipid metabolism in the blood serum. In the rats
that received HCD for 12 weeks (group II), clear
signs of VO were observed. This was evidenced by
a significant greater weight of visceral fat by 133%

(Fig. 1). Serum lipid parameters were also signifi-
cantly increased, namely total lipids — by 50%, tri-
glycerides — by 76%, and cholesterol — by 28% com-
pared to controls. Rats that received melatonin in
addition to HCD (group III) had less pronounced
signs of VO. Thus, their visceral fat weight was 45%
higher (p<0.05), and the indicators of lipid metabo-
lism, in general, did not differ from the control values.
That is, the administration of exogenous melatonin
suppresses the development of VO in rats. Other au-
thors also noted that administration of melatonin to
the HCD can reduce the concentration of triglycer-
ides and cholesterol in the blood of animals [16].

g mg

50 - « A 50 - B
40 - 40 -

30 30 -

20 - E 20 -
0 -u 0
I Il " I I ]

Fig. 1. Weight of visceral fat (A) and thyroid gland (B).

Note: | - control rats, Il - rats receiving HCD and Il - rats receiving HCD and
melatonin; *p<0.05 compared to the group I, ** p<0.05 compared to the
group Il; one way ANOVA followed by Bonferroni post hoc test, n=10 rats/

group.

At the end of the experiment, the rats of the
group II showed an increase in the weight of the thy-
roid gland by 133% (p<0.05) compared to the con-
trol, which indicates its hyperplasia. One of the main
reasons for the development of thyroid hyperplasia
is insuflicient synthesis of hormones and a decrease
in their concentration in the blood. This leads to ac-
tive stimulation of the gland, cell proliferation with
subsequent increase in its weight and size [17]. Oth-
er authors also noted the increase in thyroid volume
during obesity, associating it with an increase in the
number of gland nodes [18]. In another study, after
a 6-month stay of rats on the HCD, an increase in
the size of the thyroid gland, an increase in the con-
centration of triglycerides in it, and a decrease in the
concentration of thyroxine in the blood serum were
found. In addition, the thyroid gland of these rats
decreased the concentration of proteins associated
with hormone synthesis [19]. Thyroid weight in an-
imals of the group III did not differ from the control

(Fig. 1).

215

VERTE }



ISSN 1680-1466" EHOKPUHOJIONA 2024, TOM 29, N 3

OpwuriHanbHi OCHIAKEHHSA

Fig. 2. Photomicrograph of a thyroid section of a control animal (A), after exposure to a HCD (B) and a rat that received a HCD and
melatonin (C). Van Gieson's stain x400.

Note. 1 —follicle; 2 — colloid; 3 — interlobular connective tissue; 4 — interfollicular connective tissue.

It was found that the thyroid gland of rats, which
were on the HCD, preserved the lobular structure.
The follicles were mostly small in size. Intensive pro-
cesses of colloid resorption and reduction of its area
were observed. This indicates inhibition of colloid
accumulation, depletion of the gland and its hypo-
function. Thyrocytes were mostly prismatic, rarely
cubic in shape. An increase in the number of inter-
follicular islands (aggregation of thyrocytes without
colloid) was detected. This may be related to com-
pensatory mechanisms of the gland (in connection

Table. Histomorphometric parameters of the thyroid gland (M+m, n=10)

with its insufficient hormonal secretion), which are
manifested by hyperplasia of thyrocytes (Fig. 2).

Histomorphometric analysis of the thyroid gland
in group II of rats revealed a significantly smaller
area of follicles, colloid, and follicular epithelium by
36, 57, and 24%, respectively, than in controls. The
external and internal diameters of follicles in these
rats were smaller by 23 and 39% (p<0.05), respec-
tively. The number of thyrocytes lining the follicle
wall was also 13% less than in the control (p<0.05)
(Table).

Parameters Control HCD HCD+Melatonin
The relative area of parenchyma, % 779418 76.2+1.3 76.3+£1.6
Area, um*:

follicle 259076 1650£41* 2389+55A
colloid 940+46 400+20* 701£26*A
follicular epithelium 1650+70 1250+49* 1688+36N
Follicle diameter, um:

external 52.2+1.0 40.1£1.0% 50.5+1.510
interior 30.7%1.3 18.7+£1.5% 26.3£1.0n
The height of thyrocytes, pm 10.8+0.3 10.7+0.8 121404
The number of thyrocytes in the follicle, pcs 21.5+0.7 18.8+0.5% 21.6+0.3
The relative area of stroma, % 221411 23.8+1.0 23.7+18
Stromal-parenchymal index 0.28+0.02 0.31+0.03 0.31+0.01
The width of the interlayers of the connective tissue, um:

interlobar 221+15 23.3+1.0 20.8+1.2
interlobular 8.1+£0.3 13.0£1.2% 8.3+£0.3A
interfollicular 1.45+0.09 1.52+0.07 1.38+0.06

Note. * — P<0.05 significant difference compared to the control, N — P<0.05 significant difference compared to the rats received HCD.
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Other authors found that the follicles in the thy-
roid gland of rats that were on the HCD were mostly
large in size with excessive accumulation of colloid.
The height of thyrocytes decreased, the cell cyto-
plasm was vacuolated and had a broken membrane
[20]. The discrepancy in the obtained data may be
related to different conditions of the experiments.

Rats that received melatonin in addition to HCD
had smaller thyroid structural changes compared
to animals in the group IL. In the thyroid gland of
these rats, the area of follicles, colloid, and follicular
epithelium was found to be 45, 75, and 35% larger,
respectively, than in animals of the group II. The ex-
ternal and internal diameter of the follicles in rats of
the group III were larger than those of the group 11
by 26 and 41% (p<0.05), respectively (Table, Fig. 2).

Follicular-colloid index, stereological resorp-
tion index and colloid accumulation index were in-
dicators that characterize the dynamics of colloid
accumulation and removal. It was found that the
follicular-colloid index and the stereological re-
sorption index were significantly higher by 78 and
65%, respectively, in the rats that were placed on the
HCD, compared to the control. The index of colloid
accumulation, on the contrary, was lower by 39%
(p<0.05). Changes in these parameters indicate the
emptying of follicles from colloid and inhibition of
its accumulation. In the thyroid gland of rats that
received melatonin in addition to HCD, these indi-
cators underwent less intense changes. Thus, the fol-
licular-colloid index and the stereological resorption
index were 23 and 29% lower (p<0.05), respectively,
and the colloid accumulation index, on the contra-
ry, was 23% (p<0.05) higher than in animals of the
group II (Fig. 3).

* 1.6

In the rats that were on the HCD, a tendency
towards an increase in the amount of connective
tissue in the gland was revealed. And the width of
interlobular connective tissue layers was significant
by 60% larger compared to the control. This is also
a sign of gland hypofunction. In the thyroid gland of
rats treated with melatonin, the width of the inter-
lobular connective tissue did not differ from that of
the control and was smaller than that of the group 11
by 36% (p<0.05). Other morphometric parameters
of the connective tissue were close to the control val-
ues (Table).

It is known from the literature data that exces-
sive obesity can lead to an increase in the interfolli-
cular fat depot or steatosis in the thyroid follicular
cells. Thus, steatosis and ultrastructural changes,
including stretching of the endoplasmic reticulum
and mitochondrial disorders in follicular cells of the
thyroid gland, were constantly observed in mice
with VO [21].

There are many works devoted to the influence
of melatonin on the state of the thyroid gland. How-
ever, the results obtained by different authors are
ambiguous and often opposite. In the majority of
studies based on numerous experiments with direct
administration of melatonin into the body, its sup-
pressive effect on the functional activity of the thy-
roid gland has been shown [9]. Some authors give
melatonin the role of a stimulating factor in the thy-
roid gland. Thus, Gevorgyan A.R. et al. found that
injections of melatonin (for 10 days) at a dose of 0.05
mg/kg and 0.5 mg/kg (to a greater extent) led to
the stimulation of thyroid hormone secretion in old
rats [10]. The antitumor properties of melatonin in
the thyroid gland were also revealed [22]. Other re-
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Fig. 3. Follicular-colloid index (A), stereological resorption index (B) and colloid accumulation index (C).

Note: | — control rats, Il - rats receiving HCD and Ill - rats receiving HCD and melatonin; *p<0.05 compared to the group I, ** p<0.05
compared to the group II; one way ANOVA followed by Bonferroni post hoc test, n=10 rats/group.
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searchers did not note the effect of melatonin in the
regulation of thyroid function [11].

Previously, we conducted experiments to investi-
gate the effect of melatonin on the state of the thy-
roid gland in rats fed a standard diet. According to
most of the obtained histomorphometric indicators,
it was established that the 28th daily administration
of melatonin (5 mg/kg) reduced the functional ac-
tivity and physiological regeneration of the thyroid
gland [15].

Therefore, the ambiguity of the literature data re-
garding the influence of obesity or melatonin on the
structure and function of the thyroid gland may be
related to: the use of different models of the thyroid
gland, the degree of obesity, different dosages and
duration of melatonin administration, age and sex of
animals, etc. In our opinion the effect of melatonin
on the structural state of the thyroid gland with VO
is generally poorly studied. Therefore, the study of
the role and mechanisms of melatonin's effect on the
thyroid gland in obesity and the possibility of using
it for preventive purposes in this pathology remains
a relevant area of research.

Conclusions

In rats that received HCD for 12 weeks, clear
signs of VO and histomorphometric changes in the
thyroid gland, which indicated its hypofunction
were observed.

Rats that received melatonin (5 mg/kg) in ad-
dition to HCD had significantly less thyroid struc-
tural disorders compared to animals that were only
on HCD. Thus, administration of melatonin to rats
has a protective effect on the thyroid gland against
the harmful effects of obesity. In addition, melatonin
contributes to reduce the degree of obesity, namely,
it reduces the weight of visceral fat and returns indi-
cators of lipid metabolism to control values.

The obtained data may be of practical interest
when using melatonin as a prophylactic agent for dis-
orders of the thyroid gland function caused by VO.
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MenaToHiH 3HUHYE CTPYKTYPHI poanaan wwmutonofibHoi
3031 B LLYPIB 3 iHAYKOBAHUM BiCLIEPaNbHIM OKNPIHHAM

P.B. lnko', T.I. LLlep6ariok?, L.I. JlitoBKa'

HcTuTyT disionorii im. O.0. Boromonbla HauioHanbHoT akagemii Hayk
YKpaiHu

2KMIBCbKMI HaLiOHANBHWUIA YHIBEPCUTET TEXHONOTIN Ta AV3aiHy

Pestome. BicLiepanbHe oxmpiHHA (BO) Moxe BUKMKaTK 6e3id 3aXxBopto-
BaHb B OpraHi3mi, 30kpema npu3BOAUTY A0 NaTonorii WuTonomgioHoT 3a-
nosu (LL3). Tomy, nowyk Ta po3pobka HOBUX edeKTVBHMX MeToais Npodi-
NAKTUKK nopyweHb QyHKUIT L3 npu OXUPIHHI € aKTyanbHUM HaNPAMKOM
pocnipkeHs. OaHUM i3 Takrx MeTogiB Moxe ByTI BUKOPUCTaHHA FOPMOHY
WMWKONOAIOHOT 3311031 — MenaToHiHy. MeTa — focnianTi BNave mMenato-
HiHy Ha ricToMopdomeTpryHi 3miHu L3 wwypis i3 BO Ta ouiHWTK MOXAK-
BiCTb Or0 BUKOPUCTAHHA AK NPOGINaKTUUHOrO 3acoby Npuy NopyLleHHAX
GYHKUIT 331031 Npw bt natonorii. MaTepian i meToaw. [1na ekcnepumen-
Ty Byno Bigibparo 30 wwypis camuis niHii Wistar y iui 3 mic. BO'y TBapuH Mo-
AenioBanu WAAXOM X YTPUMaHHA Ha BUCOKOKanopiliHoMy paLioHi (BKP).
Byno coopmosaro 3 rpyni Wwypis: rpyna | — koHTponb, rpyna |l — TBapuHy,
AKi 3Haxoannuca Ha BKP npotarom 12 TuxHis, i rpyna il — wypw, Aki 8 k-
HiB 3Haxoamnca Ha BKP, a noTim we 4 TvxHi, Ha JOAaTOK A0 UbOro pa-
LioHy, nepopanbHo otpumysanu menatoHid (Unipharm Inc., CLUA) y go3i
5 Mr/kr. 3 TkaHnHy L3 BuroTosnanw rictonoriuni npenapat. lictomopdo-
METPIto 3AIMCHI0BaNM 33 AOMOMOr0I0 KOMM'toTePHOT Nporpamu «Imagel». Y
CUPOBATL KPOBI BM3Hauanu KOHLEHTPALio 3aranbHuX Niniais, Tpurnile-
pUAIB Ta xonectepuHy. Pesynbratu. Y wypis, Aki bynu Ha BKP, cnoctepira-
11 ABHI 03HakK BO: BiporigHO 3poc/a Maca BiCLepanbHOro XMpy Ta KOH-
LeHTPaLlis NOKa3HMKIB niniaHoro 0bmiHy. Y L3 BuABMAN CTRYKTYPHI 3MiHK,
AKi CBILUMNM Npo 1i rinodyHKuito. Binbysanock cnycTouieHHa dponikynis Big
KONOifly Ta NPUrHIYeHHA Moro HakonuueHHA. CnocTtepirany rinepnnasito
L3, wo npw3soamna fo 36inbuieHHs i po3mipis. LLypu, ki Ha foaaTok 1o
BKP otprmMyBany MenaToHiH, Manu 3Ha4HO MeHLLi CTPYKTYPHI po3naaw LL3.
Kpim TOro, MenaToHiH CNpuAB 3MEHLLEHHIO CTYNeHA PO3BUTKY OXMPIHHA,
a Came 3HVKYBaB Macy BICLePanbHOro XMpy Ta NOBEPTaB NOKa3HUKK N1i-
MiAHOrO 0OMiHY 10 KOHTPOMbHYX 3HauYeHb. BUCHOBOK. BBeaeHHA Liypam
MENaTOHIHY Ma€ 3axucHuit epekT Ha L3 Big 3rybHOro BNAMBY OXKUPIHHA.
Lle MOXe CTaHOBUTY NPAKTUYHWIA IHTEPEC NPU BUKOPUCTaHHI MENATOHIHY

AK NPOdINAKTYHOrO 3aco0y MPU NOPYLUEHHAX CTPYKTYpK Ta GyHKLUT L3,
BMKMKaHWx BO.
KnioyoBi cnoBa: LytonosioHa 3ano3a, MenaToHiH, BiclepanbHe OKUPIHHA.
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Body composition parameters < sonew.
and comorbidities as markers
of clinically significant liver
fibrosis (F2, F3 stages) in
patients with metabolic
dysfunction-associated
steatotic liver disease

Bogomolets National Medical University

Abstract. The global incidences of metabolic dysfunction-associated steatotic liver disease (MASLD) and obesity
are increasing. Liver fibrosis stage is considered the strongest predictor of disease-specific mortality in MASLD. Aim.
This study aimed to examine the possible associations between body composition parameters assessed by bioim-
pedance analysis (BIA), comorbidities, and clinically significant liver fibrosis (F2, F3) in Ukrainian patients with MASLD.
Material and methods. It was an observational study involving adult patients aged >18 years with a diagnosis
of MASLD and liver steatosis, confirmed by ultrasound imaging, who underwent liver shear-wave elastography
for assessment of liver fibrosis and body composition assessment. Logistic regression analysis was performed to
determine possible factors associated with clinically significant liver fibrosis (F2, F3). Results. The study included
79 patients with a mean age of 45.66+14.26 years, and 64.6% were female. The body mass index (BMI) median
was 31.9 kg/m?(Q1, Q3: 29.25, 37.3) and clinically significant liver fibrosis (F2, F3) was observed in 15.2% of patients
(n=12). Patients with F2, F3 stages had higher BMI (median=37.55; Q1, Q3: 33.11, 42.45) than patients without clin-
ically significant liver fibrosis (median=31.2; Q1, Q3: 28.63, 35.35; p=0.0027). Excessive visceral fat level was associ-
ated with clinically significant liver fibrosis (F2, F3) (odds ratio [OR]=5.74, 95% confidence interval (Cl): 1.41-23.29,
p=0.0145). We found that type 2 diabetes (T2D) was significantly associated with clinically significant liver fibrosis
(F2, F3) in patients with MASLD (OR=4.15, 95% Cl: 1.15-14.99, p=0.0297) and this association remained significant
after adjustment for age and sex, as well as in the multivariable model. Conclusion. We demonstrated that a high-
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er visceral fat level was associated with clinically significant liver fibrosis (F2, F3), suggesting that the presence of
excessive visceral fat accumulation determined with BIA may be used as a potential marker of clinically significant
liver fibrosis (F2, F3) in patients with MASLD. Our study also confirmed the link between T2D and significant liver
fibrosis (F2, F3) in Ukrainian adults with MASLD. These findings demonstrate the importance of timely screening of
this category of patients for liver fibrosis, as recommended by the current guidelines.

Keywords: metabolic dysfunction-associated steatotic liver disease, liver fibrosis, visceral fat, bioimpedance analy-

sis, body mass index.

MASLD affects approximately 30% of the
world's population, and its prevalence is antic-
ipated to increase in the near future [1, 2]. Ac-
cording to previous research, liver fibrosis stage
is considered the strongest predictor of dis-
ease-specific mortality in MASLD [3]. Moreover,
studies have shown that advanced liver fibrosis is
prevalent among outpatients with T2D, demon-
strating the need for systematic screening [4].
The rising global incidence of MASLD co-exists
with the worldwide increase in overweight and
obesity [5]. Previous studies have demonstrat-
ed the association between body composition
parameters and hepatic fibrosis in patients with
sarcopenic obesity and non-alcoholic fatty liver
disease; the use of the index skeletal muscle mass
to visceral fat area ratio in MASLD; and the body
composition assessment in patients with MASLD
using BIA, a non-invasive technique widely used
in clinical practice and research [6-10].

This study aimed to examine the possible as-
sociations between body composition parame-
ters assessed by BIA, comorbidities, and clini-
cally significant liver fibrosis (F2, F3 stages) in
Ukrainian patients with MASLD.

Material and methods

Ethical approval. The study protocol was ap-
proved by the Ethic Committee of the Bogomo-
lets National Medical University, Kyiv, Ukraine
(Protocol number 152). Participants gave their
informed consent during the primary data collec-
tion.

Design of the study. 1t was an observation-
al study involving patients with MASLD. Par-
ticipants were recruited from outpatients who
received medical care in KNE «Kyiv Municipal
Consultative and Diagnostic Centre» in Ukraine
in period from January 2022 to June 2024. The
inclusion criteria for participation in the study

were as follows: adult patients aged >18 years
with a diagnosis of MASLD and liver steatosis
confirmed by ultrasound imaging, who under-
went liver elastography for assessment of liver
fibrosis and body composition. Exclusion crite-
ria were pregnancy, breast-feeding, patients with
liver cirrhosis, daily alcohol intake of more than
30 g per day for men and 20 g per day for women,
acute or chronic liver diseases (hepatitis B, hep-
atitis C, etc.) other than MASLD [11]. The di-
agnosis of MASLD was based on the criteria de-
fined by the American Association for the Study
of Liver Diseases, which are consistent with the
EASL-EASD-EASO Clinical Practice Guide-
lines [11, 12]. As some patients were diagnosed
with non-alcoholic fatty liver disease, we evalu-
ated them in accordance with the new nomencla-
ture and criteria.

Assessment of liver steatosis and fibrosis.
Two experienced physicians performed abdominal
ultrasound examination and shear-wave elastog-
raphy to confirm liver steatosis and assess liver
stiffness, respectively; with determination of liver
fibrosis stages (FO0, F1, F2, F3, F4) following the
manufacturer's instructions and current recom-
mendations (Hitachi Aloka Arietta S70) [13-15].

Body composition assessment. Weight and
height were measured with further BMI cal-
culation. Weight to the nearest 100 g and body
composition parameters were assessed by an ex-
perienced dietitian using the BIA scale (Tanita
BC-545N, Japan). The following body composi-
tion parameters were assessed: body fat (%), vis-
ceral fat level (1-59 range: low to high), muscle
mass (kg), total body water (%), and bone mass
(kg). Following the manufacturer's recommenda-
tions, a visceral fat level >12 was considered an
excessive level of visceral fat.

Statistical Analysis. Categorical variables
were presented as number of cases and percent-
ages. Continuous variables were checked for
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normality using the Shapiro-Wilk test and his-
tograms. Normally distributed continuous varia-
bles were expressed as mean + standard deviation
(SD) and non-normally distributed variables as
medians with 25" and 75" percentiles (Q1 and
Q3). The t-test (for normally distributed data)
and Mann-Whitney U test (for non-normally dis-
tributed data) were used to assess the differences
between groups. We used the chi-squared test to
analyse categorical data. Logistic regression anal-
ysis was performed to determine possible factors
associated with clinically significant liver fibro-
sis (F2, F3). As most variables did not follow a
normal distribution, we used the Spearman rank
correlation coefficient (rho, rs) for the correla-
tion analysis. The sample size was defined as at
least 59 participants (10 participants with stages
F2, F3 and 49 participants without clinically sig-
nificant fibrosis, stages <F2) with a power set of
80% (p<0.05), and the null hypothesis was that
the mean difference in BMI between participants
with clinically significant liver fibrosis and with-
out would be 5 or less, with SD 5 for both groups
and the ratio 1:5. A p-value of <0.05 was consid-
ered statistically significant; 95% CI for an OR,
which does not include 1.0, was considered to be
statistically significant at the 5% level. Data was
analysed using MedCalc® Statistical Software
version 20.215 [16]. We assessed 84 patients with
MASLD for eligibility, five of whom were exclud-
ed due to the absence of some necessary data.

Results

The study included 79 patients with a mean
age of 45.66+14.26 years, and 64.6% were female.
The median BMI was 31.9 kg/m?2 (Q1, Q3: 29.25,
37.3) and clinically significant liver fibrosis (F2,
F3 stages) was observed in 15.2% of patients
(n=12). The main clinical characteristics of par-
ticipants are summarised in Table 1.

Based on results of liver fibrosis severity stag-
es assessed by patients with shear-wave elas-
tography were divided in two groups: patients
without clinically significant liver fibrosis (<F2)
and patients with clinically significant liver fi-
brosis (F2, F3 stages). There was no difference
in age and sex of participants between the groups
(Table 2). However, patients with F2, F3 stages
had higher BMI (median=37.55; Q1, Q3: 33.11,
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Table 1. The main clinical characteristics of participants

Characteristics Results
Age (years), mean+SD 45.66+14.26
Sex, n (%)

Female 51 (64.6%)

Male 28 (35.4%)
Liver fibrosis (n=79)

<F2 67

F2,F3 12

F4 0

BMI (median: Q1, Q3), kg/m? 31.9(29.25, 37.30)

BMI category, n (%)

<18.5 kg/m? 0 (0%)
18.5 to <25 kg/m? 1(1%)
25.0 to <30 kg/m? 24 (29%)
30 to < 35 kg/m? 29 (37%)
35 to < 40 kg/m? 14 (18%)
>40 kg/m? 12 (15%)

Comorbidities, n (%)*

Arterial hypertension 4 (5%)

12D 19 (24%)
Prediabetes 1(1.27%)
GERD 3 (3.8%)
Gout 7 (8.86%)
Hypothyroidism 16 (20.25%)

Note. * — some patients have more than one comorbidity.

42.45) than patients without clinically signifi-
cant liver fibrosis (median=31.2; Q1, Q3: 28.63
to 35.35; p=0.0027). Moreover, visceral adiposi-
ty level was also significantly higher in patients
with F2, F3 stages (median=16.5, Q1, Q3:12.5,
22; p=0.0015), but not the total fat (%) content.

To further assess the associations between
clinically significant liver fibrosis (F2, F3) and
body composition parameters as well as comor-
bidities, the univariate logistic regression analy-
sis was performed (Table 3).



ISSN 1680-1466" ENDOKRYNOLOGIA" 2024, VOLUME 29, No. 3

Table 2. Comparison of body composition parameters and comorbidities between patients without clinically significant liver fibrosis (<F2) and
with clinically significant liver fibrosis (F2, F3).

Without clinically Clinically significant p

significant liver fibrosis (<F2) liver fibrosis (F2, F3)

(n=67) (n=12)
Age (years), mean+SD 4597+14.18 43.92 £15.25 0.6489*
Sex (male), n (%) 22 (32.8%) 6 (50%) 0.2553%**
Arterial hypertension, n (%) 3 (4.5%) 1(8.3%) 0.5772%**
12D, n (%) 13 (19.4%) 6 (50%) 0.02327%**
Prediabetes, n (%) 1(1.5%) 0 0.6721%**
GERD, n (%) 3 (4.5%) 0 0.4577%**
Gout, n (%) 5(7.5%) 2(16.7%) 0.3046%**
Hypothyroidism, n (%) 13 (19.4%) 3(25%) 0.6589***
BMI, median (Q1, Q3), kg/m? 31.2(28.63,35.35) 37.55(33.11,42.45) 0.0027%*
Fat, median (Q1, Q3), % 37.6 32.625, 44.45) 40.85 (34.45, 45.65) 0.3529**
Visceral fat, median (Q1, Q3), level 10.5(7.5,13) 16.5(12.5, 22) 0.0015%*
Water, median (Q1, Q3), % 46.2 (41.3, 48.65) 43.25 (40, 47.45) 0.1852**
Muscle mass, median (Q1, Q3), kg 53.6 (47.78,61.15) 64.8(53, 79.05) 0.0188**
Bone mass, median (Q1, Q3), kg 2.8(2.525,3.2) 34(2.8,4.1) 0.021**

Note. * T-test, ** Mann-Whitney rank test, *** A Chi-square test.

Table 3. Markers of clinically significant liver fibrosis (F2, F3), using binary logistic regression analysis

Marker Unadjusted

OR 95% Cl p
Age 0.9898 0.9475 t0 1.0339 0.6444
Sex (male) 2.0455 0.5912 to 7.0766 0.2584
Arterial hypertension 1.9394 0.1846 t0 20.3742 0.5809
12D 41538 1.1510 to 14.9912 0.0297
Prediabetes 0.0000 - -
Gastroesophageal reflux disease  7.2266 x 10° - 0.9984
Gout 2.48 0.4221 to 14.5693 0.3147
Hypothyroidism 1.3846 0.328 t0 5.8449 0.6578
BMI 1.1663 1.0517 t0 1.2934 0.0036
Fat, % 1.0402 0.9675to 1.1185 0.2862
Visceral fat, level 1.2137 1.0712 t0 1.375 0.0024
Water, % 0.9276 0.8284 to 1.0386 0.1924
Muscle mass, kg 1.0701 1.0177 to 1.1251 0.0081
Bone mass, kg 4.1669 1.4632 10 11.8668 0.0075
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Markers, which were associated with clinically
significant liver fibrosis in univariate logistic re-
gression analysis, also remained significant after
adjustment for age and sex (Model (1), Table 4).

Table 4. Model (1). Adjusted for age, sex

Marker OR 95% Cl p

T2D 6.1107  1.3949 10 26.7699 0.0163
BMI 1.2094  1.0727 to 1.3634 0.0019
Visceral fat, level 1.3421 1.1166 t0 1.6131 0.0017
Muscle mass, kg 11414 1.0364to 1.2571 0.0072
Bone mass, kg 15.944  2.19111t0 116.0214 0.0062

However, in the multivariable model (Mod-
el (2), Table 5), only associations between T2D
(OR=8.7661, 95% CI: 1.3231 to 58.0791), vis-
ceral adiposity (OR=1.1966, 95% CI: 1.0511 to
1.3623) and clinically significant liver fibrosis
were statistically significant.

Table 5. Model (2). Multivariable model

Marker OR 95% Cl p

2D 8.7661 1.3231 10 58.0791 0.0244
BMI 1.0885 0.9562 t0 1.2390 0.1997
Visceral fat, level 1.1966 1.0511 to 1.3623 0.0067
Muscle mass, kg 0.5987 0.2246 to 1.5959 0.3051
Bone mass, kg 2.08x10° 0.0002t0 1.76 x 10" 0.2431

In the univariate regression model, excessive
visceral fat (visceral fat levels higher than 12)
was associated with clinically significant liver fi-
brosis (F2, F3) (OR=5.74,95% CI: 1.41 to 23.29,
p=0.0145). After adjustment for age and sex, the
association remained significant (OR=8.71, 95%
CIL: 1.69 to 44.81, p=0.0096). Bone mass (kg)
correlated with weight (kg) of the participants
(rs=0.749, p<0.0001), visceral adiposity level
(15=0.457, p<0.0001), BMI (rs=0.424, p=0.0001).
Muscle mass (kg) also correlated with weight
(kg) of the participants (rs=0.741, p<0.0001),
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visceral adiposity level (rs=0.453, p<0.0001),
BMI (rs=0.415, p=0.0001). This may explain why
the OR for bone and muscle mass were significant
in the univariate logistic regression analysis, but
not in the multivariable model (2).

Discussion

Liver fibrosis is considered to be linked to fat
mass, as well as to visceral fat, in patients with
non-alcoholic fatty liver disease [17]. Viscer-
al adipose tissue dysfunction, for example, con-
tributes to metabolic syndrome and therefore
may lead to further deterioration of liver func-
tion and fibrosis progression [18]. Our findings
that visceral fat was associated with liver fibrosis
(F2, F3) are consistent with results of the study
conducted in Spain demonstrated the association
between highest quartile of visceral adiposity
index, BMI >30 kg/m2, and abdominal obesity
with the prevalence of MASLD and liver fibrosis,
as well as with fibrosis progression [19].

T2D is considered to be the major deter-
minant of fibrosis progression in patients with
MASLD [11]. Our study confirmed that T2D is
associated with clinically significant liver fibrosis
in Ukrainian adults with MASLD, even after ad-
justment for possible confounders such as age and
sex, as well as other factors such as body compo-
sition parameters. Impaired fasting glucose is one
of the parameters used in the non-alcoholic fatty
liver disease fibrosis score however, some studies
suggest T2D, rather than prediabetes, to be a risk
factor for clinically significant liver fibrosis [20,
21]. As most patients in our study had T2D and
only one participant had prediabetes, we could not
establish the association between prediabetes and
significant liver fibrosis.

Conclusion

We consider BIA to be useful for body com-
position assessment in patients diagnosed with
MASLD. We also suggest that the presence of
excessive visceral fat accumulation determined
with BIA may be used as a potential marker of
clinically significant liver fibrosis (F2, F3) in pa-
tients with MASLD. Our study confirmed the
link between T2D and significant liver fibrosis
(F2, F3) in Ukrainian adults with MASLD, ad-
ditionally indicating the importance of timely
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screening of this category of patients for liver
fibrosis, as recommended by the current guide-

lines.
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[MapameTpwn cknapy Tina Ta KomopbigHICTb AK
MapKepu KNiHIYHO 3Havyworo Gibpo3y neyiHkmn
(F2, F3 cTanii) y nauienTie i3 meTaboniyHo-
acouiiloBaHOW CTEaTOTUYHOH XBOP0DOID
NeyYiHKmn

C.C. WaTtuno, IA. ConosinoBa, K.J1. KBaueHoK
HauioHanbHW meanyHnin yHisepcuteT im. O.0. boromonbuA

Pesiome. [N06anbHa 3aXBOPIOBAHICTL Ha MeTaboMiYHO-acoL|inoBaHy

cTeaTtoTnuHy xBopoby neditky (MACXIT) Ta OXMPIHHA 3pOCTaE.

Cragia ¢ibpo3y neuiHKky BBaa€TbCA HAMCHABHILLMM NPeanKTOPOM

cveptHocTi npu MACXTT, wo 3ymoBneHa 3axsoptoBaHHAM. MeTa.

JlocnimkeHHA Mano Ha MeTi BUBUMTI MOXMBI 3B'A3KM MiXK NapaMeTpa-

MU CKNafy Tina, OLiHEeHVMI 33 LOMOMOrol0 OioiMMenaHCHOro aHanisy,

CYNYyTHIMY 3aXBOPIOBAHHAMM Ta KNIHIUHO 3HaYyLLMM GIOPO30M NeviHkm
(F2, F3) B naujienTis i3 MACXTT B Ykpaii. MaTtepian i metogu. Lle 6yno
obcepBallifiHe AOCAIMKEHHA 3a Y4acTio [OPOCIMX NALIEHTIB BiKOM

>18 pokisi3 giarHo3om MACXITTa CTeaTo30M NeYiHKK, NiaTBePAKEHM
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YNbTPa3BYKOBMM AOCAIMKEHHAM, AKMM MPOBOAMAM enacTorpadiio
neviHKM MeTOOM 3CYBHOI XBUMI ANA OUIHKM Gi6pO3y neviHkn Ta
OUIHKY CKnagy Tina. lna Br3HaueHHa MOXANBIUX GaKTOPIB, MOB'A3AHMX
i3 KNiHIYHO 3Hauywwmm dibposom nediHku (F2, F3), byno nposepeHo
NOTICTUYHMI perpecinHnin aHanis. Pesynbratin. [JocnigxeHHA BKO-
Yyano 79 nauieHTiB cepefHboro Biky 45,606+14,26 pokis, 64,6% i3
HUX Oynun xiHKW. MepiaHa iHAeKcy macu Tina ctaHosuna 31,9 kr/m?
(Q1, Q3: 29,25; 37,3), a KNiHiuHO 3Hauywmin $ibpo3 nevinkm (F2, F3)
cnocTepirasca B 15,2% nauienTis (n=12). MauieHTn 3i cTagiamm F2, F3
Mann BUWWI iHAeKC Mack Tina (MegiaHa=37,55; Q1, Q3: 33,11; 42,45),
Hi>X MauieHT 6e3 KNiHiuHO 3Havyworo Gibpo3y neviHku (vegiaHa=31,2;
Q1, Q3: 28,63; 35,35; p=0,0027). HagmipHuWi piBeHb BicLiepanbHOro
XMpy OyB NOB'A3aHNIA i3 KNIHIUHO 3HauyLum Gibpo3om neyiHkn (F2,
F3) (cnisBigHOWeHHA WwaHciB=5,74; 95% nosipunin iHTepBan: Big 1,41
10 23,29; p=0,0145). Mu BUABMAK, WO LyKPOBWI AiabeT 2-ro Tvmy bys
CYTTEBO NOB'A3aHWI i3 KNIHIYHO 3HauyWmm Gibpo3om nevinkm (F2, F3)
y nauienTis i3 MACXTT (cniBBigHOLWEHHA WaHCiB=4,15, 95% posipunn
iHTepsan: 1,15-14,99, p=0.0297), i uen 38'A30K 3aN1LWABCA 3HAUYLIMM
MicNA NMONPaBKW Ha BiK i CTaTb, @ TakoX Yy GaraToBapiaHTHIN Moaeni.
BurcHoBOK. Myt npoaeMOoHCTPYBasu, WO BULNIA PIBEHb BiCLIEPaIbHOrO
XMpy OyB NOB'A3aHMIA i3 KNIHIUHO 3HauyLum Gibpo3om nediHkn (F2,
F3), TOX MV pO3rNALAEMO HaAMIpHE HaKOMMYEeHHA BiCLEepanbHoro
XVPY, BM3HauyeHe 3a Aonomorot GioiMnesaHCHOro aHanisy, y poni
NOTEHLINHOrO MapKepa KNiHiuHO 3HauyLworo ¢pibpo3y neviHku (F2, F3)
y nauienTis i3 MACXI. Hawe gocnigxeHHA Takox NiaTBEPANIO 38'A30K
MiX LyKPOBUM fiiabeTom 2-ro Tvny Ta 3HayHWUM $idpo3om neyiHkn (F2,
F3) y nopocnmx i3 MACXTT B YkpaiHi. Lii gaHi ceinuatb npo Baxnneictb
CBOEYACHOIO CKPUHIHTY $i6pO3y NeyiHkW ans L€l kaTeropii nauieHTis,
AK Lle PeKOMEHAOBAHO CYyYaCHUMI HaCTaHOBaMW.

KniouoBi cnoBa: meTaboniuHO-acoLiioBaHa CTeaToTUHa XBopoba
neyiHky, Gibpo3 neuiHkK, BicLiepanbHWM Xunp, bioiMneaaHCHNI aHani3,
iHOeKC macw Tina.
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Abstract. Damage to the musculoskeletal system is one of the serious, but understudied complications of diabetes mellitus
(DM). Inflammatory and/or degenerative structural changes in the joints against the background of long-term hyperglycemia in
the initial stages cause limitation of joint mobility, and later lead to persistent contractures and disability of patients. Therefore,
the studying formation mechanisms of joint lesions in patients with DM is extremely important and relevant. The aim of our
study was to identify the levels of specific hormones and biochemical markers of connective tissue metabolism in patients with
diabetic arthropathy and to establish their possible influence on the development of joint pathology in this category of patients.
Material and methods. The presence and degree of severity of diabetic arthropathy was assessed according to the method
of A. Rosenblum. Levels of insulin, leptin, and osteocalcin in blood serum were determined by enzyme-linked immunosorbent
assay using Diaclone reagent kits (France) and a Stat fax 3200 tablet immunoenzymatic analyzer (USA). Collagenase activity
was assessed according to the method developed by S. Lindy and J. Halme. Glycosaminoglycans were determined by the
Orcin method described by S.A. Klyatsky and R.. Lifshits. Hydroxyproline fractions were isolated from blood serum according
to the method proposed by S. Frey. And hydroxyproline was identified using reagents produced by Merck (Germany). Results.
As a result of the study, it was found that the development of arthropathy did not depend on the type of DM. The odds of
developing arthropathy were the same in men and women with type 1 DM (T1DM). Women with type 2 DM (T2DM) were
6.4 times more likely to develop arthropathy than men. It was established that in both types of DM, an increase in insulin
and leptin levels was observed along with the progression of arthropathy. Osteocalcin levels were 53.9% higher in patients
with TIDM and arthropathy than in patients without arthropathy. Regardless of the type of DM, patients with arthropathy
had an increased level of biochemical markers indicating catabolic processes in the connective tissue of collagenase and free
hydroxyproline. Conclusion. Thus, the important role of the hormones insulin and leptin in the development of lesions of the
articular system in patients with DM has been established. Determination of osteocalcin, collagenase and hydroxyproline levels
was an important early marker of catabolic processes in patients with diabetic arthropathy.

Keywords: diabetes mellitus, diabetic arthropathy.
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Due to the progressive increase in the incidence
and disability among patients of working age, DM
remains one of the most significant medical and
social challenges of our time. Damage to the mus-
culoskeletal system is one of the serious but under-
studied complications of DM. Diabetes-related ar-
thropathies are inflammatory and/or degenerative
structural changes in the joints that initially cause
limited joint mobility and then eventually result in
contractures. According to various authors [1, 2],
damage to the joints is frequently observed in pa-
tients with DM. Only some fragmentary studies,
though, have provided a description of the progres-
sion, clinical presentation, and diagnosis of diabetic
arthropathy.

There are many questions regarding the patho-
genesis of diabetic arthropathy since the develop-
ment of this condition is a complicated and multi-
faceted process [3]. The impact of metabolic factors
and various hormones (insulin, leptin, osteocalcin,
adiponectin, osteoprotegerin, etc.) on the occur-
rence of joint damage in diabetic patients has been
conclusively demonstrated in the latest studies.
Numerous recent randomized trials have shown the
high comorbidity of both diseases [4, 5].

Insulin and leptin directly affect the structural
components of the joints in diabetic patients. When
chondrocytes are stimulated by leptin, they synthe-
size pro-inflammatory mediators that cause inflam-
mation. These mediators then activate metallopro-
teases, including collagenase, which leads to joint
damage. The direct effect of leptin on chondrocytes
has been shown to synergize with interferon-y and
interleukin-1B by activating nitric oxide synthesis,
which induces a wide range of pro-inflammatory
cytokines and is a pro-inflammatory mediator in
the cartilage, promoting metalloproteinase activa-
tion and chondrocyte apoptosis [6]. Leptin increas-
es the production of pro-inflammatory cytokines
through the activation of nuclear factor kB [7, 8].
These findings support the idea that leptin acts as
a pro-inflammatory cytokine having a direct effect
on immune-inflammatory responses and suggest
that leptin emerges as a link between obesity and
inflammation, which is associated with changes in
cartilage homeostasis [9].

The only energy substrate for chondrocytes with
an exclusively anaerobic metabolism is glucose. In-
sufficient glucose supply to chondrocytes impedes
the synthetic processes and leads to primary degen-
eration of the cartilaginous tissue [10, 11].
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There is increasing evidence that the subchon-
dral bone (SCB) is the initiator and key player
in the progression of osteoarthritis (OA). Recent
studies prove the potential use of active metabo-
lites of SCB in the diagnosis of early stages of OA
[12-15]. It should be noted that in OA, the level of
some markers of bone resorption increases long be-
fore the change in the concentration of markers of
cartilage degradation, and this can be considered as
a predictor of disease progression.

There are two types of cells in the SCB in OA:
osteoblasts and osteoblast-like cells. The second
type of cells, unlike normal osteoblasts, cannot form
a complete bone matrix and is capable of producing
large amounts of osteocalcin and bone isoenzyme
alkaline phosphatase [16]. The demineralization of
collagen fibrils and the activation of matrix metal-
loproteinases are thought to be the fundamental
processes in the formation of the osteo-like matrix
of SCB. These processes may be mediated by the in-
fluence of osteoblast-stimulating factor-1, which is
actively expressed in the area of subchondral sclero-
sis by osteoblast-like cells and is involved in the sup-
pression of type I, I, and X collagen synthesis [17].

The formation of an abnormal subpopulation of
osteocytes in SCB is considered an important fac-
tor in the development of OA [18]. The processes
occurring in this case lead to the activation of spe-
cific molecules that can serve as biological markers
of remodeling. Osteocalcin has been shown to re-
flect the biological synthetic reserves of SCB os-
teoblasts. Therefore, it can be used to control the
effectiveness of pharmacological action on bone and
cartilaginous tissue [16].

Increased expression of osteocalcin, alkaline
phosphatase, and type I collagen is associated with
an excessive effect of leptin on osteoblasts in OA.
Inhibition of leptin activity led to a decrease in the
levels of osteocalcin and other markers of osteoblast
differentiation [19]. These findings indicate the ex-
istence of feedback markers for the interaction of
SCB with external factors in the OA pathogenesis.
Osteocalcin is of interest for understanding the
processes occurring in SCB during the early stages
of remodeling, and it can be used as an independent
marker of the effectiveness of pharmacological ac-
tion. Low mineral activity of osteoblasts and high
levels of osteocalcin may play an important role in
the remodeling of SCB in OA.

The aim of our study was to identify the levels of
specific hormones and biochemical markers of con-
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nective tissue metabolism in patients with diabetic
arthropathy and to establish their potential impact
on the development of joint pathology in this cate-
gory of patients.

Material and methods

A total of 77 patients (28 men and 49 women)
were included in the study. The patients were di-
vided into two groups depending on the type of
DM. 40 patients (17 men and 23 women) were di-
agnosed with T1DM, and 37 patients (11 men and
26 women) had T2DM. The mean age of patients
with T1DM and their body mass index (BMI) were
expected to be significantly lower than in the group
of patients with T2DM (p<<0.001). In this sample,
patients with T2DM had a mean BMI 24.2% high-
er than those with TIDM (t =10.5; p=0.001). The
groups did not differ statistically in the DM dura-
tion (p>0.07). No gender differences were found in
the studied parameters (p>0.2). Arthropathy was
diagnosed in 59 (76.6%) patients, and joint pathol-
ogy was not detected in 18 (23.4%) patients. DM
compensation was recorded at glycated hemoglo-
bin levels up to 7%. The presence and severity of
diabetic arthropathy were assessed using the A.
Rosenbloom method. Insulin, leptin, and osteocal-
cin levels in blood serum were determined by en-
zyme-linked immunosorbent assay using reagent
kits from Diaclone (France) and a plate enzyme
immunoassay analyzer Stat fax 3200 (USA). Col-
lagenase activity was assessed using the method
developed by S. Lindy and J. Halme. Glycosamino-
glycans were determined by the orcin method de-
scribed by S.A. Klyatskin and R.I. Lifshitz. Hy-
droxyproline fractions were isolated from blood
serum using the method proposed by S. Frey and
hydroxyproline was identified with the help of rea-
gents produced by Merck (Germany).

Statistical processing of the obtained data was
carried out using the methods of variational statis-

tics of the standard package for statistical calcula-
tions, Statistica 5.0 Microsoft Office Exel 2003.

Results and discussion

Arthropathy was diagnosed in 75% of patients
with TIDM and in 78% of patients with T2DM
(t=0.35; p>0.1). Table 1 shows the distribution of
patients by type of DM, gender, and the presence of
arthropathy. Analysis of variance (classic t-test was
used for unrelated samples) revealed that women
with T2DM were 6.4 times more likely to develop
arthropathy than men (OR=6.39; CI=1.18-34.62,
p=0.032). In T1DM, the chances of developing ar-
thropathy in men and women were equal (OR=1.5;
CI-0.36-6.32, p=0.581).

Table 1. Distribution of patients by type of DM, gender and the
presence of OA, % (n)

Groups Gender Without OA  With
OA
T1DM males 29 (5) 71(12)
((=031p=0579)  famales 22(5) 78(18)
both groups 25 (10) 75 (30)
T2DM males 45 (5) 546 (6)
(=525 p=0022)  fagles 123) 89 (23)
both groups 22 (8) 78 (29)
Both groups males 36 (10) 64 (18)
X=012p=0726) " famales 16 (8) 84 (41)
both groups 23 (18) 77 (59)

When analyzing the average levels of the stud-
ied hormones in patients with and without joint pa-
thology, a significant increase in insulin and leptin
was found in both types of the disease. The average
levels of osteocalcin were significantly higher only
in patients with arthropathy and TIDM (Table 2).

A logit-regression analysis was carried out sep-
arately for patients with TIDM and T2DM to es-
timate the risk of developing arthropathy based on

Table 2. Mean hormone levels in diabetic patients without/with arthropathy, M+m (n)

Hormones T1DM T2DM

Without OA With OA p Without OA With OA p
Insulin, mkU/mL 5.540.7 (10) 8.9+0.3 (30) 0.001 6.4+0.3 (8) 14.3+1.4 (29) 0.001
Leptin, ng/mL 18.2+4.4 (10) 32.3+3.8(30) 0.02 184+6.2 (8) 39.8+3.9 (29) 0014
Osteocalcin, 11.7+£1.8 (10) 25.5+3.2 (30) 0.001 194+1.3(8) 19.4+1.4 (29) 0.998
ng/mL
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the insulin level. The quasi-Newton method was
used for analysis and model construction. For a
group of patients with T1DM, the chances of de-
veloping arthropathy increase with increasing in-
sulin levels (OR=3.80; CI 1.38-10.45). The model
is statistically significant (x*>=19.7; p<0.001). The
sensitivity of the model is 80.0% and its specificity
is 86.4%.

The model constructed for a group of patients
with T2DM also indicates a 2.6-fold increased risk
of developing arthropathy with higher insulin lev-
els (OR=2.62; CI 1.05-6.53). The model is statisti-
cally significant (x*=18.4; p<0.001). The sensitivity
of the model is 87.5% and its specificity is 88.9%.

There were statistically significant differences in
the average insulin level depending on the stage of
arthropathy and the type of DM (F=2.9; p=0.04).
Thus, for the group of patients with T1DM, sta-
tistically significant differences were found only
in patients with or without arthropathy (t=5.1;
p<0.001) with corresponding levels of 5.5+0.7 and
8.9£0.3 mkU/mL. In the presence of arthropathy,
there were no differences in the values of insulin
levels at different stages of arthropathy (F=0.14;
p=0.87).

In the group of patients with T2DM, insulin lev-
els increased with the progression of the arthrop-
athy stage (F=9.9; p<0.001). In patients with and
without arthropathy and T2DM, the mean val-
ues of the «Insulin» indicator were 14.3+1.4 and
6.4%0.3, respectively (t=5.4; p<0.001). A more de-
tailed analysis showed that there were no statisti-
cally significant differences in the average insulin
level in the absence of arthropathy or its 1t stage
(t=0.05; p=0.96). At the 2" stage of arthropathy,
the average insulin level was 1.7 times higher than
at the 1% stage (t=2.9; p=0.015), and at the 3" stage,
it was 1.6 times higher than at the 2" stage (t=2.5;
p=0.022).

In 70.0% (T1DM) and 72.4% (T2DM) of pa-
tients with arthropathy, the presence of insulin
resistance was revealed. A direct correlation was
found between insulin resistance and the presence
of arthropathy, both in TIDM (r=0.46; p<0.001)
and in T2DM (r=0.68; p<0.001) (Spearman corre-
lation). That is, for patients with T1DM, the great-
er the dose of exogenous insulin administered, the
higher the chances of developing arthropathy. High
doses of insulin are associated with severe compli-
cations of the underlying disease in patients with
T1DM [1]. Our previous studies show that joint
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pathology frequently develops in the background
of other late complications of DM, such as polyneu-
ropathy, nephropathy, and angiopathy of the lower
extremities. Additionally, it has been demonstrat-
ed that insulin resistance in patients with T2DM
contributes to the pathogenesis of arthropathies by
increasing the production of various cytokines and
mediators, which in turn triggers nonspecific in-
flammation and the activation of metalloproteases,
which destroy cartilage [12].

A logit-regression analysis showed an increased
risk of developing arthropathy with an increase in
leptin levels in patients with TIDM (OR=1.27; CI
1.03-1.57). The model is statistically significant
(x*=16.6; p<0.001). The sensitivity of the model is
71.4% and its specificity is 100.0%. For the group
of patients with T2DM, a significant risk of devel-
oping arthropathy was also determined with an
increase in leptin levels (OR=1.17; CI 1.02-1.35).
The model is significant (x*=15.1; p<0.001). The
sensitivity of the model is 94.6% and its specificity
is 61.5%.

An analysis of variance was used to determine
differences in the average leptin levels according
to «type of DM», «gender» and «stage of arthrop-
athy». As a result, significant differences were not-
ed in «gender» (F=3.3; p=0.02) and «stage of ar-
thropathy» (F=6.7; p=0.01). There was insufficient
evidence to conclusively prove the influence of all
three factors (F=1.4; p=0.25).

An analysis of the distribution of mean leptin
values in patients with T1DM revealed differenc-
es only in the presence or absence of arthropathy
(t=2.4; p=0.02), while the mean leptin values at
various stages of arthropathy did not differ statisti-
cally (F=0.25; p=0.78).

The average leptin levels increased in patients
with T2DM as the arthropathy stage progressed,
with a statistically significant difference between
the groups of patients with the 1% and 2™ stages
of arthropathy (t=2.6; p=0.03) and those with the
1°t and 3 stages of the disease (t=3.1; p=0.007).
There were no statistically significant differences in
the means of patients without arthropathy and the
first stage of arthropathy (t=0.35; p=0.73), as well
as those with the 2" and 3™ stages of the disease
(t=0.62; p=0.54).

A direct correlation was established between
the levels of <«leptin» and «insulin» in patients
with T2DM (r=0.50; p=0.002). In patients without
arthropathy, the correlation coeflicient was 0.70
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(p=0.050), and in patients with arthropathy, it was
0.41 (p=0.029). The values were divided into three
categories: below the norm; above the norm; and
the norm. It allowed us to carry out a correlation
analysis with the determination of the Spearman
coefficient. It was found that both types of DM had
an increase in «insulin» and <leptin» levels along
with the arthropathy progression (p<0.01).

A study of the risk of developing arthropathy
depending on the level of osteocalcin did not con-
firm the hypothesis of an increased chance of de-
veloping arthropathy with an increase or decrease
in the level of osteocalcin. The chances of patients
are equal regardless of the type of diabetes and the
level of osteocalcin. The constructed models are
not reliable (p>0.1), have a specificity of 0.0% and
a sensitivity of 100.0%. However, a logit model for
patients with TIDM revealed a trend towards a
higher probability of developing arthropathy with
a rise in osteocalcin level.

An analysis of variance established the depend-
ence of the «osteocalcins level on the mutual action
of such factors as «DM» and <arthropathy» (F=4.3;
p=0.008), with a study power of 0.85 and a stand-
ard error of 0.05. Osteocalcin levels were often
53.9% higher in patients with T1DM and arthrop-
athy than they were in patients without arthrop-
athy (t=4.1; p=0.0003). No such differences were
observed in patients with T2DM (p>0.5).

A more detailed analysis showed that the av-
erage osteocalcin level in patients with stage 1 ar-
thropathy was significantly higher than in patients
without arthropathy (t=4.9; p=0.0004) and in pa-
tients with stage 2 of arthropathy (t=2.2; p=0.042).
Osteocalcin levels in patients with stages 2 and 3,
as well as those with stages 1 and 3, did not differ
statistically (p>0.1). The average osteocalcin levels
in patients with T2DM and the 2" stage of arthrop-
athy were significantly higher than in those with
the 1t stage (t=2.7; p=0.019). Other values did not
differ statistically (p>0.2).

We also evaluated biomarkers that represent
the synthetic and catabolic phases of collagen and
glycosaminoglycan metabolism, which are the two
building blocks of connective tissue. Deviation
from the normal values of the concentration of the
free fraction of hydroxyproline allows for evalua-
tion of collagen catabolism, i.e., it is a biochemical
marker of resorption of bone and cartilage tissues
since the main protein of these tissues is collagen.
Hydroxyproline is an amino acid that is a specific

marker of collagen proteins. Remodeling, i.e., deg-
radation or proteolysis, of collagen fibers of the
intracellular matrix of cartilage and bone tissue is
carried out by matrix metalloproteinases (MMPs)
[16]. The activity of various MMPs (collagenases)
has an extremely wide range of biological conse-
quences since they degrade most components of the
extracellular matrix [16-18].

Our observations support the hypothesis that
osteoarthritis pathogenesis is mediated by in-
creased MMP activity (Table 3-4).

Table 3. Biochemical markers of connective tissue metabolism in
the blood serum of patients with TIDM, M+m

Markers Without OA  With OA P
(n=24) (n=16)

Collagenase, 4.9440.21 3.94+0.12 0.001

mmol/L

Free hydroxyproline  7,80+0,16 7.15+0.17 0.008

mmol/L

Protein-bound 12.83+£0.13 12.51+0,23 0.242

hydroxyproline,

mmol/L

GAGs, g/L 0.0614+0.003 0.056+0.003 0.150

Hyaluronidase, 228.83+1.31 22681212 0426

mmol/L

Table 4. Biochemical markers of connective tissue metabolism in
the blood serum of patients with T2DM, M+m

Markers Without With OA P
OA (n=25) (n=12)

Collagenase, mmol/L 447+0.16 3.88+0.24 0.046

Free hydroxyproline 7,83+0,17 7.04+0.27 0.014

mmol/L

Protein-bound 12.67+0.15 12.35+0,27 0.269

hydroxyproline,

mmol/L

GAGs, g/L 0.057+0.003  0.055+0.003 0.597

Hyaluronidase, mmol/L  22596+136  223.834+2.75 0441

An analysis of variance showed that the mean
collagenase levels varied depending on the stage
of arthropathy (F=6.7; p<0.001) but did not differ
according to the type of DM (p=0.23). The mean
collagenase levels were different in patients with
T1DM and T2DM, and with or without arthrop-
athy. Thus, patients with T1DM and arthropa-
thy had collagenase levels that were 16.6% higher
(t=3.1; p=0.004) than those with T1DM and with-
out arthropathy. The same indicator for T2DM was
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17.1% (t=2.6; p=0.025). In T1DM, a linear increase
in the mean collagenase levels was found with the
progression of arthropathy (R2=0.95), with sta-
tistically significant differences in collagenase lev-
els between stage 1 and 3 of arthropathy (t=2.8;
p=0.016). No other statistically significant differ-
ences were established.

The correlation analysis revealed a direct re-
lationship between the level of osteocalcin and
collagenase in the general study group (r=0.32;
p=0.006), in the group of patients with TIDM
(r=0.37; p=0.023) and in the group of women
(r=0.37; p=0.012).

A more detailed analysis showed that a direct
correlation between osteocalcin and collagenase
parameters was determined only in women with
T1DM (t=0.48; p=0.026). No correlations were
noted between the levels of other metabolic en-
zymes and calcium.

Conclusions

1. The study found that the development of ar-
thropathy does not depend on the type of DM.
The chances of developing arthropathy in men
and women with TIDM were equal. Women
with T2DM were more likely to develop ar-
thropathy than men.

2. The chances of detecting arthropathy are high-
er with insulin and leptin levels in TIDM and
T2DM. A direct correlation was found between
insulin resistance and the presence of arthropa-
thy in T2DM. In women with T2DM, the aver-
age leptin level was 1.8 times higher than in men.

3. A direct correlation was established between
the levels of «Leptin» and «Insulins in patients
with T2DM and arthropathy. It was found that
both types of DM had an increase in «Insulin»
and «Leptin» levels along with the arthropathy
progression.

4. Osteocalcin levels were 53.9% higher in pa-
tients with TIDM and arthropathy than they
were in patients without arthropathy.

5. Regardless of the type of DM, patients with
arthropathy had elevated levels of biochemi-
cal markers that indicate catabolic processes in
the connective tissue (collagenase and free hy-
droxyproline).

6. A direct correlation between osteocalcin and
collagenase levels in women with T1DM was de-
termined. Patients with T1DM and arthropathy
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10.

11.

12.

13.

14.

15.

16.

17.

had collagenase levels that were 16.6% higher
than those with TIDM and without arthropa-
thy. The same indicator for T2DM was 17.1%.

References

Larkin ME, Barnie A, Braffett BH, Cleary PA, Diminick L, Harth J,
et al. Musculoskeletal complications in type 1 diabetes. Diabetes
Care. 2014 Jul;37(7):1863-9. doi: 10.2337 /dc13-2361.

Louati K, Vidal C, Berenbaum F, Sellam J. Association between
diabetes mellitus and osteoarthritis: systematic literature review
and meta-analysis. RMD Open. 2015 Jun 2;1(1):e000077. doi:
10.1136,/rmdopen-2015-000077.

[Iy6a HM, Bopounosa T/I, Tapacenxko TM, Kpumosa AC. Hosi
ACTIEKTH [ATOTEHE3y OCTE0apTpo3y Ta MUIAXM HOTO KOPEKIIii.
Ykpaincekuit meamannii gacomc.2012;2(88):113-9 (Shuba NM,
Voronova TD, Tarasenko TM, Krilova AS. New aspects of the
pathogenesis of osteoarthritis and ways of its correction. Ukrainian
Medical Hours. 2012;2(88):113-9. Ukrainian).

Berenbaum F. Diabetes-induced osteoarthritis: from anew paradigm
to a new phenotype. Ann Rheum Dis. 2011 Aug;70(8):1354-6. doi:
10.1136,/ard.2010.146399.

Rousseau JC, Delmas PD. Biological markers in osteoarthritis.
Nat Clin Pract Rheumatol. 2007 Jun;3(6):346-56. doi: 10.1038/
ncprheum0508.

Yan M, Zhang J, Yang H, Sun Y. The role of leptin in osteoarthritis.
Medicine (Baltimore). 2018 Apr;97(14):¢0257. doi: 10.1097/
MD.0000000000010257.

Figenschau Y, Knutsen G, Shahazeydi S, Johansen O,
Sveinbjornsson  B. Human articular chondrocytes express
functional leptin receptors. Biochem Biophys Res Commun. 2001
Sep 14;287(1):190-7. doi: 10.1006,/bbrc.2001.5543.

Hamrick MW, Herberg S, Arounleut P, He HZ, Shiver A, Qi RQ,
et al. The adipokine leptin increases skeletal muscle mass and
significantly alters skeletal muscle miRNA expression profile in aged
mice. Biochem Biophys Res Commun. 2010 Sep 24;400(3):379-83.
doi: 10.1016/j.bbre.2010.08.079.

Simopoulou T, Malizos KN, TIliopoulos D, Stefanou N,
Papatheodorou L, loannou M, et al. Differential expression of leptin
and leptin's receptor isoform (Ob-Rb) mRNA between advanced
and minimally affected osteoarthritic cartilage; effect on cartilage
metabolism. Osteoarthritis Cartilage. 2007 Aug;15(8):872-83. doi:
10.1016/j.joca.2007.01.018.

Fan Z, Chubinskaya S, Rueger DC, Bau B, Haag J, Aigner T. Regulation
of anabolic and catabolic gene expression in normal and osteoarthritic
adult human articular chondrocytes by osteogenic protein-1. Clin Exp
Rheumatol. 2004 Jan-Feb;22(1):103-6. PMID: 15005012.

Laiguillon MC, Courties A, Houard X, Auclair M, Sautet A,
Capeau J, et al. Characterization of diabetic osteoarthritic cartilage
and role of high glucose environment on chondrocyte activation:
toward pathophysiological delineation of diabetes mellitus-related
osteoarthritis. Osteoarthritis Cartilage. 2015 Sep;23(9):1513-22.
doi: 10.1016/j.joca.2015.04.026.

Courties A, Sellam J. Osteoarthritis and type 2 diabetes mellitus:
What are the links? Diabetes Res Clin Pract. 2016 Dec;122:198-
206. doi: 10.1016/j.diabres.2016.10.021.

Berenbaum F. Osteoarthritis as an inflammatory disease
(osteoarthritis is not osteoarthrosis!). Osteoarthritis Cartilage.
2013 Jan;21(1):16-21. doi: 10.1016/j.joca.2012.11.012.

King KB, Rosenthal AK. The adverse effects of diabetes on
osteoarthritis: update on clinical evidence and molecular
mechanisms. Osteoarthritis Cartilage. 2015 Jun;23(6):841-50. doi:
10.1016/j.joca.2015.03.031

Tu M, Yao Y, Qiao FH, Wang L. The pathogenic role of connective
tissue growth factor in osteoarthritis. Biosci Rep. 2019 Jul
18;39(7):BSR20191374. doi: 10.1042/BSR20191374.

Scully SP, Lee JW, Ghert PMA, Qi W. The role of the extracellular
matrix in articular chondrocyte regulation. Clin Orthop Relat Res. 2001
Oct;(391 Suppl):S72-89. doi: 10.1097,/00003086-200110001-00008.
Gho WG, Choi Y, Park KH, Huh JK. Expression of collagenases
(matrix metalloproteinase-1, 8, 13) and tissue inhibitor of
metalloproteinase-1 of retrodiscal tissue in temporomandibular
joint disorder patients. ] Korean Assoc Oral Maxillofac Surg. 2018



ISSN 1680-1466" ENDOKRYNOLOGIA" 2024, VOLUME 29, No. 3

Jun;44(3):120-7. doi: 10.5125/jkaoms.2018.44.3.120.

18. Sabah Ali, Zainab A, Sahar H, Abdul-Kareem, Heba F. Hassan,
Rasha M, et al. Estimation of serum matrix metalloproteinases-1
levels in Iraqi female patients with osteoarthritis. Int ] Med Res
Health Sci. 2018;7(5):18-22.

19. Upadhyay J, Farr OM, Mantzoros CS. The role of leptin in
regulating bone metabolism. Metabolism. 2015 Jan;64(1):105-13.
doi: 10.1016/j.metabol.2014.10.021.

List of abbreviations:

DM - diabetes mellitus

GAG - glycosaminoglycans

OA - osteoarthropathy

SCB - subchondral bone

T1DM - type 1 diabetes mellitus
T2DM - type 2 diabetes mellitus

MaTtoreHeTuyHi acnektu giabetuyHoro
0CTE0apTPUTY

B.J1. OpneHko, K.10. IBacbkiBa, M.I. KpaBuyk

LY «IHCTUTYT eHAoKpUHONOrii Ta 0OMiHY pedoBwH iM. B.IN. KomicapeHka
HAMH YkpaiHn»

HauioHanbHnin MeanuHmi yHisepcuteT iM. O.0. boromonbus

Pestome. YpakeHHA ONOPHO-PYXOBOrO amnapata € OfHUM i3 Cepiios-
HIX, ane MafoBMBYEHUX YCKNaAHeHDb LyKposoro fiabeTy (L), 3ananbHi
Ta/abo [lereHepaTvBHi CTPYKTYPHI 3MiHW B Cyrnobax Ha Tni Tpveanoi
rinepraikemii  Ha MOYaTKOBMX eTamax CNPUUYMHAIOTb  OOMEXeHHS:
PYXMBOCTI Cyrno0iB, a 3rofoM NPU3BOAATL O CTIMKMX KOHTPAKTYP i
iHBaniAM3aLii xBopux. ToMy BUBUEHHA MexaHi3mis GOopMyBaHHA ypa-
XeHHA Cyrnoois y xBopux Ha L[] € HaA3BUUYANHO BAKIVBUM i aKTyamb-
H1M. MeTolo Haloro JocnifpKeHHA Gyno BYABUTY PIBHI CeUniuHmX
FOPMOHIB | GIOXIMIYHMX MapKepiB MeTaboni3mMy CroyUYHOI TKaHUHW Y
XBOPUX Ha AiabeTnyHy apTponaTtiio Ta BCTAHOBWTY X MOXAVBWIA BNVB
Ha po3BUTOK MaTosorii cyrnobis y Uiei KaTeropii xsopvix. MaTepian
i metogu. Bcboro B pocnimKeHHA Oyno BKMOYEHO 77 MaLljieHTis.
HaABHICTb Ta CTymiHb TAXKOCTI AiabeTnyHO! apTponaTii ouiHioBanM 3a
metofiom A. PoseHOnyma. PiBHi iHCYNiHY, NENTUHY Ta OCTEOKanbLyHY
B CMPOBATLi KPOBI BM3HaYanu METOAOM IMyHODEPMEHTHOTO aHaniy
3 BUKOPWCTaHHAM Habopis peakTugia ¢ipmy Diaclone (PpaHuis) Ta
MNaHLWeTHOro iMyHodepMeHTHOro aHanizatopa Stat fax 3200 (CLUA).
KonareHasHy aKTMBHICTb OLHIOBaNM 3a METOAVKOL, po3pobneHoio S.
Lindy i J. Halme. Mniko3amiHornikaHu BU3Hauanu opuMHOBMM METOLOM,
onucaHum CA. Knaukinmm Ta Pl Jlidwmuem. Opakuii rigpokcmnponiny
BMAINAIN i3 CUPOBATKM KPOBI 332 METOAOM, 3anPOonoHoBaHUM C. Dpeem.
A rigpoKcvnponiH ineHTUIKyBanM 3a AOMOMOroK peakT1Bia Gipmu
Merck (HimeuunHa). PesynbTraTul. Y pesynsTaTi JOCTIAXEHHA BUABNe-
HO, WO PO3BWTOK apTponaTii He 3anexwuTb Bif TMMNY LyKPOBOro AiabeTy.
LLJaHcy po3BKTKY apTponaTii B YOMOBIKIB i xiHOK i3 LI 1-ro Tvny 6ynu
ofHakosumMu. XKiHku 3 L 2-ro Tuny manu 8 6,4 pasa 6inblie WaHcis Ha
PO3BWTOK apTPONaTi, Hix UYoNOBIKK. BCTaHOBNEHO, WO NPy 060X THnax
L[] pa3om i3 nporpecyBaHHAM apTPONaTii CNOCTepiranoca NiaBMLLEHHA
PIBHIB iHCYNiHY Ta NenTuHy. PiBHi ocTeokansumHy 6ynu Ha 53,9% Bu-
WMy B nadienTis i3 L 1-ro Tmny Ta apTponartieo, HiX y nalieHTis
6e3 aptponarii. HesanexHo 8ig Tuny LI y xBopwx Ha apTponatiio
cnocTepirascaA NiaBULLEHNI piBeHb GIOXIMIUHKX MAPKEPIB, LLIO BKa3yi0Tb
Ha KaTaboniuHi NPoLLeCH B COSYYHill TKaHWHI KONareHasw Ta BinlbHOro
rigpokcnponiHy. BUCHOBOK. TakvM YMHOM, BCTaHOBMEHa BaXMBa

POJb FOPMOHIB IHCYNIHY Ta NENTUHY B PO3BUTKY ypaxeHb CyrnoboBoi
cicTemmn B nauieHTie i3 L. Bu3HaueHHA piBHIB OCTEOKabLMHY, KO-
fareHasv Ta rigpOKCUNPONIHY € BaXIVBUMK PaHHIMK Mapkepamu
KaTaboniyHMX NpoLeciB y NauieHTiB i3 AlabeTnyHO apTponaTieio.
KniouoBi cnoBa: Liykposwit aiabeT, aiabeTnyHa aptponaria.
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0.B. Omenbuyk,

E(EKTUBHICTD BUKOPNCTAHHA  wicsomes
besniraTypHoi METOANKN

onepawli Ha LWUTONoAI0HIN
3an03|

LY «IHCTUTYT eHaoKprHonorii Ta 06MiHy peyoBuHy im. B.IT. KomicapeHka HAMH Ykpainu»

Pestome. [M1TaHHA BOOCKOHANEHHA XipypriYyHO! TexHik/ NMpu onepaliax Ha wutonomioHin 3ano3i (LU3) 3 meToio
3MEHLUIEHHA KiNbKOCTI yCKNafHeHb, Yacy onepatii Ta KOCMETUYHOTO AedeKTy 3aMWaloTbCa akTyanbHUMI | CbOrof-
Hi. [lepCneKTUBHIM € BUKOPWCTAaHHA MPUHLUMNOBO HOBOI Ge3niratypHoi metoanku (BM) TupeoinekTomii 3a Jomno-
MOTOI0 BiTYM3HAHOTO anapata EKB3-300 («[laToHMen», YkpaiHa). MeTa. BriaHaueHHs edeKTVBHOCTI BUKOPWCTaH-
Hs Ge3niraTypHoi MeToauku npu onepaliax Ha LL|3. MaTepian i meTogu. byno npoaHanizoBaHo 565 onepaLiii B
06ca3i TvpeoinexkTomii (6e3 anceKuii niMGoBy3niB WWi), AKI BUKOHaNW B nepiof i3 nvctonaga 2022 poky no nioTui
2024 poky Ta npv o6'emi L3 go 100 cm3, 30kpema 156 onepauint — 3a pozpobneroto bM (rpyna bM) Ta 409 3a kna-
cruHolo MeToavrKoto (KM), To6To 6e3 BUKOpUCTaHHA b6e3niratypHoi TexHonorii (rpyna KM). Y rpyni BM Bik nauieHTis
CTaHOBUB 8-74 POKM (48,34+14,65 POKY), i3 HIX KiHOK Byno 129 ocib (82,7%); y rpyni KM BiK nawieHTiB cTaHOBKB 13-
76 pokis (51,15+13,11 poky), xiHok 6yno 353 ocobw (86,3%). [NopiHioBany uac onepadii, nicnaonepauinHmi piseHsb
iOHI30BAHOMO KanbLiilo Ta HaABHICTb CKapr NaLiEHTIB Ha Oynb-AKi 3MiHW FONOCY Ha HACTYMNHWA eHb Nicna onepadyii.
PesynbraTtn. CepefiHin yac BYKOHaHHA TUpeoigekTomii B rpyni bM ctaHosme 53,87+0,96 xB, Togi AK y rpyni KM BiH
cTaHoBMB 61,61+0,77 xB (p<0,001). CepepHiit nicnAonepaviiHni piseHb ioHI30BaHOrO Kanbliito B rpyni BM cTaHoBKB
1,12+0,01 mmonb/n, y rpyni KM - 1,07+0,004 mmonb/n (p<0,001). MopiBHAHHA BUNaAKIB HAABHOCTI OyAb-AKNX CKapr
NaLiEHTIB Ha 3MiHM rONOCOBOT GyHKLT Ha HACTYMHWI AeHb NicnA onepauii BYABMAM CTATUCTUUYHO 3HauYLLY Pi3HMLIO
B rpynax 3a Metoankoto ¥2 (p<0,001): BigcyTHICTb OyaAb-AKMX CKapr Npwv BMKOpUCTaHHI bM cnocTepiranaca B 62,61%,
TOfi AK NpW BUKOpUCTaHHI KM — v 37,39%. BUCHOBKM. BrKopuCTaHHA po3pobneHoi bM 103BOMAE CKOPOTUTM Yac
onepauii, 3MEHWWTX NadiHHA PIBHA IOHI30BAHOMO KasbLiito Ta BifCOTOK CKapr MalieHTiB Ha Oyab-AKi 3MiHM ronocy
nicna onepadii.

KniouoBi cnoBa: L1tornopibHa 3an03a, TMPEeoifeKToMis, METOfMKa TYPEOINeKTOMIl.

Icropist xipyprii II[3 mounmHaerbess 3 pobiT  HaiibesneuHimux Xipypriuaux mporeayp. Ocran-
Binbpora, Koxepa ta Xanbcrena, sski po3poOwi — Hi TEXHOJIOTIYHI iHHOBAIIIT 03BOJISIOTH Xipypram

TexHiKy Tupeoinextomii Mixk 1873 ta 1910 poxa-  Bumangatu II[3 3 inmoi anaTomMiyHOI MiISHKH,
mu [1]. YHUKAI0YU BUUMUX HIPaMiB Ha mui [2].
Xipypris 1113 3 yuacom nepeTBopuacs 3 O/iHi- EBostonig omnepaTuBHOI TeXHIKM B Xipyprii

€i 3 HANOIIbIII PUBMKOBAHUX OTlepalliil Ha OIHY 3 13, 1m0 cTamacst 3a ocTaHHi KiJIbKa JECATUIITD,

© 0.B. Omensyyk, M.IO. boneos
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Oyna 6 HeMOjMBa, IKOM He CBOEpiJHA PEBO-
monig B xipyprii Ha py6exi XIX i XX cTomiTh.
Tpu naiBaskausinn moaii kinmsg XIX cromitrs —
BBe/IEHHST HApPKO3Y, 3aCTOCYBAHHS apTepiabHUX
HIUTIIIB Ta TIepeB’sI3Ka Cy/IMH, a TAKOXK Mpodiitak-
TUYHE JIIKyBaHHS Tepionepariiinx iHgexmin —
BUPINTaJIbHUM YUHOM BIJIMHYJIU HA TMTOKPAIEeHHS
pe3yJibratiB onepaiiit na I113.

Xipypriune JikyBaHHs ~3axBopioBanb I3
MOB’sI3aHe 3 MOJKJIMBICTIO PO3BUTKY YCKJIAJHEHD,
cepeJl AIKUX HANOLIbII CeplO3HUMK € KPOBOTEUi Ta
3HAYHe VYIIKO/KEHHS (PYHKI[IOHAIBHO BaKIMBUX
CTPYKTYp: TOPTaHHUX HEPBIB Ta MPUIIUTONOMIO-
HUX 3a7103. JlOCATHYTHIT KOHCEHCYC MiK PO3BUTKOM
HAyKl Ta IMPOTPECOM CYYaCHUX TEXHOJIOTI CTaB
OCHOBOIO J1JIs1 BIIPOBA/KEHHS Ta MOILyJIsIpu3allii Ma-
JIOIHBa3UBHUX TPOIEAYP, 30KpeMa orepartiii i3 Bu-
KOPHUCTAHHSIM JIOCTYILY Yepe3 IIPUPO/IHI OTBOPHU TiJIa.

Taxuii 6e3nperie/IeHTHIIA PO3BUTOK XipypriuHoi
TexHiku OyB OM HEMOKJIUBUM 0e3 IPUCTPOIB It
KOAryJisllili KpOBOHOCHUX CY/JMH. 32 MeXaHi3MOM
reMoCTa3y Cy4YacHi CyAWHHI TepMeTu3ytoui Tpu-
CTPOI B IIJIOMY MOKHA PO3/JIJINTA HA TPU TPYIIU:
YJIBTPa3ByKOBI, OiIOJISAPHI Ta TIOPUAHI CUCTEMH, IO
HOEMHYIOTH OO/IBI eHepreTUyHi MoganbHOCTI [3].

[lna migBumenns kBamidikaiii Xipypris, gki
BUKOHYIOTh omepailii Ha 1113, HaBuaHHSA eH/0-
KPUHHOI Xipyprii TOBUHHO MMPOBOJAUTUCS Y Bijiji-
JIEHHAX, SKi 1OPIYHO BUKOHYIOTDH MIOHAWMeEHIIIe
100 onepartiii va I113, 50 — Ha TPUIUTOIOAIOHIX
3aso3ax, 15 — Ha HaHUPKOBUX 3aym03ax [4]. KBa-
JiikoBaHMMM BBAXKAIOTh XiPYPTiB, SIKi IPOBEIN
monaiimenire 50 omepariit va 1113, 10 meHTpasib-
HUX a60 OiuHUX JiMbaTUIHUX AUCEKIiii, 15 ome-
paiiii Ha TPUIUTOIOAIOHIX 3a/103aX, 5 onepalii
Ha Ha/IHUPKOBUX 3a7103aX.

BaxxauBumMu MOMeEHTaMuU TIPU  BUKOHAHHI
TUPEOIIEKTOMIT € 3amobiraHHs MOUIKOKEHHIO
3BOPOTHUX TOPTAaHHWX HEPBIB, BEPXHHOTO TOP-
TAHHOTO HepBa, 30epeKeHHsT MPUITUTOTOAIOHNX
3aJ103, HAJAIMHUI TeMocTa3 Ta BiAMIHHUI KOCMe-
TnaHUi edexrt. 3a octanHi poku y xipyprii 1113
6yJI0 3aTPOMOHOBAHO Ta 3aCTOCOBAHO 3HAYHI BJIO-
CKOHAJIEHHSI Ta HOBI TE€XHOJIOTi1, 30KpeMa MiHiiH-
Ba3WBHY TUPEOi/IEKTOMII0, pETiIOHAPHY aHeCTe3110
Ta iHTpaornepaniiHuii HeHpoMOHITOPUHT. Kpim
TOrO, OyJI0O 3alPONOHOBAHO HOBI MPHUCTPOI [IJIsT
JMIUCEKIlI Ta reMocTa3dy, KOJU MeTOI0 JIiKyBaHHHI
CyIuH € 30epeKeHHs OlepaliiHoOTo MOJs BiJib-
HUM BiJl HQJJIMIIIKY KPOBI Ta 3MEHIIIEHHS KPOBO-
BTPATH B MAI€HTIB [5].

Enexrpoxipypriuni incrpymentu «Harmonic
Focus» («Ethicon, Johnsonand Johnsons, CIIIA),
«LigaSure Small Jaw» («Medtronic, Covidien
Products», CIITA) ta «Thunderbeat Open Fine
Jaws («Olympus», dnoHist) mMUpPoOKO BUKOPUCTO-
BYIOTbCSI B €HJOKPUHHIN Xipyprii. HaliuacTimu-
MU iX HeJo/liKaMu OyJIM MOIIKO/KEHHS Jie3a, He-
mpaBuJbHA (DYHKITiS Ta MOMKOIKEHHS TKAaHWHU
abo tedioHoBOI TMpokaaaku. [Ipu BuKopucTaH-
Hi «Harmonic Focus» ta «LigaSure Small Jaw»
HalyacTiine MoBiJOMJISJIN TIPO OTiKK [6].

[Tpu nopiBHAHHI HeOaKAHUX SBUIL, OB I3aHUX
i3 BUKopuctanHsm npuctpois «Harmonic Focus»
ta «LigaSure Small Jaw» y xipyprii rososu Tta
mui BCTAHOBJIEHO, 110 OyJI0 3HAYHO Oijblie me-
perpiBanns npuctpoio «Harmonic Focus» (6,9%
npotu 0,6%, p=0,003) Ta MUMOBIJIBHOI camMoOaK-
tuBanii (4,4% nporu 0,0%, p=0,032) [7]. Xoua
iHTpaonepaniiiii Ta mniciagonepaliiiHi yckiai-
HeHHsT OyJIN OJTHAKOBUMU B 000X IpyTax, Mpu BU-
kopuctauHi «LigaSure Small Jaw» crniocrepiranun
3HAYHO OiJIbllle BUMA/KIB iHTpaonepamiiiHux Kpo-
BOTeY MOPIBHAHO 3 BUKOpUcCTaHHAM «Harmonic
Focus» (8,2% mpotu 0,0%, p=0,001).

3 nopiBHAHHS Oe3MeK1 BUKOPUCTAHHS B XipyP-
rii II13 BcTranoBseHO, MO cKanbneai «Harmonic
Focus» ta «LigaSure Small Jaw» moxyTs OyTn
6e3MeYHINNMU, Hi%K eJIeKTPOTOM |[8].

3TiIHO 3 JaHWUMU MeTaaHaJsi3y, BUKOPHUCTaH-
g ckanbpnens «Harmonic Focusy» y xipyprii 1113
MOPIBHSITHO 3 TPAJUIIMHUMU METO/IAMU JI03BOJISIE
CKOPOTUTH CepejHiil yac omepaiii, 06’eM Kpo-
BOBTPATH Ta 4yac rnepedyBaHHs B cTamioHapi 6e3
nocusieHHs 600 Ta yckjaaaHeHb [9]. 3a mumu
napaMerpaMu He OyJ0 HOMITHOI PI3HUIL MixkK
«Harmonic Focus» ta «LigaSure Small Jaw».

[TligpaxyHOK €KOHOMIUHOI BUTOJM BUKOPHUC-
tauHst « Harmonic Focus» i «LigaSure Small Jaw»
[I0Ka3aB, 110 TOTaJbHa THUPEOIJEKTOMis 3 BUKO-
PUCTaHHSAM TapMOHIIHOTO cKaJiblies Oysa Haii-
JIENIEBINO0 MPOIEAYyPOt0, OCKIJIbKU BOHA Oyiia
HAUIBUANION Ta OGE3KPOBHOIO, a TEMOCTa3 BU-
KOHyBaBcs ogHuM iHcTpymMeHnToM [10]. Xipypriu-
Ha OesmeuHicTh Oysra ogHakoBOM st «LigaSure
Small Jaw» i «<Harmonic Focus», ockiibku ix Bu-
KOPUCTAHHA CIIPUAIO 3MEHIIEHHIO Iicasionepartiii-
HOTo 0O0JTI0, HiK TPY BUKOPUCTAHHI TPAIUIIHHIX
MeTo1iB remocTasy [10].

BBaxkatorp, 1o cucremMa KoaryJidilii CyJ[uH 3a
noriomorofo «LigaSure Small Jaws» i «Harmonic
Focus» € Takoio x OesleyHoo, K i 3BUYaiiHe
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3aB’sI3yBaHHS BY3JIiB TIPU TUPEOIIEKTOMII, i3 TTepe-
Barol B CKOPOYEHHI yacy oriepaillii, BUPaKeHOCTi
micsionepaniinoro 600 Ta paHHboMY 6e360Jic-
HOMY IIOBEPHEHHI /10 HOPMaJIbHOI JIiSLIBHOCTI Ta
po6oru [11-14].

BriMm € Takox pobOTH B SIKUX He JI0BEIEHO Tepe-
Baru Bukopucranus «LigaSure Small Jaw» y xipyprii
11 3: 1e 3acikcoBaHo 3HAUYHE CKOPOYEHHS Yacy olle-
partii, 06’eM KPOBOBTPATH 4K YACTOTH YCKJIAJHEHD
TOPIBHAHO 3 TPAAUIIIHIM 3aB’d3yBaHHSIM BY3JIiB,
ojtHaK 301IbIINICH orepaltiiiHi Butparu [15].

Meta — BusHaueHHs eDEKTUBHOCTI po3pobiie-
noi bM omnepartii na I113.

Marepiai i MeToau

[l mpoBeieHHST TOPiIBHSJIBHOTO aHai3y edek-
tuBHOCTI onepailtiii 3a KM ta BM 3 rocmitajgbHOro0
peectpy nauientis Y «IHCTUTYT eHAOKPUHOIOTIT
ta 06MiHy pedoBuH im. B.II. Komicapenka HAMH
Vkpainu» Oy BigiOpaHi BCi BUTIAKU BUKOHAHHS
TUPEOIZIEKTOMIN 3a Tiepiof i3 smctornana 2022 poky
o siiotuii 2024 poky nipu 06¢st3i 113 mo 100 cm3.

[liarnos, i3 NpuBO/Yy IKOTO BUKOHYBaJIaCh THPEO-
izekTomis, 10 yBaru He GpaBscst, aie Oy BUKIIOUeH]
BCI BUTIAJIKU TIPU HASIBHOCTI TiniepriapaTupeosy (30-
KpeMa TiJIbKM 3a TiCTOJIOTIYHMM BHUCHOBKOM) i BCi
BUTIQ/IKV BUKOHAHHS JIUCEKITIT TiM(MOBY3JTIB 1THI.

BM tupeoizexkTomii 3a J0MOMOrOK BiTYM3HS-
HOTO BMCOKOYACTOTHOTO 3BapIOBAJIbHOTO €JIeKTPO-
koarynstopa EKB3-300 («Ilaronmens», Ykpaina)
JleTaJbHO Olcana HaMmu paditie [16].

Ipynu omepartiit 32 KM i BM BusgBuancey cyt-
TEBO PI3HUMU 32 KiJIbKICTIO CIIOCTEPEKEeHb, ajle 11e
He OyJI0 HaCHiAKOM BUOIPKOBOCTI IIPH BKJIIOYEHHI
B rpynu. Cepen 565 omepaitiii B 00csi3i THPeOieK-
tomil 156 Gysi0 BuKoHaHo 3a po3pobienoo BM rta
409 — 3a KM. ¥ rpyni bM Bik naiieHTiB cTaHOBUB
8-74 poxu (48+14,65 poky), i3 HUX KiHOK OyJIO
129 oci6 (82,7%), y rpyni KM Bik martientiB cra-
HoBuB 13-76 pokis (51+13,11 poky), :kiHOK 6yJI0
353 ocobm (86,3%).

[TopiBHIOBa/MiM yac omepaiiii, micjasonepaiii-
HUWI PiBeHDb 10HI30BAHOTO KaJbIlif0 Ta HAsSBHICTbH
CKapr maiieHTiB Ha Oy1b-SAKi 3MiHM T0JIOCY Ha Ha-
CTYITHUM JIeHb I omepallii 3 BUKOPUCTAHHSIM
creriaJbHO PO3p00IeHOT aHKETH.

Byso nipoBenerno anasiz rpyim Jiaiie 3a BiJCyT-
HICTIO UM HasBHICTIO OyAb-AKMX 3MiH, Oe3 ypaxy-
BaHHS 1X 0COOJMBOCTEIl Ta CTYIIEHIO MOPYIIEHHS,
Xoua B aHKeTax jeTajisaliio Oyyo nepenbadeHo.
Y uncnosux psgax (o6’em II[3, wac omeparii Ta
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piBEeHb 10OHI30BAaHOTO KaJIbI[il0) TIOPIBHIOBAJINCH
cepesiHi apuMeTUYHi, a CTAaTUCTUYHA 3HAYUMICTh
PO30iIKHOCTE BHPaxXOByBajaCh 3a JIOTIOMOTOIO
t-kputepito. Hemapamerpuuni gani (HasBHICTDH
CKapr Ha 3MiHU T0OJIOCY) MOPIBHIOBAJINCH 3a JIOTIO-
MOTOIO0 METOJTUKH X2,

JlocmikeHHS  TIPOBOMMIIOCS  BiZIMTOBIHO 710
OCHOBHUX NpuHIMIIB Oioetnkn Kousenmii Paan
€Bpon PO IpaBa JIOAUHU Ta OiOMEAMIIUHY
(4 xBitHsT 1997 poky), lenbciHcbKoi mexsapaitii
BcecBiTHBO1 acortiallii 0OXopoHU 3/10POB’S TIPO €THY-
Hi TIPUHIIAITA TIPOBEJEHHS MEIUIHUX JTOCTiKEHD
3a yuactio Jjifojieii (1964-2013 poxn). [IpoToko ro-
cmipkeHHs moromkernii Komicieto 3 6iomeanaHoi
etukn 1Y <«IHCTUTYT eHpOKpHHOJIOriI Ta 0OMiHYy
peuoBuH im. B.I1. Komicapenka HAMH Yxpainu».

PesysbraTi Ta 0OrOBOPEHHS

Jlnst 3abe3medeHHs] KOPEKTHOCTI TPOBECHHS
MO/IAJIBITNX PO3PAXYHKIB Ta MONIYKY PO30iKHOC-
Teil OyJin mopiBHsHi 3araabhi 06’emu 1113 10 ome-
paitii B 060x rpynax (tadauus 1).

Ta6bnuua 1. MopisHAaHHA o6'emi L3 go onepadii B rpynax
TnpeoigekTomin 3a KM i BM

Table 1. Comparison of thyroid volumes before surgery in the
thyroidectomy groups using the classical and ligature-free method

MoKasHuK KM BM

Indicator Classical method Ligature-free
(n=409) method

(n=156)

MiHiMym 6,77 7,56

Minimum

Makcrmym 99,69 99,78

Maximum

ApndmeTnyHa cepenHs 36,5 35,28

Arithmetic mean

MepiaHa 31,04 29,84

The median

[ncnepcis BubipKm 464,16 387,27

Dispersion

CTaHpapTHe BiaXnneHHaA 21,54 19,68

Standard deviation

CraHaapTHa NoxmoKa 1,07 1,58

Standard error

KoedilieHT BapiaLii 0,59 0,56

The coefficient of variation

ACUMETPUYHICTb -0,83 -0,86

Asymmetry

JKcuec -0,14 0,02

Excess
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Crarucruyta 3Ha4UMICTh po30isKHOCTEN cepe-
HiX apuMeTHIHIX y IUX Tpynax BusiBuaach >0,05
(36,3+1,07 mporu 35,28+1,58), 1110 1710 3MOTY BBa-
JKaTH TIOJQJIbIIT TOPIBHAHHS KOPEKTHUMU.

[Ipn mopiBHAHHI TpUBAJIOCTI oIleparii BH-
SBUJIM HAABHICTh BUKUIY 3a Q-test (3HaueHH:
120 xB y rpymi oneparitiii 3a BM), akuii Bupaanim
3 MO/IAJIBIIOTO aHai3y (Tadmmmi 2).

Tabnuus 2. MopiBHAHHA TPKMBANOCTI onepaLii B rpynax Tnpeoinek-
ToMiI 32 KM i BM

Table 2. Comparison of the duration of the surgery in the
thyroidectomy groups using the classical and ligature-free methods

MoKasHuK KM BM
Indicator Classical method meToguka
(n=409) Ligature-free

method
(n=155)

MiHiMym 30 25

Minimum

Makcrmym 120 95

Maximum

ApudmeTnyHa cepenHs 61,61 53,87

Arithmetic mean

MepiaHa 60 50

The median

[ncnepcis BubipKm 242,98 142,39

Dispersion

CraHpapTHe BioXuneHHa 15,59 11,93

Standard deviation

CraHaapTHa NoxmoKa 0,77 0,96

Standard error

KoedilieHT BapiaLil 0,25 0,22

The coefficient of variation

ACUMETPUYHICTb -0,97 -0,63

Asymmetry

JKcuec 1,23 042

Excess

Cepenni apudmernyri 060X TPy MaiOTh CyT-
TEBY CTAaTUCTUYHO 3HAYUMYy po30ikHicTh: 61,61+
+0,77 xB y rpyni KM Ta 53,87+0,96 xB y rpyni bM
(p<0,001).

[Ipu mopiBHSHHI MHic/s0TIEPAIiHHOTO PiBHIO i0-
Hi30BaHOTO KaJIbIliI0 BUSBUJIN HASBHICTH BUKUIY
3a Q-test (3navenns 1,17 MMOJIb/JT y TPYIIi oflepa-
it 3a KM), skunii TakoX BUIATUIN 3 TTOAAJIBIITOTO
anasi3y (Tabmuis 3). Takox 10 060X rpym He Oyin
BKJIIOUEHI BCi BUTIAJIKU TinlepriapaTupeosy (BKJIIOU-
HO 31 3HaXiJIKaM4 TiJIbKU MPU MMaTOTiCTOJOTTUYHOMY
JTOCT/IKEHH] ).

Tabnuua 3. MNopiBHAHHA PiBHA IOHI30BaHOrO KanbLiilo B rpynax Tw-
peoigekTomiv 3a KM i BM nicna onepaui

Table 3. Comparison of the level of ionized calcium in the
thyroidectomy groups using the classical and ligature-free methods
after surgery

MoKa3HuK KM BM

Indicator Classical method Ligature-free
(n=408) method

(n=156)

MiHimMym 0,77 0,87

Minimum

Makcumym 13 1,38

Maximum

ApvdmeTnyHa cepeaHs 1,07 1,12

Arithmetic mean

MegiaHa 1,07 112

The median

[ncnepcis Brbipku 0,01 0,01

Dispersion

CraHaapTHe BigXWUNeHHsA 0,09 0,09

Standard deviation

CraHpapTHa Noxmnoka 0,004 0,01

Standard error

KoediuieHT Bapiauii 0,08 0,08
The coefficient of variation

ACYMETPUYHICTb 0,19 -0,16
Asymmetry

JKcuec -0,03 0,46
Excess

TaxuMm ymHOM, cepe/lHi 3HAUYEeHHS PiBHA 10HI-
30BaHOTO KAJIBIII0 CTATUCTUYHO 3HAYNMO Bij[pi3-
aaauch (1,12+£0,01 mmoas/n y rpyni BM npoTtn
1,07£0,004 mmoun/n y rpyni KM, p<0,001).

[TopiBHSHHS cCKAapT HA 3MIHU TOJIOCY HA HACTYTI-
HUU JIeHb MiCJs TUPEOiIeKTOMil MPOBOAUIN 32
JIOIIOMOTOIO CIIeI[iaJlbHO PO3POOIEHOT aHKETH, e
BPaxoBYBaJIX Pi3Hi CTyIeHi mopylieHb (He3Hau-
Hi, 3HAUHi, [y’Ke 3HAYHi, MOKJIUBICTh e(eKTUB-
HOTO BiJIKAIJTIIOBaHH, HASBHICTD TOTIEPXYBaHHS
iJ yac muTTs TOINo). AJie B 1iil poboTi mpeacra-
BUJIM PE3YyJIbTaTU MOPIBHAHHS BUIAJKIB BIJICYT-
HOCTI 4¥ HassBHOCTI OY/Ib-IKUX CKapPT, HE3aJIEKHO
BiJl IX KOHKPETHUX XapaKTePUCTUK (Ta0auus 4).

Amnastia 3a METOZMKOIO X2 TTOKAa3aB CTaTUCTUIHO
3HAUYIy PI3HUII0 B TPyNax: BiICYTHICTH Oyib-
sakux ckapry rpyni bM crnocrepiranu B 62,61% Bu-
najikiB, Toxi sk y rpymi KM —y 37,39% (x2=19,7 ta
p<0,001). Anasoriuay 3HaYUMICTh PO36IKHOCTEN
OTPHMAHO IPH PO3PAXYHKY 3 MOIPaBKoio Verca
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Tabnuusa 4. MNopiBHAHHA HAABHOCTI/BIACY THOCTI CKapr Ha nicnsAone-
paLinHi 3MiHK ronocy B rpynax Tmpeoigektomin 3a KM i BM, n (%)
Table 4. Comparison of the presence/absence of complaints about
postoperative voice changes in the thyroidectomy groups using
the classical and ligature-free methods, n (%)

HaABHicTb ckapr KM BM Bcboro
Presence of Classical Ligature-free Total
complaints method method

€ Oynb-AKi cKapru 260 (79,51) 67 (20,49) 327 (100)
There are any

complaints

Ckapru BiaCyTHI 149 (62,61)  89(37,39) 238 (100)
There are no

complaints

Bcooro 409 156 565

Total

Ha OesnepepsHicTh (Yate’s correction: x2=18,87
ta p<0,001) Ta mompaBKoIO Ha NPaBAONOAIOHICTH
(Likelihood correction: x2=18,87 ta p<0,001).

TakuM YMHOM, HAMW J0Be/IeHO e(DEeKTUBHICTH
Bukopuctanusg BbM 3a momomoroio BiTYM3HSHO-
ro eJeKTpo3BaploBajbHOrO amapata PatonMed,
a BPaxoBYIOUM Te, IO iHCTPYMEHTH € OaraTopa-
30BHUMU, TO i EKOHOMIUHA BUTO/Ia MOTO BUKOPUC-
TaHHA € HabaraTo GiJbIa 32 BAKOPUCTAHHS TIPHU-
ctpoiB LigaSure tTa Harmonic.

BucuoBku

1. Buxopucranus BM no3BoJsisie CKOpOTUTH
TpuBasictTh oneparii na I113.

2. llaginas piBHS 10HI30BAHOTO KAJBITIIO TiCJIT
TupeoiekTomii 32 BM wmeH1iie, Hisk IpU BU-
kopucrtanui KM.

3. Hasgsaictp Oyab-IKMX CKapr Mami€eHTiB Ha
3MiHu rojocy micasg omnepaiiii 32 BM 3ycTpi-
YA€ThCSl MEHIIIe, Hi’K [P BUKOHAHHI THUPEO-
inexTomii 3 BUKopuctanusam KM.

Cnucok BUKOPHUCTAHOI JiTepaTypHu

1. Dionigi G, Bacuzzi A, Bertocchi V, Carrafiello G, Boni L,
Rovera F, et al. Safe incorporation of new technologies in thyroid
surgery. Expert Rev Med Devices. 2008 Nov;5(6):747-58. doi:
10.1586/17434440.5.6.747.

2. Mohamed SE, Noureldine SI, Kandil E. Alternate incision-site
thyroidectomy. Curr Opin Oncol. 2014 Jan;26(1):22-30. doi:
10.1097/CC0.0000000000000031.

3. Konturek A, Szpyra B, Stopa-Barczyniska M, Barczyniski M. Energy-
based devices for hemostasis in thyroid surgery. Gland Surg. 2020
Feb;9(Suppl 2):5153-S158. doi: 10.21037/gs.2019.10.17.

4. Gimm O, Barczynski M, Mihai R, Raffaelli M. Training in

238

endocrine surgery. Langenbecks Arch Surg. 2019 Dec;404(8):929-
944. doi: 10.1007/s00423-019-01828-4.

5. Dionigi G, Boni L, Rovera F, Dionigi R. Thyroid surgery:
new approach to dissection and hemostasis. Surg Technol Int.
2006;15:75-80.

6. Lee E, Tong JY, Pasick L], Benito DA, Joshi A, Thakkar PG, et
al. Complications associated with energy-based devices during
thyroidectomy from 2010-2020. World J Otorhinolaryngol
Head Neck Surg. 2022 Apr 28;9(1):35-44. doi: 10.1016/j.
wjorl.2021.04.008.

7.  Fritz CG, Monos SD, Panara K, Rajasekaran K. Comparing
adverse events asocied with LigaSure and Harmonic devices in
head and neck surgery. Head Neck. 2024 Feb;46(2):378-385. doi:
10.1002/hed.27593.

8. Yang X, Cao J, Yan Y, Liu F, Li T, Han L, et al. Comparison of
safety electrotome, Harmonic scalpel, i LigaSure for management
of thyroid surgery. Head Neck. 2017 Jun;39(6):1078-1085. doi:
10.1002/hed.24701.

9. Cannizzaro MA, Borzi L, Lo Bianco S, Okatyeva V, Cavallaro A,
Buffone A. Comparison between Focus Harmonic scalpel and
other hemostatic techniques in open thyroidectomy: A systematic
review and meta-analysis. Head Neck. 2016 Oct;38(10):1571-8.
doi: 10.1002/hed.24449.

10.  Pons Y, Gauthier J, Ukkola-Pons E, Clément P, Roguet E, Poncet JL,
et al. Comparison of LigaSure vessel sealing system, harmonic
scalpel, and conventional hemostasis in total thyroidectomy.
Otolaryngol Head Neck Surg. 2009 Oct;141(4):496-501. doi:
10.1016/j.0tohns.2009.06.745.

11. Bhettani MK, Rehman M, Khan MS, Altaf HN, Hakeem
Khan K, et al. Safety and Cost-effectiveness of LigaSure® in
Total Thyroidectomy in Comparison with Conventional Suture
Tie Technique. Cureus. 2019 Dec 12;11(12):¢6368. doi: 10.7759/
cureus.6368.

12. Ruggiero R, Docimo G, Bosco A, Lanza Volpe M, Terracciano G,
Gubitosi A, et al. Update on sutureless thyroidectomy. G Yup.
2018 Jan-Feb;39(1):45-50. doi: 10.11138/gchir/2018.39.1.045.

13. Cheng H, Soleas IM, Ferko NC, Cameron CG, Clymer JW,
Amaral JF. Hospital costs asocied with thyroidectomy performed
with Harmonic device compared to conventional techniques:
a systematic review and meta-analysis. ] Mex Exon. 2016
Aug;19(8):750-8. doi: 10.3111/13696998.2016.1168826.

14.  Youssef T, Mahdy T, Farid M, Latif AA. Thyroid surgery: use of the
LigaSure Vessel Sealing System versus conventional knot tying.
Int J Surg. 2008 Aug;6(4):323-7. doi: 10.1016/}.ijsu.2008.05.005.

15. Kiriakopoulos A, Dimitrios T, Dimitrios L. Use of a diathermy
system in thyroid surgery. Arch Surg. 2004 Sep;139(9):997-1000.
doi: 10.1001 /archsurg.139.9.997.

16. Boaros MIO, Omenpuyk OB, Anuiit 1P, 3innu IIII, Komicapen-
ko II, Tkauerko BA, Ta iH. Arsac GesmiraTypHux omepaiiii Ha
I13. KIM; 2024. 168 c. (Bolgov MYu, Omelchuk OV, Yanchii
IR, Zinich PP, Komisarenko II, Tkachenko VA, et al. Atlas of
ligature-free operations on the thyroid gland. KIM; 2024. 168 p.).
Ukrainian.
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BM — GesiiratypHa MeTOIMKa
KM — xracuuna MeTOInKa
I3 — murononibHa 3am03a

Effectiveness of the ligature-free thyroid
surgery technique

0.V. Omelchuk, M.Yu. Bolgov
State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the NAMS of Ukraine»
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Abstract. The issues of improving surgical techniques in thyroid
surgery to reduce the number of complications, surgery time and
cosmetic defects remain relevant today. The use of a fundamentally
new ligature-free technique of thyroidectomy using the domestic
device EKVZ-300 («Patonmed», Ukraine) is promising. The aim. De-
termination of the effectiveness of using a ligature-free technique in
thyroid surgery. Material and methods. We analyzed 565 patients
with thyroidectomy (without dissection of the neck lymph nodes)
performed between November 2022 and February 2024, and with
a thyroid volume up to 100 cm3. Of these surgical interventions, 156
were performed using the developed ligature-free technique and
409 using the classical one, i.e. without the use of ligature-free tech-
nology. In the group with the ligature-free technique, the age of the
patients was 8-74 years (48.34+14.65 years), of which there were 129
(82.7%) women, in the group with the classical method, the age of the
patients was 13-76 years (51.15£13.11 years), there were 353 women
(86.3%). The surgery time, postoperative level of ionized calcium, and
the presence of patient complaints of voice changes the next day after
surgery were compared. The results. The average time for performing
thyroidectomy using the ligature-free method was 53.87+0.96, while
in the group of operations using the classical method it was 61.61+
+0.77 (p<0.001). The average postoperative level of ionized calcium in
the group using the ligature-free technique was 1.12+0.01 mmol/L,
while this indicator was 1.07+£0.004 mmol/L (p<0.001) in operations ac-
cording to the classical technique. A comparison of the presence of any
patient complaints about changes in voice function the next day after
surgery revealed a statistically significant difference in the groups using
the X2 method (p<0.001). The absence of any complaints when using
the ligature-free technique was observed in 62.61%, while when using
the classic technique, such patients were 37.39%. Conclusion: The use
of the developed ligature-free surgery technique allows to reduce the
surgery time, decrease the drop in the level of ionized calcium and pa-
tients’complaints about any changes in voice after surgery.
Keywords: thyroid gland, thyroidectomy, thyroidectomy technique.
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KniHIKo-pemorpadiyH 5. o
XapPaKTEPUCTUKN MALUEHTIB s mavmmoscowas
I3 LlYKpoBUM fiabeToM

2-r0 TANY PI3HIX BIKOBMX rpyn
Ta 1X B3aEMO3B A30K

13 PU3NKOM PO3BUTKY
CepLeBo-CYANHHUX

YCKNaAHEeHb

LY «lnctutyT reponTonorii im. [.0. YeboTtapboBa HavioHanbHOT akagemii MefnuHux Hayk YkpaiHm»

Pestome. Llykposuii fiabet 2-ro Tuny (LI12) 3HauHo NigBMLLYE PU3VIK BUHUKHEHHA CEPLEBO-CYANHHIX YCKNAHEHD,
TaKUX AK iHGapKT MioKapaa, IHCYNbT, ceplieBa HegocTaTHICTb (CH) Ta iHwWi. MeTa poboTy — NpoaHaniyBaTth KNiHiko-
aemorpadiuHi xapakTepuUCTUKK NauienTiB i3 LI12 pi3Hux BIKOBMX rpyn Ta iX B3aEMO3B'A30K i3 PU3MKOM PO3BUTKY
cepLeBo-CyAMHHKX ycknaaHeHb., Matepian i metogm. O6cTexxeHo 233 xBopux Ha L2 Bikom 30-80 pokis. Ycim
06CTeXYBaHMM NMPOBOAWAY aHTPOMOMETPUYHI BUMIPIOBAHHSA, apTePianbHUM TCK, BU3HAYanK piBeHb rOKO3W, M-
KoBaHoro remornobiny, C-nentunay, 3aranbHoro xonectepuny (XO), Tpurniuepuais, XC ninonpoTeinis HWU3bKOI Ta BU-
COKOI WinbHOCTI. [OPIBHIOBANWCA rPYNK NALiEHTIB PI3HOO BiKY Ta TPMBANOCTI 3aXBOPIOBAHHA Ha LIZ12 3a fonomoroto
Kputepito CTbloaeHTa Ta KpuTepito MipcoHa (xi-keaapart). Pesynbratnl. CepeHilt piBeHb MIOKO3M B KPOBI HaTlle,
rnikosaHoro remornobiHy Ta C-nenTuay iCTOTHO BHMLLI 3a HOPMY, ane BiPOTiAHO He BiAPI3HATLCA Y XBOPYX Ha LI[12 B
Pi3HIX BIKOBUX rpyMax, a Takox i3 Pi3HO TPMBANICTIO 3aXBOPIOBaHHS. Lie CBiUMTb NPO OfHAKOBY TAXKICTb Nepebiry
L2 v xBopux pi3HUX BikoBMX rpyn. Cepes NoKasHMKIB NinigHOro obmiHy nvLie piBeHb TPMMILEPUAIB Y KPOBI Nepe-
BYILLLYE HOPMY B 000X BIKOBMX rpynax, a TakoX i3 Pi3HOI0 TPUBANICTIO 3aXBOPIOBaHHsA. PiseHb 3aranbHoro XC HUx-
unit y xsopux L2 y BiLi =60 pokis. Lie 0bymoBneHo NpuiiMaHHAM CTaTHIB XBOPUMM NOXMAOTO BiKy. YacToTa iwe-
MiyHoT xBopobu cepua (IXC) (BigHowweHHs waHcis (odds ratio, OR) OR=3,46; 95% nosipuwit iHTepsan (II) 1,99-6,02;
p<0,0001), iHdapkTy (OR=3,58; 95% [l 1,78-7,23; p=0,0004), CH (OR=5,5; 95% [1I 2,66-11,12; p<0,0001) Ta iHCynsTY
(OR=3,96;95% A 1,11-14,07; p=0,03) BiporigHo BuLLa B Ntoaew cTapLioi Bikoroi rpynu. YactoTa IXC (OR=1,8; 95% [I

© A.A. CaeHko, A.B. lucapyk, H.M. Kowesnb, .M. Marekoscokul
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1,04-3,20; p=0,037), iHbapkTy (OR=2,22; 95% [I 1,20-4,09; p=0,011) Ta CH (OR=2,97; 95% [1I 1,62-5,45; p<0,0004) no-
CTOBIPHO BWLLA B NII0AEN, AKI XBOPItOTb >10 poki. BUCHOBOK. AHai3 OTPUMaHMX HaMI AaHX MOKa3aB, WO PO3BUTOK
ycknaaHers L2 3anexuTb Bif Biky nalieHTa Ta TpUBanocTi AiabeTy, AKi € He3anexHUMM NPpeanKTopamm po3BUTKY

ycknagHeHb L2,

KniouoBi cnoBa: LiykpoBuii fiabeT 2-ro Tvny, GakTopy pr3mnKy YCKaaHeHb, CepLEBO-CYaVIHHI 3aXBOPIOBAHHS.

CeplieBo-cy/IMHHI 3aXBOPIOBAHHS € OJIHI€I0 3
MPOBIJIHUX MPUYUH CMEPTI Ta iHBAJIIJIHOCTI Y BCbO-
My CBiTi, 0co06smBO cepen matienTis i3 11/12 [1-4].
Bimomo, mo mykposuit giaber (I1/1) snauno mia-
BUIIYE PU3UK BHUHUKHEHHS CEpPlEeBO-CYJIMHHUX
YCKJIaIHeHb, TAaKUX SIK iH(hapKT MioKap/a, iHCYJIbT,
CH ra inmi [5-7]. @akropu, Taki K BiK Ta TpUBa-
gicts II/I, TparoTh KPpUTHYHY POJIb Y BU3HAYEHHI
npboro pusuky [9-14]. CrapinHsa opraHizmy Mnpu-
3BOJIUTD /IO IIPUPOJIHOTO 3HUKEHHS (PYHKIIIOHAJIb-
HUX MOXKJIMBOCTEN ceplieBO-CYJMHHOI CUCTEMHU, 1110
caMo 110 co0i 36iJIbIIYE PUBHK CEPLIEBO-CYAMHHUX
3axBopioBaHb. Kpim Toro, TpuBamicts [1/]2 BrmBae
Ha TaToreHe3 i MporpecyBaHHsS MeTa0OJIYHUX Ta
CY/IMHHUX YCKJIaJIHeHb, IO JI0/IaTKOBO 3aroCTPIOE
cutyaitito. PO3KpUTTS UX acleKTiB He JIUIIe CIIPU-
STUMe TIOKPAIeHHIO TPOMIJIaKTUKN Ta JIKyBaHHS,
ajie il JI0IoMoXKe B PO3POOI IepCoHATI30BaHUX
crpareriii ynpasainas /] ta npodimaktuku cep-
1IE€BO-CYJIMHHUX 3aXBOPIOBaHb y BPA3JTUBUX TPy
HaceJIeHHs.

Merta poGoTH — ITpOaHaJi3yBaTH KJIiHIKO-1eMO-
rpacdiuni xapakrepucTuku marienTiB i3 11/12 pis-
HUX BIKOBUX TPYII Ta X B3AEMO3B’ 30K i3 PU3MKOM
PO3BUTKY CEPIIEBO-CY/IMHHUX YCKIATHEHb.

Marepiau i MeToau

JlociykeHHd BUKOHAHO BIAIIOBIIHO 10 BU-
MOT JOTPUMAaHHS €TUYHUX HOPM Ta TPUHIIUIIB
lenmncinepkoi /lexkmapartii. ¥ciM ygyacHUKaM 710 TIO-
YaTKy JOCTI/KeHHsT OyJI0 HAaHO JIeTabHY MHCh-
MOBY iH(popmariito npo pociuipkennd. [Iporpamy
obcreskeHHs1, iHpOopMAILiio IS HalieHTa ta hopMmy
iH(OPMOBAHO1 3ro/IM TAIliEHTA HA YYacCTh y JIOCJi-
JUKEHH] PO3TJISHYTO Ta 3aTBEP/KEHO eTUYHOIO KO-
Miciero. Koxkna ocoba, BKITOUEHA B JTOCTIKCHHS,
OOPOBLIBHO MijIcata GoOpMy 3rojH OO0 YIacTi
B JIOCJIiJIPKEHHI.

O6c¢reskerno 233 xsopux II/I2 y sini 30-80 po-
kiB. [lani nipo IIJI, rimeproHiuny XBOpOOY, mepe-
HeCeHWH iHCYJ BT, iH(MAPKT MioKap/a OTPUMAHO 3

MeIMYHUX BUCHOBKIB, BUIMCOK 3 iCTOPiil XBOPOOH.
JliarHocTHKY imeMiuyHOT XBOPOOU cepIis 3/iHCHIOBA-
JIX 3a JIOTIOMOTOI0 HaBaHTa)kyBasbHOTO EKI-Tecty
(tpenmiz-tecty). CH miarnoctyBasu, 3aCTOCOBYIO-
YU KJIIHIKO-THCTPYMEHTATbHI METOAUN JTOCTiKEHHS
BIZIMIOBIIHO 710 pekoMeHaatiit Beeykpaincbkoi aco-
1miartii KapliosoriB YKpaiHu 3 IiarHOCTUKH, JIIKyBaH-
H4 Ta npodisaktukn xporiunoi CH Bix 2023 poxky.
Busnavasim kiiHiuHi gani namienTa, ToOTo HasiBHOC-
Ti BIJINOBIZIHUX CKapI, a caMe: 3a/IUIIK1, OPTOITHOE,
3HIKEHHS TIepeHOCUMOCTI (DI3UIHNX HAaBAaHTAKEHD,
HaOPSIKIB TOMIJIOK Ta IIBUIIEHOI CTOMJIIOBAHOCTI.
Ycim xBopruM GyJIu MTPOBEIEH] IHCTPYMEHTATIbHI Me-
toam nocimkenass EKT ta ExoKI. Onmparouncs Ha
OoTpuUMaHi fani, BctaHoBmoBaiu cragito CH Biamo-
BiJTHO /IO MisKHAPO/IHO1 Kyiacudikariii Ta 3a Kpurtepi-
amu Ctpaxkecka-Bacuienka.

Ycim 00cTeskyBaHUM BUMIPIOBAJIN Macy Tijia Ta
3picT 3a ZOMTOMOTOI0 MOBIPEHUX €JeKTPOHHUX Bar
i mopraruBHOTO craziomerpa, 06Bia Tamii (OT) ta
0068ix creron (OC) y 1OJI0KEHH] CTOSYM, a TAKOK
BUMIPIOBAJIM CUCTOJIIYHUHN Ta MiacTOJIUHUN apTe-
plasibHUI TUCK Y TTOJIOKeHH] cusiuu. [Hexke macu
tisa (IMT) pospaxoByBasu sK BiJJHOIIEHHSI Macu
TiJIa B KT /IO KBaJipaTa 3pOCTy B MeTpax. ¥YCiM XBO-
PHM TIPOBOANIIH 3a6ip BEHO3HOI KPOBI HaTIIECEPIIE,
1icJist BOCbMUTOJIMHHOIO TOJIOyBaHHs. Y cUpoBaT-
1Ii KPOBI BU3HAYAJIM PiBHI TPUIJIIIIEPU/IIB, 3arajib-
Horo XC, XC minonporTeifiiB HU3bKOI Ta BUCOKOI
iJibHOCTi. KOHTIeHTpalliio IrTioK037 B T1J1a3Mi KPOBi
BU3HAYAIN TJIIOKO300KCUIA3HUM METOZ0M Ha 6io-
xiMiuHOMY aHastizaTopi. [ikoBaHuii reMoriobin Ta
C-nientu/i BU3HAYAIM IMYHOXIMIYHUM METO/IOM 32
JI0TIOMOT0I0 aBTOMAaTU30BAaHOTO aHaJIi3aTopa.

AHTpoOIIOMETPUYHA XapaKTEePUCTUKA JOCII/IKY-
BaHMX 0ci0 HaBe/eHa B Ta0JI. 1.

Orxe, xBopi Ha [1/12 matoTs | cTyminb oskupins
(IMT 30-34,9 xr/m?). Bucokuii pusuk mepemadacHoi
CMEepTi Bijl TIOPYIIIeHb BYTJIEBOAHOTO OOMiHY Ta 3a-
XBOPIOBaHb cepilst acoritoeTbest 3 OT >88 e y :KiHOK
Ta >102 cM y vosioBikiB [7]. O6cTeskeHi HaMu JIou 3
/12 mamm B cepeapomy OT >108,81£1,29 cm.
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Tabnuua 1. AHTpONOMETPHUHI NOKa3HWKY 0bCTexeHVX noael i3 L2

Table 1. Anthropometric indicators of the examined people with type 2
diabetes

MoKa3Hukun M+m
Indicators

3picT, cm 170,0248,95
Height, cm

Maca Tina, Kr 93,7+18,2
Body mass, kg

IMT, kr/m? 32,3£5,80
Body mass index, kg/m?

OT, cm 108,81+1,29
Waist circumference (WC), cm

0oC, cm 108,44+1,09
Hip circumference (HC), cm

0T1/0C 1,00+0,01
WC/HC

s ananmizy OoTpuMaHUX JJaHUX BUKOPUCTAHI
METO/IM BapialliiiHoi CTAaTUCTUKMU 3a JIONOMOTOI0
nporpamu Statistica 12.0 («StatSoft», USA). Cra-
TUCTUYHY 3HAUYYIIICTh PI3HUII MK TPyIaMH OIli-
HIOBAJIN 32 JlonnoMorolo t-kputepito CtblojieHTa Ta
kputepito [lipcona (xi-kBazpar), a TAKOK PO3pPaxo-
ByBasn OR. BigminHocTi cepefHix BeJMunH BBa-
sKasucst sHauymumu npu p<0,05.

Orxe, xBopi Ha 11/[2 matoTs [ cTyminb oxxupinHs
(IMT 30,3-34,9 kr/m?). Bucokuii pusuk repeqacHoi
CMepTi Bijl MOPYIIeHb BYIJIEBOAHOTO OOMiHY Ta 3a-
XBOPIOBaHb cepiid acorlifoeTbest 3 OT >88 em y xkiHOK
ta >102 cM y wosoBikiB [7]. O6cTeskeHi Hamu JTHou 3
/12 mamm B cepeabomy OT >108,81£1,29 cwm.

[lng anamizy OoTpUMaHUX JaHUX BUKOPHUCTaHI
METO/I BapialliifHOl CTaTUCTUKKU 3a JO0NOMOIOIO
nporpamu Statistica 12.0 («StatSoft», USA). Cra-
TUCTUYHY 3HAUYYIIICTh PI3HUIN MiX TPyNamu OIli-
HIOBAJIN 32 JIONOMOTO0I0 t-kpuTepito CThioeHTa Ta
kputepito [lipcona (xi-kBajgpar), a TaKOK PO3paxo-
ByBasiu OR. BisMiHHOCTI cepesiHiX BeJWYWH BBa-
skasest 3Hagynmu npu p<0,05.

PesyabraTi Ta 00roBOpEHHS

Binomo, 1110 3 BiKOM PO3BUBAIOTHCSI HECITPUAT-
JIMBI 3MiHU BYTJIEBOJHOTO Ta JIIHIHOTO OOMiHY,
nopyuryeTbcs GyHkilig aupok. Ile nmpusBoauts 10
HiZIBUIIIEHHS] PU3UKY PO3BUTKY CEPIIEBO-CYAMHHUX
3axBOpPIOBaHb. [[Jisl OLIHKM BIUIMBY BiKYy XBOPHUX
Ha [1/[2 na anTpomoMeTpuyHi MOKa3HUKNA Ta MeTa-
6outiaMm yci obcTexeHi Oysin MoiieHi Ha JIBi TPyTIM:
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<60 pokiB i crapiie. Posnozis Ha OiJIbIny KiJIbKICTh
BiKOBUX rpym OyB HEPAIIOHAIBHUM Yepe3 MaJIy Ji-
ceJIbHICTD. Y TabuI. 2 ipejicTaB/IeHi cepe/iHi 3HAYeHHS
noKa3HUKIB y xBopux Ha [1/12 3aneskHo Bif iX BiKY.

Ta6nuua 2. CepepiHi 3HaUYeHHA KNiHIYHVIX MOKa3HUKIB y nauieHTis i3 L2
3aNexHo Big Biky (M£+m)

Table 2. Average values of clinical indicators in patients with type 2
diabetes depending on age (M+m)

Moka3HuKu <60 pokiB =60 pokiB

Indicators <60 years =60 years
(n=98) (n=135)

Bik, pokis 50,62+0,63  68,05+0,59*

Age, years

Bik pebtoty L2, pokis 45,24+0,79  60,34+0,98*

Age at onset of type 2 diabetes, years

Tpueanicts U2, pokis 5,09+0,48 6,36+0,44

Duration of type 2 diabetes, years

Maca Tina, Kr 100,26+1,85 96,68+1,48
Body mass, kg

IMT, kr/m? 32,75+0,53  32,21+0,53
Body mass index, kg/m?

OT, cm 109,92+1,32 108,31+1,18
WC, cm

0C, cm 108,81+1,07 107,04+0,96
HC, cm

OT/0C 1,012+0,007 1,004+0,006
WC/HC

CucToniyHmii apTepianbHIUM TUCK, 134,11£1,63 135,71+1,32
MM PT. CT.

SBP, mm Hg

[liacToniunui apTepianbHWi Tuck, Mv pr.ct. - 82,87+0,95  81,49+0,95
DBP mm Hg

[110KO3a KPOBI HaTLLE, MMONb/J 9,44x0,34 9,36%0,29
Fasting plasma glucose, mmol/L

[MikoBaHwWiA reMornooiH, % 7,68+0,20 7,7440,16
Glycated hemoglobin, %

C-nentug, Hr/mn 3,50+0,20 3,56+0,24
C-peptide, ng/ml

3aranbHuin XC, monb/n 5,39+0,16 4,71+0,14*
Total cholesterol, mmol/L

XC ninonpoTeifig BUCOKOI WWiNbHOCTI, 1,18+0,03 1,224+0,06
MOAb/N

High density lipoprotein cholesterol,

mmol/L

XC ninonpoTeiaiB HX3bKOI LLinbHOCTI, Monb/n - 3,41+0,12 2,93+40,10*
Low density lipoprotein cholesterol, mmol/L

Tpurniuepuaw, Monb/n 2,29+0,17 1,78+0,09*

Triglycerides, mmol/L

lpumimka. * — p<0,05 nopigHAHO 3 8ik08OK 2pynoto <60 pokis.
Note. * — p<0.05 in comparison with the age group <60 years.
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Y rpymi xBopux Ha [1/[2 >60 pokiB BiporigHO BU-
it cepesniii Bik gebrory 11/12. Ile oueBunmit hakr,
3YMOBJIEHUI TUM, 1110 y BiKOBY Tpymy <60 pokiB He
BXOJIAATh BUIIAJIKK 1e0I0TY 3aXBOPIOBAHHS B I3HIIIIO-
My Billi. TpuBasticTh 3aXBOPIOBAHHS BIPOTiIHO HE BiJl-
pi3HsAETbCA B pi3HUX BikoBUX rpynax. Ile mosBossie
OITIHUTH BILJIUB BiKY, STK OKPEMOTO (DaKTOpa He3asex-
Ho Bix TpuBasocti 11/12.

Cepezini  3HayeHHSI AHTPOIIOMETPUYHUX TIOKA3-
HUKIB Ta apTepiajbHOrO TUCKY HE Maju BipPOTiJIHUX
Bi/IMiHHOCTel y Tpynax xBopux Ha [1/[2 pizHoro Biky.
Bonnouac BijioMo, 1110 B 3/I0POBUX JIO/IEN CTapIIO-
ro Biky Buma Maca Tizia, IMT, OT Ta aprepiambuuii
trick. Cepesii 3HaYeHHs X MOKA3HUKIB Y 00CTesKe-
HuX XxBopux Ha [[/]2 Gyin icTOTHO BUIIMMU 32 BIKOBY
HOPMY, OCOOJIBO B MOJTOJIIIIH TPYTIL. YCi 11i MOKa3Hu-
KM € YTHHUKaMU pusnky po3BuTky [1/[2. Tomy otpu-
MaHU pe3yJIbTar € IJIKOM 3aKOHOMiPHUM.

Cepennilt piBeHb TJIIOKO3M B KPOBi HATIIIE, TJIKO-
BaHOTO reMoryiobiny Ta C-menTuy BiporiJiHo He Biji-
PI3HSIETbCS B PO3IJISTHYTUX JIBOX BiKOBUX Ipynax. Lle
CBIYATDH TIPO OJTHAKOBY TsBKKicTh [[/]2 B martienTin
pisHux BikoBux rpy1. PiBenp 3arasbroro XC Tpoxu
BUIIMI HOPMU Y XBOpUX >60 POKiB i B MeKaxX HOPMU Y
xBopux 60 pokis. Ile 06yMOBIIEHO TPUITMAHHSIM CTa-
TuHIB xBopuMu Ha [1/[2.

Tabnuua 3. Yactota (%) ycknaaHeHb L2 3anexHo Big Biky XBopwx

Table 3. Frequency (%) complications of type 2 diabetes depending on
age of patients

Moka3Hukm <60 pokiB 260 pokis
Indicators <60 years =260 years
(n=98) (n=135)

[inepTeHsia 78 81
Hypertension
IXC 30 59%
[schemic heart disease (IHD)
IHGapKT MioKapaa 12 33*
Myocardial infarction
CepueBa HepocTaTHicTb (CH)
Heart failure (HF)

Crapia B. XCH Ol 48 53

Stage B. Chronic heart failure 0-1

Crapia C. XCH lIA 11 41%

Stage C. Chronic heart failure IIA
[HCynbT 3 11%*

Stroke

lpumimka. * — p<0,05 nopigHAHO 3 8iK0BOK epynok <60 POKis.
Note. * — p<0.05 in comparison with the age group <60 years.

Amnasiz yactotn yckmagaaensd [IJ] B pisnux Biko-
BUX TpPyIax Mokazas (TaGi. 3), 110 yactoTa rirep-
TeHsil jyske BUCOKA B 060X BikoBux rpymax (78% i
81%). Ile 36iraeTbest 3 JlitepaTypHUMU TaHuME [8].
/12 cnpusie po3BUTKY rinepTeHsii BHACTIIOK ypa-
SKEHHsI apTepiil i po3BUTKY HUPKOBOI natoJiorii. Yac-
tota IXC (OR=3,46; 95% /II 1,99-6,02; p<0,0001),
indapkry (OR=3,58; 95% /11 1,78-7,23; p=0,0004),
CH (OR=5,5; 95% /11 2,66-11,12; p<0,0001) Ta in-
cynsry (OR=3,96; 95% /1 1,11-14,07; p=0,03) Bipo-
TiJIHO BUIIA B JIIO/IEH CTapIIOi BiKOBOI IpyIin. 3BiicH
BUIIJIMBAE, 1O BIK € 3HAUYNUM (PaKTOPOM PHU3UKY
PO3BUTKY yckagHenb [1/]2.

OmnuM i3 BaKJIUMBUX (PaKTOpPiB, 11O BILINBAE
Ha PO3BUTOK yckiasHeHb 11/12, € TpuBasicTs XBOpO-
6u [9-13]. Tomy Mu ITpoaHATI3YBAJIH, SIK 3MiHIOIOTHCS
BUBYEHI IMOKA3HUKU 3a Pi3HOI TPUBAJIOCTI 3aXBOPIO-
BanHs (Tadu. 4). Yci obcresxkeni ocobu Oy poszie-
Hi 32 TPUBAJTICTIO XBOPOOU Ha THX, XTO XBopie <10 po-
KiB i TUX, TPUBAJICTh 3aXBOPIOBAHHA AKUX >10 pokis.
3a TaKoro MO/ BUXO/ATD JJOCTATHI 32 YUCETbHICTIO
rpynu, 11100 3poOUTH BipOTi[HI BUCHOBKH.

Sk mpezcraBiieHo y Tabu. 4, cepesHiil BiK y pos-
IJITHYTUX Tpylax BiporiZiIHo He BinpisHsieTbes. lle
ZI03BOJISIE BUKJIIOUATH BIUIUB BIKY Ta BBasKaTH, 110
BiIMiHHOCTI 00OYMOBJIEH] TPUBAICTIO 3aXBOPIOBAHHSI.
Cepe/iHs TPUBATICTh 3aXBOPIOBAHHS PI3HUJIACS B IIUX
rpynax aysxke saauo (p<0,01). Cepeniii Bik me6rory
[1/12 B o6cTeskeHuX JI0Ieit BIPOTIIHO HUZKYHIL Y TPy IT
i3 GiLIbIIOI TPUBAIICTIO 3axBopioBaHHs. 1le mizkom
3PO3yMiJIO — Ti, IO 3aXBOPIJIN PaHillie XBOPItOTh JI0-
Bute. Cepe/iHi 3HaUCHHS aHTPOIIOMETPUYHMX TOKa3-
HUKIB Ta apTepiabHOTO TUCKY BIPOTiTHO He Bi/IPi3HSI-
I0TBCS B IPyTaX XBOPUX i3 pizHoIo TpuBadmicTio 11/12.
Tako:xk He BiJIPI3HSIOTHCS CePEIHII PiBEHD IVIIOKO3U B
KPOBi HaTIIle, TIKOBaHWIA TeMoryiobin ta C-menTuz.
MoskHa OyJ10 04iKyBaTH, 110 3 MIPOrPECYBAHHIM 3a-
XBOPIOBAHHS 11i MOKA3HUKU OYIyTh 301JbIITyBATHCS.
Aute, 1yKop KpoBi e(heKTUBHO KOHTPOJIOETHCS B ITPO-
1eci ikyBanHs. HecrogiBaHUMK BUSIBUIIUCH Pe3YJib-
TaTH JOC/KEHHS JIiAHOro oOMiny. Y Jnojeid, ki
xBopitoTh Ha I1/[2 >10 pokiB, menio HUXKYI cepeHi
piBHi 3arasbHOro XC Ta XC JnonporeiiB Hu3bKoi
mribHOCTI B KpoBi. Cepenni piBHi XC JTIonpoTeiziB
BUCOKOI IIIJTLHOCTI 1 TPUTJIIIEPUIIB Y KPOBi BipOTi/i-
HO He Bi/IPI3HAIOTbCA B 1IUX rpynax. Takuii pe3yssrar
MOJKHA MOSICHUTH TUM, IO TIPYA TPUBAJIOMY Tiepeliry
XBOPOOU BifI0YBAIOTHCST HECTIPHSIT/IMBI 3MiHU B ITEYiH-
ITi, SIKi TTPU3BOJIATH /10 3HUZKEHHST cuHTe3y XC.

byno npoanamizoBano yactory yckiagaaens /12
B IPyIIax i3 Pi3HOIO TPUBATICTIO XBOPOOU (TabII. J).
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Tabnuuga 4. CepeaiHi 3HaUEHHA KNIHIYHMX NOKA3HKKIB y moael i3 L2 3a-
NIeXHO Bify TPUBANOCTI XBOpoOY (M£m)

Table 4. Average values of clinical indicators in patients with type 2
diabetes depending on the duration of the disease (M+m)

MokasHukmn <10 pokiB =10 pokiB

Indicators <10years =10years
(n=140) (n=77)

Bik, pokis 61,06+£0,82  63,27+0,87

Age, years

Bik mebioty L2, pokis 56,71£1,05  47,18+1,08%

Age at onset of type 2 diabetes, years

Tpwsanicts UA2, pokis 3,34+0,22 15,86+0,68*

Duration of type 2 diabetes, years

Maca Tina, Kr 94,47£1,67  91,95+1,73

Body mass, kg

IMT, kr/m* 32,85+0,52  31,86+0,53

Body mass index, kg/m?

OT, cm 109,20+1,22  106,73+1,43

WC, cm

0C cm 108,62+1,02  105,64+1,21

HC, cm

0T1/0C 1,01240,005 1,011+0,008

WC/HC

CucToniyHWiA apTepianbHii TUCK, 134,73+£1,33  133,14+1,57

MM pT. CT.

SBP, mm Hg

[iacToniunmii aptepianbHWii Tuck, MM pT.cT. - 82,59+0,96  80,66+1,03

DBP mm Hg

[N10KO3a KPOBI HaTLLE, MMOJTL/N 9,20+0,26 9,93+0,42

Fasting plasma glucose, mmol/L

MMikoBaHwit remornobiH, % 7,59%0,16 7,96+0,22

Glycated hemoglobin, %

C-nentug, Hr/mn 3,65+0,22 3,96+0,31

C-peptide, ng/ml

3aranbHui XC, monb/n 5,19+0,14 4,49+0,16*

Total cholesterol, mmol/L

XC ninonpoTeifiB B1COKOI WiNbHOCTI, 1,20+0,03 1,17%0,09

MOb/N

High density lipoprotein cholesterol,

mmol/L

XC ninonpoTeifiB H3bKOT WiNbHOCTI, Monb/n 3,29+0,11 2,78+0,11%

Low density lipoprotein cholesterol, mmol/L

Tpurniuepwan, Monb/n 1,96+0,11 2,02+0,15

Triglycerides, mmol/L

lpumimka. * — p<0,05 nopigHAHO 3 8iKoB8OK epynoto <10 pokis.
Note. * — p<0.05 compared to the age group <10 years.

Ananiz yacrorn ycknaanenb [/ samesxHO Bif
tpuBaiocti I[/[2 mokazaB nactymre. Yactora Ti-
neprensii ayxke Bucoka (79%) i He 3aJeKUTh BiJ
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Tabnuua 5. Yactota (%) ycknagHeHb LI12 Ta Tl 3aneXHicTb Big TPMBANOCTI
XBOPOOU

Table 5. Frequency (%) of complications of type 2 diabetes depending on
the duration of the disease

Moka3Hukm <10 pokis =10 pokis

Indicators <10years =10years
(n=140) (n=77)

[inepTeH3ia 79 79

Hypertension

IXC 44 58*

Ischemic heart disease (IHD)

IHdapKT miokapaa 21 38*

Myocardial infarction

CH

Heart failure (HF)

Crapia B. XCH 0-l 54 45

Stage B. Chronic heart failure 0-1

Cragia C. XCH lIA 26 51%

Stage C. Chronic heart failure 1A

[HCynbT 4 9%

Stroke

[pumimka. * — p<0,05 nopigHAHO 3 8ik080K epynoto <10 pokis.
Note. * — p<0.05 compared to the age group <10 years.

TPUBAJIOCTI 3aXBopioBanHs. Bognouac, yactora IXC
(OR=1,8; 95% /I 1,04-3,20; p=0,037), incapk-
ty (OR=2,22; 95% /II 1,20-4,09; p=0,011) ta CH
(OR=2,97; 95% /11 1,62-5,45; p<0,0004) BiporiaHo
BWIIA B JIOJIEH, ki XBOPitoTh >10 pokis. Takum yu-
HOM, TPUBAJICTh XBOPOOU € 3HAUyHIIMM (HaKTOPOM
PU3UKY PO3BUTKY yckyiagHeHb [1J12.

3rinHo 3 panmMu  focrijpkeHHst N, Sattar et
al. [14], po3BUTOK CEPIEBO-CYIMHHUX YCKJIATHEHD
[1/12 3anexuTh BiJi BiKy IOYaTKy 3aXBOPIOBAHHSI.
ITeit Bik 1OPiBHIOE BiKy NallieHTa MiHYC TPUBAJICTDb
3aXBOPIOBaHHs. 3a HamuMmu JaHuMu (tabu. 4 i 5),
Jle MU aHAJII3YEMO BiZIMIHHOCTI TTOKa3HUKIB y TpyTax
XBOPUX i3 PI3HOIO TPUBAJIICTIO 3aXBOPIOBAHHS, BiK Jie-
6roty I11/12 BiporiHO HUKYMI y TPYII XBOPHX i3 OiJIb-
IOT0 TPUBAJIICTIO 3axBopioBaHHsA. lle y3romkyernest
3 HABEJICHUM CITiBBiIHOIIIEHHSIM Mi>K BIKOM TTOYaTKYy
Ta TPUBAJIICTIO 3aXBOpIOBaHHs. ToMy 3 HaBeJleHUX Y
TabJ1. 4-5 aHUX BUIIMBAE, 110 YACTOTA YCKIATHEHD
[1/12 Buima B TUX JIIOfIEl, Y SKUX 3aXBOPIOBAHHS MaHi-
decTyBaTIO B MOJIOIIIOMY BilTi.

BucHoBku
1. PosButok ycknamuens 11/[2 3amexuts Big Biky

nartienTa, tpuBasocti 11/[2 Ta Biky nebiory 3a-
XBOPIOBaHHSI.
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10.

11.

12.

13.

14.

Bik nartienTa Ta TpuBamiicts /] € He3anesxxkaumu
MIPeIMKTOPaMU PO3BUTKY ycKJaanenb 11/[2.
Pusuk posBUTKY cepiieBO-Cy/IMHHUX 3aXBOPIO-
BaHb y xBopux Ha [1/12 B moxuiomy Billi 3HAYHO
I IBUIILYE€ThCST, 0COO/IMBO, siKIo 11/12 neboTyBa
Y MOJIOZIOMY Billi Ta TPUBAE BiKe HaraTo POKiB.
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Clinical and demographic characteristics

of patients with type 2 diabetes of different
age groups and their relationship with the risk
of developing cardiovascular complications

Ya.A. Sayenko, A.V. Pysaruk, N.M. Koshel,
B.M. Mankovsky

State Institution «D.F. Chebotarev Institute of Gerontology of the National
Academy of Medical Sciences of Ukraine»

Abstract. Type 2 diabetes mellitus (T2D) significantly increases the
risk of developing cardiovascular complications, such as myocardial
infarction, stroke, heart failure, and others. The aim of this study is
to analyze the clinical and demographic characteristics of patients
with T2D across different age groups and their relationship with
the risk of developing cardiovascular complications. Material and
methods. The study examined 263 patients with T2D aged between
30 and 80 years. All examined patients underwent anthropometric
measurements, blood pressure assessment, and determination of
glucose levels, glycated hemoglobin, C-peptide, total cholesterol,
triglycerides, low-density and high-density lipoprotein cholesterol.
Comparisons were made between patient groups of different ages
and durations of T2D using the Student's t-test and Pearson's chi-
squared test. Results. The average fasting blood glucose, glycated
hemoglobin, and C-peptide levels were significantly higher than
normal but did not differ significantly in T2D patients of different
age groups as well as with different disease durations. This indicates
the same severity of T2D in patients of different age groups. Among
the lipid metabolism indicators, only the triglyceride level in the
blood exceeds the norm in both age groups, as well as with differ-
ent disease durations. The total cholesterol level was lower in T2D
patients aged 60 years and older, that is due to taking statins by el-
derly patients. The frequency of coronary heart disease (CHD) (odds
ratio (OR)=3.46; 95% confidence interval (Cl) 1.99-6.02; p<0.0001),
myocardial infarction (OR=3.58; 95% Cl 1.78-7.23; p=0.0004), heart
failure (OR=5.5; 95% Cl 2.66-11.12; p<0.0001), and stroke (OR=3.96;
95% Cl 1.11-14.07; p=0.03) was significantly higher in the older age
group. The frequency of CHD (OR=1.8; 95% Cl 1.04-3.20; p=0.037),
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myocardial infarction (OR=2.22; 95% CI 1.20-4.09; p=0.011), and
heart failure (OR=2.97; 95% Cl 1.62-5.45; p<0.0004) was significantly
higher in patients with a disease duration of 10 years or more. Con-
clusion. The analysis of our data showed that the development of
T2D complications depends on the patient's age and the duration
of diabetes, which are independent predictors of the development
of T2D complications.

Keywords: type 2 diabetes mellitus, risk factors for complications,
cardiovascular diseases.
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AHani3 NOKa3HUKIB POCTY Ta
0bmiHy BITamiHy D 3aneHo
BIAL noniMopdi3my

+1245 GIT rena COLTAT
y [ITen 13 fediuntom
rOPMOHY pOCTY

BYKOBUHCBKIUI fiepaBHII MeANYHII YHIBepCUTeT

Pestome. lMNonimopdiam +1245 G/T rena Collagen type | alpha 1 chain (COLTAT), wo bepe yuacTb y CuHTe3i KonareHy Ta ¢pop-
MYBaHHI LLINBHOCTI KICTOK, € BaX/IMBOIO MPUYMHOIO NOPYWeEHHs pocTy B Aitelt. [lediunt ropmory pocty (TP) € Hapsaxnu-
BOIO CKMAZI0BOIO 3aTPVMKM 3pOCTY B AUTAYOMY Billi, Ta GOPMYyBaHHA OCTEONOPO3y — Yy Aopocsiomy. MeTote Halworo aocni-
[PKEHHA CTaN0 BMBUEHHA OKPEMIIX NOKa3HIKIB Y AiTel i3 gediuytom [P 3anexHo Big nonimMopdiamy +1245 G/T reHa COLTAT.
Martepian i metogu. MposeaeHo obcTexeHHs 28 AiTelt i3 aediuutom [P npenybepTaTHOro Biky. BusHaueHHs nonimopdis-
My +1245 G/T (rs1800012) reHa COLTAT npoBogmiv 3a AONOMOrOK0 METOAY NONMePasHOT NaHLIOrOBOI PeakLii 3 HaCTyNHMM
aHani3oM J0BXMHY PeCTPUKLIAHUX dparMeHTiB NPy BUABNEHHI iX LAXOM efleKTpodopesy B arapo3Homy reni. Pesynbratu.
Haibinblue BiacTaBaHHA B POCTi CocTepirany Npy roMo3nroTHoMy reHoTvni T/T, Aitu-retepo3uroT no anenax 1/G manu Haii-
MeHLUe BiCTaBaHHA B 3poCTi. bazanbHuid piseHb [P OyB HM3bKUM Y BCIX JOCAIAKYBAHWX FPyNax He3anexHo Bifl reHOTUMY, ane
HalHWxuMM 6yB y HOCITB romo3nroTHoro reHoTuny T/T. PiseHb [P nicna cTumynauinHoi npoby 3 KNOHIAMHOM HaltHmx4/M 6yB
y fiteit romo3urot T/T. PiBeHb iHCyniHonoaibHoro YuHHMKa pocty-1 (IMYP-1) y gocniaxyBaHux i3 HAaABHICTIO reTepO3MroTHOro
nonimMopdiamy T/G OyB 3HWXKEHUIA, @ B AiTEA-FOMO3NIOT — HOPManbHIA. BUCHOBKM. 3HauHa KinbkicTb Aiteit i3 aediuntom P
(53,57%) matoTb romo3nroTHUiA reHotun G/G nonimopdismy +1245 G/T (rs1800012) reHa COLTAT, romo3urotn no anensax T/T
cTaHoBWM 7,14% Ta retepo3nrotn no anenax T/G — 39,29%. linositamiHo3 D BCTaHOBAEHWIA Y BCiX NauieHTiB i3 Aediuntom
[P: nediumt — y Aitei i3 retepo3nroTHM reHotunom T/G (45,0948,43 Hmonb/n), a HeRocTaTHICTb BiTaminy D (BiT. D) — y HociiB
FOMO3MrOTHUX reHOTMNIB, @ came: reHoTvny T/T (57,1547,57 HMOAb/N) Ta romo3uroTHoro reHotuny G/G (56,70+5,66 HMONbL/N).
KniouoBi cnoBa: aedilnT ropMoHy pocTy, Aity, nofimopdim +1245 G/T (rs1800012) rera COLTAT, po3noain reHoTunis.

© M.O. PusHuuyk

M.O. PusHunuyk
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Bir. D mae mmmpoxwuii criekTp 6iosoriyHux (hyHK-
1Iii4, BKJIIOYAIOYN TOMeOCTa3 KaJibilifo Ta ¢ocdarisb,
metabostiam ckeseta [ 1]. Pererrrop Bit. D € penerrro-
POM-MIIIIEHHIO, 1110 PETYJIIOE TPAHCKPUIIILito BiT. D, a
TaKOK BBAKAETHCS, 1110 BiH BiIirPA€ KIOYOBY POJIb Y
KIITUHHIT qudepenttiamii Ta npostidepartii [2].

I'P Ta ITTYP-1 € BakMBUMU PETYJIATOPAMU PO3-
BUTKY Ta MIATPUMKH CKeJieTa JIOAWHU 3 TUTUHCTBA
1o ctapocti |3, 4]. ComMaTtoTporHi KJIITUHA TTePeIHbOI
vacTkH rinodisa € xepesiom cexpertii I'P [5, 6].

[Tix mieto TP BimOysaerbest cexpertist [TTHP-1
MeYiHKOIO, KU BUMIJISETHCA B KPOB Ta CTUMYJIIOE
BUPOOJIEHHS TKaHWHaMK JioKasibHoro [TTYP-1. TP
ta [ITYP-1 perymooTh roMmeocTas KiCTOK, a came:
CTUMYJIIOETHCS JI03PiBaHHsA, TTpoJtidepaltia ta jau-
(dhepeHnialisg XOHPOIUTIB Ta 0CcTe0OJaCTIB. AKTH-
BalIlisi XOH/IPOIUTIB B emMihi3HUX TJIACTUHKAX POC-
Ty B JliTeil TPU3BOAUTD JIO JIIHIHOTO POCTY KiCTOK,
TOJI $IK CTHMYJIbOBaHA aKTUBHICTH OCTEO0JIACTIB
36ispiye KicTkoyTBOpenus. OTike, aKTHMBOBaHA
COMATOTPONHA BiCh CTUMYJIOE KiCTKOYTBOPEHHS
Ta pe3opoIlilo KiCTKOBOI TKAaHUHM, 1110 TPU3BOAUTD
110 30isbIneHHsT MeTaboJi3My Ta PeMOJIeTIOBAHHS
OCTaHHBOI, ajie KiCTKOYTBOPEHHS IepeBaska€ Hajl
pesopbuiero [7, 8].

Takosx, I'P Gepe yuactp y peryJsiiiii romeocra-
3y Kaubllito Ta ¢ochopy BHACTIIOK CTUMYJIAILT
lo-rizpokcuaoBanHg BiT. D, TUM camMuM miiBUATILY -
104 abcopOILiio Kasbilio Ta pochopy B HUPKaX.

Y monunu ren COL1A1, mo koxye janmior o 1
tuty | KonareH, po3raioBaHuil Ha JOBroMy ILjIedi
17 xpomocomu (17g21.3-q22), mae posmip 18 k6 i
ckaanaetoes 3 51 exzony. Tpanckpurmitiss COL1A1
KoJiareny | Tuiy perysioerbest IpoMOTOPOM 1 Tiep-
1M iHTpoHOM [9].

Myrartii rera COL1A T npusBoagTh 10 PO3BUTKY
HezfockoHasoro octeoreHesy [10]. ITomimopdizmum
I[bOT'0 TeHa BILJINBAIOTH HA HIIJIbHICTD KICTOK, II[0 J10-
BeJICHO BIi/IIOBITHMMHI HayKOBMMHU poboramu [11].

Yucaenni pocnimrenns COL1A1 3ocepen-
JKeHi Ha mosiMopdisMi, SKUN BIUIMBAE HA CAWT
3B’si3yBaHHSA Spl y mepuioMy iHTPOHI B MOJIOKEH-
ui +1245 (rs1800012) (G/T). [12]. [Tokazano, 1110
el moaiMopdisM 3MIHIOE TIIJIBHICTD KICTOK TILJISI-
XOM 3MiHM a(iHHOCTI 3B’sI3KiB i3 TPAHCKPUIIII THUM
gyuaankoM Sp1 [13].

Mera po6otu — BuBuYeHHs BiT. D-crartycy Tta
AyKCOJIOTIYHUX TIOKA3HWKIB y [iTel i3 medirurom
I'P zanexno Big nomimopdizmy +1245 G/T rena
COL1AT.
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Marepiax i MmeToau

[IpoBezeHo KiliHiuHE Ta reHeTHYHe 00CTEKEHHS
28 nireit i3 nemocrarnictio I'P, siki iepedyBasiu Ha Jii-
kyBatHi B /IY «[HCTUTYT €HIOKPUHOJIOTT Ta 0OMiHYy
peyosuH im. B.I1. Komicapenka HAMH Yxpaiaus.

Bynu BpaxoBa#i: cTaTh Ta BiK MalliEHTa, aHTPO-
MMOMETPUYHI JIaHi, piBeHb BiT. D y KpoBi (BUKIIOYEH]
JITHI Micari Habopy XBOPHUX), KICTKOBUI BiK, PiBHI
I'P Ha T cTuMysIsiitHuX TecTiB (KJIOHIIMHOM ab0
incyainom), IITYP-1, 3arasbHOTrO Ta 10HI30BAaHOTO
KaJbllifo B KpoBi. Cepenniit Bik fiTeit (21 XJI0MInK
i 7 piBYaT), BKIIOUEHUX Y JOCII/PKEHHS, CTAHOBUB
10,86+3,15 pokiB. CepemHe BijicTaBaHHSI B 3POCTi
cranoBuyio minyc 2,34 (+0,85)SDS. Ha momenT
obcTesKeHHSsT BC MAIli€HTH 3HAXO/IMJINCH Y CTaHi ey-
TUPEO3y. Y MOCIIKeHHs Oy BKIIOYEH] [ITH, sIKi
He OTPUMYBAJIM TperapaTu Kajblliio Ta BiT. D >6
micais. /litn i3 gedinmurom I'P manu cyrrese 3u1-
xkenns pisuag [ITUYP-1 (Bix 22,83 1o 93,04 ur/mu).

[TpoBeneno BusHaueHHS TOMIMOpPDI3MY TeHa
COL1A1, a came +1245 G/T (1s1800012). Tenom-
ny JHK nng MonekyaspHO-TeHeTUIHOTO IOCIIi-
JUKEHHST  BUIIs 3 TnepudepiiiHoi  KpoBi  3a
JIOTIIOMOI'0I0  KOMepIIiiiHOI  TecT-cuctemMu  «Quick-
DNATMUniversalKit> («ZymoResearch», CIITA).
st BusHaueHHS — MOJIMOP(HUX  BapiaHTIB
+1245 G/T (rs1800012) rema COL7A71 Buxopuc-
TOBYBQJIN METO/l TIOJIMEPA3HOi JIAHIFOTOBOI  pe-
aKIlii i3 HACTYIMHUM aHai3oM mosiMopdismy J0-
BXKUHU pecTpuKIiiinux ¢parmentis (II/IPD) 3a
MOM(PIKOBAHUMH  ITPOTOKOJIAMU 3 OJITOHYKJIEO-
TraHIMK TipaiiMepamu («Metabion», HimeuunHa)
(1a6:1. 1) Takomepuiiiaum HabopoMm « DreamTaqGreen
PCR MasterMix» («Thermo Scientific», CIITA).

Ta6nuua 1. HykneotuaHa nocnigoBHiCTb Npaimepis Ana nonimMepasHoi
naHutorosoi peakuii +1245 G/T (rs1800012) reHa COLTAT

Table 1. Nucleotide sequence for PCR primers of +1245 G/T (rs1800012)
in gene COL1AT

Mpavimepn
Primers

F — TAACTTCTGGACTATTTGCGGACTTTTTGG
R — GTCCAGCCCTCATCCTGGCC

[Tpobipku 3 roTOBOO aMILIi(hiKaLiHHOIO CyMilIl-
1o epenocuin B amintidikarop «FlexCyclerBUs»
(«Analytik Jena», Himeuunna) ais 3abesrnedeHHst
BI/IMIOBI/IHOTO TEMIIEPATYPHOTO PEXUMY MOJiMe-
Pa3HoI JIAHIIOTOBOI peakitii (Tadu. 2).
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Tabnuua 2. TemnepaTypHi umknu amnnidikauii ¢parmentis AHK
+1245 G/T (rs1800012) reHa COLTAT

Table 2. Temperature cycles of amplification of DNA fragments
of +1245 G/T (rs1800012) gene COLTAT

Etan Temnepatypa  Yac Kinbkictb

Stage Temperature  Time umKnis
Number
of cycles

MNepennnasneHHA 95 °C 2 XB .

Premelting 2min

[nasneHHa 95 °C 30c

Melting 30 sec.

Bignan 61°C 30c

Annealing 30 sec.

CnHtes 72 °C 30c¢

Synthesis 30 sec.

[ponoHrauia 72°C 2XB

CUHTE3Y 2 min

Synthesis prolongation

[pomyxtn ammumidikanii - dparmentis  JTHK
(aMIUTIKOHM) TH/JIATATN TIAPOJTITUIHOMY PO3IIET-
JIEHHIO 3a JIOIIOMOTIOI0 BiJIIIOBI/IHMX €H/IOHYKJIea3
pecrpukiii («Thermo Scientific», CIITA) (Ta6a. 3)
3 IOTPUMAHHSIM TEMIIEPATYPHUX YMOB BUPOOHUKA.

Tabnuua 3. EHfoHYK€a3n pecTpUKLIT Ta 0uikyBaHi po3mipy pecTpuK-
UiNHKMX GparmeHTis nonimMopdiamy +1245 G/T (rs1800012) rena COLTAT
Table 3. Restriction endonucleases and expected sizes of restriction
fragments of the +1245 G/T (rs1800012) polymorphism in gene COLTAT

PecTpuKuiiiHi pparmeHTn
Restriction fragments

EHpoHykneasa pecTpuKuii,
pecTpuKuiiiHuii 6ydep
Restriction endonuclease,
restriction buffer

leHotvn G/G: 260 n.H.
Genotype G/G: 260 p.n.
[eHotvn G/T: 18, 2421 260 n.H.
Genotype G/T: 18,2421 260 p.n.
feHoTVn T/T: 181 242 n.H.
Genotype T/T: 181242 p.n.

Mscl, Buffer R

Cran pecTpuKIiHUX (DparMeHTiB TeHIB aHa-
migyBasu B arapozHomy reii («CleaverScientifics,
BemmkoOpuranis) 3 gogaBaHHsAM GPOMUCTOTO €TH-
Hifo gk OapBHUKA. [[JIs1 OIIHKY MOJIEKYJISIPHOI Macu
(tabm. 3) BukopucroByBam Mmapkep «GeneRuler 50
bpDNALadders («ThermoScientific», CIITA). Bizy-
aJTi3yBaJiv PO3MOIT (PparMeHTiB y rei 3a J0IMoMO-
TOI0 CUCTEMU [IJIs1 TOPU30HTAJIBHOTO eJIeKTPodopesy

(«MultiSubMidi, Cleaver Scientific Ltd») ta 3iii-
cHioBasm horodikcartiio (puc. ).

260 .

250 na. 42nm,

M 1 1 3 4 3 b 7 3 9 0 11

Puc. Enektpodoperpama po3noiny pecTpukuinHux GparmeHTi no-
nimopdiamy +1245 G/T (rs1800012) rera COLTAT.

[Toumimku. M — mapkep monekynapHoi 8azu, 3pasku 3 i 5-10 — eeHomun
G/G, 3pasku 2, 4 i 11— 2ceHomun G/T, 3pasok 1-zeHomun T/1.

Figure. Electrophoregram of the distribution of restriction fragments
of the +1245 G/T (rs1800012) polymorphism in the COLTAT gene.

Note. M — molecular weight marker, samples 3 and 5-10 — G/G genotype,
samples 2,4 and 11— G/T genotype, sample 1 —T/T genotype.

Akumio micag  TiIAPOJITUYHOrO  PO3IIEIJIeHHS
aMILTIKOHIB mosimopdHoro Bapianty +1245 G/T
(rs1800012) rena COL1A1 yTBOpoBasMcCh pe-
CTPUKITIMHI (hparMeHTH 3 MOJIEKYJSPHOI Baroio
242 1.1. ta 18 1.H. (ocTaHHiii He Bi3yasi3y€eTbcs ), TO
e ceiuuao npo resorun T/T. Akuio mijg gieto eH-
JIOHYKJIea3n PECTPUKINI (hparMeHT 3aJIUIIaBCsT He-
3minauM (260 11.H.), peectpyBaBcsa rerorun G/G.
Pecrpukiiiini ¢pparmentn JITHK 3 monekyngproto
Baroto 260 m.H. Ta 242 11.H., 1110 cIIOCTepiraancs oJi-
HOuacHo, BKagdyBaiu Ha renotun G/ T (puc.).

Cratuctuuny oOpoOKy pesy/IbraTiB IOCIiIKeH-
HS TIPOBOJIAJIN 32 JIOTIOMOTOI0 CTATUCTUYHUX TIPO-
rpam Microsoft Excel.

JlocaikeHHsT  TIPOBOAMIIOCS  BiZITOBIAHO 10
ocHOBHUX npuHIMIiB Oioetnknu Kousenmii Paau
€Bpony TPO TIpaBa JHOAUHU Ta OIOMEIUIMHY
(4 xBiTHA 1997 p.), lenncincebkoi nekmaparitii Bee-
CBITHBOI acoIliaIlii OXOPOHU 30POB’ST TIPO eTUYHI
MPUHITATIA TIPOBEIEHHS MEIMYHUX JTOCTIKEHb 32
yuactio Jiiogeit (1964-2013). Kowmicist 3 Giomeany-
Hoi etuku /1Y «IHCTUTYT eHIOKPUHOJIOTIT Ta 06Mi-
ny peuosut iMm. B.I1. Komicapenka HAMH VYkpa-
iHM» TOpYIIEHb MOPAJIbHUX 1 IPABOBUX HOPM IIiJl
yac JIOCJI/IKeHHsI He BUsBJIEHO. bysia orpumana
iH(opMOBaHa 3roj[a y4aCHUKIB Ta iX 6aThKiB.

PesysnbraTti Ta 06rOBOpEHHSI

[IpoanasnizoBaHO TIOKa3HUKU 3POCTY, PiBEHD
25(OH)D y xposi, pisui I'P, ITTYP-1, piBui 3a-
TJIBHOTO Ta i0HI30BAHOTO KaJsbIliio Ta hochopy
CUPOBATKHU B JiTel i3 HemocTaTHicTio I'P 3amexno
Biz mosimMopismy +1245 G/T (rs1800012) rena
COL1A1 (tabmn. 4).
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Tabnuusa 4. AHani3z feakyx NokasHYKiB y AiTel i3 aediumtom P 3anexHo Big nonimopdismy +1245 G/T (rs1800012) reHa COLTAT

Table 4. Analysis of some parameters in children with growth hormone deficiency depending on the +1245 G/T (rs1800012) polymorphism in gene COLTAT

Moka3Hukm PedepeHTHI 3HaUeHHA leHoTun
Indexes Reference values Genotype

T T/G G/G
Kinbkictb 28 2 I 15
Number
SDS 3pocty -2,83£0,95 -2,21£091  -2,36+0,62
Ht SDS
bazanbHuin piseHb [P, Hr/mn 0,05-14,90 0,11+0,03 0,67+0,05 0,49+0,02

Basal level of growth hormone, ng/mL

PiBeHb I'P nicna ctumynAuiiiHo npobw >10 — HopMa 4,54+0,44 5,69+0,32 3,97+0,28
i3 KNOHIAVHOM, HI/MN > 10 -norm
Growth hormone level after stimulation test with 7-10 — vacTkoBuit fediuunt P
clonidine, ng/mL 7-10 — partial growth hormone
deficiency

5-7 — noBHWi fediunt P
5-7 — total growth hormone deficiency

IMYP-1, Hr/Mn [lisyatka:
IGF-1, ng/mL Girls:

166,05£16,46 87,40+7,78  99,74+9,93

7-10 pokis: 80-233
7-10 years: 80-233
10-12 pokis: 96-545
10-12 years: 96-545

Xnonyuku:
Boys:

7-10 pokiB: 55-222
7-10 years: 55-222
10-12 pokis: 95-315
10-12 years: 95-315

25(0OH)D, Hmonb/n >75 — HopMma
25(0H)D, nmol/L >75 - norm

57,15+7,57 45,09+£8,43  56,70+5,66

50-75 — HepgoCTaTHICTb
50-75 — insufficiency

<50 — gediunt
<50 - deficiency

PiBeHb Gpochopy cMposaTkM KPOBI, MMOMB/N 1,26-1,94
Serum phosphorus level, mmol/L

PiBeHb 3aranbHOro KasnbLyito CMPOBATKYM KPOBI, 2,19-2,69
MMOJIb/N
Total serum calcium level, mmol/L

PiBeHb iOHI30BaHOrO KanbLito cMpoBaTky Kposi, Mmonb/n 1,09-1,35
Serum ionized calcium level, mmol/L

1,53+£0,13 1,54£0,22 1,49+0,27

2,46+0,04 2,42+0,09 2,43+0,15

1,66+0,06 1,21£0,06 1,21£0,06

Beranosieno, mo Haibijblna KiJbKICTb iTei
Oysn Hocisimu romosurotHoi anem G/G (53,57%),
romosurotu 1o ayensx T/T cranosunu 7,14% ta
reteposuroTu 1o anensx T/G — 39,29%.
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Haii6isibie BifcTaBaHHsI B POCTi CIIOCTepirajiu
npu romoszurorHomy resoruni T/T, Ha apyromy
micui 6yau romosurotu G/G, aiTH-reTeposuro-
™ 1o anensix T/G manu HaliMeHIle BificTaBaHHS
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B 3pOCTi cepell BCiX maiienTiB i3 pedimurom ['P.
Basasnbruii piserb [P OyB HU3BKKMM y BCiX H0CIi-
JUKYBaHUX TPyIax He3aJeKHO BiJl TEHOTHITY, aje
HAWHIKIUM OYB Y HOCITB TOMO3UTOTHOTO TEHOTHUITY
T/T. Pisens I'P micist crumyisitiiiHoi mpo6u 3 KJ1o-
HifimHOM HaitHuKYuM OyB y miteil romosuror T/T,
Ta HU3bKUM y Tetepo3urot T/G ta romosuror G/G,
1[0 BKa3yBaJIO0 Ha MOBHY HeMOCTaTHICTh [P B ycix
rpylax IalieHTis.

Pisenp IITYP-1 y mocrimkyBanux ocib i3 Ha-
SIBHICTIO reTepo3urotHoro nosimopdismy T/G 6yB
3HIKEHUH, a B JIiTei-TOMO3UTOT — HOPMaJIbHUA.

ledinuT BiT. D BcTaHOBIEHO B /liTEil-TeTEPO3N-
rot T/G, negocrarnicts BiT. D crocrepiramm B fi-
teit-romo3urot T /T ta G/G, 110 TeX BIJIWBAJIO HA
3picr airteit i3 HemocTatHicTio I'P Ta Moske Oyt oj1-
HIi€T0 3 MPpUYMH NopynieHHs 3pocty. He auBagunch
Ha nedinut/HenoctaTHicTh BiT. D B opranismi Ha-
IMUX MaIfiEHTIB, PiBHI 3araJbHOTO Ta 10HI30BAHOTO
KasibIlifo Ta pocdopy Oyim B MeKax BiIKOBUX HOPM,
10 BKA3y€ Ha aKTUBAIIII0 MEXaHi3MiB KOMIIeHcallii,
Ta CTUMYJISIIIIIO Pe30pOIlii KiCTOK i3 BUMHUBaHHSIM
KaJIBIIiIO 13 HUX.

Konaren € HalimomupeHimuM CTPYKTYPHUM
KOMITOHEHTOM TMO3aKJITHHHOTO MaTPHUKCY, a KoJa-
red Tty | € OCHOBHUM OiIKOM y TIKipi, 3B’s13Kax i
kictkax; Tozi sk COL1A1, tak i COL1A2 nipucyTtai
B OCHOBHMX KOMITOHEHTaX MizKXPeOIleBOTO JIMCKa,
$i6po3HOMY KiJibIli (y TIepIiy 4epry) i myJbIo3Ho-
my saapi [14].

[Tosnimopdiam +1245 G/ Ty peryasitopHiii fiJistH-
i COL1A1, gaxuii BrJIMBa€ Ha CaliT po3IizHaBaHHS
TPaHCKPUIIIIMHOTO YMHHUKA Spl, moB’s3aHmil 3i
3HIZKEHHSIM MiHEpaJIbHOI IIIJIbHOCTI KiCTKOBOI TKa-
HUHM, OCTEOIIOPO30M 1 TepesioMamu XpeOiliB 1epe-
Ba)KHO B MOCTMEHOTIAY3aIbHIX JKiHOK [ 14, 15].

[IpoBeneni pocaijpkeHHsT acortiaiii  moJaiMop-
(hismy mpomortopa Ta iHTpoHa 1 ramIOTHUIIB TeHa
COL1A1 i3 mifBUIIEHUM PU3UKOM OCTEOTIOPO3Y
BusiBuJIH, 1o T-anens nosimopdismy +1245 G/T
ACOIIIOETHCS 31 3HMIKEHHAM MiHEPaJIbHOI MIIJIBHOC-
i kicrkoBoi Tkarunu (p=0,02). 3pobieHo mpuiry-
nieHHs, mo asesi giasumoi Spl (+1245 G/T) B3a-
EMOIIOTD 3 ajenssMu B migami —1997 G/T mnsa
peryJiloBaHHd MiHEPaJbHOI TIIJIBHOCTI KiCTKOBOI
TkaHuau [16,17].

¥ rereposuror T/G BusiBieHO MeHIe Heopra-
HiYHKX i Oi/IbIIle OPTaHiYHUX KOMIIOHEHTIB KiCTKH,
1[0 BIJIMBAIOTH Ha MIIHICTH Ta ii MiHepaJi3allio
[13]. Bioncig kicTku nokazasna, mo Hocii T/G manu
HIDKUY MiHEPaJTi3allito Ta reTeporeHHiCTh KiCTKOBO1

TKaHWHY TopiBHsHO 3 HocismMu G/GSp1 COL1AL.
Hocuaipkenns in vitro BUSBUIN HU3bKY aKTUBHICTD
octeobsacTiB 'y (opMyBaHHI IiJSTHOK MiHepasti-
3allii kictku B HOCIiB T /G, 110 TakoX BIJINBAE Ha
MiIHICTD KicToK [18]. ¥V Hamomy mocsikeHHi BU-
JiHO, 110 Jith Teteposnrotu T/G MaoTh aedinur
BiT. D, 110 MOKe Oy TH OHUM 3i MIISIXIB TIOPYIIEHHS
MiHepaJti3ailii KiCTKH, Ta PO3BUTKOM OCTEOTIOPO3Y B
noganbioMy kuTTi. lomozuroru T/T matoTh Haii-
HIKYMiT piBeHb GasanbHoro I'P Ta HemocraTHICTH
BiT. D, 1m0 TeX BIUIMBAaE Ha CTPYKTYPY KiCTOK Ta
cuHTe3 Kosareny. 11 mpumyiieHHs moTpedyoTh mo-
NAJTBIIIOTO BUBYEHHS.

BucHosku

3HauyHa KUIBbKICTh miTel i3 mgedinurom [P
(53,57%) wmatorb romosurotnuii renorun G/G
nosiimopdiamy  +1245 G/T (rs1800012) rena
COL1A1, romosuroru 1o anensx T/T cranoBuim
7,14% rta rereposuroru 1o aznensx T/G — 39,29%.

linmosiTamino3 D BcraHoBieHWit y BciX Ta-
mieHTiB i3 gedimutom ['P: gedinmur — y miteit i3
rereposuroTHuM rerotuniom T/G  (45,09£8,43
HMOJTb/J1), @ HEJIOCTATHICTH BiT. D — y HOCIIB TOMO-
3UTOTHUX FeHOTHIB, a came: rerotuiy T/T (57,15+
+7,57 HMoJIb/JT) Ta roMosuroTHoro revotuny G/G

(56,70+5,66 nmou /).
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Crnucok cKopoYeHb

Bir. D — Bitamin D

I'P - ropmon pocty

IITYP-1 — incyninonogibHMit YnHHUK pocTy-1

COL1A1 - Collagen type I alpha 1 chain (6in0k, skuii Koay-
€THCST OJTHONTMEHHUM TE€HOM )

Analysis of growth indicators and vitamin D
metabolism dependence on the +1245 G/T
polymorphism of the COL1AT gene in children with
growth hormone deficiency

M.O. Ryznychuk
Bukovinian State Medical University, Chernivtsi

Abstract. The +1245 G/T polymorphism of the Collagen type | alpha 1
chain (COL1AT) gene, which is involved in collagen synthesis and
bone density formation, is an important cause of growth disorders
in children. Growth hormone (GH) deficiency is a very important
component of growth retardation in childhood and the formation
of osteoporosis in adulthood. The aim of our study was to inves-
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tigate certain parameters in children with growth hormone defi-
ciency in depending on the +1245 G/T polymorphism of the COLTAT
gene. Material and methods. We studied 28 children of prepu-
bertal age with growth hormone deficiency. Determination of the
+1245 G/T (rs1800012) polymorphism in the COLTAT gene was per-
formed by polymerase chain reaction, followed by analysis of the
length of restriction fragments when detected them by agarose gel
electrophoresis. Results. The greatest growth retardation was ob-
served in the homozygous T/T genotype; children heterozygous for
the T/G alleles had the less growth retardation. Basal GH levels were
low in all studied groups regardless of genotype, but they were the
lowest in carriers of the homozygous T/T genotype. GH levels after
stimulation with clonidine were lowest in children of T/T homozy-
gotes. The level of insulin-like growth factor-1 (IGF-1) was reduced in
subjects with the presence of the heterozygous T/G polymorphism,
and normal in homozygous children. Conclusions. A significant
number of children with GH deficiency (53.57%) have a homozy-
gous G/G genotype of the +1245 G/T polymorphism (rs1800012) in
the COLTAT gene, homozygotes for T/T alleles accounted for 7.14%
and heterozygotes for T/G alleles were 39.29%. Hypovitaminosis
D was detected in all patients with GH deficiency: deficiency - in
children with heterozygous T/G genotype (45.09+8.43 nmol/L),
and vitamin D insufficiency — in carriers of homozygous genotypes,
namely T/T genotype (57.15+7.57 nmol/L) and homozygous G/G
genotype (56.70+5.66 nmol/L).

Keywords: growth hormone deficiency; children; polymorphism
+1245 G/T (rs1800012) of the COLTAT gene; genotype distribution.
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C.M. Tkau

[lenpecuBHi po3naau y
XBOPUMX Ha LlyKpoBuid plabet
Ta BNAMB KOMOIHOBAHOI O
(hiTonpenapary 38ipo06oto

Ta BanepiaHn Ha BYrnesoaHI
0OMIH Ta NCUX0EMOLUIHNN
CTaH NALIEHTIB I3 TPUBOHHO-
enpecuBHUM CUHAPOMOM

LY «IHcTUTYT eHgoKprHonorii Ta 0bmiHy peyoBuH im. B.MN. Komicaperka HAMH Ykpainu»

Pestome. [lenpecrsHi po3nagn ([IP) € nocuTb vacTvimn y xBopux Ha LiyKposit aiabeT (LI). Jenpecia acouitoeTbca 3 norip-
LWEHHAM KOHTpOAo raikemii. CNpobu NOKpaLmMT/ AOro LWAAXOM BUKOPUCTAHHSA B KOMMAEKCHIN Tepanii CUHTETUYHIX aHTUAe-
NPECAHTIB Ma/In HEOAHO3HAYHI pe3ynbTaTi. MeTa: OUIHMTI NOWMPEHICTb TOUBOMXHO-AENPECKBHIX PO3NaAIB Y XBOPKX Ha LI,
1|0 NIKYITbCA B €HIOKPUHONOTMYHOMY CTaLioHapi Ta OUIHUTY BNAMB KOMOIHOBAHOTO iTonpenapary, Wo MICTUTb eKCTPaKTH
3Bipo6oto (100 mr) Ta BanepiaHu (50 Mr) Ha BYrneBOAHMA 0BMIH Ta NCUXOEMOLIHWYA CTaH NaLIEHTIB i3 TPUBOXHO-AENPeCB-
Hum cuHapomom (TIC). MaTepian i meTogu: y focnipkeHHsa 6yno BkntoueHo 122 xgopux Ha L] T-ro i 2-ro Tvnie, 103 xiHku
Ta 19 yonoBikig, y Billi Big 18 0o 75 pokiB. 33 3 HUX i3 TAC B3ANM y4acTb y 3-MiCAYHOMY JOCNILKeEHHI, 16 3 AKX A0NATKOBO
npuiivany ditonpenapart 38ipoboto Ta Banepianu No 2 Kancyni ABidi Ha AeHb YNPOAOBX 2-X MiC. IHWi 17 naLjieHTiB CTaHOBWN
KOHTPOJbHY rpyny. [0, a TakoxX uepes 2 TxkHi, 1, 2, 3 MIC. Bifl NOYaTKy CNOCTEPEXEHHA MPOBOAMACA OLiHKa NCUXOeMOLNHOTO
CTaHy 3 BM3HAUEHHAM CTyMeHa TAXKOCTI genpecyusHoro cuHapomy ([1C) 3a wkanotw aenpecii beka, onutyBanbHMKa Patient
Health Questionnaire-9 (PHQ-9), a Takox CTaHy 0COBUCTICHOT Ta PeaKT1BHOI TPUBOXHOCTEN 3a WKanoto Cninbeprepa-XaHia.
[niKoBaHWI reMornobiH Br3HauYanu [0 Ta Yepes 3 MicC. Biff NOYaTKy MOHITOPUHTY. LIyKpO3HMXyBanbHa Tepania y XBOpKX Npo-
TATOM CMOCTEPEXKeHHA He 3MiHioBanacs. Pesynbratu. [P Br3Hauanuca y 80,3% Ta 67,2% obCTexeHux, BiANOBIAHO, 3a JaHNMM
wkan PHQ-9 1a beka. Y 6inbwocTi nauieHTi BiazHauanuca [IP nerkoro Ta cepeaHboro CTyneHis TAXKOCTI. Bucoka ocobucTicHa

© CM. Tkay
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TPUBOXHICTb BUABNEHA B 66,4%, BUCOKA PeakTVBHa TPUBOXHICTb — Y 50,8% XBOPKX. Y NaLEHTIB OCHOBHOI rpynK, WO Npuima-
v diTonpenapat 38ipoboto Ta BanepiaHu, BigMiyeHe CyTTEBE MOKPALLEHHA AENPeCUBHOI CUMNTOMATVKM 3i 3HVKEHHAM Ganis
33 wkanoto PHQ-9i3 13,741,6 0o 9,3£1,4 (p<0,05) Bxe nicna 1-ro mic. NikyBaHHA, Ta 3a WKanoto beka 3 23,9+1,8 no 18,2+1,9
6ana (p<0,05) nicna 2-ro Mic. NikyBaHHA, Ha BIAMIHY Bif XBOPYX KOHTPORbHOI rpynu: 11,941,2 Ta 10,8+1,1 6ana (p>0,1) 3a
wkanoto PHQ-91 19,741,7 1a 18,9+2,3 6ana (p>0,1) 3a wkanoto beka BifnosiaHo. [locArHyTe NoKpalleHHs NCYXoemoLiiHoro
CTaHy XBOPWX NiCNA 3aKiHUeHHA NikyBaHHA GiTonpenapaTtom 38ipobolo Ta BanepiaHu 30epiranocs i yepes 3 Mmic. Bif nouyatky

MOHITOpUHrY: 7,1+1,3 6ana 3a wkanoto PHO-9 1a 16,1+2,1 6ana 3a wkanoto beka sianosiaHo (p<0,01). Micna 2-x mic. Tepanii

diTonpenapaTom 38ipo6oto i BanepiaHu 8 rpyni nauienTis i3 TAC, Ha BiAMIHY B XBOPUX KOHTPOLHOI FpyMiY, 3HU3MAACA 0CobrC-
TICHa TPMBOXHICTB 13 59,542,2 10 53,5+1,9 6ana (p<0,05) Ta peakTuBHa TPMBOXHICTb i3 57,4+2,5 10 49,3+2,7 6ana (p<0,05). Ha
TAi NO3WTVBHOI AMHAMIKI JENPECUBHOI CUMMTOMATUKI Y XBOPUX, AKI NpuiiMani ¢itonpenapart 38ipoboto Ta BanepiaHu, Yepes
3 micaui nicna nodatky Tepanii BiAOYNOCA CyTTEBE 3HWKEHHA MiIKOBAHOTO reMorobiHy: i3 9,4+0,5% a0 8,1+0,2% (p<0,05), Ha
BIAMIHY Bif] XBOPWX KOHTPONLHOI rpynii. BucHOBKM. Bri3HaueHo, o B 63,1% rocnitanizoBaHux xsopux cnoctepiraetbca TC
i3 [IP nepeBaxHO Nerkoro Ta CepefiHbOro CTYNEeHIB TAXKOCTI, i3 BUCOKUMU OCOBMCTICHOK Ta PEaKTUBHOK TPHUBOXHOCTAMM.
Oitonpenapat 38ipo6oto Ta BanepiaHn B KOMMAEKCHIN Tepanii xeopux Ha LI, KpiM NO3WUTUBHOMO NPONOHTOBAHOMO edeKTy Ha
TPUBOXHO-AENPECUBHY CYMMTOMATUKY, CNPUAE MOKPALLEHHIO BYrNEBOJHOMO 0OMIHY, 3i 3HUXEHHAM 3a 3 MiCAL FNIKOBaHOrO re-
MornobiHy Ha 1,3%. Lle Bka3ye Ha JOLiINbHICTb BUKOPUCTaHHA GITONpenapary Ak i3 MeTOo NikyBaHHS TPUBOXHO-AEMNPeCBHYIX

pO3nafiiB, TaK i AnA NOKPaLLEeHHA ByrneBOAHOro obmiHy y xsopux Ha L i3 TAC.
KntouoBi cnosa: LiyKpoBuii AiabeT; fienpecis, TPUBOXKHO-AENPECUBHUIA CUHAPOM, TIKEMIYHNIA KOHTPOMb, 3Bip0GIH, BanepiaHa.

Y xBopux Ha I/l nenpecisa crocrepiraerbest y
22,8-71,2% Bumajxis, 1m0 3HAYHO Oljblle, HiIK Yy
nomysanii [1, 2]. [ xoua JIC y xBopux Ha LI/ y me-
PeBayKHiit OiTBIIOCTI MAIIEHTIB Ma€ JIETKUI abo To-
MIPpHUH CTYTiHB TSKKOCTI, OJ[HAK BiJICOTOK XBOPUX
i3 /IP moxxe nocsiratu 74,3% cepen rocritasizoBa-
nnx xBopux Ha I/ cepenrpoi Ta Ts:xKOI hopmu,
yacTitme B xKiHoK i3 [1/] 2-ro tumy crapiroi BikoBoi
rpynu [3].

Hocsaraenns kommencariii 11/] € romoBHUM umH-
HUKOM TTPOMIIAKTUKYA HOTO YCKIaJHEHD 1 TOMY 3a-
JINIIAETBCS. OCHOBHOIO METOIO JIIKYBaHHS XBOPUX
[4]. Omnak Ha MUIAXY 0 1IBOTO MEPENTKOKAIOTH
He JIuTIe TOPYIIeHHS TIETUYHOTO PEXUMY UM He-
JIOCTATHS IyKPO3HIZKYBaJIbHA Teparis, ajie i mcH-
XOEMOIIIMHUN CTaH XBOPOTO, OCKIJBKH IOBEIEHO,
IO JIeTpecist B AiabeTUYHMX XBOPUX ACOI[IOETHCS
3 MOTIPIIEHHAM TJIIKEeMIYHOTO KOHTPOJIO Ta Ipo-
rpecyBanusim yckiaagadens LI/L [5, 6]. [lo Toro x
BCTaHOBJEHO, 10 /[P € mpuunHOi0 3HWKEHHS TPU-
BaJIOCTi KUTTS, TOTipIiieHHsT caMoKoHTpoJto [1/] ta
3HAYHOTO Mi/[BUIIEHHS PU3UKY cyinumy [7, 8].

Crpobu MOKpaIIuTH KOHTPOJIb TJHKEMil ILIst-
XOM BUKOPHUCTAHHSA B Teparili CUHTETUYHUX aHTU-
JIETIPECAHTIB /1ali HEOJAHO3HAUHI Pe3yJbTaTu: SK
MO3UTUBHI /171 OKpeMux mpemnapartis [9, 10], Tak i
BiICYyTHICTH BIUINBY Ha ByTJIeBoAHUN 0OMin [11].

[cnytoTh naHi, 110 3a e(heKTUBHICTIO [Tii Y XBOPUX
13 JIETKOIO Ta TTIOMiPHOIO JICTTPeCi€10 pOCAUHHI TTperia-
paru, 1o MicTATh 3Bipo0Oill, KOMIIOHEHT, 1110 3a6e3-

Heuye JA0BeJAeHUiT aHTUAEeIPECUBHUIT eheKT, OLIbII
eeKkTUBHI, Hi)K JIeKi CHHTETUYHI aHTUIEeTTPECAHTHI
[12], Ta maloTh Kparty, Hi’K 0 CHHTETUYHUX CIIO-
JIyK, iepeHocHicTh [13]. OmHak noci 3amuniaeTbes
710 KiHIISl HeBU3HAYEHUM BILJIUB POCAMHHUX aHTH-
JIETIPECAHTIB Ha CTaH BYTJIEBOHOTO OOMIHY TIPH JIi-
kyBanni T/IC y xsopux Ha II/l. Bimomo nure, 1o
cTaHJapTH30BaHa KOMOIHAIlisl POCIUHHUX Ipera-
paris 3Bipo6oro 100 Mr ta Basmepianu 50 mr, crpu-
dJia MBUAKIN Ta JOBroTpUBAIIN aHTUAETTPECUBHIN
mii y xBopux i3 genpecieo 6e3 11 [13, 14]. Kpim
TOTO, y MOTIEPEIHBOMY HAIIOMY JOCJi/KEHHI OYII0
BCTAHOBJIEHO, IO ABOMIiCSUYHe NPUiiMaHHsA KOMOI-
HOBaHOTO (biTorpernapaTy 3Bipoboo Ta BasepiaHu
MO3UTUBHO BIINBAB HAa CTAH BYTJIEBOIHOTO OOMiHy
y xBopux i3 /[C, nmpusBojsgun 10 CyTTEBOTO 3HU-
JKeHHsI PIBHS IJIIKeMil Ta TJIIKOBaHOTO reMoro0iHy
[15]. Onnax edexTuBHICTD 1IBOTO (hiTOTPENApaTy y
xBopux Ha [1/] i3 T/]C 3amumraeTbes HeBigoMoIo.

Merta nociizeHHsT — OlliHKa BIIUBY (hiTorpe-
napaTy 3Bipo0OIO Ta BajiepiaHM Ha BYTJIEBOAHUI
0OMiH Ta IICUXOEMOIIHHIIT CTaH MAaI[i€HTIB, XBOPUX

na [L/] i3 T/IC.
Marepiax i MmeToau
Y nocaijprennsa BBidmm 122 crarioHapHUX

xgopux Ha IIJ[ (68 mamientiB i3 II/[ 1-ro Tumy
ta 54 mamientu 3 LI/l 2-ro tumy), 103 xinku Ta
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19 yosoBikis, BikoMm Bizt 18 10 75 pokiB (cepemiii Bik
50,5%1,3 poky), siKi mignucaan iHhopMOBaHY 3roLy
Ha MPOBEJEHHS IaTHOCTUYHUX 1 JIKyBaJbHUX 3a-
xofiB. [lepeBaskHa Oi/bIIICTD TMAIIEHTIB HA TIOYATKY
criocrepeskeHHst iepedyBaiu B CTaHi cyOKOMITeH a-
1ii a6o mexomnencartii I1/]. CepezHiii HOKa3HUK T1i-
KOBaHOro remorsio0iny cranosus 9,1£0,2%.

JL71s1 OIIHKK TICMXOEMOIIIHOTO CTaHy y BCiX XBO-
pUX TIPOBOAMJIOCS OTUTYBAHHS 3 BUKOPUCTAHHSIM
mikasm slenipecii beka Tta onumryBasbanka PHQ-9
[16, 17]. 3acTocyBaHHS OHOYACHO IMX JIBOX ITKAJ
3yMOBJIEHO TUM, 1110 3TI/IHO 3 ITPOBEJICHUMU JOCJIi-
JUKeHHSIMH JIOZIATKOBe 10 omuTyBajibHuka PHQ-9
BUKOPUCTAHHS HIKaau Jenpecii beka no3ouisie no-
kpamutu aiarnoctuky /[Cy xsopux nHa II/] [3]. Cran
0COOMCTICHOI Ta PEaKTUBHOI (CUTYaTUBHOI) TPUBOJK-
HocTell BM3Hauasin 3a mmkasio Crisbeprepa-Xami-
Ha [18]. [lo ob6cTeskeHHsT He BKIIOYAIICH MAIEHTH 3
CYIYTHIMU TICHXIYHUMU 3aXBOPIOBAHHIMH Ta 0COOH,
SIKI JIIKYBJIUCD TICUXOAKTUBHUMU TIpeTiapaTamu.

Hapani 6ymno Bigibpano 33 marientu, y sSIKUX
3a pesyJsbratamu 00CTexkeHHs1 OyB BUSIBJIEHUN
TIC, Ta 9xkuM He MPU3HAYAIUCS JHKAPCHKI 3aCO-
6w, 3[aTHI BIUIMHYTH HA PE3YJIbTATU JOCTI/IZKEHHSI.
Bixi6pani xsopi 3 T/IC Gysu pangomizoBaHi y 1Bi
rpymu. 16 marieHTaM 0CHOBHOI rpymu 6yJI0 3arpo-
MMOHOBAHO, OKPIM I[yKPO3HWKYBAJIbHOI Teparii, J10-
JIaTKOBE JIKyBaHHs KOMOiHOBaHMM (iTonpenapa-
TOM 3Bip0o0O0I0 Ta Bajiepianu: 10 2 Kalcyju 2 pasu
Ha 7100y: BpaHIli Ta 32 TOJMHY JI0 CHY IPOTSATOM 2-X
MicamiB. [ammi 17 maiienTiB yBilimIm 10 KOHTPOJIb-
HOI TPYNH. YTPOJOBK CIIOCTEPEKEHHS TTPOTATOM
3-X MiCAIiB /103U IYKPO3HWKYBAJbHOI Teparlii He
3MIHIOBAJIUCS.

Yepes 2 tuxHi, 1, 2 Ta 3 Mic. Bil TOYaTKy MOHi-
TOPHUHTY y XBOPUX ITPOBOIUJIOCS OTIUTYBAHHS 3 BUKO-
pucranasam mkax PHQ-9, Beka ta Crinbeprepa-Xa-
HiHa. /lo Ta yepes 3 Mic. Bijl TOUATKY CHIOCTEPEKEHHS
BU3HAYABCsI PiBEHb IJIIKOBAHOTO TEMOTJTIO0IHY.

CraructuyHuii aHasi3 ITPOBOAUIMN 32 JIOTIOMO-
rol0 CTaTHCTHYHOTO IPOTPAMHOTO 3abe3redeHHs
Microsoft Excel Statistica 7.0 for Windows. [lns
TePeBIPpKU 3aKOHY PO3IMOIINY KIJIbKICHUX JTaHUX
BukopucroByBaBcs tect Illamipo-Binka. ¥ pasi
HOPMAJILHOTO PO3IIO/IiJy PO3PAXOBYBAIU Cepeji-
He apudMeTnyHe 3i cTaHAapTHOIO TTOXUOKOMW. [To-
PIBHSIHHSI TMPOBOJMJN 3a JIOMOMOTOI0 t-KpPUTEpPio
CrpionmenTa BiANmoBigHO. Pe3ysbratn HaaHO y BU-
[JIsIIi CePeIHIX 3HAYEeHb Ta iX CTaHAapTHOI MOXUOKN
(mean=SE). ¥ Bcix Tectax 3nauennst p<0,05 BBa-
JKAJI0CS 3HAUYIINM.
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JlocmijzkeHHsT BUKOHAHE BIINOBIZIHO 710 CTaH-
napris Gioeruunoro komirery /1Y <«Incrutyr en-
JOKPUHOJIOTIT Ta 06MiHy pedosuH im. B.IT. Komica-
peaka HAMH VYkpainun» (n03sis Big 01.04.2021 p.,
Ne35/5-KE).

Pesysbrati Ta 00rOBOPEHHS

3a peayJbraTaMy TPOBENECHOTO ONUTYBAHHS 3i
122 rociTanizoBaHKX MAI€HTIB AiabeTOJIOri4HOr0
cTarfioHapy JerpecuBHa CUMIITOMaTHKa Oyja BuU-
siByieHa B 98 (80,3%) 3 nux 3a mkasnoio PHQ-9, ta'y
82 (67,2%) xBopux — 3a mKauom beka.

XBopi 3 Jienpecieo Majiu CKapTyu Ha OPYIIEeHHS
cHy (mpokujanrcs Ha 1-2 roguHu paxiiie, HixK 3BU-
YaiiHo, IM BasKKO OYJI0 3HOBY 3acMHaTH ab0 30BCIM
He MOTJIM 3aCHYTH ), TIAaKCUBICTDh, 3HWKEHHS 3alli-
KaBJIEHOCTI 1I0-HeOYIb POOUTH Ta 33/I0BOJIEHHS BiJl
CBOET MisiTIbHOCTI, OyJIN TIPUTHIYEH], MaJIU TIOYYTTSI
BTOMM, TPHUBOTH, PO3YapyBaHHS, APATiBIUBICTB,
nouyBajm cebe 3aCMy4YeHUMHU, TOMIiYaan 3a cOO0I0
3HIKEHHST PYXJUBOCTI Ta IIBUJIKOCTI PO3MOBH,
BTpaTy ab0 3HMKEHHS CEKCYaTbHOTO IHTEPECY.

AHaJti3 pe3yJIsraTiB OUTYBaHH:A 32 11Kanow PHQ-
9 mokasas, 10 cepen 98 MaIieHTIB i3 Aenpecieio B
48 xBopux (49%) Masn Miciie MiHiMaJIbHI JIETIPECUB-
Hi niposiBu, y 25 (25,5%) — Jrerka jenpecis, y 18 ocib
(18,4%) — cepenns Ta B 7 xBopux (7,1%) — Tsskka
neripecis. OnuTyBaHHS 3a IMKajJol0 beka Bu3Ha-
4o cepesl 82 XBOPUX 13 JICTIPECUBHUMU TIPO-
ssBamu y 28 i3 uux (34,1%) — ugerky, y 22 ocib
(26,8%) — nmomipny, y 24 (29,3%) — cepentio ta y
8 (9,8%) narienTiB TSKKY JeTpeciio.

3a JaHuMu onuTyBaHHM 3a mKanol Ciiadep-
repa-Xanina y 81 (66,4%) 3i 122 narientiB BusHa-
YyeHa BUCOKa, y 36 ocib (29,5%) — momipHa it siniire
B 5 (4,1%) — HU3bKa 0COOUCTICHA TPUBOJKHICTD.
PeaktuBHa TPUBOKHICTD 31 122 onuranux OyJjia BU-
cokoio B 62 martientis (50,8%), y 51 (41,8%) — 1o-
MmipHoio Ta B 9 (7,4%) HU3BKOIO.

3a orpumarmmu pegyasratamu T/[C crocrepi-
raBes B 63,1% xBopux Ha I/l i B 19,7% mamienTis
6ys /IC 6e3 mopyieHb TPUBOKHOCTI. 31€6iIbIIIOro
B OCTaHHIX CIIOCTEpirajincs MiHIMaJIbHI Ta JIeTKi jie-
MIPECUBHI MOPYIIEHHS, 3 YOTO MOKHA TPUITYCTUTH,
1o senpecuBHi 3minu nipu [1/] iepemytors o3Hakam
TPUBOKHOCTI.

Cepen Bigibpanux 33 mamienTis i3 T/ C st 1oB-
TOTPUBAJIOTO MOHITOPUHTY 3 JIIKYBaHHSIM (hiTOIpe-
apaToM 3Bipo0oIo Ta BajiepiaHu XBOPi MaJIu JIETKY,
nomipHy Ta cepennio Tskkicts [[C. Ha Binminy Bin
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namienTis i3 /|C, y xBopux i3 T/IC oxrovacHo 3 Je-
[PECUBHUMM MIPOSIBAMU OYJIU TIPUCYTHI CUMIITOMU
TPUBOTHU: BIUYTTSI CTPaxy, TPUBOXKHICTb, ITi/[BU-
IeHa Yy TJINUBICTh, €eMOIIIHHI KOJWBAHHS, IPATiBIH-
BicTb O€3 HasIBHUX TIPUUYMH, TPUCKOPEHE cepiieOuT-
Ts1, IPOSIBM €MOI[ITHOI HAIIPYTH, BIYYTTS 03HOOY,
MiIBUIIEHA THTAUBICTD TOIO. 32 pe3yJbraTaMu
omuTyBaHHs 3a mKajsamu bexka ta PHQ-9 pisni
TPUBOKHO-ZIETTPECUBHUX PO3JIa/[iB B OCHOBHIl Ta B
KOHTPOJIBHUX TPYTIaX MAIli€EHTIB He MaJIN CyTTEBUX
BiaminHocteir (p>0,05) (ta6a. 1). ¥ nepeaxkHiit
6iJbIIOCTI XBOPUX 000X IPYIl CIOCTEpirasacs Bu-
COKa TPUBOKHICTH SIK OCOOMCTICHA, TaK i peaKTuB-
Ha. Ozxnak Oy it Taki narieHTu B AKuX OyB Iij-
BUIIIEHUM JIMIIE OJIMH BUJI TPUBOKHOCTI. 3arajom
B OCHOBHIi1 Tpymi 6yso 15 martieHTiB i3 BHCOKOIO
ocobucticHo0 i 14 — i3 peaKTUBHOI TPUBOKHIC-
TIO, 2 B KOHTPOJIbHIH rpy1ii — 17 XBOPUX i3 BUCOKOIO
ocobucTiCHOIO 1 13 — i3 peaKTUBHOIO TPUBOKHICTIO.
XBopi 000X TPYI CYTTEBO HE BiPI3HSINCS 3a Bi-
KOM, CTaTTIO Ta PiIBHEM TIJIIKOBAHOTO TeMOTJIO0IHY.
Bxe uepes 1-2 TuxkHI micsas moyaTKy npuiMaH-
Hg iTtonpenapary MAiEHTH TOYAJIA TOMIiYaTH
TMO3WTUBHI 3MiHU JIEMTPECUBHOI CUMITOMATUKH,
SKi TIOCTYTIOBO 3POCTAJI MPOTATOM 4-8 TWIKHIB i
30epirajics 10 KiHig crnocrepeskenns. Ilamientu
Bi/IMiYaJI 3MEHIIEHHS MTOYYTTS TPUBOTHU, BiJUyT-
TS CTPaxy, eMOLIMHMX KOJIMBaHb, [PaTiBIMBOC-

Ti, IJIAKCUBOCTI, MOKpaIleHHsa cHy (30i1blimmacs
HOTO TPUBAIICTh, CKOPOTHBCS Yac /10 3aCHAHHS),
MOKpaIIeHHs HACTPOIO, MOSIBY 3alliKaBJAEHOCTI TI10-
HeOy/Ib POOUTH Ta 3a/I0BOJIEHHSI BiJl PE3YJ/IbTATiB
CBOEI ISVIBHOCTI, TIO3UTUBHE CTaBJIEHHS 710 cebe.

IlosuTuBHA KiiHIYHA JAWHAMiKa B IIAlli€HTIB,
SKi mputiMann iTorpenapar, BimoBigata pe3yib-
TaTaM onutyBanHa 3a Imkanamu PHQ-9 i beka
(ta6ua. 2, 3). Tax, B ocHOBHil Tpyri xBopux Ha [1/]
Ha TJI npuiiMaHHs 3Bipo6o0 Ta Bajepianu Bindy-
Jocd BIpOTifiHEe 3HUKEHHS CTYIMEHs TSKKOCTI Jie-
MPECUBHOI CUMIITOMATUKY 3a mkaioio PHQ-9 Bike
uepe3 1 micsip BiJ moyarky JiKyBaHHS i 30epira-
JIOCS 710 KiHIISg CIOCTEPEesKeHHs. 3a pe3yJibTaTaMu
OTMTYBAaHHS 3a 1Kajao0 beka BiporijiHe 3HWXEH-
HS CTYTIEHS TSPKKOCTI JIeTIPeCUBHOI CUMIITOMAaTUKI
BiztOyJ10cst uepes 2 Micsili Bijl OYATKY JIKYyBaHHS
ditonpenaparoM 3Bipo6OI0 Ta BajsepiaHu i 36epi-
rajlocs IiCJ/Is 3aKiHYeHHs JIKYBaHHS [IPOTArOM Ha-
CTYITHOTO MICSIIIST /IO KiHIISI CIIOCTEPEsKEeHHSI.

[TpoTsiroM MOHITOPUHTY OUIBIIICTH XBOPUX
KOHTPOJIBHOI I'PYIIH, IKi He TpuitManu ¢itomnpena-
par, He BigMidaji CyTTEBUX 3MiH 3 OOKY AeIIpecuB-
Ho1 cumnToMaTuku. OTiHKa JJaHUX iX ONMUATYBAHHS
MPOTATOM YChOTO TIEPiOly CIOCTEPEKeHHS He T0-
Kazajia BipOTiIHOI AWMHAMiKH CHMIITOMIB JeIpecii
Ta JMHAMIKK CTaHy OCOOMCTICHOI Ta peakTHBHOI
TPUBOXKHOCTEN (B, TabJ1. 2—4).

Tabnuusa 1. XapakTepurcTmka rpyn xsopux Ha LI Ha noyaTky cnoctepexxeHHsa (M+m)

Table 1. Characteristics of groups of patients with diabetes mellitus at the beginning of observation (mean=+SE)

MokasHukn KoHTponbHarpyna  OcHOBHa rpyna

Parameters Control group Main group
(n=17) (n=16)

CTaTb, KiHKW/YONOBIKM 16/1 15/1

Gender, female/male

Bik, pokn 57,5£3,2 54,5432

Age, years

nikosaHwWl remornobix, % 8,4+0,3 9,4+0,5

Glycated hemoglobin, %

OujiHKa TaKOCTI Aenpecii 3a Wwkanoto PHQ-9, 6anu 11,9412 13,716

Assessment of the severity of depression according to the PHQ-9, points

OujiHKa TAaKKOCTI genpecii 3a LWkanoto beka, 6ann 19,4+1,7 239+1.8

Assessment of the severity of depression according to the Beck-Il Inventory, points

OujiHKa piBHA 0COBUCTICHOT TPMBOXKHOCTI 3a WKanoto Crninbeprepa-XaHiHa, 6anu 56,3%£1,6 58,2425

Assessment of the level of personal anxiety according to the Spielberger-Hanin

Inventory, points

OujiHKa piBHA pPeakTUBHOI TPUBOXHOCTI 3a WKanoto Cninbeprepa-XaHiHa, 6anu 49,9+1,9 556%29

Evaluation of the level of reactive anxiety according to the Spielberger-Hanin Inventory,

points
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Tabnuusa 2. [luHamika cTynexs TaxkocTi P 3a wkanoto PHQ-9 y
xgopwix Ha L[ i3 TAC po Ta npoTarom 3 micauiB nikysaHHA ditonpe-
napaTom 3Bipoboto Ta BanepiaHK, 6anu (M+m)

Table 2. Dynamics of the severity of depressive disorders according
to the PHQ-9 in patients with diabetes with anxiety-depressive
syndrome before and during 3 months of treatment with herbal
medicine of Hypericum perforatum with Valeriana, points (mean=+SE)

Mepioa KoHTponbHarpyna OcHoBHa rpyna
Period Control group Main group
(n=17) (n=16)
Ha nouatky
+ +
At the beginning 11,9£1.2 13.7£16
2Tk 10,4+1,2 10,7+1,5
2 weeks
1 mic.
+ +1,4%
1 month 10,8+1,1 9,3+14
2 mic. N
2 months 9,6+0,8 8,3+1,5
3 mic.
+ +1,3%*%
3 months 11,614 7,113

lMpumimka: * — p<0,05; ** - p<0,01 - 8ipo2ioHicMeb pi3HUYi 3 no-
Ka3HUKamu Ha NO4Yamky MOHIMopuHay

Note: * - p<0,05; ** - p<0,01 - difference with the dates of the
beginning of monitoring

Tabnuusa 3. lvHamika cTyneHs TaxkkocTi [P 3a wkanoto beka y xBo-
pvix Ha LU i3 TAC o Ta npotarom 3 micauis nikysaHHA ¢itonpenapa-
TOM 3Bipoboto Ta BanepiaHw, 6ann (M+m)

Table 3. Dynamics of the severity of depressive disorders according to
the Beck Depression Inventory in patients with diabetes and anxiety-
depressive syndrome before and during 3 months of treatment with
herbal medicine of Hypericum perforatum with Valeriana, points
(mean+SE)

Mepioa KoHTponbHarpyna  OcHoBHa rpyna
Period Control group Main group
(n=17) (n=16)
Ha nouatky
At the beginning 197417 239+18
2T 22,4419 21,5418
2 weeks
I wic. 20,242,0 20,2+2,1
1 month
2 Mmic.
+ +1,9%
5 months 18,9423 18,2+1,9
3 mic. 209+2,3 16,142,1%
3 months

Mpumimka: * - p<0,05; ** - p<0,01 — 8ipoeidOHicmb pi3HUUi 3 No-
KA3sHUKamu Ha no4amky MOHIMoOpuHay
Note: * — p<0,05; ** - p<0,01 - difference with the dates of the
beginning of monitoring

Anami3 craHy TPUBOKHOCTI 3a pe3yJbraTaMu
onuTyBaHHs 3a mkanoio Crinbeprepa-XaHiHa MoKa-
3aB, 110 Yepe3 2 Micdlli JiKyBaHHs (iTonpenapaTroMm
3Bip0o0OIO Ta BajiepiaHu B rPyIIi MAIIEHTIB i3 MoYaT-
KOBO BHCOKOIO OCOOMCTICHOIO TPUBOKHICTIO ii pi-
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BEHb CYTTEBO 3HU3UBCS. TakoK y NaI[iEHTIB CYyTTEBO
3HU3UBCS PiBEHb PEAKTUBHOI TPUBOKHOCTI Ta 3aJ11-
IABCS TAKKUM JI0 KiHIlS criocTepeskerts (Tadu. 4, ).

Tabnuusa 4. OuiHka CTyneHs 0COOUCTICHOT TPUBOXKHOCTI 3a LLKAsolo
Cninbeprepa-XaHiHa y xsopwix Ha L1 i3 TAC o Ta npotarom 3 MicAuiB
nikyBaHHA diTonpenapatom 38ipoboto Ta BanepiaHy, 6anv (M+m)

Table 4. Assessment of the degree of personal anxiety according to
the Spielberger-Hanin state-trait anxiety inventory, in patients with
diabetes mellitus and anxiety-depressive syndrome before and
within 3 months of treatment with herbal medicine of Hypericum
perforatum with Valeriana, points (mean+SE)

MNepioa KoHTponbHarpyna OcHOBHa rpyna

Period Control group Main group
(n=17) (n=15)

Ha nouarky 56,3+1,5 59,542,2

At the beginning

2T 58,5414 57,942,0

2 weeks

mic. 584+1,3 55,142,0

1 month

2 MicC. %

2 months 57,9+1,3 53,5419

3 mic. 59,4+1,5 54,320

3 months

Mpumimka: * — p<0,05 - 8ipoziOHicMb pi3HUYi 3 NOKA3ZHUKAMU HA
noyamky MOHIMOpPUHay.

Note: *— p<0,05 - difference with the dates of the beginning of
monitoring.

Tabnuusa 5. OuiHKka CTyneHs peakTUBHOI TPUBOXKHOCTI 3a LLUKANolo
Cninbeprepa-XaHiHa y xsopvix Ha LI i3 TAC o Ta npotarom 3 micAuis
nikyBaHHA diTonpenapartom 38ipoboto Ta BanepiaHy, 6anv (M+m)
Table 5. Evaluation of the degree of reactive anxiety according to
the Spielberger-Hanin State-Trait Anxiety Inventory in patients with
diabetes mellitus with anxiety-depressive syndrome before and
within 3 months of treatment with herbal medicine of Hypericum
perforatum with Valeriana, points (mean+SE)

MNepioa KoHTponbHa rpyna OcHoBHa rpyna
Period Control group Main group
(n=13) (n=14)
Hanouarky 527+138 57,4425
At the beginning
2T 519425 50,542,6
2 weeks
1 mic.
Mie 53,042,9 50,543,
1 month
2 wic. 512428 49.3+2,7%
2 months
3 MiC.
mie 5734238 49,043,0*
3 months

Mpumimka: * — p<0,05 — 8ipo2ioHicMe pi3HUUI 3 NOKA3HUKAMU Ha
noyamky MOHIMOpUHay.

Note: * — p<0,05 - difference with the dates of the beginning of
monitoring.



ISSN 1680-1466" ENDOKRYNOLOGIA" 2024, VOLUME 29, No. 3

OrliHKa MMOKa3HUKIB BYTJIEBOJHOTO OOMiHY TO-
Kazaja, 1o Ha T mo3utusBHoi auHamiku TIC y
xBopux Ha II/[, axi mpuitmanu ¢itompenapar 3Bi-
poboio Ta BajiepiaHu, CIIOCTEPITaIOCcsT CYyTTEBE 3HU-
JKeHHsT TJikoBaHoro remoryobiny 3 9,4+0,5% 1o
8,1+0,2% (p<0,05) Ha BigMiHY BiZ 0Ci6 KOHTPOJIb-
noi rpynu — i3 8,4%0,3% 1o 8,6+0,4% (p>0,1).

VY xoxi pociigxkenns ditonpemnapar 38ipo6oio
Ta BajJiepiaHW TMPOJAEMOHCTPYBAB BUCOKWH TIPO-
(i Ge3neku i MepeHoCHOCTI — MOOIYHUX SIBHII]
y xBopux He Gysno. OTpuMaHi HaMM JaHi IIOIO
AHTUETIPECAHTHOI Ta MPOTUTPUBOKHOI J[il KOM-
6iHoBaHoro ¢iromnpenapary 3Bipo6oIo Ta Bajepi-
AHU Y3TOJIKYETDHCS 3 JAHUMU IHIIUX JOCTIJIZKEHb.
Tak, Meraananiz 27 KJIiHIYHUX BUIPOOYyBaHb 3a
yuacti 3808 XBOpuUX, y SKUX TOPIiBHIOBAJIN BUKO-
pucTaHHs 3Bipo0OIO Ta CEJIEKTUBHUX iHI16ITOPIB
3BOPOTHOTO 3aXOIJIEHHSI CEPOTOHIHY, I10Ka3asB,
1[0 B TAIIEHTIB i3 JIETKOIO Ta TOMIpPHOIO JleTpe-
ciero 3Bipo6iii Mae MOPiBHAHY eDEKTUBHICTH Ta
3HAQUHO HUWXYMUU PiBEeHb YaCTOTH ITPUITMHEHHS/
Bi/IMOBU BiJl JIIKyBaHHS MOPIBHSHO 3 CEJIEKTUB-
HuMU iHri6itopamu [19].

TakuM YMHOM, IOCJHJKEHHSIM BCTAHOBJIEHO,
1110 OiJIbII HIXkK Y IOJOBUHU TOCHITAII30BaAHUX XBO-
pux BusHaudaeTbest T/IC i3 BUCOKOIO 0COOMCTICHOIO
Ta PEaKTUBHOIO TPUBOKHOCTAMU — Yy 66,4% Ta B
50,8% xBopux, BiAmosiaHo, i3 /IP nepeBakHo Jer-
KOTO Ta Cepe/lHbOTO CTYTEHIB TSKKOCTI.

Hocnimkenns mokasano edeKTUBHICTh iToO-
mpenapary 3Bipo0oi0 Ta BajepiaHU B JIKyBaHHI
xBopux Ha I1/] i3 T/IC, ska Bigmivanacst yepes 1-2
TUKHI XBOPUMU BiJl TOYATKY WOTO NMPUUMaHHS Ta
Oysia migTBepaKeHa yepes 1-2 wmicsii Bix movar-
Ky JIiKyBaHHS 3a pe3yJbraTaMu OINUTYBaHHS 32
mragamu PHQ-9, Beka ta Crinbeprepa-Xanina.
Bispin mi3Hil MPOSIB aHTU/ETIPECUBHOTO e(eKTY
(dironpenapary 3BipoOOI0 Ta BajiepiaHu B MAalli€H-
tiB Ha [1/] i3 T/]C mopiBHSHO 3 JaHUMU TTOTIEPEIHIX
JIOCJIJIZKEHb, MOKe OYTH ITOB’SI3aHMIA i3 THM, 1110 B ITi
JIOCJTIIJDKEHHS 3 BKa3aHUM IIperapaToM He BKJoYa-
JI XBOPUX i3 TSLKKUMU 3araTbHUMU (COMATUIHM-
Mu) XBopobamu skum € 11/,

[lo toro x y xBopux Ha II/l, kpim Bijomux He-
BPOJIOTIYHUX ypaskeHb (eHIedanonarii, nogiHen-
poraTii, aBTOHOMHOI HeHporarii), MalTh MicIe
iHIIIi OpraHiyHi 3MiHM FOJIOBHOI'O MO3KY: 3MEHIIIEH-
HS TOBIIMHKM KOPU Ta 00’€My BeHTPOOa3aibHIX
sagep Tamamyca [20], o, Ha HaNTY IYMKY, MOXe 3Y-
MOBJIIOBATH O1J/IBIIT CTIKUI XapaKTep AeMPEeCUBHIX
MOPYIIEHb i TOMY TPUBAJIUH 1TePioJl JIiKyBaHHS.

Hanasti 1o1iibHUM € TPOBeIeHHS TOCTIIKEHHS
3 OIIHKHU eeKTUBHOCTI (iTompenapary 3BipoOOIO
Ta BaJiepiaHu i3 3aCTOCYBaHHSM IUTaiebo B TpyIri
KOHTPOJIIO.

OuiHUTH CTYHiHb BIUIUBY JIiKyBaHHS (iTOTpe-
maparoM 3Bipo0OOIO Ta BajiepiaH Ha BYTJIEBOIAHUI
0OMiH JIOTTOMOJKE TIOPIBHSIHHS 3 €10 TIEPOPATHHIX
IyKPO3HMUIKYBAJbHUX IIpernapartis. Tak, okpeme 3a-
CTOCYBaHHS TI€POPAJBHUX IIYKPO3HUKYBATbHUX
nperaparTiB MoOke MPU3BOAUTU JO0 3HUKEHHS TJIi-
KoBaHoro remoryiobiny na 0,44-1,77% [21]. Tomy
HafiHHs TIIKOBAHOTO reMOTI00iHy 3a 3 Micsili Ha
1,3% ma TJi A0AaTKOBOTO MpPHWIIMaHHS Iperapary
3Bipo60IO Ta BaJepiaHH, BUTJISIIAE IOCUTH BATOMUM.

OTsxe, ditonpenapar 3Bipo6o0 Ta BajepiaHu
MoKe OyTH KOPUCHUM Y KOMILIEKCHii Teparii XBo-
pux nHa I/ i3 T/[C, ax mogaTKoBUii mpemapar aJs
MOKpAIIeHHs] ByTJIEBOHOTO OOMiHY Ta TPUBOKHO-
NIeTTPECUBHOI CUMTITOMATUKH.

Bucuosku

JBomicsaune npuiiManug KomOiHoBaHOro (i-
Tompenapary 3Bipo0Ooio Ta BajepiaHu Ha TJi Tpa-
JUIIHHOT  IYKPO3HMIKYBAJIBHOI —Teparii  XBOpUX
na I/l 1-ro ta 2-ro Tumis i3 T C, crupusie nokpa-
IEHHIO BYIJIEBOAHOTO OOMiHY, 31 3HUKEHHSIM 3a
3 Micsani ruikoBaHoro remorsiobiny na 1,3%. 3a-
crocyBaHHs (iTonpenapary 3Bipo6oIo Ta Bajiepia-
HU B KOMILJIEKCHiN Teparii xBopux Ha I/l Bxke 3a
1-2 wmicdri 3acTocyBaHHS TTO3UTUBHO BIIMBAE Ha
cumrnromatuky T/[C 3i 36epeskertsm il micst 3a-
KiHUeHHS MOTO MPUMaHHS.
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Cmucok CKOpPOY€Hb

AP — nenpecusHi posianu

TIAC — TpUBOKHO-AECTPECUBHUI CHHIPOM
LT — uykposuii giaber

PHQ-9 — Patient Health Questionnaire-9

Depressive disorders in patients with diabetes
mellitus and the effect of the combined herbal
phytopreparation of Hypericum perforatum with
Valeriana on the carbohydrate metabolism and
psychoemotional state of patients with anxiety-
depressive syndrome

S.M. Tkach
State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences of Ukraine»

Abstract. Depressive disorders are quite common in patients with
diabetes mellitus (DM). Depression is associated with worsening gly-
cemic control. Attempts to improve it through the use of synthetic
antidepressants in complex therapy had mixed results. The aim: to
evaluate the prevalence of anxiety-depressive disorders in patients
with diabetes mellitus treated in diabetology department and to
assess the effect of a combined medicine containing standardized
extracts of Hypericum perforatum (St John's Wort or hypericin or hy-
perforin or johanniskraut) (100 mg) with Valeriana (50 mg) on car-
bohydrate metabolism and psychoemotional state of patients with
anxiety-depressive syndrome (ADS). Material and methods. The
study included 122 patients with type 1 and 2 DM, 103 women and
19 men, aged 18 to 75 years. 33 of them with ADS participated in
a 3-month study, 16 of whom additionally took combined medicine
of Hypericum perforatum with Valeriana 2 capsules twice a day for
2 months. The remaining 17 patients formed the control group.
At the beginning of the study, as well as after 2 weeks, 1, 2, 3
months from the beginning of the observation, the psychoemo-
tional state was assessed, determining the severity of depressive
syndrome according to the Beck Depression Inventory (BDI),
the Patient Health Questionnaire-9 (PHQ-9), as well as the state
of personal and reactive anxiety according to the Spielberger-
Hanin scale. Glycated hemoglobin was determined before and
3 months after the start of monitoring. Results. Depressive disor-
ders were identified in 80.3% and 67.2%, respectively, according to
the PHQ-9 and the BDI-Il. Most patients had mild to moderate de-
pression. High personal anxiety was found in 66.4%, high reactive
anxiety — in  50.8% of patients. In patients of the main group who
took medicine of Hypericum perforatum with Valeriana a significant
improvement in depressive symptoms was noted with a decrease in
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points on PHQ-9 scale from 13.7+1.6 to 9.3+1.4 (mean+SE) (p<0.05)
after the first month of treatment, and on the BDI-Il from 23.9+1.8 to
18.241.9 points (p<0.05) after the second months of treatment, in
contrast to patients in the control group: 11.9+1.2 and 10.8+1.1 points
(p>0.1) on the PHQ-9 scale and 19.7+1.7 and 18.9+2.3 points (p>0.1)
on the BDI-II, respectively. The achieved improvement of psychoemo-
tional state of patients after the end of treatment with combined
medicine of Hypericum perforatum with Valeriana was maintained af-
ter 3 months after the start of monitoring: 7.1+1.3 points on the PHQ-
9 scale and 16.1+2.1 points on the BDI-II, respectively (p<0.01). After
2 months of therapy with the herbal medicine of Hypericum perfo-
ratum with Valeriana, in the group of patients with anxiety-depres-
sive syndrome, in contrast to patients in the control group, personal
anxiety decreased from 59.5+2.2 to 53.5+1.9 points (p<0.05) and
reactive anxiety from 57.4+2.5 to 49.3+2.7 points (p<0.05). Against
the background of positive dynamics of depressive symptoms in
patients taking herbal medicine of Hypericum perforatum with Va-
leriana 3 months after the start of therapy, 3 months after the start
of therapy, there was a significant decrease in glycated hemoglobin:
from 9.4+0.5% to 8.1+0.2% (p<0.05), in contrast to patients of the
control group. Conclusions. An ADS was defined in 63.1% of patients
of the diabetology department, with depressive disorders mainly of
mild and moderate severity, high personality and reactive anxieties.
The herbal medicine of Hypericum perforatum with Valeriana in the
complex therapy of patients with DM, in addition to a positive and
prolonged effect on ADS, improves carbohydrate metabolism, with a
1.3% decrease in glycated hemoglobin over 3 months. This indicates
the advisability of using the herbal medicine both for the treatment
of anxiety-depressive disorders and for improving carbohydrate me-
tabolism in patients with DM and ADS.

Keywords: diabetes mellitus; depression, anxiety-depressive syn-
drome, glycemic control, Hypericum perforatum, St John's Wort, hy-
pericin, Valeriana.
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l0.B. bynawurina,

BMICT @aHTUTNPEOIAHNX

.M. TepexoBa,

aHTUTIN Y XBOPUX Ha oM. Krousons,
aBTOIMYHHUN TUPEOIAMT

Ta TXHI KNIHIYHI KopenAw|i

LY «IHcTuTyT eHpokprHonorii Ta 06MiHy peyoBuH im. B.M. Komicaperka HAMH YkpaiHu»

Pestome. AKTyanbHICTb JOCTIKEHHA 3yMOBNEHA B MePLLY Yepry TWM, O YacToTa aBTOIMYHHMX 3aXBOPIOBaHb LUUTONOAIOHOI
3ano3u (U3), go Akux BigHOCATL aBTOIMYHHWI TupeoianT (AIT) Ta xBopoby Ipeiieca (XI), 3HaUHO 3pocna B OCTaHHI AecATU-
piyus, a AT € HalinolwmpeHiwmm 3axBoptoaHHaAM L3, uacToTa Akoro ctaHoBKTS 0,3-1,5 BUNaaky Ha 1000 oci6. OcTaHHIM ua-
CoM, cnocTepiratoun 3a nepebirom A3LL3, KNiHILMCTY YacTille CTUKAIOTbCA 3 «CYHAPOMOM MepexpecTa» — CTaHOM, KoM OfHe
aBTOIMYyHHE 3aXBOPIOBaHHA L3 «3MIHIOETCAY THLWMM 3i 3MiHOIO i dYHKLIOHANbHOMO CTaHy — Bifj MNOTMPEO3y A0 PO3BUTKY
TUPEOTOKCUKO3Y | HaBnaku. OUeBMAHO, LLO BiOYBAETHCA NepexpecHa 3miHa aHTUTUPEOIHNX aHTUTIN, AKa 3MIHIOE DyHKLiO-
HanbHWiA cTaH L3, ane MyckoBi YMHHUKIM 11 NATOreHETUYHI MEXaHi3MM L|bOro MPOLECY Ha CbOrOAHI Lie HeAOCTaTHLO BUBYEHI.
MeTa pobotv — BVBUNTK piBHI aHTUTIN [0 Tpeonepokcuaasn (ATIO), aHTuTin go TupeornobyniHy (ATTT) Ta CTUMymIoUMX
aHTVTIN no peuentopa TTI (AT pTTI) y xBopux Ha AlT i ixHI0 KopenALiio 3 TPMBaNICTIO XBOPOOY Ta GyHKLIOHANbHM CTaHoM LLI3.
Martepian i meTogu. [locnigxeHHsA BUKOHaHO B [IY «IHCTUTYT eHAOKpUHONOrT Ta 06MiHy pevoBwH im. B.N. KomicapeHka HAMH
YKpaiHu1» 33 JONOMOrow KAiHIUHYIX, NabopaToOpHMX i CTaTUCTUYHIX MeTogiB. [pyny XxBopyx cTaHoBKAKM 200 nauieHTis 3 AlT, ce-
peq Akux Oyno 193 xiHkw i 7 4onosikis; cepeaHiit Bik xBopux cTaHoBKB 33,80+0,60 poku. Y AocigkeHHi 6yny npoaHanizoBaHi
piBHi ATTO, ATTT, cAT pTTT y xBopux 3 AlT 3aneXHo Bif TPMBaNoCTi XxBopobu Ta dyHKUioHanbHoro cTaHy L3 (eytrpeo3 i rinoTu-
peo3). Pesynbratu. BctaHoBNEHO, WO piBeHb ATTO, 36inbleHNi y 1Ba pasn NOPIBHAHO 3 BEPXHIM pedepeHCOM HOPMANbHIX
3HaueHb OyB Yy 74% xsopux Ha AT, ATTT -y 33,5%, cAT pTTl —y 12% nalieHTiB (0AHOYACHO i3 niaBuieHHAM piBHA ATT1O).
I30nboBaHe nigsuieHHa ATTO byno B 50,5% nauieHTis, ATTT —y 7,5%, a BiacyTHicTb ATNO i ATTT —y 6,5%. He BuABNeHO Bipo-
MAHOI Pi3HNLI Mix 3HaueHHAMM ATTIO, ATTT, AT pTTT 3anexHo Bif TPUBANOCTI 3aXBOPIOBAHHA — PiBHI AHTUTUPEOIAHUX aHTWTIN
He BIAPI3HAMNCD Y NaLieHTIB, TPVBAiCTb 3aXBOPIOBAHHA AKMX CTAHOBWMA 1-2 POKYM MOPIBHAHO 3 NavieHTamu, Aki xsopinu >10
POKiB. Takox 3'ACOBaHO, WO piBHI ATTIO, ATTT, AT pTTI He 3anexany Bif HaABHOCTI/BIACYTHOCTI TiINOTUPEO3Y, WO MOXe BKa3y-
BaTM Ha Te, WO «CMHAPOM NepexpecTa» MOXe PO3BMBATUCH i B MALLIEHTIB i3 MiNOTMPEO30M. BCTaHOBAEHO CnabKmii NO3UTUBHNI
KOpensLinHnii 38'a30K Mix piBHaMM ATTT i 06’emom LLI3.

Kntouosi cnioBa: ntonofidHa 3an03a, aBToiMyHHW TUPEOIANT, aHTUTINA 10 TMPeOornobyNiHy, aHTTING 0 TUPEONepPOKCAA3Y,
aHTVTINA A0 peLenTopa TMPeOTPOMHOMY FOPMOHY, eyTUPEeO3, NINOTUPEO3.

© [0.B. bynoueina, A.I. [aneyvka, [.M. Tepexosa, B.M. Knoukosa, I0.1. benskosa
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AIT, akuil TaKOX HA3MBAIOTh XPOHIYHUM TU-
peoignTom Xanrumoto (TX) un mimborurapaum
TUPEOIIUTOM € aBTOIMyHHUX 3axBopioBanb I3,
1[0 XapakTepusyeTbest 30imbierasam 06’ emy 1113,
JgiMmdoruTapHoo iH@IIBTPaIi€o i1 mapeHxiMu Ta
HasBHICTIO QHTUTIJI, CTTeN(PIYHUX 10 TUPEOi THIX
anTureniB. AIT pazom i3 XI' € aBTOiMyHHUMH 3a-
xBopoBanugamu 113, yacToTa SKUX 3HAYHO 3pOC-
Jia B octanHi poku [1-3]. AIT napasi € ocHOBHOIO
npuunHoio rinotupeosy [1, 4]. Bimomo, mo AIT
YaCTO MOEAHYETHCS 3 IHIIOIO aBTOIMYHHOIO 1TaTO-
Jiorieto (MiacTeHist rpaBic, CUCTEMHUU YepPBOHUN
BOBYaK, iHCYJiHO3AJEKHUN IYKPOBUIl miaber,
peBMaTOIIHUIT apTPUT, Iesiakis ta in.) [5, 6].
Takox nosenmeno, 1o mamientu 3 AIT uacTimne
XBOPIIOTH Ha CEPIEBO-CYIMHHI 3aXBOPIOBAHHA Ta
3JI0KiCHI HOBOYTBOpeHH [6-8].

[TizBuiena yBara HayKOBIIB 10 TpobieMu
AIT symosiena tuMm, mo AIT e naiinommpeni-
muM 3axBopioBanHaMm 113, yacrora sikoro 3Hay-
HO 3pOCJia 3a OCTaHHI JEeCATUJITTS 1 CTAHOBUTD
0,3-1,5 sunazaky #a 1000 oci6. ITonan 10% xiHok
MaIOTh MO3UTUBHI aHTUTUPEOITHI AHTUTIJIA; 40JI0-
BiKW CTAaHOBJISATDH OJIHY IECATY IIi€1 TOMMUPEHOCTI.
bina paca meMoHCTpye BHUIILY 3aXBOPIOBAHICTD,
Hik dopHa, Takoxk AIT pimko 3ycrpivaerhcd B
JKUTEJIB TUXOOKEaHChbKUX OCTPOBiB. Bifomo, 1110
MOMIUPEHICTh 3aXBOPIOBAHHSA 3POCTAE 3 BiKOM
BHACJIIOK 3HUKEHHS aBTOIMYHHOI TOJIEPAHTHOC-
Ti Ipu cTapiHHi opra"iamy [9].

Braxaerncs, mo npuunna AT 3amexuTts Bifg
KoMOiHaIil TeHeTMYHOI CHPUITHATIMBOCTI Ta
(axToOpiB PU3UKY HABKOJUIIHLOTO CEPEIOBUIIA,
1[0 BU3HAYA€ IMOPYIIECHHS IMYHOJIOTIUHOI TOJIe-
PAHTHOCTI 3 pe3yJibTaTOM aBTOIMYHHOI aTaku Ha
I3 ax mo posButky (ibposy. Ilarorenes AIT
MOB’sI3aHUIl 3 ABTOAHTUTIJIAMHM 3 BIIIIOBIIHOIO
sgimdponuraproio inginasrpaiieio 1113, Bkirouao-
yn B- 1 T-xaitunu B Tkanuni 1113. Beaskaernesd,
0 OCHOBHOIO TIofTi€to B nmatorenesi AIT € dhynk-
IioHasbHa 3MiHAa B-KJIITHH 3 yTBOPEHHSM aBTOAH-
it Y srozelt i3 kaacudyHuM TX cCUHTe3yThCs
crieruhigHI CMPOBATKOBI aHTUTIJIA, SIKi pearyoTh
i3 THpeorsoOyJiHOM i TUPEOiHOI TEePOKCH/Ia-
3010. Ili anrurisa (0COGJUBO aHTHUTIIA MPOTH
TUPEOIHOI IIepOKCUIa3K) € IMyHOrI00yIiHaMu,
[0 3B’SI3YI0Th KOMILIEMEHT, i MOXYTb OyTH IH-
toTokcnuHuMu. Kpim Toro, 6araro naijieHTiB Ma-
I0Th KJITUHHWN IMYHITET, CIPSIMOBAHUU MPOTHU
TUpeoiHNX anTureHiB. Kpim Toro, nucdyHkiig

T-xmiTvH TicHO TIOB’s13aHa 3 TTOPYIIEHHSM IMYH-
HOro ToMeocTady npotu tkanuuu I13. Kaitun-
HO-0TIOCEPEIKOBAHUM IMYHITET TaKOXK € 03HAKOIO
eKCIIEPUMEHTAIbHOTO TUPEOiIUTY, IHAYKOBAHOTO
y TBapUH NIJIAXOM iH €KIIi TUPEOiIHOTO aHTUTe-
Ha 3 ag'oBanTamu. AlT € nmepeBakHO KJIIHIYHUM
MPOSIBOM TIOPYIIEHHS KJITHHHO-OIIOCepe/IKOBa-
HOTO iMYHITETY, [0 TPU3BOUTH 10 PYWUHYBaHHSA
kitua 13 i B HaliBaxkuiil popmi BUKIMKAE TiT0-
trpeos [10].

Hiarno3 AIT 6a3yerbcsi Ha KIIHIYHUX CUMII-
TOMax, MO3UTUBHUX aHTUTUPEOITHUX aHTUTIIAX
i ricronoriunnx ocobimBocTsax. OpHak KiriHid-
Hi CUMIITOMU CIIOCTEPITAIOThCA TIJIbKU Ha CTajii
PO3BUTKY TilOTHPEO3y i He MOXYTh OyTu Ha-
nittauM MapkepoMm y miarHoctutli AlT, ockinbkm
MAIiEHTH 3 eyTUPEO30M dYacTillle He MalTh Xa-
pPakTepHUX KJIIHIYHUX CUMIITOMIB, TOMi SK XBOpi
3 rinoTHpPeo30M vacTille MaiTh TpU abo Oisbiine
CUMTTOMIB Tinotupeosy [11].

JloBeneno, o mo3utusHiI cupoBaTkoBi ATTIO
BBa)KaOThCs HaliBarominroto o3Hakoto AIT i mpu-
cyTHi npubiusuo B 95% mamientis. HaromicTh
ATTT npucytni B menmomy (60-80%) BincoTky
BUTIQ/IKIB 1 TOMY € MEHNI HaJillHUM MapKepoM
s piarnoctuku AIT [1]. Takox Bigomo, 10 B
yactuHu naiieuTis 3 AIT MoxyTh OyTH TIpUCYT-
HiMu cAT pTTT, mo ctumysoroTs 1113 i mpusso-
n4Th 10 po3BuTky X1 [12].

Joseneno, mo TX ta XI' € ocHOBHUMU BUIaMU
aBTOIMYHHUX 3axBopioBanb 1113, siki matoTh Oara-
TO CHIIBHOTO. [CHYIOTH crIOCTEpesKeHHS, 1110 00u-
JIBa 3aXBOPIOBAHHS MOXYTh OyTH NMPUCYTHIMU B
onHiit 1 Tt ke poauni [13]. VY nesaxkux Bumnau-
kax XI' Moxke CIIOHTAHHO TepeilTH B TrilloTUPe03
yepe3 po3Butok TX. I maBmaku, TX i3 rimortu-
peosom moxke 3minutucga X[ i3 rinmeptupeo3zom
[14, 15]. MoBigomuasttocs, mo npubau3Ho B 15-
20% mnarmientiB i3 XI' crocTepira€Tbcsi CIIOHTaH-
HUI TITOTUPEO3, 110 BUHUKA€E BHacCAi0K TX, Tomi
ak nepexin Big TX mgo XTI TpamnageTrbes pimie.
Bceranossieno, mo MefiiaHHUN yac Takoi KOHBePCil
3aXBOPIOBAHHS CTAaHOBUTH 7 PokiB (ziamazon: 0,1-
27 pokiB). CIiBBiIHOIIEHHST YOJOBIKIB Ta KiHOK
npu kouBepcii AIT y XTI cranosuts 1:9 [16, 17].

Mera po6oru — BuBuntu pisai ATIIO, ATTT
ta cAT pTTT y xBopux ma AIT i ixHI0 KOpendirito
3 TPUBAJICTIO XBOPOOU Ta (DYHKITIOHAJIBHUM CTa-

vowMm I113.
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Marepian i MmeTou

JlocmijiskeHHsT BUKOHAHO Bi/IITOBIIHO /IO CTaH-
paptiB Gioernunoro komitery Y «Iucrutyr en-
JIOKpUHOJIOTIT Ta 06MiHy peuosuH im. B.I1. Komica-
peaka HAMH VYxpaiauy (no3sia Big 12.04.2019 p.,
Ne 28/1-KE).

i BusHayenns o0’emy Tta crpykrypu 1113
npoBoguan Y3/l wa Y3 amapatax SSA-550A
«NEMIO» ta TOSHIBA SSA-580A «NEMIO
XG» («Tosiba», fdmoHist) 3 eeKTPOHHUMY JIiHITI-
HUMM JaTdukamu yactoToto 9-12 Ml i nosxku-
HOIO CKaHyBaJIbHOI TIOBEPXHi 6 CM.

BusHaueHHs1 PiBHIB TUPEOTPOIIHOTO TOPMO-
HY, BIIbHUX TUPOKCHUHY 1 TPUHOATUPOHIHY IPO-
BO/IMJIM METOJIOM XEMIJTIOMIHECIEHTHOTO IMYHO-
aHayiza Ha anaiizaropi «Cobase-411» («Roshe
Diagnostics GmbH», Ascrpis) (pedepenthi
gnavenss Bignosigao 0,27-4,20 mxOpn/ma, 0,93-
1,71 vr/nn i 2,02-4,43 nir /man).

Busnauenns piBaiB ATIIO #t ATTT mpoBoanin
METO/IOM XeMIJIOMiHECIIeHTHOTO iIMyHOaHaJIi3a Ha
anasrizatopi «Cobase-411» («Roshe Diagnostics
GmbH», Ascrpist) (pedepeHTHI 3HAUYEHHS BiIIO-
BisHo <34 MO/mai <115 MO /mn).

Busnauenns pisug cAT pTTI mpoBoanmm me-
TOZIOM XEMLJIOMiHECIIeHTHOTO iMYyHOaHaJi3a Ha
anajizaropi «Architect 2000» («Siemens», Hi-
MeuuynHa) (pedepeHTHi 3HAUYEeHHS /15T TO3UTUBHO-
ro pesysbraty >0,55 MO/Mu i 17151 HETAaTUBHOTO
<0,55 MO /mx).

CraTucTUyHU aHaTi3 OTPUMAHNX PE3yJIbTaTiB
MMPOBOJIMJTM 32 METOJIOM BapialliiHOl CTaTUCTUKU
3 obuncienuam t-xpurepito Creiogenra. Cepej-
Hi 3Ha4YeHHs pejcTasiedi sk M+m. Bigminnoc-
Ti BBaykasm Biporigaumu 3a p<0,05. Kopessitiiini
3B’sI3KM MiXK [TIOKa3HUKaMU OI[IHIOBAJIN 32 JIOTIOMO-
roto nmapamerpuunoro metoay Ilipcona.

Pe3syabrati Ta 00roBOpeHHs

I'pyny namientis cranosusm 200 oci6: 193 xin-
ku (96,5%) ta 7 yonosikiB (3,5%). Bik namienTis
KoJIMBaBcs B fiamasoni Bij 11 10 62 pokis, cepe-
Hift Bik ctanoBuB 33,80%0,60 poxis.

[Ipu nocaiprenni pynrkiionampHoTo ctany 113
3's1cOBaHO, 110 €yTUPEO3 MaB Miclle B 57 XBOPHX; Ii-
notupeos (CyOKIiHIYHMIA Ta ssBHMIT i3 piBHeM TTT
>6,0 miOp/1) Bu3HauaBcs B 143 XBOpHX, i3 GKUX
KOMIIEHCAIlisd TIpernapaTaMyu JeBOTUPOKCUHY Maja
mictie B 58 oci6 (miamason TTT — 0,6-4,0 MmO/,
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cepenne 3nauennda — 2,87+0,61 maOn/n), ne-
KOMITeHcallisg rimotupeo3y — y 85 ocib (miamasox
TTIr - 6,1-83,5 maOpn/n, cepenHe 3HaYeHHS
9,75£2,48 maOpu/ ).

[Ipun ananizi BMiCTy aHTUTUPEOIIHUX AHTUTIN
Oysi0 BusiBjieHo, mo piBenb ATIIO 6yB migsuiie-
Huil Gibine Hix y aBa pasu B 148 (74%) xBopux
i craHoBUB, y cepegabomy, 520,26£63,56 MO /M.

[TigBumennii piBeab ATTI crocrepiraBcs B
MEHIIOI KiJIbKOCTi MalliEHTIB — PiBHI, 1110 TIepEeBU-
HIyBaJu BepXHiil pedpepeHc HOPpMATbHUX 3HAYEHD
Gisble Hixk y 2 pasu OyJsio BUsiBIeHO B 67 maiti-
entiB (33,5%). Cepenniii pisenb ATTT B o6¢Texe-
HUX XBopux craHoBuB 293,85+38,16 MO /mur.

Y uvactunu xBopux 3 AI'T BuzHauanuce mijiBu-
meni tutpu cAT pTTI — BusBIEHO MiABUIIECHHS
piBHst cAT pTTT Gisbiie HixK y 1Ba pasu y 24 XBo-
pux (12%). Cepenniii piens cAT pTTT B obcTe-
xKennx xsopux cranoBuB 8,08+3,85 MO /mi. Y
11 mamientis (5,5%) piBui cAT pTTT nepeBury-
Basn 10 MO /M, i3 HUX 7 TaIi€HTiB MaJju TiIo-
Tupeos (63,6%) i 4 manientu — eyrupeos (36,4%).

[3omp0Bane migsumennsa ATIIO mano wmicie B
50,5% mnamientis, ATTT — y 7,5%, a BiACyTHICTb
ATIIO i ATTT -y 6,5%.

3TiZTHO 3 TOCTABJEHOI0 METOI0 IOCTiKeHHS,
MM [POAHATI3YBaJIM PiBHI AaHTUTUPEOITHUX aHTH-
TiJI 3aJIeKHO Bijg TpuBasiocTi 3axBoproBanns 1113
(taba. 1).

He 6yJ/10 BUsIBIIEHO BipOTiIHOI Pi3HMII MiXK PiB-
uamu ATIIO, ATTT, cAT pTTT 3anexuo Big Tpu-
BajiocTi 3axBoptoBatHs (tabu. 1). Pisui ATIIO,
ATTI, cAT pTTT He BimpisHgiuch y Talli€H-
TiB, TPUBAJICTb 3aXBOPIOBAHHS SIKUX CTAaHOBUJIA
1-2 poku TOPIBHAHO 3 MalliEeHTaM", SKi XBOPiJIU
>10 poxis.

Hapnami, 6ysno mpoaHasizoBaHO PiBHI aHTHUTH-
PeoiTHNX aHTUTIJ 3aJIeKHO BiJl (DYHKIIOHAJIBHOTO
crany II13. Isst 1iboro xBopi Gysiu posjiieHi Ha
JIBI TPYIIN — HAIE€HTH, Y IKUX 36epiraBcst eyTupe-
OIJTHUH CTaH i MaIienTu 3 rinorupeo3dom (y crani
KOMIIeHcallii/gekomMneHncaitii). byso mnpoanadi-
3oBano piBHi ATIIO, ATTT i cAT pTTT oxpemo
B KOJKHIW IPyTIi NAIIEHTIB i TPOBEJICHO TTOPiBHSIH-
HS TUTPIB aHTUTUPEOIAHUX aHTHUTLI 3aJI€;KHO Bij
dynkuionaspaoro crany 113 (Tadu. 2).

3’sicoBano, mo y xBopux 3 AIT i eyrupeo-
3oMm, piBai ATIIO konusamucsr Big 0,40 10
9000 MO/ma (memiana — 253,80 MO /w1, cepen-
He 3navenns — 540,14+90,83 MO/mu), ATTT — Bin
0,50 1o 4000 MO/mn (memiana — 108,70 MO/,
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Tabnuus 1. PiBHi aHTUTUPEOIAHNX aHTWTIN 3anexHo Bia TpusanocTi AlT (M+m)

Table 1. Levels of antithyroid antibodies depending on the AIT duration (M+m)

Tpusanictb AlT, poku
AIT duration, years

ATINO, MO/mn
TPOAbs, IU/mL

ATTI, MO/mn
TgAbs, IU/mL

cAT pTTl, MO/mn
TSHrAbs, IU/mL

1-2 (n=68) 598,29+140,27
3-5 (n=55) 569,61+123,99
5-10 (n=44) 442,86+89,39
>10 (n=33) 403,37491,80
p (1-21i 3-5 pokiB) 0,88

p (1-2 and 3-5 years)

p (3-5i5-10 pokiB) 0,43

p (3-5and 5-10 years)

p (5-101>10 pokis) 0,76

p (5-10 and >10 years)

p (1-2i>10 poki) 0,35

p (1-2and >10 years)

263,21+66,28 11,14£5,61
301,38488,71 13,80+12,03
309,33+64,24 0,64+0,14
297,59+75,57 2,60£1,77
0,72 0,83

0,94 0,32

0,90 019

0,75 0,29

lIpumimka. p — 8ip02iOHICMe Pi3HUYI MiX 2pynamu.

Note. p - significance of a difference between groups.

Tabnuua 2. PiBHi aHTUTUPEOIfHUX aHTUTIN y XBOPKX Ha AlT 3anexHo
BiA dyHKUiOHanbHoro ctany L3 (M+m)

Table 2. Levels of antithyroid antibodies in patients with AIT, depen-
ding on the functional state of the thyroid gland (M+m)

pynu xBopux ATIO, ATTI, cAT pTTT,

Patient’s groups MO/mn MO/mn MO/mn
TPOADbs, TgAbs, TSHrAbs,
IU/mL IU/mL IU/mL

AlT, eyTnpeo3 540,14+9083 2869444340  2,65+132

AIT, euthyroidism

(n=57)

AT, rinotnpeos 513,30£74,61 2291744727  3,61£3,07

AlT, hypothyroidism

(n=143)

p 0,85 042 024

cepenne 3HaueHHs — 286,94+43,40 MO /mir), cAT
pTTI — Bix 0,10 mo 251,90 MO/mn (menmiana —
0,5MO /M, cepenne 3Hauenns —2,65=1,32MO /min).
¥ rpymi xBopux i3 rinotupeo3om piBai ATIIO ko-
suBaymch Bim 1,40 no 4000 MO/ma (Memiana —
282,00 MO/mi, cepenne 3HaueHHsi — 513,30+
74,61 MO/mi), ATTI — Big 0,90 mo 1600 MO /M
(meniana — 64,80 MO/mu, cepenHe 3HAUYE€HHS —
229,17+47,27 MO/mi) i cAT pTTI — Bix 0,10 mo
602,40 MO/ma (memiana — 0,30 MO/m; cepenne

snavenns — 3,61+3,07 MO /wmu). He crioctepirasioch
BIPOTiIHOI Pi3HUIII B PIBHSAX aQHTHUTIJ 3aJI€5KHO BiJl
dyukiionanpHoro crany 113 (tabir. 2).

[IpoBenenuii HaMu KOPENSALIAHNN aHai3 BUS-
BUB CJIa0KWil BipOTiHWIT IIO3UTUBHIIT 3B’ 130K MiK
pisusmu ATTT i o6’emom I3 (r=0,15; p<0,05)
(ta6ua. 3). He OyJi0 BCTaHOBJIEHO BipOTiIHUX KO-
pessiiiiHuX 38’3KiB Mixk 00’emom 1113 i piBHsAMM
TTI, ATIIO i cAT pTTT.

TakuMm 4yMHOM, pe3yJbTaTH MOCJiXKeHHS J10-
3BOJIMJIM BCTAHOBUTH, 10 B 74% xBopux Ha AIT
piBeab ATIIO, saxuil € HAIBarominion 03HAKOIO
AIT, 6yB nigsuinenuii 6iibine nix y asiui. Iligsu-
meHuit 6isbire HiXK y aBa pasu pisenb ATTI cro-
crepiraBest B 33,5% xBopux. 30ibllleHHS PiBHS
cAT pTTT 3adikcosano y 24 xopux (12%). byio
BcTanoByieHo, 1o piBai cAT pTTI y mamientis
3 AIT 6ymu 3nauno migsumieni (>10 MO/mi) B
11 narmientiB (5,5%), i3 HUX — 7 Mali€HTIB MaJK
rinotupeo3d (63,6%) i 4 mamieHTH — eyTUPeo3s
(36,4%).

Braxaerbcs, mo pisai antutia npu AIT mo-
JKYTb 3MIHIOBAaTUCS 3aJI€KHO Bijl TPUBAJIOCTI XBO-
po6u. Ha mouarky 3aXBOpIOBaHHS PiBHI aHTHUTLI,
takux ax ATIIO ta ATTI, 3asBuuail BUCOKi, a 3
yacoM, y Mipy IporpecyBaHHs 3aXBOPIOBAHHS i
PO3BUTKY TITIOTUPEO3Y, PiBHI IIUX AHTUTIJ MOXKYTh
3HMKYBATUCh, X04a B JIESIKUX IAI[iEHTIB BOHU MO-
JKYTh 3aJIUIIATUCS BUCOKUMU TPOTSTOM HaraThbox
pokiB [18, 19]. Ha mporuBary 1pomy, mpoBejieHe
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Tabnuua 3. KoediuieHTn Kopenauii mMixx Bikom xBopux, pisHammn TTT,
ATTT, ATMO, cAT pTTl 1a 06’emom L3

Table 3. Correlation coefficients between the age of patients, levels of
TSH, TgAbs, TPOAbs, TSHrAbs and the thyroid volume

kK TIT ATTT  ATNO

MNMoka3Huku B CATpTTT O6’em L3

Indicators Age TSH TgAbs TPOAbs TSHrAbs Thyroid
volume

Bik 1,00 008 -001 -009 0,00 -0,13

Age

T 008 100 -008 006 -0,01 0,03

TSH

ATTT -001 -008 1,00 -0,06 0,00 0,15%

TgAbs

ATMO -009 006 -006 1,00 013 0,13

TPOADs

CAT pTTl 000 -001 0,00 0,13 1,00 0,03

TSHrAbs

O6eml3 -013 003 0,15¢ 013 0,03 1,00

Thyroid

volume

lpumimka. * koegpiyieHm kopenayii Ha pigHi 3Hadyujocmi p<0,05.

Note. * correlation coefficients at the significance level of the p<0.05.

HaMU JIOCJI/[PKEHHS TPOJIEMOHCTPYBAJIO BIJICYT-
HicTh BiporigHoil pizuuii Mixk piBuamu ATIIO,
ATTT, cAT pTTT 3amesxHo Bifi TPUBAJIOCTI 3aXBO-
proBaHHs. PiBHI aHTUTIN He BiAPI3HAIUCH y TIalli-
€HTIB, TPUBAJICTh 3aXBOPIOBAHHA IKNX CTAHOBUJIA
1-2 pokm TOPIBHSAHO 3 MaIliEHTaMU, SKi XBOPiaH
>10 poxkiB.

TakuMm yMHOM, Ha TPOTUBATY AOCTIKEHHIM,
SIKI TIOKa3YI0Th, IO iICHYE TEHIEHIIIA /10 3HUKEHHSI
PiBHSI QHTWUTIJI IPU TPUBAIiil XBOpoObi, Halle J0-
CJIIJIPKEHHST JIEMOHCTPYE, MO CKOpIIlle 11e He € YHi-
BEPCAJTbHUM TPABUJIOM 1 PiBHI aHTUTIJI MOXKYTh
BapifoBaTH 3aJI€5KHO Bijl IHAWBIAYyaIbHIX 0COOIN-
BOCTeU TalfienTa.

Piui antutin mpu AIT, 3oxpema ATIIO Tta
ATTT MoOXyTh MEeBHOIO MipOI0 3ajekaTh Bij
(ynkmionambraoro crany I3, ane 1eii 38’430k He
€ 0/IHO3HAYHUM. BBaskaeTbcst, 10 3i 36iJbIneH-
HSIM TPUBAJIOCTI XBOPOOU Ta IPHU IIPOTPeCcyBaHHi
rinoTupeosy, piBHI aHTUTIJ MOXKYTbh 3HUKYBATH-
cd, ajie 1ie 3aJIeKUTh BiJl IHAUBIAyanbHOT peakilii
opraHiamy. TakuM 4YMHOM, X04a iICHY€ KOpeJIsIisg
MiK PIBHSAMU aHTUTIJ 1 DYHKITIOHAJIBHUM CTAHOM
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113, BoHa He € CTPOro JiHiiiHO© abo IPOTHO30-
Banoio [20].

OTpumani HamMu pe3yabTaTH [OCJIiJKEHHS
JIEMOHCTPYIOTh BiJICYTHICTh BipOTi/IHOI PI3HUITI
B PIBHAX aHTUTHUPEOIAHUX AHTUTLI 3aJ€KHO Bijl
dyukiionanapaoro crany 113. He 6yJio BusiBieHo
Biporiznoi piguuti mix piBasamu ATIIO, ATTT i
cAT pTTIy xBopux Ha AIT.

Bizomo, mo cAT pTTI uacrinte acoitiroioTbest
3 XTI, a e 3 AIT. [Ipore B nedkux Bunajkax y ma-
mienTis 3 AIT Takox MOXyTb OyTH BHSBJEHI IIi
AHTHTIA, Xo4ya Ie TPANISETbCA 3HAYHO Pijie.
Taxk, 3arasom, 3riHO 3 PIBHUMHU IOCTIKEHHIMHA,
Bizicotok nanienTiB 3 AlT, y sxux BugBmisitorb cAT
pTTTI, Bapitoe Bix 5% no 15% [21-23]. ¥ namomy
nocauipkenni nigsunienas pisas cAT pTTT cro-
crepiranock y 12% marmientis. Bapro 3aznauntu,
110 HASBHICTh IMX aHTUTII He 0O0B’SI3KOBO CBiJl-
YUTH PO KJIHIYHO 3HAUYYIIUH TUPEOTOKCHUKO3.
Hareriep icHytoTh 0Ka3u TOTO, MO Pi3Hi hopmu
pertenitopa TTT yckaaHIOIOTh IMYHHY BIiJIITOBiIb
Ha aHTUTEH, KWW y MaIliEHTIB 3 aBTOIMYHHUM 3a-
xBopioBanusaM [I[3 renepye peaxiiito aBTOaHTH-
Tist i3 kisbkoma tumamu cAT pTTT [24]. ¥V Tpy-
mi obcrekennx Hamu xBopux piBHi cAT pTTT
>10 MO/mn manu mictie B 11 mamienTis, i3 SKux
7 nanientiB Masu rinotupeos (63,6%) i 4 narien-
TH — eyTUPeOo3. 3 OTJISAY Ha OTPUMaHi pe3yJibTa-
TU MO’KHA TIPUITYCTUTHU, IO BUCOKUI piBeHb cAT
pTTT Mosxe pu3BeCTH 10 «CUHPOMY Tiepexpec-
Ta» 3 PO3BUTKOM THPEOTOKCHUKO3Y YU PO3BUTKY
TUpeoix-acoriiioBanoi opbiTonarii, ajze 04eBUHO,
10 JIJ18 BiAITIOBi/i HA 1le TUTaHHS HeoOXinHa Oijb-
1ma KiJbKICTh TOCTi/IPKEHb.

[Tomryk npuauH po3suTKy 300a ipu AIT, cripu-
SIB NPOBEJICHHIO HU3KU AOCJI/KEHb, B SKUX BU-
BUAJINCH KOPEJAIIHI 3B’A3KU MiXK PiBHAMU aH-
TuTUpeoigHux aHTuTi Ta o6’emom II[3. Tpeba
3a3HAYUTH, 1[0 PE3YIBTATH MOMIOHUX JOCIIIKEHD
JIOCUTH CYTIEPEUJINBI — OJ[HI aBTOPU TiJTBEPIKY-
I0Tb HAsIBHICTHb MPSMOI KOPEJAIlil MiK pPiBHAMU
AHTUTUPEOiHUX auTuTia i podmipamu 1113 [25],
a iHmI crpocToByIOTH [26]. [IpoanasniszyBasiim Ko-
pemsaii mixk piBaamu ATIIO, ATTT, cAT pTTT i
06’emom 1113 B HamMX NAEHTIB, MU BUSABUJIN
NPSAMUIL KOPeIsIiiiHuii 38’ 130K Mix 006’emom 1113
ta pieaem ATTT (r=0,15, p<0,05). He Busiieno
Kopesiii Misk 06’emom 1113 ta pisasamu ATIIO i
cAT pTTT.
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10.

BucuoBku

. ¥ xBopux Ha AIT crnocrepiranucs miaBuineni

pisai ATIIO (74% sunankis), ATTT (33,5%)
i cAT pTTI (12%). I3omboBane migBuUIIEH-
Hst ATTIO 6ynio B 50,5% martientis, ATTT — y
7,5%, a Bincytnictb ATIIO i ATTT —y 6,5%.
He BusiBjieHO BipOrijiHOT Pi3HUIL MiXK PiBHAMU
ATIIO, ATTT i cAT pTTT 3anesxxno Bij TpuBa-
JIOCTI 3aXBOPIOBAHHS — PiBHI aHTUTIJI He BiJl-
PI3HAJINCH Y TAII€EHTIB, TPUBATICTh 3aXBOPIO-
BaHHS JKUX cTaHOBUJA 1-2 pOKM TOPIBHSAHO 3
naiieHTamu, siki xopisi >10 pokis.

PiBeHb aHTUTUPEOITHUX AHTUTLI, Y TOMY YUCJTi
it cAT pTTT, He 3anexuTtsh Bifi PyHKIIOHATBHO-
ro crany II[3, mo mMoske BkazyBaTu Ha Te, 1110
«CUHJIPOM IlepexpecTa» MOXKe PO3BUBATHUCH i B
MAIi€EHTIB i3 TiTOTUPEO3OM.

. BcranosseHo BiporiiHuii npssMuii KopeJsiiii-

Hull 38’130k Mixk piBasiMu ATTT i 06’emom 1113.
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Cnucok ckopoyeHb

AIT — aBToiMyHHUIT TUpEOIAUT

ATTT — anrtuTijiia 10 THPEOTJIOOYITiHY

ATIIO — anTuTiNA 10 THPEOTIEPOKCHUIA3T

cAT pTTTl — cTumymiofodui aHTHTIIA 0 pelenTtopa THpPeo-
TPOITHOTO TOPMOHY

TX — tupeoinut XammmoTo

XT — xBopoba I'peiisca

I3 — mwuronoxibHa 3au03a

267



ISSN 1680-1466" EHOKPUHOJIONA 2024, TOM 29, N 3

OpwuriHanbHi OCHIAKEHHSA

The content of antithyroid antibodies in
patients with autoimmune thyroiditis and their
clinical correlations

Yu.V. Buldygina, A.H. Haletska, H.M. Terekhova,
V.M. Klochkova, Yu.l. Belyakova

State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the NAMS of Ukraine»

Abstract. The relevance of the study is primarily due to the fact that
the frequency of autoimmune thyroid diseases (AITDs), which include
autoimmune thyroiditis (AIT) and Graves' disease, has increased sig-
nificantly in recent decades, and AIT is the most common thyroid
disease, the frequency of which is 0.3-1.5 cases per 1000 people. Re-
cently, when observing the course of thyroid gland disease, clinicians
often encounter the «crossroads syndrome» — a condition where one
autoimmune thyroid disease is «changed» by another with a change
in its functional state — from hypothyroidism to the development of
thyrotoxicosis and vice versa. It is obvious that there is a cross-change
of antithyroid antibodies, which changes the functional state of the
thyroid gland, but the triggering factors and pathogenetic mecha-
nisms of this process have not yet been sufficiently studied. The aim
was to study the levels of Thyroid Peroxidase Antibodies (TPOADs),
Thyroglobulin antibodies (TgAbs) and the TSH receptor antibodies
(TSHrAbs/TSI) in patients with AIT and their correlation with the dis-
ease duration and the functional state of the thyroid gland. Material
and methods. The research was carried out at the State Institution
«V.P. Komisarenko Institute of Endocrinology and Metabolism of the
National Academy of Medical Sciences of Ukraine» using clinical,
laboratory, and statistical methods. The group of patients consisted
of 200 patients with AIT, among whom there were 193 women and
7 men; the average age of the patients was 33.80+0.60 years. In the
study, the levels of TPOAbs, TgAbs, and TSHrAbs/TSI in patients with
AIT were analyzed depending on the disease duration and the func-
tional state of the thyroid gland (euthyroidism and hypothyroidism).
Results. It was established that the level of TPOAbs, increased by two
times compared to the upper reference of normal values, occurred
in 74% of patients with AIT, TgAbs — in 33.5%, TSHrAbs - in 12% of
patients (simultaneously with an increase in the level of TPOAbs). An
isolated increase in TPOAbs occurred in 50.5% of patients, TgAbs in
7.5%, and absence of TPOAbs and TgAbs in 6.5%. No significant differ-
ence was found between the values of TPOAbs, TgAbs, and TSHrAbs/
TSI depending on the duration of the disease - the levels of antithy-
roid antibodies did not differ in patients whose disease duration was
1-2 years compared to patients who were ill for more than 10 years. It
was also found that the levels of TPOAbs, TgAbs, and TSHrAbs/TSI did
not depend on the presence/absence of hypothyroidism, which may
indicate that the «crossover syndrome» can also develop in patients
with hypothyroidism. A weak positive correlation between TgAbs lev-
els and thyroid volume was established.

Keywords: thyroid gland, autoimmune thyroiditis, thyroglobulin an-
tibodies, thyroperoxidase antibodies, thyroid stimulating hormone
receptor antibodies, hypothyroidism.
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JleKoUMTapHNIA CKNAJ KPOBI & e
Ta iHaeKc 3ananenna BHIT e
(BINHOLLIEHHA HeuTpodinis

10 NIMCOLMTIB) Y XBOPUX I3
BrEpLLE BUABEHUM LIYKPOBUM
niabetom 2-ro Tuny 3 pisHUM
IH1IEKCOM MacH Tina Ha T

NOCTKOBIAY

LY «IHcTUTYT eHgoKpuHonorii Ta 0bmiHy peyoBuH im. B.M. Komicaperka HAMH Ykpainu»

Pestome. [aHaemia KOPOHaBIPYCHOT XxBOPOOK rNobanbHO BI/IMHYA Ha 3[0POB'A IO B yCbOMy CBITI, 30Kpema
7 Ha eHOoKpUHHY cucTemy. Ceperl eHOOKPVHHMX 3aXBOPIOBAHb OfHUM i3 HAWMOWWPEHIWNX € LyKPOBWI AiabeT
(LUA). TobanbHe apamaTiuHe 30inblUEHHA 3aXBOPIOBAHOCTI Ha LIl y CBITI Ha CbOroAHiWHIN feHb Habyno xapakTepy
HeiHdekUiMHoT naHaemil. OTpumaHi Hapasi AaHi niaTBepmKytoTs, Wo npu aebioti L 2-ro tuny (L2) B nocTkosigi
MaloTb MiCLie 3HaUHI MOPYLIEHHA BPOMAKEHOTO Ta afianTUBHOTO IMYHITETY, WO AMKTYE HEOOXIAHICTb HEBIAKNAAHOrO
BUBYEHHA | MMOUHHOMO GYHAAMEHTANbHOMO PO3YMIHHSA 3aranbHol NaTodizionorii Ta KNiHIKO-IMyHOMOMYHKX 3aKO-
HOMIPHOCTEI MOCTKOBIAHOrO MaToreHesy y xBopux i3 gebotamu L2 3 pi3HuM iHaekcom mMack Tina (IMT), wo noten-
UiHO BM3HaYa€e BMOIp TepaneBTUYHOI CTPaTeri B L€l KaTeropii xBopuix. He3Baxatoum Ha BeNMKIMIA 0bcAr nybnikawii,
npuceaueHnx noeaHaHH COVID-19 1 L2, ui nocnigkeHHA nepesaxHo bynu BUKOHaHI y xBopux Ha LIJ12 3 pizHumMY
TepMiHaMV 3aXBOPIOBaHHSA. BoHouac aaHi nybnikallii, Woao nerkouuTapHoro cknagy, iHaekcy 3ananeHHs BHIT (Bia-
HOLUEHHA abCOMIOTHOI KiNbKOCTI HENTPOGINIB A0 abCONTHOT KinbKoCTi niMdouuTi) y nepudepunynin kposi (MK) v
XBOpWX i3 flebtoTom LI[12 B nocTkoBiagHOMY nepiofi BKpai obmexeHi Ta cynepeunusi. Malixe BiacyTHaA iHdopmaLlis
MPO B3aEMO3B A30K MiXK CUCTEMHUMM MapKepami 3amaneHHaA Ta NokasHyKamy IMT y xBopux i3 BNepLe BUABNEHWM
|12 B nocTkoBigHOMY nepiofi. Takvim YvHOM, OCHOBHOIK MEeTOI pOOOTY CTano AOCIIKEHHA 3arafbHOT KinbKoCTi
NenKoumTis, NenkoumTapHoro cknady MK Ta iHoekcy 3ananeHHsa BHIT y xeopux i3 Bneplue BuasneHM L2 3 pisHim
IMT Ha Tni nepeHeceroro kogizy. PesynbraTtu. [lo nocnimkeHHs Oynu 3anydeni 98 xsopux i3 nediotom LI12, wo sia-
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OyBCA NPOTAroM 3 MICALiB NicNA NnepeHeceHoro KoBify 3 pisHumM IMT Ta 94 xBopux i3 aebotom L2 3 pisHum IMT
i3 MaHidecTali€lo 3aXBOPIOBAHHA B A0NaHAeMIUHNIA nepiof. [pynu MOPIBHAHHA CTaHOBWAN 93 HOPMOTIKEMIYHYIX
0Cib NicNA NepeHeceHoro KOPOHaBIPYCHOMO 3aXBOPOBaHHSA 3 Pi3HUM IMT Ta 88 HopmMornikemiuHWx i3 pisHM IMT
6e3 KoBifly B aHamHe3i. BcTaHoBMeHo, Lo AnA xBopwix i3 Aedbotom L2 3 pisHMmM IMT B NoCTKOBIAi NOPIBHAHO 3 XBO-
pvimMi 3 BnepLue BuAsneHnm L2 3 pisHum IMT B AOKOBIfi XapakTepHi BipOrifHi 3HauHW nerkoLmTos (NinBrLLeHHS
3aranbHOl KiNbKOCTI nenkouuTie Maxe y 1,5 pa3a, p<0,001), HelTpodinbo3 (NiaBMLIEHHA abCOMOTHOI KiNbKOCTI
HenTpodiniB Marxe y 2 pasu, p<0,001), MOHOLMTO3 (NiABMULLEHHA aBCOMNOTHOT KINbKOCTI MOHOLMUTIB Malixe y 2 pasiu,
p<0,001), nimboumTtoneHis (3MeHLWEHHA BIAHOCHOT KinbKOCTi niMdoLmMTiB Marxe y 2 pasu, p<0,001) Ta NigsuLIeHHA
iHAaeKcy 3ananeHHa BHIT Ginblue Hix y 2 pasu (p<0,001), WwWo CBigunTb NPo CymapHe NiABULLEHHS PIBHA CUCTEMHOMO
3aManeHHa y xsopux i3 aebrotamu L2 nicna nepeHeceHOro KOPOHaBIPYCHOrO 3aXBOPIOBAHHSA. 3 METOK TOUHILIOTO
3'ACYBaHHA BNAVBY 3HauYeHb NMokasHwikie IMT y xBopuix i3 gedtotom LIJ12 3 piHum IMT B NOCTKOBIAi Ha CTyneHi 3MiH
y neKouMTapHOMy CKnagi KpoBi, rpynu XBopwx i3 aebrotom LIJ12 8 ao- Ta nocTKosidi 6ynu noaineHi 3anexHo Big
3HayeHb IMT Ha yotmpw nigrpynu: 1) i3 HopManbHUM IMT (<25,5 kr/m2); 2) IMT Big 25,5 0o 29,9 kr/m% 3) IMT Big 30
00 34,5 kr/m% 4) IMT >35,0 kr/m2 BcTaHOBNEHO, WO NPOrpecyrodi, 3anexHo Big 3HadeHb IMT, nenkoyntos, Hel-
TPodinb0o3, MOHOLUMUTO3, NiMdOLMTONEHIA Ta NifBULLEHHA iHAEKCY BHIT 6ynu xapakTepHi ans BCi€i KOropTU XBOPUX
i3 nedotom LIJ12 B NOCTKOBIAi NOPIBHAHO 3 XBOPKMU 3 Brieplue BusBneHuM LIJ12 B AOKOBIA|, y AKMX NeKkoumuTos,
HEMTPOdINBbO3, MOHOLMTO3 Ta NiaBMLieHHs iHaekcy BHIT cnocTepirany nuile y xBopwix i3 Bnepuue BuasnexHnm L2
3 IMT >30,0 kr/m2, a BinHOCHa NnimdoLmToneHin (p<0,001) byna nputamaHHa Tinbku xBopwm i3 L2 B gokosiai 3 IMT
>35,0 kr/m2. [opibHI 3MiHN NeiKoUMTapHOTO CKAaay, Wo Oynv BuABneHi y xBopux i3 aedotom L2 3 pizHum IMT B
NOCTKOBIf, ane MeHL 3HauyLyi, CnocTepirany # B HOPMOriikeMiuHux ocib i3 pisHumM IMT B nocTkoBigi Ta Gynu 30-
BCIM BiACYTHI B HOPMOriKeMiYHYX OCib i3 pi3Hum IMT B AOKOBIA, WO CBIAYMTL MPO KMIOYOBE 3HAUEHHS 3MiHEHOro
NOCTKOBIAHOIO CTaHy iMyHiTeTy B natoreHesi aebioty LI12 y xBopwix i3 pizHum IMT nicna nepeHeceHoro KOPoHasi-
PYCHOrO 3aXBOPIOBaHHSA. BUCHOBKM. 3MiHV B NeKOUMTapHOMY CKNafi, a Came PiBeHb NENKOLMTO3Y, HEMTPOdINbo-
3y, MOHOLMTO3Y, NimbouuToneHii Ta 3HaueHb iHaekcy BHIT y xBopuix i3 gebiotom LI[12 3anexatb He TinbKu Bif 3Ha-
yeHb IMT, ane 1 3yMOBIeH CUCTEMHMM 3anasbHUM CTaHOM MOCTKOBILHOMO T4, WO NIACKIIOE XPOHIUHE 3ananeHHaA
HW3bKOTO CTYMeHs, ke CTaHOBWTb NaToreHeTUYHW 6asnc aebtoty LIJ12. Buasnexi Hamm 3miHW B nelikouMTapHOMY
cknafi y xsopux i3 aebotom L2 3 pizHum IMT B8 NOCTKOBIAHOMY NepioAi MOACHIOITb ABOCTOPOHHIl 3B'A30K MiX
L2 i KopOoHaBipyCHUM 3aXBOPIOBAHHAM Ta 3yMOBIIOIOTL CTPaTeriyHmiA BUOIP NOAANbLIOT NaToreHeTMUHOT Tepanii
L€l KaTeropii XxBOPMX.

KniouoBi cnoBa: LiyKpoBWii f1iabeT 2-ro Tvmy, KopoHaBipycHa xBopoba, iHAEKC MacK Tina, MyHITeT, nelikounTapHui
CKnaj KpoBi, BinHOWeHHA HenTpodinis Ao NiMdoumTiB.

[Lykposuii miabet 2-ro turny (11/12) — € ogaum i3
OCHOBHMX HeiH(EKIINHUX 3aXBOPIOBaHb y CBITI Ta
BBA/KAETHCS BaKJIMBOIO TIPOOJEMOIO TPOMaICHKOTO
snopoB’st [1]. Tanmemist KOopoHaBipyCcHOI XBOpOGH
2019 naksanacs Ha BKe ICHYIOUI TTaHIeMii OKUPiH-
Ha ta [1J12. Ockinbky indexiis COVID-19 aminioe
MeTaboJIiuHy piBHOBAry, BOHAa MOKe iHIyKyBaTh
natodiziostoriuni MexaHi3Mu, SIKi IMTOTEHIIOITH Je-
6roru I1/12 B mocTkoBiarOMY tiepiofi [2, 3]. Ocranni
JIOCJIJIKEHHST CBilYaTh PO IBOHAIIPABJIEHY B3aEMO-
nito mix [1J12 ta COVID-19 [3]. Hemonasni nociri-
JUKEHHST TAKOK IEMOHCTPYIOTh, 10 JIEHKOIUTapHUN
CKJIaJl KPOBi, TOOTO, 3arajibHa KiJIbKICTh JICHKOIIN-
TiB, JIMGOIUTH, HERTPODIIN, MOHOIIUTH Ta iHIEKC
sananenns BHJI — mokasHuK 3amnaabHOI BiIIOBIi/I,
O € CITiBBITHOIIEHHAM HEUTPOMITIB i TiM(pOIUTIB,
3a3HaOTh 3MiH mmi yac aebory I1J12 3 pisaum IMT
B mocTKOBizti [4]. 36iabmiennss BHJI y martienTis i3
[1/12, #imoBipHO, CBiIUUTH TIPO 3amajibHUN (HyH/a-
MeHT 3axBopioBaHHs. Baskimsicth nokasuuka BHJI
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SIK 3aMaJIbHOTO (haKTOPa 3POCTAE SIK Bifl 3MEHIICHHS
KLIBKOCTI J1iM(DOIUTIB, TaK i Bij 30L/IbIICHHS Kijib-
kocti Heirtpodinie [5]. HasBuicts HammImkoBoi
Macw Tisia abo oxxupinss Ha i COVID-19 € Baskm-
BUMU YMHHUKAMU PU3UKY TPO3aNajbHOI BiIIIOBI/I
SIK Pe3yJIbTaT 3MiH JIEHKOIUTAPHNUX XapaKTePUCTUK
CKJIQJLy KPOBI, SIKi MOXKYTb CHPHUSTH BUHUKHEHHIO
[1/12. 3armaseHHd HU3BKOTO CTYTIEHS BiJlirpa€ 3Hay-
Hy poiab y marorenesi 11/[2, 3okpema B po3BUTKY
IHCYJTIHOPE3UCTEHTHOCTI, TIOB’SI3aHO1 3 OXKUPIHHAM
[6]. JTtou 3 cymyTHIME 3aXBOPIOBAHHSIMH, BKJIIOYA-
109N OKUPIHHS, & TAKOXK JIFO/IN TIOXUJIOTO BiKY 3 HAJI-
JIUTITKOBOIO MACOIO TiJIa, MAOTh BUCOKHI PU3UK PO3-
BUTKY 3arOCTPEHHST 3allajIbHOI Peakilii, OB’ sI3aH01 3
COVID-19, mo npusBoauts /10 maridecrarttii [1/12 B
nocTKoBigHOMY Tiepiozi [ 7]. [Ipumnyckaernes, 1o ic-
Hy€ 0e3J1i4 CUTHAJIbHUX IUISXIB, SIKi € Bi/IIOBi1aIh-
HUMU 32 PO3BHUTOK IIYKPOBOTO [iabeTy, CIpudYnHe-
noro COVID. 3rizno 3 6araTbMa JOCTIKEHHAMHU,
BipyC TaKO MOIIKOMKYE OeTa-KIITUHU OCTPIiBIIsS
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Jlanrepranca [8]. Ile Mmoske cripusiTH MOSICHEHHIO T10-
PYILIEHHSI PeryJisiiii ToMeocTasy IJIIOKO3H, SKe CII0-
crepiraeTbes B naitientis i3 COVID-19, mo noren-
IiiTHO MOJKe CIIPOBOKYBATH JEGI0TH I[yKPOBOTO [lia-
6ety. TakuM YMHOM, iICHYIOTH BipOTiHI MeXaHi3Mu
MPUYMHHO-HACTIAKOBOTO 3B’s13Ky Mixk COVID-19
i HemogasHo JiarnoctoBanuM 11/12, o 3ymoBioe
HeoOXiHICTh CKpUHiHTY Ha HasgBHicTb 11/[2 y xBo-
pUX, sIKi TIepeOyBaoTh y MOCTKOBiHOMY Tiepioi [4,
9]. Sk Oys0 Bke OOTPYHTOBAHO TIOKA3aHO B Il
HUBII IOCII/PKEHb 1010 CTaHY IMYHITETY Y XBOPUX
i3 Bepuie BusiBiienuM [[/[2, y xBopux i3 geboramu
[1/12 BuzHAUA€ETHCS TOCTOBIPHE TTi/IBUIIEHHS 3arajTh-
HOI KUJTBKOCTI JIHKOTINTIB, HEWTPO(DIiTiB, MOHOITUTIB
ta ingekcy 3ananennss BHJI [10]. IIpote 11 nocai-
JKeHHs1 OyJI BUKOHAHI Y XBOPHUX JI0 MOYATKY TTaH-
nemii COVID-19 i BiyizepraioBaivi iMyHOJIOTIUHY
kaptuny ae6iotis 11/12 1ie 10 BIUIMBY KOPOHABIpyCy
Ha CTaH IMYHHOI CHCTEeMH, IO CYIIPOBOKYBATIOCH
Manidecrariero [1/[2 B maiienTiB y MOCTKOBIIHII
nepiog. He3Baxkaioun Ha jyke BeJMKUN 0OCST 1y-
6uaikartiii, npucssguennx noexananHio COVID-19 i
I1/12, i pocuimskenHst Oy BUKOHAHI Y XBOPHX Ha
[I/12 3 pisHumMu TepmiHamu 3axBopioBaHHs. BoaHo-
vac myOJriKaliii, Mmoo JEHKOMTapHOTO CKIIaLy, iH-
nekcy 3ananentss BHJI B ITK y xBopux i3 mebrotom
[I/12 o npusHaueHHS IyKPO3HUKYBAJIBHOI Tepartii
y XBOPHUX y MTOCTKOBIZIHOMY TIepioi BKpail oOMeske-
Hi Ta cynepeusinBi. Takox, Helo1aBHi TOCTi/IXKeHHS
TTOKa3yIOTbh, IO JIEMKOIUTaPHUI CKJIaJ] KPOBi, a came
3arajibHa KiJIbKICTh JIEHKOIUTIB, HEUTpOMian, MO-
HOIUTH, JiMGOoIUTH Ta iHAeKc 3anaieHHd BHJI 3a-
3HAIOTh 3MiH Y XBOpHX i3 feboTom 11/12 stk i yac
KOBIJLy, TaK 1 B TIOCTKOBIJIHUI TIePioJl, 9K Y XBOPHUX i3
Briepiiie BusiBienuM [1/[2 3 oxupinHsam, Tak i XBo-
pux i3 gebrotom I1/12 6e3 HaAIMIITKOBOI MacH TiJia.
Maitxe BimcyTHa iH(MOpMAIliS TTPO B3aEMO3B’SI30K
MiK CHCTEMHUMY MapKepaM# 3arfajJeHHs Ta MTOKa3-
Hukamu IMT y xBopux i3 Briepiie Busissiienum 11712 3
HAJTUIITKOBOIO Baroto abo OKUPIHHSAM y MOCTKOBI/I-
HOMY niepiofi. TakuM YMHOM, OCHOBHOIO METOI0 PO-
GOTH CTAJIO TOCIKEHHSI 3araibHOI KiJTbKOCTI Jiefi-
KOIMTiB, Jiefikorurapuoro ckiaxy 1K Ta inmekcy
3ananenns (BHJI) y xBopux i3 Briepiiie BUSIBJIeHUM
/12 3 pizaum IMT micsig mepeHeceHOTo KOBILY.

Marepias i MeToIu
YV nocnipkenns OGyau samydeni 98 xBopux i3

Buepmie Bussaenum [1/]2, ski mepexBopisum Ha
COVID-19 i3 pizaum IMT ta 94 xBopux i3 1e610-

toMm I1/12 3 pisnum IMT i3 manicecrartieio 3axBo-
pIOBaHHS B IOMAHIEMIYHNN TIEPioI.

Ipymut GyJsiu 3 PiIBHOMIPHUM TEHIEPHUM PO3IIO-
JIIJIOM Ta He MaJii B aHaMHe31 ceplieBo-Cy/IUHHUX,
OHKOJIOTIYHUX Ta iHIIUX CUCTEMHUX 3aXBOPIOBAHb.
Ipynu mopiBHgHHSA cranoBuwn 93 HOpPMOTTiKe-
MivHuX Jrozieit i3 pisaum IMT tmicns nepeneceno-
ro0 KOPOHaBIPYCHOIO 3aXBOPIOBaHHS Ta Ipyla i3
88 HopMmorsikeMiuHux ocib 6e3 JOCTOBIpHO mepe-
HECEHOTO KOPOHABIPYCHOTO 3aXBOPIOBaHHS, IO
Oysia HabpaHa B JOKOBIAHUI Hepiol, CKaaganacs 3
HOPMOTJIIKeMIYHUX 3/10pOBHUX 0ci6 i3 pisum [MT.
3anexno Bin Besmunau IMT rpymm xBopux i3 ze-
6totom IT1JI2 1 rpymu HopMorikeMigvHUX 0cib Gyn
po3aisieHi Ha 4 TMATPYIN, 10 BKIAOYAIN TOCTIKY -
BaHuXx i3 pisaum IMT. Tpyma narienTis i3 gebrotom
/12 B noxosiguuii nepiox: 1) i3 Hopmagbaum IMT
(<25,0 kr/m?) — 25 manientis; 2) IMT Bin 25,0
1o 29,9 kr/m? — 23 mnanientn; 3) IMT Big 30 mo
349 kr/m? —25 martientis; 4) MT Bume 35,0 kr/m® —
21 mnamient. Ipyna mnarientiB i3 mebiorom I[/]2
micas mepeHeceHoro kosimy: 1) i3 HopmaabHUM
IMT (<25,0 kr/m?) — 22 naunientu; 2) IMT Big
25,0 no 29,9 kr/m? — 27 mamientis; 3) IMT Big
30 no 34,9 kr/m* — 26 namientis; 4) IMT Buie
35,0 kr/m? — 23 narienTtu. Ipyna HOpMOTTiKeMid-
HUX JIIOJIeN TTicJIsl TIePeHeceHoro KOPOHABIPYCHOTO
3axBoproBaHHs 3 pisiuM [MT: 1) i3 HOpMaBHUM
IMT (<25,0 kr/m?) 23 moauny; 2) IMT Big 25,0 1o
29,9 kr/m?— 25 mopeit; 3) IMT Bix 30 no 34,9 kr/m?
— 24 moaunn; 4) IMT Butie 35,0 kr/m? — 21 moanHa.
IpymnasopmorikemivHuX JTfozeii i3 pisaum IMT 6e3
JIOCTOBIPHO IePeHeCeHOr0 KOPOHABIPYCHOTO 3aXBO-
proBanHs1, TOOTO ska OyJia HabpaHa B IEPEAKOBi-
Huit iepiof: 1) i3 Hopmanbaum IMT (<25,0 kr/m?)
21 mopuna; 2) IMT Big 25,0 mo 29,9 xr/m> —
24 mopunn; 3) IMT Bix 30 no 34,9 xkr/m? — 23 Jio-
muan; 4) IMT Burie 35,0 kr/m? — 20 Jroeii.

[Hpexe Macu Tia BU3HAYaIM SK CITBBIJIHOIIEH-
Hs TIOKa3HUKIB Macy TiJla B KT' /10 KBaJpaTy POCTY
B MeTpaxX. 3a 3arajbHO NPUUHSTHOIO MiKHapOJ-
Hoto kiacudikariieio nmokasunku IMT mix 18 Ta
24,9 xr/m? BHW3HAUYAIOTh SK  HOPMaJbHi, BiJ
25,0 10 29,9 kr/m? — TMOKa3HUKKM HAAMIPHOI Macu
tima, 30,0-34,9 xr/m?> — oxupinas 1 crynens,
35-39,9 kr/m? — oxupinns 2 crynens, 40 kr/m? i
BuIIe — oxkupiass 3 crynensd. /liarnos [1/12 Bctanos-
JIIOBAJIN 3TiZTHO 3 PEKOMEH/IAIISIMU AMEePUKaHChKOI
miaberosoriunoi acomiari [11]. PiBeHb r1iko3mibo-
BAHOTO TEMOIJIOOIHY, X0JIECTEPHHY, JITIOIPOTEIIiB i
TPUTJIIEPU/IIB BU3HAYAIN HaTIle GIOXIMIYHUM Me-
TOJIOM 3a JIOIIOMOTrOI0 aBTOMAaTUYHOI'O aHali3aTopa
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Humma Star 600 (Himeuunna). Cucromiuamii Ta fia-
cromiunnii aprepiambiuiit Tck (CAT Tta JIAT) — Ha
apromarnaaomMy ToHometpi UA778 (Anonis), 3riaHo
3 pekoMeHzaiigMun AMepukancbkol Kapionorigaaoi
Acouianii (ACC/AHA).

3aranbHy KinbKicTb jefikonuTiB y [TK BusHavanmm
3a JI0IIOMOT0I0 FeMaTOJIOT YHOTO aHaIi3aTopa, a Jieii-
KOITUTAPHUIT CKJIAJT — SIK 32 JIOTTOMOTOT0 aHaJIi3aTopa,
Tak i B MasKax KpoBi, modapboBanux 3a Ilamnmenreii-
MOM i3 BUKOPHCTaHHSM KakoauiaTaoro Oydepa (Ph
6,85) na 200 kriTHH, 10 ieHTU(DIKYIOTHCSL.

Craructuany o6poOKy OTPUMAHUX JaHUX TIPO-
BO/IUJIM METOJIOM BapialliifHOl CTaTUCTUKU 3a JI0-
MIOMOTOIO CTAaH/ITAPTHOTO TIaKeTa CTAaTUYHOTO PO3pa-
xyHKy 3a nmporpamoio Libre Office Calc.

Pesysbrati Ta 00OTOBOPEHHS

PesyJisrati KiHIKO-/1a60paTOPHUX AOCIIIKEHb
XBOPUX i3 Briepiie BustBiennm 11/12 3 nepernecerum
KOPOHABIPYCHUM 3aXBOPIOBAHHSIM B aHAMHe3i Ta
xBopux i3 geborom I1/[2 B monmanmemiuHuil mepi-
O/l Ta I'pyll MOPIBHSAHHS, 10 CKJIQJAIUCS 3 TPyNU
HOPMOIJIIKEMIYHUX JIIOJIeH TIicJd  TepeHeceHoro
KOPOHaBIPyCHOTO 3axBopioBaHHs 3 piduum IMT Ta
rpyIy HOPMOTJIiKeMiuHUX 0cib i3 pizaum IMT Ge3
JIOCTOBIPHO TIePEHECeHOro KOPOHABIPYCHOTO 3a-
XBOPIOBaHHsI, TOOTO sika Oysia HabpaHa B JIOKOBijI-
HUI 11epioj, HajaHi B Tadaui 1.

Sk BugHO 3 Tabsmii 1, B 000X rpymnax obcTesxe-
HUX XBOPUX i3 Briepte Busgpienum [1/]2 nmopiBasAHO
3 IpyHamu 3[0POBUX HOPMOTLJIKEMIYHUX 0cCi0 3a-
(ikcoBano Biporigne migsumenas IMT, mokasnm-
KiB TJIIKO3WJILOBAHOTO TEeMOTJIOOIHY, TMOKAa3HWKIB
JIITIOTPAMU T2 CUCTOJIIYHOTO apTepiaTbHOTO TUCKY.
[TokasHUKM B MeKaX TPYI XBOPHX i3 gebiorom 11/]2
B /I0- Ta IIOCTKOBI/Ii 1 B MeKax rPyIl HOPMOTJIiKeMiy-
HUX JIfo/Iell Y TIOCTKOBIi Ta 6e3 KOBify B aHaMHe31
BIPOTi/IHO He BiZIPI3HAINCH 32 BCIMa JIOCJII Ky BaHU-
MU MapameTpamu. Pi3HUI B IOCJI/KYBaHUX TTapa-
MeTpax Mixk TpyllaMy XBOPHX i3 BIIepllle BUSBICHUM
[1/12 3 pisamm IMT B /10- Ta B TOCTKOBI/Ii Ta 3/10pO-
BUMU HOPMOTJIiKeMiYHUMHU ocobaMu 3 pisaum IMT
B JIOKOBI/Ii Ta ITiCJIs TIEPEHECEHOTO KOPOHABIPYCHOTO
3aXBOPIOBaHHs OyJIa BipoTiTHOIO.

Pesysibratn  pocitijpkeHHS  JIEHKOITUTAPHOTO
CKJIaLy, sIK BUJIHO 3 TAOJMINL 2, TPOIEMOHCTPYBAJIH,
110 XBOpUM i3 Briepiie Busgsyienum [1/12 mokosigHo-
TO TIepiofy MPUTAMAaHHUU CTAaTUCTUYHO TOCTOBIp-
HUH JIEWKOIIUTO3 TIOPIBHSHO 3 TPYTIOI0 HOPMOTJIiKe-
MIYHMX JIIOJIeH, TOCHI/PKYBaHHS IKUX BUKOHYBAJIN
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B anajoriunuii nepion acy (7,32+0,16 10°/x npo-
™ 6,09+0,27 10°/1, p<0,001), 1110 y3TOMKY€ETHCS
3 pesyJsbratamu iHmmx astopis [12]. Ilpu nocui-
JUKeHHI Tpynu xBopux i3 gebiotom 11/[2 B Tpphox
MICSIYHUU TEPMIH IiCJis TIePeHeceHoro KOBijy, 1mo-
PIBHSIHO 3 HOPMOTJIIKEMIYHMMHU 0cOOaMK 3 Pi3HUM
IMT, mo mMaioTh nepeHeceHUl KOBiJ B aHaMHe3I,
Oysi0 oTpuMaHO HabaraTo Oi/bII 3HAUYIIE JOCTO-
BipHe TiIBUTIEHHS PiBHS 3araJbHOI KiJIbKOCTI JIeii-
konutis (10,16£0,34 10°/n nporu 8,36+0,13 10°/x1,
p<0,001), 1110 TaKO’K CITIB3BYYHO 3 pe3yJ/IbraramMmu Oa-
raThoX J0CTiKenb [13]. MakcumasibHe miiBUIIeHHS
PiBHS JICHKOIUTIB CIIOCTEpIirajocs: B TPYIIi XBOPUX 13
nebiorom 11/I2 B MOCTKOBIZAHUIL 11epiof] MOPIBHSAHO
3 TPYTOIO XBOPUX i3 Brepiie BusiBieHnM [1/[2 B 10-
KOBIIHUI Yac, 10 TaKOK Y3TOKYEThCS 3 JTaHUMMU,
OTPUMaHKMMHU B HEIOABHIX myOsrikartisx [14].

OtpumaHi B HaIIOMY JOCJI/KEHHI Pe3ybTaTu
JIEeMOHCTPYIOTD, IO JIEHKOIIMTO3 Y JIBOX TPYIIaX XBO-
pux i3 ge6ioTom 11J12, HOPIBHSAHO 3 TAKMMU y ABOX
rpyrnax HOPMOTJIiKEMiUHUX JIIO/Iel OYB 3yMOBJIEHHIA,
SIK BUJTHO 3 Ta0J1. 2 3HAYHNUM 301/IbIIEHHSIM KiJTbKOC-
Ti HEUTPOMIJIIB: Y MOCTKOBII — SK BIJIHOCHOI, TaK,
0c06JIBO, 1 aGCOTIOTHOI KiJIbKOCTI HelTpodiJiB Ta B
TepeIKOBI /Il MEHIIT 3HAUHUM ITiIBUIIEHHSIM KiJIbKOC-
Ti HEUTPO(DLIIB AK BiAHOCHOI, TaK, 0cOOIMBO, abCO-
JIFOTHOI KiZTbKOCTI HEUTPOoiIiB.

[Ipu opiBHAHHI PiBHS HEUTPODIIBO3Y B MEKAX
JIBOX IPyI XBopuX i3 gebrorom I1/12 B micasikoBi-
HUI Ta B IEPEAKOBIAHMIA 1epios], OyJI0 BUSHAYEHO,
SK BUAHO 3 TabJ1. 2 301IbIIEHHs KiJIbKOCTI HEHTpO-
(himiB y OCTKOBiZI — SIK BiHOCHOI, TaK, 0COOJINBO,
it abcomoTHOI KisbKocTi HelTpodiais. TobTo, 6yo
BCTaHOBJIEHO, 1110 Ae6oTn 11/12 3 pisaum IMT B 110-
CTKOBITHOMY TePio/li CYNPOBO/KYIOTHCS 3HAUHUM
nocroBipauM  HelTpodinbozom. IloxibHi 3MiHN
CIIoCTepirajiv y XBOPHUX JABOX IPyIl i3 jebrotaMu
I1/I2 i 3 60Ky MOHOIUTIB, TOPIBHSAHO 3 TAKUMU Y
JIBOX TPyIax HOPMOTJTiKeMiuHuX oci6. Monoruros
OyB 3yMOBJIEHU, STK BUHO 3 TabJ1. 2 3HAaUHUM 301.1b-
IMEHHSIM KiJTBKOCTI MOHOIIUTIB: Y TIOCTKOBI/II — SIK
BiZIHOCHOI, Tak i aOCOIIOTHOI KiJIbKOCTI MOHOIIUTIB
Ta B IEPEIKOBI/II MEHIII 3HAYHUM Ti/[BUIIEHHAM 5K
BIIHOCHOIT, Tak i aOCOJIIOTHOI KiZTbKOCTI MOHOIIUTIB.
[TigBUIIEeHHS MOHOIIUTIB CTIOCTEPITAIN 1 B MeXKax
rpyn 0OCTeKeHNX HOPMOTJIKEMIYHUX JIIOMEH B
MTOCT- Ta JIOKOBITHOMY TI€Piojii, 9K BiJ[HOCHOT KiJib-
KOCTI, TaK i abcooTHOI IXHBOI KisibKocTi. [Ipu 1mo-
PIBHAHHI PiBHA MOHOIIUTO3Y B MEKax /IBOX TPYII
xBopux i3 meborom I1JI2 B 1mocT- Ta AOKOBiAHUI
vac, 6yJ10 BUBHAUEHO, IK BUIHO 3 Ta0JI. 2 301/1bIIeH-
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HsI KiJIBKOCTI MOHOIIUTIB: Y IIOCTKOBI/Ii — SIK BifIHOC-
HOI, Tak, 0c0OJNBO, 1 aOCOMIOTHOI KIJIBKOCTI MOHO-
1uTiB. TakuM 4rHOM, OYJI0 BCTaHOBJIEHO, 10 1e010-
™ /12 3 pizaum IMT B noctkoBiHOMY TIepioi
CYTIPOBOJ/KYIOTHCSI 3HAYHUM ITi/IBUIIEHHAM PiBHS
MoHOIUTIB. [Ipu nocrimkerni piBHS JiMQOTUTIB y
JIBOX IPyIIax XBopux i3 gebiorom I1/12, mopisHsHO 3
TaKUMHU y JIBOX TPyIIaX HOPMOTJIiKEMIYHUX JIIO/IEH,

OyJI0 BUSBJIEHO, IK BUHO 3 Ta0JI. 2, 3HauHe 3MeH-
MIEHHST KiJBKOCTI JIM(OINTIB: y MOCTKOBII — K
BifHOCHOI, Tak, 0cOOIMBO, 1 abCOMOTHOI KiTBKOCTI
JiMQOIUTIB Ta B IEPEAKOBIII MEHIIT 3HAYHUM 3HU-
JKeHHSIM BifHOCHOI iX KinbkocTi. [Ipu mopiBHsHHI
PiBH JIiM(OIUTOIIEHIT B MEXKaX JIBOX TPYT XBOPUX
i3 ge6iotom /2 B 1mocT- Ta AOKOBiAHMIT Tepiof,
OyJI0 BUBHAYEHO, SIK BUAHO 3 TabJI. 2, MAKCUMAaJIbHe

Tabnuua 1. KniHiko-nabopaTopHi NOKa3HMKM 3aranbHOI KiNbKOCTI XBOPWX i3 BNeplue BusaBneHumM L2 3 pisHim IMT B o- Ta NOCTKOBIAI Ta 340-

POBUX HOPMOTAKEMIUHKX OCi6 i3 pisHM IMT B JOKOBIAI Ta NiCNA NepeHeceHoro KOPOHaBIPYCHOMO 3aXBOPIOBAHHA

Table 1. Clinical and laboratory parameters of the total number of patients with newly diagnosed T2D with different BMI in pre- and post-covi
period and healthy normoglycemic people with different BMI in pre- and postcovid

KniHiko- HopmornikemiuHi 0co6u 3 pisHUM XBopi 3 pe6rotom L2 3 pisHum IMT
na6bopartopHi IMT Patients with the debut of T2D with
NOKa3HUKM Normoglycemic people different BMI
Clinical and with different BMI n-192
laboratory n-181 P1 P2 P3 P4
parameters Micna koBigy bes koBigy Micna Kosigy bes koBigy

After covid Without covid After covid Without covid

n-93 n-88 n-98 n-94
Bik, poku 52 (42-71) 51 (40-67) >0,05 54 (44-73) 53 (41-72) >0,05 >005 >0,05
Age, years
IMT, kr/m? 24,93+0,58 24,13+0,12 >0,05 30,89+0,16 30,43+0,27 >0,05 <005 <005
BMI, kg/m?
HbATc, % 5,34+0,07 5,23+0,06 >0,05 8,2+0,06 7,8940,03 >005 <005 <005
CAT, MM pT. CT. 128,34+2,73 127,54+1,67 >0,05 148,16+2,85 145,43+1,12 >0,05 <005 <005
SBP, mm Hg
XonecTtepuH, 4,90 (4,50-520)  4,40(4,00-490) >0,05 5,68 (4,10-5,72) 5,30 (4,79 5,80) >005 <005 <005
MMOSIb/ N
Cholesterol, mmol/I
Tpwrniuepuan, 1,30 (1,10-2,26) 1,15 (1,10-2,26) >0,05 2,34 (1,14-3,30) 2,16 (1,12-3,30) >0,05 <005 <005
MMONb/N
Triglycerides, mmol/I
Ninonpoteign 24(0,7-30) 2,95(0,90-3,0) >0,05 3,12 (0,84-3,32) 3,09 (0,86-3,40) >005 <005 <005
HU3bKOT LLiNBHOCTI,
MMONb/N
Low-density
lipoproteins, mmol/I
Ninonporeign 145(1,30-1,60) 1,80(1,68-1,95) >0,05 1,12 (0,84-1,55) 1,34 (0,85-1,57) >0,05 <005 <005

BMCOKOI LWiNbHOCTI,
MMOJb/N
High-density
lipoproteins, mmol/I

Mpumimka. P1 - mix epynamu HopmoeznikemidHUX ocié y nocmkosioi ma 0okosioi; P2 — mix xeopumu 3 0ebromom LJ/]2 8 nocmkoesidi ma 0o-
K08idi; P3 — Mix HopMoanikeMiyHUMU ocobamu i xgopumu 3 0ebromom Lf]2 8 nocmkogidi; P4 — mixx HopmozsiikeMidyHUMU 0cobamu i xeopumu

3 0ebromom LI/]2 8 0oko8ioi.

Note. P1 — between a group of normoglycemic people in post-covid and pre-covid periods; P2 — between patients with the debut of T2D in
post-covid and pre-covid periods; P3 — between normoglycemic individuals and patients with the debut of T2DM in post-covid period; P4 —
between normoglycemic individuals and patients with the debut of T2D in the precovid period.
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3MEHITEHHS KiJIbKOCTI JIIM(OIUTIB y MOCTKOBi/ —
AK BIZHOCHOI, Tak i aOCOMIOTHOI IXHBOI KiJIBKOCTI.
Crmpatounch Ha OTPUMaHi B HAIOMY JOCJI/IZKEH-
Hi f1aHi, Oys0 BusiBIeHO, mo aebiotn [[/]2 3 pisHum
IMT B 1OCTKOBiIHOMY TIE€PIO/Ii CYTTPOBOIKYIOTHCS
3HAuHOIO JIM(OIUTOIIEHI€I0, 0 3yMOBJEHA OfI-
HOYACHUM IMYHOCYIIPECUBHUM JIBOOIYHUM BILIN-
BOM SK KOBIiLYy, 3 0HOrO GOKY, Tak i gebrorom 11712
3 iHIIOTO, Ha BiIMiHY Bijl XBopuX i3 mebrotamu 1112

3 pizaumu IMT B noKOBiHUI TIEpioN, B AKX Ma€
MicCIle TiJIbKU BILJIUB 3alaieHHs HU3bKOTO CTYTIEHS,
IO € XapaKTEePHUM [JISI BChOTO KJIACUYHOTO 3arary
ne6roris 11/12. Bignocna ta aOCoOTHA KiIbKICTh
6azoduis i eosuHodiIiB y xBopux Ha L[[/[2, sk Buj-
HO 3 TabJ1. 2, HabJIMsKeHa 10 3HaYeHb, TIPUTaMaHHIX
3[0POBUM HOPMOTJIIKEMIYHUM 0COOaM.

[Ipu pocaijizkeHHI TTOKa3HUKA CUCTEMHOTO 3a-
nasents BHJI, mo € 6a30BOI0 XapaKTepHCTUKOIO

Tabnuua 2. 3aranbHa KinbKicTb nekounTis, nerkounTapHnii cknag Ta inaekc BHITy xsopwix i3 Bnepuue suasneHnm L2 3 pisHum IMT B go-Ta
MOCTKOBIAI Ta 300POBYX HOPMOTiKeMiuHMX OcCib i3 pizHKM IMT nicna Kosigy Ta 6e3 NnepeHeceHoro KOPoHaBipyCHOro 3axBoptosaHHa (M+m)

Table 2. The total number of leukocytes, leukocyte composition and NLR index in patients with newly diagnosed T2D with different BMI in
pre- and post-covid and healthy normoglycemic people with different BMI in pre- and postcovid patients (M+m)

JlefikouunTapHuin HopmornikemiuHi ocobu XBopi 3 ge6iotom L2
cknag 3 pisHum IMT 3 pisHum IMT
Leukocyte Normoglycemic people with Patients with T2D debute with
composition different BMI different BMI
n-181 P1 n-192 P2 P3 P4
Micna Kosigy bes kosipy Micna koBigy bes Kosipy
Post-covid Without covid Post-covid Without covid
n-93 n-88 n-98 n-94
JNemkouwntw, 10°/n 8,36+0,13 6,16+0,27 <0,001 10,16+0,34 7,32+0,16* <0 <0,05 <0,001
Leukocytes, 1071
Helitpodinu, % 66,33+1,02 58,37+1,12 <0,001 70,82+0,79 62,44+1,35 <0,001 <0,001 <0,05
Neutrophils, %
Hentpodinn,10%/n 5,54+0,17 3,56+0,16 <0,001 7,20+0,12 4,20+0,16 <0,001 <0,05 <0,001
Neutrophils, 10/
Eo3nHodinu, % 1,06+0,13 2,01£0,25 <0,001 1,46%0,16 1,75+0,12 <0,001 <0,001  >0,05
Eosinophils, %
Eo3nHodinm, 10%/n 0,34£0,01 0,18+0,01 <0,001 0,15£0,03 0,17£0,01 <0,001 <0,001  >0,05
Eosinophils, 10%/1
bazodinu, % 0,18+0,05 0,29+0,03 <0,05 0,32+0,09 0,43+0,09 <0,05 <005 <005
Basophils, %
bazodinn, 10°%/n 0,01+0,00 0,02+0,01 >0,05 0,03+0,01 0,03+0,01 >0,05 <0,05 <0,05
Basophils, 101
Mowountn, % 9,27+0,18 7,36+0,39 <0,001 10,70+0,28 9,26+0,21 <0,001 <0,001  <0,001
Monocytes, %
MoHouutn, 10%/n 0,77+0,03 0,45+0,05 <0,001 1,06+0,02 0,68+0,02 <0,001 <0,001  <0,001
Monocytes, 10%/I
Nimbountn, % 21,89+1,17 31,09+1,13 <0,001 16,70+0,64 26,78+0,63 <0,001 <0,001  <0,001
Lymphocytes,%
Nimoboumntn, 10°%/n 1,83+0,03 1,92+0,09 >0,05 1,69+0,08 1,94+0,06 <0,05 <0,05 <0,05
Lymphocytes, 1071
IHaekc BHI 3,03+£0,15 1,85+0,12 <0,001 4,42+0,17 2,33+0,10 <0,001 <0,001 <0,05
Index NLR

Mpumimka. P1 — mix epynamu HopmoezsikeMidHUX 0cib y nocmkogioi ma 0okogioi; P2 — mix xeopumu 3 debromom LJf]2 8 nocmkosioi ma
00K08idi; P3 — MiX HOpMoeznikeMiYHUMU ocobamu i xeopumu 3 debromom L|J]2 8 nocmkogioi; P4 — Mix HopmoeasnikeMiyHUMU ocobamu i xgo-

pumu 3 0ebromom LJ/]2 e 0okoeioi.

Note. P1 — between groups of normoglycemic people in post- and pre-covid periods; P2 - between patients with the debut of T2D in post-
and pre-covid periods; P3 — between normoglycemic individuals and patients with the debut of T2D in post-covid period; P4 — between
normoglycemic individuals and patients with the debut of T2D in the precovid period.
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HU3bKO IHTEHCUBHOTO XPOHIYHOTO 3amlajieHHs, SKe
e oM IIJI2, BcraHOB/EHO 30i/IbIIEHHS 1HIEKCY
BHJI y aBox rpymax xBopux i3 gebrorom I1/12 3 pis-
HuM IMT, MOpiBHSAHO 3 TAKUMU Y IBOX IPyTIax HOP-
MoOTJIiKeMiyHuX Jitozeit i3 pisnum IMT: y mocTkosi-
mi — 4,42%0,17 nporu 2,88+0,15, p<0,001) Ta B ne-
PEJKOBI/II MEHIII 3HAUHUM ITiIBUIIIEHHAM 3HAYEHHS
BHJI — 2,33+£0,09 nporu 1,94+0,12, p<0,05), 1o
XapaKTepu3ye TMiABUIIEHHS i1HAEKCY 3alajeHHs,
sike BiOyBa€eThesl y XBopux i3 gebotamu [1/]2 Ha
TJIi CUCTEMHUX 3allaJIbHUX 3MiH y 1TOcTKOBimL. [Ipu
MOPIBHAHHI 3HaudeHb Mnokazuuka BHJI y mexax
JIBOX IPyIl XBopux i3 gebiorom I1/I2 B moct- ta x0-
KOBiIHWIT TIepio, OyJ0 BH3HAYEHO, SIK BUIHO 3
TabJ1. 2 Maiike IBOPa3oBe 30iIbIIEHHS OKa3HIKA
BHJI B nocTtkoBini — 4,42%0,17 npotu 2,33=0,09,
p<0,001. To6ro, nebiotn 11/12 3 pisaum IMT B 10-
CTKOBITHOMY TI€PioJli CYNPOBO/KYIOTHCA 3HAUHUM
niBUIIeHHSIM NTokazHuka BHJI, 110 xapakrepusye
MaKCHUMaJIbHe ITi/[BUIIIEHHSI PiBHSI CUCTEMHOTO 3a-
naseHHs1 y XBopux i3 geboramu L1/[2 mics nepene-
CEHOTO KOPOHABIPYCHOTO 3aXBOPIOBaHHS, IO 3Ha-
XO/IUTh COJIIJIADHUM 3BOPOTHUN 3B’SI30K 13 Pe3yJib-
TaTaM¥ OCTaHHIX gochipkers [14]. Takum uynHOM,
y pe3yabTaTi BUKOHAHUX JIOCIKeHb BCTAHOBJIEHO,
1o A1 xBopux i3 gebiorom IJ12 3 pisaum IMT B
MTOCTKOBI/Il MOPIBHSIHO 3 XBOPUMU i3 BIIEpIlle BU-
sapaennm 1/[2 3 pisuum IMT B rtepenkosizi xapak-
TepHI BIpOTi/IHI 3HAYHUH JeKouTO3 (IMiABUIIEH-
HS 3arajibHOI KIJIBKOCTI JIEHKOUMTIB Malixke B 1,5
pasu, p<0,001), neiitpodinbos (migBuIIeHHsT ab-
COJIIOTHOI KiTBKOCTI HeNTpoimiB Maiizke B 2 pasu,
p<0,001), monoumTos (migBUIEHHS abCOJIOTHOI
KiJIbKOCTI MOHOIUTIB Maitke B 2 pasu, p<<0,001),
JimdoruTornenis (3MeHIIIeHHs Bi/[HOCHOI KiJIbKOC-
Ti gimporutis maiike B 2 pasu, p<0,001) ta miz-
BUIlleHHS iH1eKcy 3anaientss BHJI Giibiie HixX B 2
pasu (p<0,001), 110 cBiTIUTH PO CyMapHe ITi/[BU-
MIEeHHS PiBHS CHUCTEMHOTO 3arajieHHd Y XBOPUX i3
nebroramu 11/12 mic/ist mepereceHOTo KOpoHaBipyc-
HOTO 3aXBOPIOBAHHSI.

[Ipu BUKOHAHHI TTOJATBINIOTO TOCTIXKEHHS IBOX
rpyI XBopux i3 geboramu I1/12 Ta 1BOX rpyI HOPMO-
rIiKeMigHuX 0Cib B I0- Ta TIOCTKOBI/ 3 HACTYITHUM
PO3IOJIJIOM Ha MHiJPYIN: i3 HOPMATBHOI MaCOI0
tima — IMT <24,9 kr/m? Ta HaJJIUIIKOBOIO Macoio
Tina/oxupintsim — IMT >25,0 kr/m?, GyJu BUusiBJIe-
Hi 111e OiJ/IbIN 3HAYHI 3MIHM B MOKa3HUKaX JIEHKOIIN-
TO3Y, HEITPO(DLIBO3y Ta MOHOITMTO3Y (TadI. 3).

Pesysnbrat  pociipkeHHs  TPOEMOHCTPYBa-
JIM, TII0 XBOPHUM i3 Brepiie Busgsaenum 11/12 3 IMT

>25,0 kr/m* IOKOBiIHOTO TEPIOLy TPUTAMAHHUI
OLIbII 3HAYHMIA JIEHKOIIMTO3, HEeTPO(iIb03, MOHO-
1nTo3 i miasuiierHs ingaexcy BHJI mopiBasIHO 3 XBO-
pumu 3 Briepiiie BusiBsienum [[/12 3 <24,9 kr/m? B 110-
KOBI/li, IO Y3TO/KYETHCS 3 IAHUMM IHIITUX aBTOPIB
[15]. Ille Bumii piBHI JEHKOIUTO3Y, HEHTPODIIHO3Y,
MoOHO1LIUTO3Y, iHfekcy BHJI Ta cyTTeBe 3HMKEHHS
piBHSA JTiM(OINTIB BCTAHOBJIEHI B TPy XBOPUX i3
nebrorom 1112 3 IMT >25,0 kr/m? Tmicsis mepeHe-
CEHOTO KOBi/Ty, TOPIiBHSHO 3 XBOPUMU 3 BIIEPIIle BU-
apiaeanm 1112 3 IMT <24,9 kr/m?B OCTKOBIIi, 1110
TaKOK CIIIB3BYYHO 3 pe3yJibTaTaMy, OTPUMaHUMU
B JIEAKUX JOCTIKeHHaX [6]. Menmn 3Hauymii piBHi
JIEWKOIUTOZY, HEUTPO(DITHO3Y, MOHOITUTO3Y, IHJIEKCY
BHJI Ta mentn cyTTeBe 3HMKEHHS PiBHS JTiM(OITn-
TiB, 1110 OyJIM BUSIBJIEHI B MeKax TPYI HOPMOTJIiKe-
miynmx oci6 3 IMT >25,0 kr/m? ta 3 IMT <24,9 kr/m?
IicJIg TIlepeHeceHoro KOBiJly Ta MixK rpylnamMu HOP-
Morzikemiunux oci6 3 IMT <25,0 kr/m? Ta 3 IMT
<24,9 kr/m? micJs epeHeceHoro KOBijly MOPiBHSI-
HO 3 aQHAJIOTTYHOIO TPYIOI0 HOPMOTJIIKEMIYHUX JITO-
Zieil y TOKoBijli. MakcuMasbHO BUCOKI JIEHKOIIUTO3,
HeNUTpodisIb03, MOHOIINTO3, 3HaUeHHd iHexcy BHJI
Ta 3HAYHa JIMQOIUTOIEHIS BiI3HAYAINCS B TPy
xBopux i3 gebiorom 11/12 3 IMT >25,0 kr/m? B 110-
CTKOBIJIHUI 1IePioJl TOPIBHSIHO 3 IPYIOI0 XBOPHUX i3
Briepiie Busisyieanm 11/12 3 IMT >25,0 kr/m? B 110-
KOBIZTHWH 4ac, M0 TaKOK Y3TO/UKYETHCS 3 JTaHUMU
ny6uikariii [16]. To6To y xBopux i3 nebotom 1112
3 IMT >25,0 kr/mM? B TIOCTKOBI/Ii HalOIIBII sICKpa-
BO BiJIOMBAIOTHCS 3MIHU B JICHKOIUTAPHOMY CKJIAJi
3ase;kHo Bif 3Havenb IMT, ski € pe3yasratom Cy-
MapHOTO BILIUBY, 3 OMHOTO OOKY, CHCTEMHUX TIOPY-
1IeHb, 10 BiZIGYBAIOTHCSI B KOBi/Ii Ta 30€piraioThest B
IIOCTKOBI/Ii, 3 IHIIIOTO — HalllaDyBaHHSI HU3bKO iHTEH-
CMBHOTO XPOHIUHOTO 3arajieHHs mpu aediori [I/]2 —
y noctkoBii. [ToxibHa 3a1eKHiCTh JIEHKOIUTaPHOTO
ckmany [TK Bin snauens IMT Gyna BusiBieHa i B HOp-
MOTJTIKeMiYHUX 0cCi0, mpoTe BOHA OyJsia MEHI 3Ha-
Yymo. 3a pe3yJasTraTaMy JIOCTiKeHHS, 10 TPe/l-
craBJieHi B Tabu1. 3 y HopMortikeMiunux oci6 3 IMT
>25,0 Kr/M?> B IOCTKOBili BU3HAYAIM HaNHOiIbIII
3Ha4YHe BipOTij[HE TMiIBUIIIEHHS 3araJbHOl KiJIbKOCTI
JIEWKOIUTIB 32 PaXyHOK BipPOTiAHOTO 30iIbLIEHHS
a0COTIOTHOI KIJIBKOCTI HEWTpOdiTiB, MOHOIUTIB Ta
ingexcy BHJI mopiBHSIHO $IK 3 HOPMOTJTIKEMiYHU-
mu ocobamu 3 IMT <24,9 kr/m? B OCTKOBII, TaK i
3 HopMorJlikemiyanmMu ocobamu 3 IMT <24,9 kr/m?
ta IMT >25,0 kr/m? B 1IepeIKOBiIi, 110 CBiTYUTH PO
CUCTEMHUI 3allaibHUI BILUIUB HA/JIMIIKOBOI Macu
TiJIa/0KUPIHHS B IIOCTKOBITHOMY T1€PiO/Ii.

275

VERTE }



ISSN 1680-1466" EHOKPUHOJIONA 2024, TOM 29, N 3

Ornagn

Tabnuusa 3. 3aranbHa KinbKiCTb neikounTie, nerikoumtapHuii cknap MK i iHaekc 3ananeHHsa BHITy xsopux i3 Bneplie BussneHvM L2 3 pisHim
IMT (IMT <25 kr/m2 Ta IMT >25 Kr/m2) Ta B HOpMOTAIiKeMiyHKx oci6 i3 pizHum IMT (IMT <25 kr/m? i IMT >25 kr/m2) po- Ta nicns kosigy (M+m).

Table 3. The total number of leukocytes, the leukocyte composition of the PC and the inflammatory index of the NLR in patients with newly
diagnosed T2D with different BMI (BMI <25 kg/m?2 and BMI >25 kg/m?) and in normoglycemic individuals with different BMI (BMI <25 kg/m?
and BMI >25 kg/m2) before and after Covid (M+m)

Ne HopmornikemiuHi oco6u Ta xBopi 3 gebiotom LIA2 3 pisHum IMT B gokosigi
Normoglycemic individuals and patients with the debut of T2D with different BMI in pre-covid

K= E= = = ~
0 § 0 § = u— = H—E
c s s - o £ = o o
[~ ) @ (] P~ ) - 2
s 9 g = ¥ =B N 22 o U
=] ] =3 ] [=3 o x w Q
3% & g 8 ¢ 3 %2 I 5y
o 2 - : ~
’§Q- I S-N I 3~ = o & = v AN
T € Z%s = £ Z == £ e < e <=
) E\ \E\ — E
Qg Et o)) = o [=} _:E [=} o
Y g y=x gxyx O~ E o E o
[~ =
55 E A2 EQA2>e gE=zC g3
=) =< O o Dun Ewns IE"’;
C 9 ON O oN o« nx =g m -
= X SVvigwv S NEN gag 3 225 s
S S o S == a = =N ot AL o=
23 cESsSEa oEss¢ .~ BIFRY BNRER? « P <
I=SZowc I=Zan c o XViak c X ANk c o o o
1. JNenkoumntin,10°/n
H 5,25+0,34 6,94+0,15 <0,001 5,98+0,12 7,760,227 <0,001 <0,05 <0,05

Leukocytes, 1071
2.  Hentpodinu, %

Neutrophils, %
3.  Hewntpodinu, 10%/n

57,69£1,16 59,08+1,13 <0,001 60,86%1,12 62,98+0,15 <0,05 <0,001  <0,001

: 3,0340,16 4104025 <0001  3,64+0,12 4514018 <0001 <0001  <0,05
Neutrophils, 1071
4, EosuHodinu, %
MHOQU 3,43+0,67 2734021 <0001  1,71+017 293+019 <0001 <0001 <005
Eosinophils, %
H 9
5. Eosroding, 10°7n 0,18+0,01 0194003  >005  0,11+0,0]1 0214002 <005  >005  >0,05
Eosinophils, 10%/1
6. bazodinv, %
4 0,18+0,07 0294007 <0001  0,62+0,23 0804007  >005 <0001 <0001
Basophils, %
H 9
7. basoging, 107 0,010 0024001  >005 004002 006001  >005 005  >0,05
Basophils, 1071
8. MonHouutu, %
6,81+0,12 7914015 <0001  886+0,10 935+0,15 <005 <0001 <0001
Monocytes, %
9
9. Moxountw, 10°/n 037+0,03 0544006 <0001  0,57+0,04 0674003 <0001 <0001  <0,05
Monocytes, 1071
i [0}
10. Jlimounma, % 32124143 29244135 <0001 274013 24304051 <0001 <0001  <0,001
Lymphocytes, %
H 9
1. Jlimbouys, 10°/n 1,7040,12 1964016 <0001  163+001 1744003 <0001 <0001 <005

Lymphocytes, 10%/I
12. IHaekc BHJ

) 1,78+0,13 2,04+0,21 <0,001 2,23+0,14 2,36+0,16 <0,001 <0,001 <0,001
NLR index

lMpumimka. P1 — mix HopmoznikemiyHuMu ocobamu 3 pisHum IMT 8 nepedkosidi; P2 — mix xeopumu 3 debromom L2 3 pisHum IMT 8
nepedkoeidi; P3 — mix xgopumu 3 debromom LI/]2 3 IMT <25 ke/M2 ma HopmoesikemiyHUMU /1l00bMu 3 IMT <25 k2/m? 8 nepedkogioi; P4 — Mix
xeopumu 3 0ebromom L2 3 IMT >25 ke/m? ma HopmoeznikemiyHUMU /io0bMu 3 IMT >25 ke/m?2 8 nepedkosioi.

Note. P1 — between normoglycemic individuals with different BMI in pre-covid; P2 — between patients with the debut of T2D with different
BMI in pre-covid; P3 — between patients with the debut of T2D with BMI <25 kg/m? and normoglycemic individuals with BMI <25 kg/m?in
pre-covid; P4 - between patients with the debut of T2D with BMI >25 kg/m? and normoglycemic individuals with BMI >25 kg/m?in pre-covid.
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MpodosxeHHA mabauyi 3

Continuation of the table 3

N®  HopmornikemiuHi oco6u Ta xBopi 3 ge6iotom L2 3 pisHum IMT B nocTKoBIgi
Normoglycemic individuals and patients with debut of T2D with different BMI in post-covid

< < = - ~
n % n % = v 2 35§
8 o 8 o " 55 o 22
o o o o S ax 8 Se
g 0 g 0 2 9 5 234
o v o v ) '5"’? =) on
T Sy T 2w s ol S o~
T ¥ g sy E o <Y o £ =
EE < £2ES = s Vi = S
gcao gox 2. £ S E@
X v X ¥ = o st -~
Fasa  £922 gsE3  9=Eg
R 5KQ 2] mELE mEZE
SVIEVI = SNENJ sng3, a2§5=,
8EsSo SE&SsSn w SHREIN SRERAR o ~ 0 o 2 - .
- a XViak ¢ XAk & o a a a a a a
1. 7,99+0,25 8,73+0,39 <0,05 9,50+0,16 10,71£0,12 <0,001 <0,001 <0,001 <0,001 <0001 <0,001 <0,001

2. 63824112 68,84+1,15 <0,001 69,04+1,13 71,50£1,34 <005 <005 <0001 <0001 <0001 <0001 <0,001

3. 510£0,15 6,01+0,09 <0,001 7,01£0,10 8,21£0,19 <0,001 <0001 <0001 <0001 <0001 <0001 <0,001

4. 2,200,556 2,06+0,35 >0,05  2,11+0,34 1,07£0,19 <0,001 >005 >005 <005 <0001 <0001 <0,001

5. 017005 0,18+0,03 <005 0,21£0,03 0,12+0,02 >0,05 <005 >005 >005 >005 <005 <005

6. 021007 0,12+0,07 <005 0,95%0,23 0,30£0,07 <0,001 <0001 <0001 >005 <0001 <0001 <0,05
7. 001001 0,01£0,01 >0,05 0,06%0,02 0,02+0,01 <005 <005 >005 >005 >005 >005 >005
8. 898+0,12 9,55+x0,61 <005 937%0,13 10,98+0,33 <005 <005 <0001 <0001 <005 <0001 <005
9. 071004 0,92+0,06 <005 067%0,05 0,71£0,03 <0,001 <005 <0001 <0001 <0001 <005 <005
10. 2487+£153 21,19£1,34 <0,05 19,36%0,31 14,61+0,63 <0,001 <0001 <0001 <0001 <0001 <0001 <0,001
11. 1,88+0,12 1,85%0,16 >0,05 1,84%0,05 1,64%0,07 <005 <005 <0001 <005 >005 <0001 <0001
12. 2,71+013 3,30+0,08 <005 3,94%0,14 501£0,10 <0,001 <0001 <0001 <0001 <0001 <0001 <0,001

Mpumimka. P5 — mixx HopmoeznikemiyHUMU ocobamu 3 pizHum IMT 8 nocmkogidi; P6 — mix xeopumu 3 debromom L[]2 3 pizHum IMT 8
nocmkogioi; P7 — mix xgeopumu 3 0ebromom L/12 3 IMT <25 k2/m? ma HopmoenikemiyHUMuU todemumu 3 IMT <25 k2/M? 8 NnOCMKOBIdi;
P8 — mix xeopumu 3 debromom LfJ2 3 IMT >25 k2/mM> ma HopmoznikemiyHumu ntodemu 3 IMT>25 k2/m? 8 nocmkoegidi; P9 — mix
HopMmozsliKeMiyHUMU to0bMU 3 pizHUM IMT 8 nocmkogidi ma nepedkosidi; P10 — mix xeopumu 3 debromom LfJ2 3 pizHum IMT 8
nocmkoegioi ma nepedkosioi; P11 — mix xeopumu 3 0ebromom LJ/]2 3 IMT <25 ke/mM? ma HopmoanikeMiyHumu 1todemu 3 IMT <25 ke/m? 8
nocmkogioi ma nepedkogiodi; P12 — mix xgopumu 3 debromom LJf]2 3 IMT >25 ke/m? ma HopmoeznikemiyHuMu todemu 3 IMT >25 ke/m? 8
nocmkoeioi ma nepedkogioi.

Note. P5 — between normoglycemic individuals with different BMI in post-covid; P6 — between patients with the debut of T2D with
different BMI in post-covid; P7 - between patients with the debut of T2D with BMI<25 kg/m? and normoglycemic individuals with
BMI<25 kg/m2 in post-covid; P8 — between patients with the debut of T2D with BMI > 25 kg/m? and normoglycemic individuals with
BMI >25 kg/m? in post-covid; P9 — between normoglycemic individuals with different BMI in post- and precovid; P10 - between
patients with the debut of T2D with different BMI in post- and precovid; P11 — between patients with the debut of T2D with a BMI
<25 kg/m2 and normoglycemic individuals with a BMI <25 kg/m?2 in post- and precovid; P12 — between patients with the debut of T2D
with a BMI >25 kg/m? and normoglycemic individuals with a BMI >25 kg/m?in post-and pre-covid.
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Tabnuusa 4. 3aranbHa KinbKicTe NenKoumTiB, nerkoumTapHui cknag MK i iHaekc 3ananeHHa BHITy xsopux i3 Bneplue suasneHnm L2 3
pisHuM IMT fo koBigy Ta micna koeigy (M+m)

Table 4. The total number of leukocytes, the leukocyte composition of PC and the index of inflammation NLR in patients with newly
diagnosed T2D with different BMI before and after Covid (M+m)

XBopi 3 ge6iotom L2 3 pisHum IMT B goKoBigi

Ne Patients with the debut of T2D in pre-covid period with different BMI
N — N = NE_
2= s z= £=
o © ) ca )
o £ £ £ = Qs
S BN E w2 JE
N £ M A ‘\7"
Vi O - [a ) a Al N |_D
8 5 P2 c 8y EF s 0
= =E53 22535 2% =%
g € [ I mtuN Mliug M M 5
g2 N 3 N X 3y ~N 3 ~N 3 N 3
= 02 I:EO"QO :[G\.Qc} o Q o0 2
5g = = IS =3 =
o < QT 5T ™ < <
’EQ- ) 2\ e g S vi oV ] s o
z £ g s g o< 3 o< 8 g s g =
o (o2 =% -
[~ v} 2 c e Hc v e R cn 2 cw 2 c
S o © e o B g oY £ E o £ © e
s 5 25 %834 $t33 %33 £33
gg mg 2 mliﬂc m X 5 X m D X mg 2
— — fd - c — —
£ X 53%m 323S%n 8333w 592~ 532
T DAY aNTS aMEma g mq ~ ™ NN
=4 X&EVeE Xmamd € a X ANEANE XENE o o <& V&
JNenkouuntw, 10%/n
1. 4 5,9840,16 6,34+0,18 <0,05 7,98+0,14 8,97+0,33 <0,001 <0,001 9,50+0,16

Leukocytes, 107/
Hentpodinu, %

2. : 60,86+1,09  5977+113  >005  6140+103 66154101 >005 <0001  69,04+1,12
Neutrophils, %
Helrtpodinu, 10%/n
3. : 3644012 3,79+0,15 5005 4904013 593027 <0001 <0001  7,01+0,10
Neutrophils, 10%I
i [0)
4, FO31HOGINM, % 1834017 2524012 <005 1754029 1894013  >005  >005 2,11+0,34
Eosinophils, %
Eo3nHodinum, 10%/n
5. VHOQL 0,140,071 016+002  >005  014+003 0174005 >005  >005  021+005
Eosinophils, 10%/1
i 0
6. Da3obim % 0624023 0414012  >005 0164009 023012  >005  >005  063+0.23
Basophils, %
basodinum, 10%/n
7. . 0044002  0,03+0,0]1 5005 0014001 0024001  >005  >005 0,01+0,01
Basophils, 10%/1
[0)
g, Morounm, % 886+0,10  899+044  >005  946+063 10974034 <005 <005 9,37+0,34
Monocytes, %
9
g, Morowm, 107n 0574004  062+003  >005  075£006  098+008 <0001 <0001  0,89+005
Monocytes, 1071
i 0,
10, Jmouva, % 27254013 28544135  >005  27,18+1,19 24174162 <005 <0001  19,36+031
Lymphocytes, %
JNimoboumtn, 10%/n
11. ! 1,63+0,07 1,8140,1 5005 2164014 2164019  >005  >005 1,84+0,05
Lymphocytes, 10%/1
12. ESSTE dBeHX” 2234014 2,09+0,15 5005 2274016 2744025  >005 <005 3,04+0,08

Mpumimka. P1 - mix xeopumu 3 debromom LJf]2 3 IMT <24,9 ke/m? ma xgeopumu 3 debromom LIf]2 3 >25,0 k2/m? 00 <29,9 k2/m? 8 doKo8i0i; P2 — Mix
xeopumu 3 0ebromom LIf]2 3 IMT 3 25,0 ke/m? 0o <29,9 ko/mM? ma xgopumu 3 0ebromom LJ[]2 3 IMT 30,0 ke/mM? 0o <34,9 ke/M? 8 00K08i0i; P3 — Mix
xsopumu 3 0ebromom LJ/12 3 IMT 30,0 k2/m? 0o <34,9 k2/m? ma xeopumu 3 debromom LI/]12 3 IMT 0o >35,0 k2/mM? 8 0oKo8iOi.

Note. P1 - between patients with the debut of T2D with BMI <24.9 kg/m? and patients with the onset of T2DM with >25.0 kg/m? to <29.9 kg/m?
in pre-covid; P2 - between patients with the debut of T2D with BMI with 25.0 kg/m?to <29.9 kg/m? and patients with the onset of T2DM with BMI
30.0 kg/m?to <34.9 kg/mZin pre-covid; P3 — between patients with the debut of T2D with BMI 30.0 kg/m?to <34.9 kg/m? and patients with the
onset of T2DM with BMI to >35.0 kg/m?2in pre-covid.
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MpodoexeHHs mabnuyi 4

Continuation of the table 4

XBopi 3 ge6iotom LIA2 3 pisHum IMT B nocTKOBIgi
N®  patients with the debut of T2D in post-covid periodwith different BMI

£ £
3 E
S £ Q
[ : 4 | :
v EN =, %o = 09
= E E —_ N - —_ -
T35 m = 33 m =
xc S act2| N 2
o = g x 9 = v
=120 T o © | = ©
= ﬂ fa) <)) s < U~ Un
wva 8m<S E 2 £ E
v Y EVic S e =%
N, S~ g v = Qn B X
gs£E ©s =9 © %o
T 2 ) = w o T Hon
m ¥ VX m £ = @A L X o m
8259 898N, RGN,
BRNENGY ¢ B8RFBSY SMESY © N © o =
X Ao AN C a X Noamec maANa@C a a o a a o
1. 10,15£0,10 <0,05 10,76+0,13 11,21£0,15 <0,05 <0,001 <0,001 <0,001 <0,001 <0,001
2. 69,714+0,70 >0,05 7155+1,12 73,24+0,34 >0,05 <0,05 <0,001 <0,001 <0,001 <0,001
3. 7,25€0,12 <0,05 7,70£0,16 8,21+0,19 <0,05 <0,001 <0,001 <0,001 <0,001 <0,001
4, 1,52+0,31 >0,05 1,57+0,29 1,07+0,19 >0,05 >0,05 >0,05 <0,05 >0,05 <0,001
5. 0,16%0,03 <0,05 0,13+0,03 0,12+0,02 >0,05 >0,05 >0,05 >0,05 >0,05 >0,05
6. 0,55+0,12 >0,05 0,52+0,09 0,34+0,07 >0,05 >0,05 >0,05 >0,05 >0,05 >0,05
7. 0,02+0,01 >0,05 0,01+0,01 0,02+0,01 >0,05 >0,05 >0,05 >0,05 >0,05 >0,05
8. 9,98+0,14 >0,05 10,36+0,13 10,984+0,33 <0,001 <0,05 <0,05 >0,05 >0,05 >0,05
9. 1,01+0,03 <0,05 1,084+0,03 10,27+0,03 <0,001 <0,001 <0,001 <0,001 <0,001 <0,001
10. 17,57+1,35 <0,05 15,34+1,19 14,61+0,63 <0,05 <0,001 <0,001 <0,001 <0,001 <0,001
11. 1,73+0,10 >0,05 1,654+0,04 1,64+0,07 >0,05 >0,05 >0,05 >0,05 <0,001 <0,001
12. 4,08+0,05 <0,05 4,66+0,09 5,01+0,10 <0,05 <0,05 <0,001 <0,001 <0,001 <0,001

Mpumimka. P4 — mix xgopumu 3 0ebromom L{/]2 3 IMT <24,9 ke/m2 ma xeopumu 3 debromom LIJJ2 3 >25,0 k2/mM? 0o <29,9 k2/M? 8 NOCMKO8IOi;
P5 — mixx xgopumu 3 0ebromom LI/]2 3 IMT 3 25,0 k2/m? 0o <29,9 ke/m? ma xgopumu 3 0ebromom LJ[J2 3 IMT 30,0 k2/m? 00 <34,9 k2/M? 8 NoCMK08iOi;
P6 — mix xeopumu 3 debromom LJ]2 3 IMT 30,0 k2/m? 0o <34,9 k2/M? ma xeopumu 3 debromom LJJJ2 3 IMT 0o =35,0 k2/M? 8 NOCMKO8IOi;
P7 - mix xeopumu 3 0ebromom LI/]2 3 IMT <24,9 k2/m? 8 nocmkogidi ma xeopumu 3 0ebromom LY/]2 3 IMT <24,9 k2/m? 8 dokoeidi; P8 — Mix xgopumu
3 debromom LJf]2 3 IMT 3 25,0 k2/m? 0o <29,9 k2/m? 8 nocmkoeidi ma xeopumu 3 0ebromom L2 3 IMT 3 25,0 k2/m? 0o <29,9 ke/mM? 8 00K08i0i;
P9 — mix xeopumu 3 0ebromom L{/]2 3 IMT 30,0 ke/m? 0o <34,9 K2/M? 8 nocmkoeidi ma xeopumu 3 debromom L{L]2 3 IMT 30,0 ke/m? 00 <34,9 Ka/m?
8 0okoeidi; P10 — mix xgopumu 3 debromom LI/]2 3 IMT >35 ke/m? 8 nocmkosioi ma xeopumu 3 0e6romom Li/J2 3 IMT >35 k2/m?2 8 00K08IOi.

Note. P4 — between patients with the onset of T2DM with BMI <24.9 kg/m? and patients with the onset of T2DM with >25.0 kg/m? to
<29.9 kg/m?2in post-covid; P5 — between patients with the onset of T2DM with a BMI of 25.0 kg/m? to <29.9 kg/m? and patients with the
onset of T2DM with a BMI of 30.0 kg/m? to <34.9 kg/m? in the post-covid; P6 — between patients with the onset of T2DM with a BMI of
30.0 kg/m? to <34.9 kg/m? and patients with the onset of T2DM with BMI to =35.0 kg/m? in post-covid; P7 — between patients with the
onset of T2DM with BMI <24.9 kg/m?2 post-covid and patients with the onset of TZ2DM with BMI <24.9 kg/m? before Covid-19; P8 - between
patients with the onset of T2DM with BMI from 25.0 kg/m? to <29.9 kg/m? in post-covid; and patients with the onset of T2DM with BMI
from 25.0 kg/m?2to <29.9 kg/m2in dokovidi; P9 - between patients with the onset of T2DM with a BMI of 30.0 kg/m2to <34.9 kg/m?2in the
postcovid and patients with the onset of T2DM with a BMI of 30.0 kg/m?to <34.9 kg/m?in the post-covid; P10 - between patients with the
onset of T2DM with BMI >35 kg/m?2in post-covid and patients with the onset of T2DM with BMI >35 kg/m?Zin pre-covid.
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[l BUKOHAHHS HACTYIHOTO eTary JOCTiKeHb
i3 MeTOI0 TOUHIIIOTO 3’sCYyBaHHS MOKJIMBOTO BILIU-
By 3Ha4yeHb MoKasHuKiB IMT y xBopux i3 me6i0ToM
/12 3 pisaum IMT B mocTKoBizi Ha CTyIIEeH 3MiH
y JIEWKOIUTAPHOMY CKJIAJIi KPOBi, TPy XBOPHUX
i3 pebrorom I1/I2 B m0- Ta TOCTKOBiA Oysm T10/1i-
JeHi Ha votupu miarpym: 1) i3 HopmasbHum IMT
(24,9 xr/m?); 2) IMT Big 25,0 mo 29,9 wr/m?
3) IMT sig 30 no 34,9 xr/m% 4) IMT Buire
35,0 xr/m?% Ha migcraBi oTpuMaHuX pe3yJIbTaTiB
pocaimkenns (Ta®a. 4) BCTaHOBJIEHO, IO IIPO-
rpecyioui, 3ajie;kHO Bij 3HaueHb IMT, mefiko1uTos,
HeUTPOo(dib03, MOHOIUTO3, JIMMOIMUTONEHIsT Ta
migsuientst ingexcy BHJI Gysu xapaktepHi st
Bciel koroptu xBopux i3 gebioTom I[/]2 B mocTKOBI-
Jli TOPIBHAHO 3 XBOPUMMU 3 BIiepiie BugBaennm [1/]2
B JIOKOBIiJli, Yy SIKUX JIEWKOIUTO3, HEUTPODiNbo3,
MOHOTIMTO3 Ta migBuiieHHd ingekcy BHJI criocre-
pirasm jiiie y XBOpuX i3 Briepine Bugpiennm [1/2
3 IMT >30,0 kr/m?, a BiporigHa BijHOCHA JIiM(OIIH-
TOTIEHIst OyJTa MpUTaMaHHa TiIbKU XBOPUM i3 1e6io-
tom II/12 B nokosini 3 IMT >35,0 kr/m?[16].

[Moxi6Hi 3MiHM JIEUKOIMTAPHOIO CKJALY, IO
Oy BUSIBJIEH] y XBOpHX i3 geboTom [1/12 3 pizaum
IMT B mocTKOBI/Ii, ajie MEeHII 3HAYHI, cTIocTepiraau i
y HopMorJikeMiyHux oci6 i3 pisaum IMT B mocTko-
Bizi Ta Oy/IM 30BCIM BiAICYTHI B HOPMOIJIKEMIUHIX
oci6 i3 pizaum IMT B 70KOBizi, 1O CBIAYUTH PO
KJIIOYOBE 3HAYEHHSI 3MiHEHOTO ITOCTKOBI/HOTO CTa-
Hy iMyHiTeTy B matorenesi nedtory 11/12 y xBopux i3
pizaum IMT micis mepereceHOT0 KOPOHABIPYCHOTO
3aXBOPIOBAHHS, 1110 CIIIB3BYYHO 3 KOHIENITYaJIbHUMU
JTAHUMU OCTaHHIX JlociKeHb [13].

Bucnosknu

3MiHU B JIEUKOIIMTAPHOMY CKJIA]I, a caMe piBeHb
JIEWKOIIUTO3Y, HEUTPO(hIIbO3y, MOHOIIUTOZY, JiM-
(borturotienii ta 3navensd iHgexkcy BHJI y xBopux
i3 ne6rotoM 11/]2 3asmekarh He TIIbKM Bijf 3HAYEHb
IMT, asne it 3yMOBJIeH] CHCTEMHUM 3allaJIbHUM CTa-
HOM TIOCTKOBIZIHOTO TJIa, IO ITiICHJIIOE XPOHiUHE
3alaJIeHHs] HU3bKOTO CTYIIeHS, STKe CTAHOBUTD Tia-
toreHetnyHuit 6asuc aebory 11/12. Bussieni namu
3MiHM B JIEUKOIIUTAPHOMY CKJIAJIi Y XBOPUX i3 Jie-
61otom 11/12 3 pisaum IMT B mocTkoBiHOMY TIEpi-
0Jli TIOSICHIOIOTB JIBOCTOPOHHIH 3B’s130K Mix [1/[2 1
KOPOHABIPYCHUM 3aXBOPIOBAHHAM Ta 3YMOBJIOIOTH
cTparerivHuii BUOIP MOMAJBINOI TTATOT€HETHIHOT
Tepariii i€l KaTeropii XBOPUX.
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abCOJIIOTHOI KiJIbKOCTI JIiM(OILUTIB

IMT — ingexc macu Tijia

IIJT - nyxposuii giaber

L2 — uykposwuii giabet 2-ro Tuity

IIK - nepucdepnyna Kpos

Leukocyte blood composition and inflammation
index of the NLR (ratio of neutrophils to
lymphocytes) in patients with newly diagnosed
type 2 diabetes with different body mass index
against the background of post-Covid

V.V. Popova, N.V. Hetman, Ya.l. Labanets, H.V.

Kulikovska, O.V. Furmanova
State Institution «V.P. Komisarenko Institute of Endocrinology and
Metabolism of the National Academy of Medical Sciences of Ukraine»

Abstract. The coronavirus disease pandemic had a global impact on
the health of people throughout the world, including the endocrine
system, causing a significant disruption effect through unprecedented
increase in mortality and morbidity. Among endocrine diseases, one
of the most widespread is diabetes mellitus (DM). The global dramatic
increase in the incidence of diabetes in the world today has become a
non-infectious pandemic. The data obtained so far confirm that at the
debut of T2D in post-Covid, there are significant disorders of innate
and adaptive immunity, which dictates the need for urgent study and
in-depth fundamental understanding of the general pathophysiology
and clinical, and immunological patterns of post-Covid pathogenesis in
patients with T2D debuts with different body mass index (BMI), which
potentially determines the choice of a therapeutic strategy in this cat-
egory of patients. Despite the large number of publications devoted
to the combination of COVID-19 and T2D, these studies were mostly
performed in T2D patients with different disease duration. At the same
time, published data on the leukocyte composition, the inflammation
index NLR (the ratio of the absolute number of neutrophils to the ab-
solute number of lymphocytes) in the PC in patients with the debut of
T2D in the post-Covid period are extremely limited and contradictory.
There is almost no information on the relationship between systemic
inflammation markers and BMI indicators in patients with newly diag-
nosed T2D in the post-Covid period. Thus, the main aim of the work
was to study the total number of leukocytes, the leukocyte composi-
tion of PC and the index of inflammation of the NLR in patients with
newly diagnosed T2D with different BMI against the background of
the fall ill with covid. Results. The study involved 98 patients with T2D
debut within 3 months after the previous coronavirus disease, with dif-
ferent BMI, and 94 patients with T2D debut with different BMI with the
manifestation of the disease in the pre-pandemic period. The compari-
son groups consisted of 93 normoglycemic people after the previous
coronavirus disease with different BMI and 88 normoglycemic people
with different BMI without a history of covid. It was found that patients

with the debut of T2D with different BMI in post-covid compared to
patients with newly diagnosed T2D with different BMI in pre-covid
period are characterized by significant leukocytosis (an increase in
the total number of leukocytes by almost 1.5 times, p<0.001), neutro-
philosis (an increase in absolute number of neutrophils by almost 2
times, p<0.001), monocytosis (an increase in the absolute number of
monocytes by almost 2 times, p<0.001), lymphocytopenia (a decrease
in the relative number of lymphocytes by almost 2 times, p<0.001)
and an increase in the inflammation index of the NLR by more than
2 times (p<0.001), which indicates a cumulative increase in the level
of systemic inflammation in patients with T2D debut after coronavirus
disease. In order to more accurately determine the effect of BMI values
in patients with T2D debut with different BMI in the post-covid period
on the degree of changes in the leukocyte composition of the blood,
the groups of patients with the debut of T2D in the pre- and post-Covid
periods were divided into four subgroups depending on the BMI val-
ues: 1) with a normal BMI (<25.5 kg/m?); 2) BMI from 25.5 to 29.9 kg/m?
3) BMI from 30 to 34.5 kg/m? 4) BMI >35.0 kg/m?. It was established that
progressive, depending on the BMI values, leukocytosis, neutrophilo-
sis, monocytosis, lymphocytopenia and increase in the NLR index were
characteristic of the entire cohort of patients with the debut of T2D
in post-covid compared to patients with the newly diagnosed T2D in
pre-covid, in whom leukocytosis, neutrophilosis, monocytosis and an
increase in the NLR index were observed only in patients with newly
diagnosed T2D with a BMI > 30.0 kg/m?, and relative lymphocytopenia
(p<0.001) was characteristic only in patients with T2D in the pre-Covid
period with a BMI >35.0 kg/m? Similar changes in leukocyte composi-
tion, which were found in patients with T2D debut with different BMI in
post-covid, but less significant, were also observed in normoglycemic
people with different BMI in post-covid and were completely absent
in normoglycemic people with different BMI in pre-covid, which indi-
cates the key importance of altered post-coronavirus state of immunity
in the pathogenesis of T2D debut in patients with different BMI after
coronavirus disease. Conclusions. Changes in the leukocyte compo-
sition, namely the level of leukocytosis, neutrophilosis, monocytosis,
lymphocytopenia and the values of the NLR index in patients with T2D
debut depend not only on BMI values, but are also due to the systemic
inflammatory state of the post-covide background, which strengthens
the basis for T2D debut. The changes in the leukocyte composition
that we identified in patients with T2D debut with different BMI in the
post-covid period explain the two-way relationship between T2D and
the coronavirus disease and determine the strategic choice of further
pathogenetic therapy for this category of patients.

Keywords: type 2 diabetes mellitus, coronavirus disease, body mass
index, immunity, leukocyte composition of the blood, ratio of neutro-
phils to lymphocytes.

Onsa yutyBaHHA: onosa BB, letbmaH HB, Nlabaxelb fAl, Kynikoscb-
Ka B, OypmaHosa OB. JlelKouuTapHWiA Cknaa KpoBi Ta iHAEKC
3ananeHHa BHJT (BigHoweHHs HelTpodinis o niMpounTiB) y XBOPHX
i3 BnepLue BYABAEHNM LyKPOBUM [1iabeToM 2-ro TUny 3 Pi3HUM iHAeK-
COM Macw Tifla Ha TNi nocTkoBiay. EHaokpuHonoria. 2024,29(3):269-
282.DOI: 10.31793/1680-1466.2024.29-3.269.
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H.A. KobpunHcbKa,

MexaHiamu Ta mapKepu

H.l. JleBuyK,

MeTacTa3yBaHHA npu

3ano3un. OrnAp nitepatypu Ta
BnacHux naHux (yactuua 1)

LY «IHcTUTYT eHgoKprHonorii Ta 0bmiHy peyoBuH im. B.MN. Komicaperka HAMH Ykpainu»

Pestome. Ornap nitepatypyt NpUCBAYEHO MapKkepam Ta MexaHi3mam YyTBOPEHHs MeTacTasiB. AKLIEHT pobuTbCs Ha
BIZHOCHO MafTIOBMBYEHMX MPOLIECax — POJIi )OPCTKOCTI MyX/IMHM Ta Tl OTOUYEHHS, Y4aCTi B LMX NpoLecax acouinosa-
HUX i3 Myxn1HO GI6POONACTIB; GOPMYBaHHA NPEMETaCTaTUUHUX Hilll, Nepexoay AVCEMIHOBAHWX KAITUH Y CNAAYNIA
CTaH Ta, 0COONMNBO, MexaHi3mam, AIKi MPOBOKYIOTb BYIXi[, METACTa3iB i3 LibOro CTaHy, O MaE CyTTEBe MpPaKTUUHe 3Ha-
UeHHs. BcTaHOBNEHO, WO caiTi ManbyTHIX MeTacTasie He € MACKMBHMMM NPUIMAYaMM PAKOBUX KNITUH, a BUOIPKOBO
VI aKTUBHO MOAMDIKYIOTbCA MEPBMHHOIO NMYXIMHOLO LLe 10 TOro, AK BiOYNOCA MeTacTaTuyHe nowmnpeHHs. MyxamHu
iHAYKYOTb GOPMYBaHHA MIKPOOTOUEHHS Y BiAfaneHnx opraHax, ake byae CnpuaTY BUXKMBAHHIO Ta POCTY MyXIUHHUX
KNiTWH Nicna ix 3aciBy B MeTacTaTUuHi canTu. [igKpecnoeTbCa BaXKNMBICTb BU3HAUeHHA GaKTOPIB, AKI CNpuAoTb Gop-
MYyBaHHIO MPemMeTacTaTUYHUX Hilll NPy KapLHoMax wutonomioHoi 3anosn (LL3). IHoai, 3amicTb yTBOpEHHA NpemeTa-
CTAaTUUHMX Hill, AKI NiABMLLYIOTb edeKTVBHICTb MeTacTa3yBaHHS, MOXYTb BUHWKATK Crielliani3oBaHi Mikpocepeaosw-
Wa, B AKUX MyXJIMHHI KNITVHW BUXMBAIOTb Y CTaHi CMOKOIO0. 3apa3 3'ACOBYIOTbCA KNITUHHI Ta MONEKYNAPHI CKNadoBi
HiLL, AKI CNPMUAIOTb CMOKOK AMCEMIHOBaHVX KNITUH. HaBeaeHi dakTopu, SKi MOXKYTb CMPOBOKYBATY BYXiA AMCEMIHO-
BaHWX MYXJIMHHNX KNITUH 3i CTaHy CMOKoto. [0NI0BHAa yBara NpuaiNAeTbCa MapKepam MeTacTasyBaHHA L3 — TpaHc-
bopmytoyomy dakTopy pocTy 6eTa (transforming growth factor beta, TGF-B3), MaTp1KCHUM MeTanonpoTteasam (matrix
metalloproteinases, MMPs), daktopy pocTy dibpobnactis 19 (fibroblast growth factors 19, FGF19), iHmykoBaHoMy
rinokcieto daktopy 1a (hypoxia-inducible factors, HIF-1a), cyamHHomy eHaoTeniansHomy dakTopy pocTy (vascular
endothelial growth factor, VEGF), dibpoHekTuHy, iHTerprHam, anbda-akTuHy ragkmx m'asis (a-smooth muscle actin,
a-SMA), crHaeKkaHam, KiHazam cimelcTga Src, oci CXCL12/CXCR4, Mapkepam pakoBmx CTOBOYPOBYX KNiTUH Ta iH. Oco-
611BUI IHTEPEC BUKMVKAIOTb MapKepW, AKi MOXHa BUSABWTY B Ma3mi KPOBi Ta METOAOM TOHKOTOMIKOBOI bioncii B
fJoonepauinHmi nepiop.

KntouoBi cnoBa: 1mtonofibHa 3an103a, KapUMHOMM, METacTasn, MapKkepy MeTacTasyBaHHS, JKOPCTKICTb MyxXJINHY,
npemeTacTaTuyHi Hili, Cnaayi MeTacTtasu.
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MexaHi3Mu nipoLiecy MeTacTa3yBaHHS

Pax BUKTMKa€THCST HU3KOTO (PaKTOPIB, BKIIOYAIO-
YU XIMIYHUI KaHIleporeHes3, COMaTUuHi MyTailii, erri-
reHeTUYHi 3MiHM Ta BipycHi iHdexItii. O3HaKM paky
BKJIIOYAIOTH: YXWUJIEHHS BiJl 3alIPOTPAMOBAHOI KJIi-
TUHHOI CMepTi, HeYYTJIUBICTD /IO CUTHAJIB, NIO TIPU-
THIYYIOTH PicT, GE3MeKHUN PETTIKATUBHUI MOTEH-
1miaJt, TPUBAJIMI aHTiOTeHes3, CAaMOIOCTATHICTh IIOI0
CUTHAJIIB POCTOBUX (DaKTOPiB, iHBa3is TKAaHWHM Ta
nomupernst metactasis [ 1, 2]. Hermogasuo 6yJim 3a-
MPOITOHOBAHI TI1e /IBI 03HAKU — YXUJIEHHS BiJl IMyHi-
TeTy XassliHa 1 fieperyJisiilis KIITUHHOI eHepreTHKH,
a TaKOJK J[BI XapaKTePUCTUKKM — HEeCTaOLIbHICTD re-
HOMY, MYTaIlil Ta 3aTaJleHHs, 1O CTIPUSIOTHh PO3BUT-
Ky nyxsiuH [1, 2]. Bigbimicts eMeprelt, OB si3aHUX
i3 pakoM, Bi/IOYBA€THCST Yepe3 MeTacTa3M, a He yepes
MePBUHHI yXJIMHU. [HiTiaIiga MeTacTaTUYHOTO Kac-
KaJly TOYMHAETHCS B IEPBUHHIN Hillli, IO OB’ I3aHO
3 emireHeTHYHUMU MOU(IKAIIIMU Ta HAKOTTYEH-
HIM MYTallill, SIKi CIPUSIOTh KIITUHHIN Mirpaitii Ta
MeTacTazaM y BTODUHHMX Hilllax.

CoutifiHi IyXJIMHY Ta CYMYTHE iM MTyXJIMHHE Mi-
kpootouenus (IIMO) criamaioThest 3 pakoBUX
KJIITUH 1 €JIEeMEHTIB CTPOMHU, M0 BKJIOYAIOTh 1103a-
kiaituaHU Marpuke (ITKM), 6azanbiy MmeMOpany,
CYIIMHHY CHCTeMY, iMyHHI KaiTuan Ta dibpodrac-
tu. /lobpe oxapakTepusoBaHa 3MiHa MiKPOOTOYEH-
HJ BCepelivHi MepBUHHOI Hillli — Ile 3HauYHe TIiJI-
BUIIleHHS KopcTKocTi Marpukcy [3]. IIKM migna-
€TBCSI 3HAUHOMY PEMOJICTIOBAHHIO SK PAKOBUMU
KJITUHAMU, Tak 1 acolilioBaHUMW 3 IyXJIMHOIO
dibpodmactamu (ITAD). Ile nmpusBoaAnTH 10 Bij-
KJIaeHHs Bosokaucrux OuikiB I[TKM i mocuiren-
HSI [IePeXPEecHOro 31IMBAaHHS KOJIareHy Ta eJacTu-
HY, YOMY CHPUSE JI3UI0KCUIA3a, 1 10 MOCUJIEHHS
skopeTrocTi Tkaaunu [3]. [ligBuinena KoOpCcTKicTh
MyXJIMHU TIOB’s13aHa 3 BUIIIOIO BaPiaTUBHICTIO TEHO-
My Ta MyTalliiiHUM TArapeMm IIyXJIMHY i BIINBA€E Ha
iHiIliaIiio emiTe/TiaJbHO-Me3eHXiMaJbHOTO ITIEPEX0-
ny (epithelial-mesenchymal transition, EMT) Ta
curHajinr inrerpunis. lle cripusie po3BUTKY iHBa-
3UBHOTO (DEHOTUIy Ta MOCUJIEHHIO Tpoidepartii
MJISIXOM PEryJIIOBaHHS MEXaHOUYTJINBUX (PaKTOPIB
TpaHCKpUIIIii [4].

[l BUKUBaHHA IUPKYJIIOI0Y] PaKOBi KIITUHU
(ILPK) moBuHHI 3/1iiicCHUTH TIEpeXi/l BiJl CTaHY aji-
TePEHTHOCTI /10 CTaHy CyCIIeHsil, o0 moaoaaTy 3a-
JIeKHICTH Bifi TpUKpitieHHsA. byio inentudikona-
HO yotupu remomnoetnyti (axropu (ikaros family
zinc finger 1 (IKZF1), nuclear factor erythroid
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(NFE2), B-cell translocation gene 2 (BTG2) Ta
interferon regulatory factor 8 (IRFS)), exromiuna
€KCITPeCist IKUX Y MPUKPITIJIEHNX KIITUHAX THIYKYE
nepernporpamMmyBaHHsl  3aJ€KHOCTI BiJl aHKepaxy
[5]. Ile mepemporpamyBaHHsI [OCATAETHCS 32 IOTO-
moroio aYAP/TEAD-3anexnoro mexaniamy, SSKuii
TIPU3BOUTD /10 BTPATU B3aEMO/Ti1 KT THHA-MAaTPUKC
i cTifikocTi 710 aHoiKicy [3].

Jlnst MeTacTazyBaHHS IyXJIMHHUAM KJIITHHAM T10-
TpiOHe HaOYTTSI HU3KM O3HAK JJISI JMCeMiHallii Ta
KOJIOHI3allii Bijiiaienux opranis [6]. Ycmix 1iux mo-
J1ii1 3yMOBJIEHMIT KIIOHAJIBHUM BiZIOOPOM, 371aTHICTIO
METACTATUYHUX KJITUH AUHAMIYHO TEPEXOAUTH B
pi3HI CTaHM Ta MPUCTOCOBYBATH IMyHHE CEPEIOBU-
111e, 3aJ1y4aloyy HaBKOJUIITHI IMYHHI Ta CTPOMAaJIbHi
KJITUHU A4 MATPUMKA POCTY U YHUKHEHHS iIMYH-
HOI cucTeMu. MeractazyBaHHsI MOKHA PO3JALIUTH
Ha Tpu dasm — auceMiHallid, CIUISTIN CTaH Ta KO-
JIOHI3aIlis, i/ 9ac SKUX PaKOBi KJIITUHU TTPOXOIATH
IIOCJIIJIOBHI KPOKM — Tak 3BaHUN MeTacTaTUYHUI
kackaj. Criouatky MyXJUHHI KJIITHHU 3 OHKOTEH-
HUMU MYTaI[isIMF [POHUKAIOTh 4epe3 OasayibHy
MeMOpaHy 3 IHTpaBasalli€io B KPOBOHOCHI abo JiiM-
(hatmuHi cyamHM Ta eKCTpaBasalli€ro y BigasieHi
OpTaHU yepe3 TPAHCEH/IOTeaJbHy Mirpailito, pyi-
HYBaHHSI KalliJIsIpiB, Mirpallilo B3/I0BXK HEHPOHIB
abo TpsiMe JIOKaJTbHE TIOMMHUPEHHST B CYMIKHI TIpO-
cropu. [ITPK MoXyTh pyxaTucs SK OKpeMi KJIiTH-
HE 200 B MiKpOKJacTepax, 30aradeHnux pPaKOBUMU
crosbypoumu kiaitunamu (PCK), BKpuTux TpoM-
6onuramu, HedTpodisamMu abo KIITHHAMU CTPOMH,
SIKI MOXKYTb 3aXUCTUTH X BiJl IMyHHOTO HarJsimy.
MaxpomeTtacTa3n TTOXOAATD BiJl IHIITIIOIOUNX MeTa-
CTa3M KJITHH, SIKi aJIalITyBaJIU CBOE MiKPOOTOYEHHS
3a JIOTIOMOT0I0 OpraHisallii pereHepaTUBHUX, aHTi0-
TeHHUX Ta IMyHOCYTIPeCUBHUX IIporpam [6].

Ipememacmamuuni niwi. Bcranosyeno, 1o caii-
T MaiiOyTHIX MeracTasiB He € MaCHMBHUME IPU-
iimauamu [[PK, a BubipkoBo i akTuBHO MOAMDI-
KYIOTbCS [IEPBUHHOIO IIYXJIMHOIO 1€ JI0 J1ceMiHa-
il kaitun [7]. [lyxaunau iHaykyioTs (hopMyBaHHS
MIiKPOOTOYEHHSI Y BifiJa/leHuX OopraHax, sike Oyje
cpusaT BkuBanuio ta pocty IIPK micag ix mpu-
OyTTs B criennivHi caiiTu, siKi Ha3UBAIOTHCS TIpe-
Metactarnuaumu Himamu (IIMH). Takum unnOM,
Ha BiZIMiHY BiJl METACTaTUYHOI Hillli, SIKa IHIIIIO-
eTbca Ta (hopmyeThes e HaaxomkeraHs [[PK,
I[IMH € anomasbHUM MiKPOOTOYEHHSIM, 1110 CITPUSIE
pocty TyxJuHHU, 6Ge3 PaKOBUX KJITHH. 3apa3 BuU-
SABUJIN Pi3HI (HAKTOPH, SIKI PEryIo0Th HOCTYIIOBY
esoJtortito IIMH, cknasnai MoniekyigpHi Ta KJIiTHH-
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Hi 3MiHH, SIKi B HUX BiZIOYBalOThCS /IS IIIATPUMKI
MaiibyTHix meractasis. IIMH € pesyibrarom KoM-
GiHOBaHMX CHCTEMHUX eeKTiB GakToOPiB, 10 BUII-
JITIOTHCST TIEPBUHHOIO MYXJIWHOIO, Ta TO3aKJIiTHH-
Hux BesukyJs (IIKB), ekzocom, ki yTBOPIOIOTHCS
MyXJWHOIO, 1 BU3HAYAIOTH TOCJIJIOBHICTh TOAIN Y
yaci mij yac eBoJiortii [IMH [7].

Exsocomm Briodaiorh kiaac mannx I[IKB, axi
YTBOPIOIOTHCST BCiMa Buiamu KJiTuH. Bomu 3a0e3-
MeYyI0Th 3B’SI30K MiXK MyXJUHHUMU KJITUHAMU Ta
iX MIKPOOTOYEHHSIM IIJISIXOM 00MiHY iH(OpMaIlieo
yepe3 3aBaHTAKEHHsI KJITHHU-peluiieHTa Oinka-
mu, gimigamu, JJHK, PHK (MPHK, mikpoPHK,
IncPHK). Exsocomu, 1o MicTSTh reHeTHYHMIT Ma-
Tepiast, O1KY Ta JIiN, BiIrpaloTh KJIOYOBY POJIb
y crBopenni [IMH [2]. [lizBuiieHHd >KOPCTKOCTI
[TMO BuKJIWKA€E BUBLIBHEHHS €K30COM i3 TTyXJINH-
HUX KJITHH igxoM akrtuBaii nuisxis Akt i Noteh,
1o crumy.Jaioe 3apsaaky GTP mamoi GTP-asu Rab8,
SgKa TIPUCKOPIOE BUBIJIbHEHHST €K30COM [ 8].

HerepmernyHicTb CyIuH € PAHHBOIO MOMIEI0
npu homysanni [IMH, i3 HacTyIHOO 3aMiHOO Mic-
L[EBUX PE3UJIEHTHUX KJIITUH 1 peKPyTYBaHHSM He-
pPe3uIeHTHUX KJIITUH i3 KicTkoBOro Mo3Ky (KKM),
a srogom i IUPK mo IIMH [7]. ¥V dopmyBanni
[IMH OGepyTb yuacTh i He3amesKHi Bil MyXJuHN
MOJIi1, Taki sIK HACJIJIKK XipypPrivHOTO BTPYUYaHHS,
iH(eKIIii Ta cTapiHHs, SIKi J0IIOMarailoTh CTBOPUTHU
MiKpocepe/10BUllle CIPUNHATINBE JIJIs KOJIOHI3alTil.
PemonemoBanng I[TKM € Bupiniagbaum Jijis BeTa-
nossiernst [IMH. Kpim toro, y IIMH BinOyBaerncst
JleperyJIsiilist IMyHHOI CHCTEMU Yepe3 HasBHICTD 3a-
IIAJIBHOTO CepeloBUINA, IHAYKOBAHOrO (haKTOpamu,
K1 BUILISAIOTHCS IIyXJIUHOIO, 10 TPOBOKYE iIMYHO-
CyIIpecilo Ta po3JiaJii 3ropTaHHsl KPOBi.

Kuiniuni gani cBigyath mpo icayBanus [IMH
y mimbarnunnx Bysaax (JIB) martienTiB i3 pizan-
Mu KapumHoMmamu, 3okpema i 113. [IMH y JIB
Oysm igeHTHhIKOBaHI Ha MUIIAYMX MOJENSIX Me-
TactaziB Ta B naiiedTiB i3 pakom I3 i nmokasano,
mo VEGFRI1+ wmienoinni KIITUHU-TIONEPEHUKN
KoJsioHi3yioTh JIB, mpaiimoBani dakropamu, 1110
CEKPETYIOThCS MyXJWHOIO, 10 HajaxokeHns [[PK.
Takosx 6ysi0 TMOKa3aHo, 1O JiMdaHTioreHes mepe-
nye Haaxomkernio [[PK y maitbyThi micis mera-
crasyBanus JIB [7]. YrBopeHHs: TpoMO6iB i pyiiHy-
BaHHS CY/IMH € TMOYATKOBUM eTarioM (hOpMyBaHHS
[IMH. ®akropu, 10 BHUIIIAIOTHCS MyXJIUHOIO,
taki sk VEGFA i ANGPTL4, migsuiytoTs mpo-
HUKHICTh MIKPOCY/IMH, 1110 TTOB’SI3aHO 3 MOPYIIEeH-
HIM KOHTAKTIB MK €H/I0TeIalbHUMU KJIITHHAME

yepes aKTHBaIlifo KiHasu ¢dokaabHoi aaresii (focal
adhesion kinase, FAK).

JlokasbpHe 3pocTaHHs KiJIBKOCTI XeMOKiHiB, Ta-
kux gk CCL2, 9K MyXJIMHHOTO, TaK 1 CTPOMAJIbHOTO
MOXO/KEHHS, KopeJsioe 3 pekpyryBanusM KKM,
gki cripusiots ¢popmyBannio [IMH i gomomaraiots
excrpasasanii I[PK. Hakonuuenus tpomOOIUTIB
y TIPEeMeTacTaTUIHUX calTaxX iHIIIE KOaryJsIliio.
3TYCTKHU IIPU3BOJATH /10 3MEHIIEHHSI HAIIPYTH 3CY-
By Ta IHTEPCTHIAIbHOTO IIOTOKY, 3a0e3Ieuyioun
micig crukyBanug a1 [{PK. Tlapanensio, cexpe-
TOBaHi MyXJAWHOIO (haKTOPU BIIMBAIOTH Ha KiCTKO-
BUI MO30K, /ie akTUBYIOThcA nonyssiii KKM miag
3anmydenss B [IMH [7].

Esomouiss IIMH. 1lix yac dhopmysanas [IMH
ITKM aKTUBHO IETIOHYETHCS Ta PEKOHCTPYIOETHCS.
Haxonuuennst ¢ibponextuny (DH) i smuBanus
KostareHy | Jismiokcuazon 3abe3mnedyroTh miat-
hopmy s anresii KKM. Cexkperniss MMP criipusie
pyiiHyBaHHIO cyauH, aerpamamnii [IKM ta maitbyT-
niit inBazii [[PK. Monexkynu azaresii, mpucyTHi Ha
MyXJUHHUX €K30COMaX, TaKi 9K iIHTeTPUHU, MOXKYTh
3B’s3yBatucs 3 Mojiekysamu [TKM B crenmdiu-
Hux [IMH, Bu3Hauaroun OpraHoTPOIHI MEeTacTa3u.
TGF-B-3anexxna excrpecis OiIKiB, TaKUX K Iie-
PIOCTUH, TaKOX BiJIirPa€ BasKJIUBY POJIb Y PO3BU-
tky I[IMH, migrpumyioun indigprpariio KIiTHH,
0 IHIIIIOI0Th MeTacTa3u, yepe3 Wnt-CUTHAJIIHT.
Excrpecis 6iskiB S100 BUKINKae 3anajieHHs i 3a-
JIy4eHHS TeMOIOeTHYHUX KJIiTUH-TIOTIePETHNKIB,
a TakOoXX KJITUH IMYHHOI CHUCTEMU — MOHOIIUTIB,
Makpodaris, MIEJOIHUX CYIPECOPHUX KJITHUH,
T-kaitun, Treg Ta NPUPOAHUX KJIITHUH-KiJIEpiB.
CdopmoBana MeTacTaTUyHa Hillla € CYKYITHUM pe-
gysbratoMm pekpytyBanisg KKM, amin [TKM Ta 3a-
najieHHs [7].

Memacmamuunuii cman cnoxoro. IHomi, 3amMicTb
ytBopennsa [IMH, gki migBumyoTs eeKTUBHICTD
MeTacTa3yBaHHSd, BUHUKAIOTH CIIeliali30BaHi Mi-
KPOCEPEIOBUIINA, B AKUX MYXJUHHI KJIITUHU BUKU-
BAIOTh Y CTaHi criokoio [6]. nceminoBani myxjamHHi
kiituan (JITTK) 10BrocTpokoBo 36epiraroThes sik B
OpraHax, IO HailyacTille MiJIal0oThCs MeTacTasy-
BaHHIO, TaK i B OpraHax, /ie MeTacTa3u BUHUKAIOTh
piziko. 3apa3 3’COBYIOThCS KJITUHHI Ta MOJIEKY-
JIIPHI CKJIQJIOBI HillI, SIKi cipustioTh criokoo /[1TK.
JIIK MoxyTh yBIWTH B IMepiojl CIOKOIO, Tiji 4ac
SIKOTO BOHM 200 3yNMUHAIOTH KJIITHHHUI UK, 200
BXOJIATD Y IMHAMIYHY PIBHOBATY 3i cliajaxaMu mpo-
Jgidepallii, gka TPOTUCTOITh IMyHHIN eiMiHaIlii.
Jmnceminariis Ta cTaH CIIOKOIO BBa)KAIOTHCS MIKPO-

285

VERTE }



ISSN 1680-1466" EHOKPUHOJIONA 2024, TOM 29, N 3

Ornagn

MEeTACTATUYHUM 3aXBOPIOBaHHAM, ocKijbku J[ITK
HEMOXKJIMBO BUSIBUTU 3a JIOIIOMOTOI0 KJiHIYHOI Bi-
gyamizarii [6]. € Tpu oOcTaBuHU, 32 SIKMX PAKOBi
KJTITUHU MOKYTb TIEPENTH 10 CTIIITIOTO (PeHOTHITY:
CTaH CIIOKOIO IIEPBUHHOI IIYXJIMHU, METaCTaTUYHUI
CTaH CIIOKOIO Ta CTaH CIIOKOIO, CIIPUYMHEHUN Tepa-
miero [9].

OcranniMu pokamu po3yMinHst GioJiorii mMera-
ctaziB i cokoio /IIIK nmocsrio smaunoro nporpe-
cy. BucynyTi ABi rinore3u. 3a nepuiow, YNHHUKH,
MOB’SI3aHI 3 YTBOPEHHSIM Hillll, (QYHKIIOHYIOTh
TIIBKM B KOHTeKCTI crernudivaux tranua [10].
Daxropw, SKi iHAYKYIOTb i TIATPUMYIOTH CTaH CIIO-
koto [IIK nitoTh abo B JiereHdax — 1e KiCTKOBUH
mMopdorenetnunmii 6iok 4 (bone morphogenetic
protein 4, BMP4), a60 B KiCTKOBOMY MO3Ky —
BMP7 i TGF-B2. Tomi six Ttpombocmonauu 1
(thrombospondin 1, TSP1) npurniuye pict JIITK
IK y JIeTeHsX, TaK i B KiCTKOBoMYy MO3Ky. TSP1,
BMP4, BMP7, TGFB2 He BrimBaioTh Ha CTaH CIO-
kot /[ITK y mMo3Kky. 3a Apyroto TinoTe3or BBaxkKa-
€TbCS, 1110 BUpilllaJibHe 3HAUYEHHS Ma€ IMiJTPUMKA
TKaHMHHOTO roMeocTtasdy. byso nmokasano, 1o cra-
GibHMIT eHpoTeil cTuMyIoe ctad criokoio JITK,
a nepuBackyssipauit TSP1 6yB ocHOBHUM eHIOTe-
mianpaUM cynpecopom pocty AITK [7, 11]. IIpn mo-
pYIIeHHI MiKPOCYJIMHHOTO TOMEOCTa3y Cy/IWHU He
ekcrpecytorb TSP1 i kiTUHN eHp0Tei0 IeTony-
10Th hakTopu, Biactusi [IMH — ®H, TGF-B1, me-
pioctuH, renaciud C, Bepcuka# i 6iaxu S100 [11].

CraH CrMoKOI0 eHI0TENI0 MOKe OyTH TOpyIie-
HUI TaKUMU TIPOTIeCaMH, SIK 3allaJieHHs, MOpPaHeH-
Hs, cTapiHHA [7]. Xoua MepBUHHY MyXJIMHY MOXKHA
BUJIAJINTH, BAKJIMBO PO3YMITH, IO TYXJIWHHI KJIi-
TUHA MOXKYTb IOLIMPIOBATHCS HA PaHHIX CTalisIX.
DaxTopu TIEPBUHHOI MyXJIMHI MOXKYTh Oy TH TIPHIH-
HOIO TIOPYIIIEHHS CTTOKOT0, PYWHYIOUH CIIJITIY HITITY Ta
bopmytoun [IMH 1igxom 3MiHN MiKPOCYZIMHHOTO
romeoctady. Takumu JierepMiHaHTaMM OpraHocIie-
muiunoro mMeractazyBanus €: y Kictkax — CTGE,
FGF5, IL-11, MMP-1 ta ADAMTSI; y jerensx —
SPARC, MMP1 Ta IL13Ra2; y meuinmi — IL-1B i
TNE Cremudgiuae TapreTyBaHHS KOMIIOHEHTIB
IIMH (iuri6iropamu VLA4, TNEF, nisuinokcugasu,
HIF (ingykoBanuii rinoxciero cdaxrop 1)) 3men-
NIY€E KUJIBKICTh METACTA31B, ajie eDeKTUBHICTh ITbOTO
X0y 1Ie He Bu3HaueHa [7].

CydJacHi 3HaHHS PO CTaH CIOKOIO, BUILJINBA-
I0Tb i3 POOIT 10 aHTioreHe3y, iMyHOperyJIsilii piB-
HOBAKHUX CTAaHIB, CUTHAJIHTY aHTUTLJI 1 TOTO, SIK
MeXaHi3MHU MiKpocepe/IoBHIla Ta CUTHAJbHI MeXa-
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Hi3MU KOHTPOJIOIOTH CTaH CIMOKOTO KJIITHH 3a J0TIO-
MOTOT0 TIPOTpaM 3yNMUHKHU pocTy. BusBiiena Baxim-
BiCTb TKAHMHHOTO MiKPOOTOYEHHS B CTUMYJIIOBAH-
Hi CIIOKOIO Ta peakTuBallil crsguux KiaituH [12].
Binmiueno, mo cnmsui [{IIK perymoors akTuBHI
CUTHAJIbHI MeXaHi3MM ajianTallii Ta BUXWBAHHSI
nicsa tepamnii [10]. OToxe, crusayi KJIITHHA MOXKYTb
36epiratucsi MpOTSITOM TPUBATIOTO Yacy IMIJISIXOM
HiATPUMKM 306€peKeHNX MeXaHi3MiB 3yIIMHKU POC-
Ty Ta BuzkuBaHH:A [13]. ¥ KicTkoBOMY MO3KY Hilli,
o 3abesmneuyiors cran crokoio [IITK nepexbava-
10Th Zifo KibKoX (pakropiB (CXCL12, vWF (dak-
top ¢on Bimrebpanzna), TGF-B2, BMP4, BMP7,
rinokcig (HIF-1a), GAS6, RA, LIF, TSP1, cran
XpoMaTuHy, 1o npurHiuye MmetwmoBanug JIHK,
Wnt5a, mikpoPHK-126, Jagged 1). HaBmaku, Hirmi
peakTuBaIlii B JiereHsX 1 Tedinii mpoOyKyIOTh
crstai JITITK 3a omoMoroo yTBOpeHHST MO3aKJTi-
TUHHUX [ACTOK HeUTpodiJiB, 3amajeHHs, cTapiH-
u4, skopctkocti [IKM, TGF-B1, COCO (tmigcumio-
Bau curHaisinry TGF-B1), nepioctuny, inribitopis
BMP, VCAM1 [13].

Heobxizno BizMituTu, mo cran crokown JIITK
MOB’SI3aHUN i3 MeTabOIYHUM TIepPerporpaMyBaH-
HAM BiJI IJTIKOJII3y Ha OKUCI0BaIbHe hochopusio-
BaHHS B MiToXxoH/Apisx. Ilepexia Bix anabosizmy
110 KaTabosti3My, SIKuii 3abe31edye 1eil JaTeHTHUI
cral, nae JIITK oxucHO-BiiHOBHY cuiy Ta eHep-
rifo, HeoOXizHi iM I KUTTS B arpeCUBHOMY ce-
penosutii. [leit mepexiz 3yMoBJIeHN aKTHUBAILIETO,
noB’si3aHuX 3 aBTo(arieo (akropiB ATG3, ATG7
i p62. [11o6 BuiiTH 3 JTATEHTHOTO CTAHY Ta IHATH
TemIl mpoJideparii, HeoOXiHOI A1 MeTacTaTH4-
Hoi kosonizartii, /IITK noBuHHI epernporpamyBaTu
cBiil MeTabo1i3M y 6ik anabomiamy [14].

Mexanismu euxody 3i cmamny cnokorw. Buxin
JIIIK 3i cTany CIOKOI0 MOKYTb CIIPOBOKYBATH 3Mi-
nn I[IMO. Binknanennas kosareny trmy 1y meta-
CTaTUYHIN HIMIl BIJIMBAE HA OPTaHi3allifo IUTO-
ckenety Ta cionykae /[ITK no npomidepartii uepes
curHasinr B-1-iHTerpuny. Takok TPUITYCKAOTB,
[0 BU/IAJIEHHST TIEPBUHHOI MyXJIUHU MOKe Mpo0y-
JIATA MIKPOMeTacTasy B pe3yJibraTi BTPaTH iHTi0i-
TOPiB aHTiOTEHE3Y, TAKUX SIK aHTIOCTaTHH 1 €H/10CTa-
THH, SIKI BUJISIOTHCS MYXJIWHOIO Ta MPUTHIYYIOTD
MeTactaTuuHuii pict [15]. MoxKauBO, TakoxX, IO
3arajieHHs, sike BUHUKAE IIPU BUJAJEHH] TIepBUH-
HOI IIyXJIMHU, a TAKOK XPOHiIUHe 3anaJeHHs] TKAaHUH
XassiHa € TPUTePHUM MeXaHi3MOM, IO IIPOOYIKYE
crstai Metactasu [9]. [Hopanpmuii anamnmiz mexa-
Hi3MiB TTOKa3aB, MO MO3aKJITUHHI MTaCTKU HEUTpPO-
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(isiB CIPUYMHSIOTH 1X JIETPAHYJIAIIO Ta CEKPETTiio
MpoTeas, TaKuX sIK HelTpodisibHa enacrazai MMP-
9, MOCKJTIOIOUN MTPOIeCHHT JaMininy-111 6azaabHOI
mMeMmOpanu. OcraHHiil 3B’SI3y€ThCs 3 iHTETPUHOM
a3fB1, mo mpu3BOAUTH 10 TpoJidepaliii CIaTInX
JIIK. Takosx, ITKB MoxyTh Gpartu y4acTh y B3a-
€MOJIii Mi)K CTPOMAJbHUMM Ta PAKOBUMH KJIiTHU-
namu, o cpuamnsge Buxizn /11K 3i ctany criokoio
[16]. Byno mokaszano, 1110 3ipyacTi KT THHU TeTiHKA
BULIISIIOTH (hakTopu, Bkaovaroun [L-8 i MCP-1,
gKi cipustioTh posicpepartii JIITK HaBiTh B ymMoBax
CHUPOBATKOBOTO TOJIOYBaHHS [9].

Tuayxkitist Gibposy 3minioe cran crokoro JIITK
y JiereHsx i neviniii. [lopyieHHs TKAaHUHHOTO Ta
CYZIMHHOTO TOMEOCTa3y, IOCUJIeHe JeTIOHYBaHHS
[TKM i npunauB npoMeTacTaTUYHUX IMyHHUX KJTi-
TUH, CIIPUSTIOTh METACTa3yBaHHIO. AKTHBOBAHI HEll-
TPOiIN B JIETEHSX TIPU OKUPIHHI TAaKOK TTi/[BUTILY -
I0Thb PU3UK MeTacTadyBaHHsA. OpPraHoTUIOBI KyJTh-
TypH, 30aradeHi KT THHAMY eH/IOTEJI 0, IETTOHYIOTh
IIJIBUIIEHY KiJIBKICTh TepiocTuHy, TeHacnuny-C,
Bepcukany, 6ikiB S100, TGF-B i MIF, ski € kom-
[OHEHTaMH [IPEeMeTacTaTUYHUX Hilll i 3a1obiraroTh
iHAyKIii crokoio [17].

Conipni TMepBUHHI TYXJIWHU HE € TeTepOoreH-
HUMHJ Ta CKJIQAIOTLCS 3 PISHUX THIIIB KIITHH, IO
MOke OyTH TIOB’si3aHe 3 TeHEeTMYHUMU 3MiHAMUL.
OCKiJIbKH 1€ Ba)KKO BU3HAYUTH, YU Oy/ie TIepBUH-
Ha MyXJIMHA TPOTPECYBaTH JI0O MeTacTa3yBaHHS,
iCHy€ TONUT Ha HOBI MapKepw I ijlenTrdikarii
pPakoBUX KJiTUH [2]. 3araabHOl 3rofu IOAO0 POJi
TeHEeTUYHUX 3MiH y Tporieci iHBasii Hemae. /lexTo
BBAXKAE, M0 PYXJIUBICTD KJITUH 3a7€KUTh BUKJIIOY-
HO BiJI 30BHIIIIHIX ITOAPA3HUKIB, TAKUX SIK TiIIOKCis,
XeMOATPAKTaHTH Ta MEXaHIYHUX (PaKTOpiB — JKOP-
crrocti [IKM. ITpote Bee Giiblne 10Ka3iB CBiAYaTh,
1[0 My TaIlil MOKYTh IHII[IIOBATH Ta TTOCUJIIOBATH Mi-
rpaiiio, a TaKoK iHBa3it0 PakOBUX KJITUH. Takox
Ha Mirpalriio Ta iHBa3ilo BILTMBAaE XPOMOCOMHA He-
crabinbHicTb [18].

Possumox npememacmamuunoi cmpomanvioi ap-
ximexmypu. Kopcmxicms nyxaunu. Iloctymnose 1o-
CHUJIEHHS JKOPCTKOCTI CTPOMM MYyXJIMHU TIOB’si3aHe
3 JlenoHyBaHHAM 1 pemopesoBanusaM [IKM [2].
Mexanism Tpancdopmaliii crpoMu 0XOILII0E 6arato
XIMIYHUX 1 (Hi3UYHUX areHTiB Ta npoiieciB. Pakosi
kmituau, [TAD i acorniiioBaHi 3 MyXJIUHOIO MaKpO-
darm GyHKITIOHYIOTh Y KOMILJIEKCI, MOIYJTIOI0YN
I[TKM y MiKpOOTOYeHHI IyXJIMHU 3a JIOTIOMOTOIO
TaKWX TPOIIECiB: HAJMipHE ETIOHYBAaHHS CTPYK-
TypHUX KOMITOHeHTiB (komarenu I, 11, 111, V, IX),

perymoBaHHsa  TomorpadiuHoi  pekoHdiTypaitii
CTPOMM, CeKpellisi pi3HuX (aKkToOpiB pOCTY Ta IH-
tokiHiB — IGF1, EGEF TGF-B, VEGF Tomo, nass-
HiCTb TJIiKonporeiniB-3iuBavyiB — @H, renaciumny;,
MpoTeoTiKaniB — remapancyabdary, CD44, [IKM-
tTpanchopmyounx pepmentis — MM P, sizuiokcu-
Jlasu, TpaHcrayTaminasu [17].

Ha panmix crazigx paxy emiTesiajibHi pakosi
KJITUHU BUIJISIOTh (DAaKTOPU POCTY, SIKi aKTUBY-
10Th (HibpobiracTH, TanbMyioTh Aerpazaiiio [TKM
IIJIIXOM  3HUKeHHsT piBHt MMP 1 36isb11yioTh
JKOPCTKICTh TYXJUHU. Y BIATOBIAbL CTPOMaJIbHI
hibpobacT cekpeTyioTh Taki dakropu, sik [GF,
(hakTOp pOCTy KEpaTUHOIUTIB, IO CIIPUSIOTH POC-
Ty KJITUH 1 TPUTHIYYIOTH antonTo3. [licyis akTuBartii
hibpobacTi MPOABJISAIOTH CUTHATYpU Miodibpo-
6aactis abo ITAD i Bupobistiors aktuBin/TGF-p,
IGE gaxi crumymiotors EMT, HGE, mo mpuckopioe
pict kiituH; FGF-2, axkuit mocuroe anriorenes Ta
in. Kpim Toro, [TAD npomoBKyiOTh PEKOHCTPYIO-
Batu Ta 3mirHioBaTu [IKM muisixom gemonyBaHHS
konarenis I, I1, V, IX, mocunenns 3smuBanug, pery-
JIATIT JTI3WJIOKCU/Ia31 1, TAKUM YMHOM, >KOPCTKICTH
CTPOMHM TIOCTYIIOBO 3pocTae. Uepe3 Ha/MIpHY KJIi-
TUHHY TpoJidepaliito Ta picT MyXJIUHU iJITHKA
B SA/pi MYXJIUHU CTAIOTh TIMOKCUYHUMM 1 KJIITUHU
36impimyioTh cekperntiio VEGE, dakropa pocry cro-
JIYIHOI TKaHWHM, SKi HiATPUMYIOTH aHTioreHes i
iHgispTpaliiini mpolecH, BiAMOBIAHO. Y JIeAKUX
00stacTsIX iHBa3WBHOTO (DPOHTY CTPOMAJIbHI KJIiTH-
HU PajiiaibHO BUOYZIOBYIOIOTH IIyYKH KOJIATENY, sIKi
MOKYTb OyTH BUKOPHCTaHI METACTATUYHUME KJIi-
TUHAMU K NIIJISX eBaKyallii. 3T0/IoM arpecuBHi pa-
KOBI KJTITUHU PYUHYIOTH :KopcTkuii [TKM mrsixom
nocuyienns perysaiii MMP i ADAM, 3BinbHATOTH-
cd 31 ctpomu, iHGIIBTPYIOTH JiM(aTUYHI By3Jiu Ta
KPOBOHOCHI CYJIMHU 1 1I€PeXo/ATh 710 IIPolecy Me-
tactazyBanus [17].

Byno Bcranosieno, 1o sxoperkicts [TKM € mo-
poroM JIs MiABUIIEHHS eKcipecii a-SMA, map-
kepa miodibpobuactis ta ITAD. Kpim Toro, dak-
TOPOM TPAHCKPUIIIii, KU TOJIETIIYE TeHepallio
ta miarpumky ITAD, € YAP/TAZ, axuii norpebye
BUCOKOI JKOPCTKOCTI Ta CKOPOUYBAJIBHOI 37IaTHOCTI
aKTOMIO3UHY /71T akTuBaltii [19].

Mapkepu Meracta3dyBaHHA B nudepeHIliiioBa-
Hux kapuuHomax I3

60% xBopux Ha mudepeniiiioBannii pax 1113
(/IPII13) 3 arpecuBHUM MeTacTa3yBaHHSIM PO3BU-
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BAIOTh CTIMKICTD /10 JTIKyBaHHA PaJioiiooM i Xapak-
TepU3yIOThCS TIOTAHUM TTPOTHO30M. MoJeKyasapHi
MeXaHi3MU PEe3UCTEHTHOCTI /10 Paliofoay BKJIIO-
YAlTh MYTallil Ta 3JIUTTS TeHiB, HE3/IATHICTh TPaH-
criopryBatu Hoa so kiaitud JPII3, snaus [IMO.
Baxknue miciie y cTiliKOCTI 10 pajiioiiofy Bifirpa-
ioth: rinokciss, TGF-B/SMAD, HA/I®M-okcuaasa,
mipyBarkapOokcuiaza, wmytaiii BRAF i RAS.
3apa3 3’IBUJIUCS CTpaTerii, sKi TOCHIIOIOTD JIiT0
pamgioiiony, Bkouaroun TtapretHy Tteparito TKI,
penudepentiamiio kiaitun [APII3 i mocraBmenns
JIiKiB Besukysamu [ 20].

TGF-B. Y pe3synbrati ceKBeHyBaHHs reHOMa ITyX-
JIUH TATBEPAWIN, IO KOMIIOHEHTH HAJIPOIMHA
TGF- Taix MyTaliii € pynniiiHuIMu CUJIaMU TTaTOreHe-
3y paky. /lo HUX BifIHOCATBCS THAKTUBYIOUI MyTallil B
petteritopi TGF-BII, perierrropi aktuBiny 2A i HU3Xi1-
Hill curnasnbhiil Mimeni — SMAD4. TGF-B i1 aktusin
GepyTh y4acTb y peryJisili KiiTuHHOI mpoJtidepartii,
madepentifoBanHs, Mirpaitii Ta anontody. TGF- in-
NIYKY€ CEKpellito aKTUBIHY CTPOMAJIbHUMU KJIITHHAMUT
MYXJIMHM, 110 TTocuToe Mirpaitito kmitud i EMT [17].

TGF-B curnaminr mnow’s3aHuil 3 akTHUBAIli-
eio EMT i renepamieto PCK. TGF- 38’s3yeTncs
3 xkommyiekcamu perentopa TGF-f tumy 1
(TGFBR1) i TGFBR2, mo mpusBoanTs 10 hocdo-
puitoBanag SMAD2/3, sikuii yTBOPIOE reTepoMep-
Hi komiuiekcu 3 SMADA4. [Toai6HuM urHOM 3aJTy-
yeHHs KicTkoBuX BMP mpusBoauth /10 akTHBaIlil
SMAD1/5, sakuii TakoX MOKe YTBOPIOBATH KOMII-
jekc i3 SMADA4. 11i rpumepni kommiekcu SMAD
MITPYIOTh /10 s/ipa ¥ aKTUBYIOTb TPAHCKPUIIITIIO
Mezenximanbunx rexiB. Curnamiar TGF-B inny-
KY€ yTBOPEHHsI MiohiOpobracTiB, sIKi CEKPeTyIOTh
uti piBai TGF-B, mo miarpumyiors EMT y cy-
cifiHix KJiTHHAX KapiuHoMm#u. OKpiM CHUTHAJIHTY
yepe3 1UTOKiHU Ta pakropu pocty, [IAD mMoxyTh
3MIHIOBATU TATEPHW METUJIIOBAaHHS B TeHaX, IO
peryiooth EMT, i iHAYKYIOTh Y KJIITHHAX Me3€eH-
ximasbhi Ta PCK-nioni6ni Biaactusocri. Ilokazano,
mo B PCK criocrepiraerbest 36ibIIeHHsT KiTbKOCTI
TFG-B1 nopisHsHO 3 Gisbin qudepenitiioBaHuMu
kaitTnHamu. JlocnipkeHHs TiATBEPKYIOTh POJb
Src B inpykyBaHHi nepexoay curHamiary TGF-B
BiJl IyXJIMHOCYIIPECUBHOTO /0 OHKOTeHHOTO [21].
Excnpecig TG i NIS y kaitunax JPII3 inrioy-
etpcs 3a il TGF-B1. Ilpurnivenns msaxis SMAD
MIPU3BOUTH JI0 TOCUJIEHHS MTOTTUHAHHS PaJIiOH0y
pakoBumu KiitTnHamu. SMAD2/3 3B'ga3yetbesa 3
PAXS i mopyrirye TpancakTuBariio slchad, sika 3mi-
HIOETHCS ekcrpecieio SMAD7 [22].
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ITipysamxapboxcunasa € KITOIOBUM (hePMEHTOM Y
TJTIOKOHEOTeHe31, CHHTE31 ;KUPHUX KUCJIOT 1 aMiHOKHC-
JIOT y HOpMasIbHUX KirituHax. [lipyBaTkapOokcuiasa
iHribyBajia excIpeciio Mmop’si3aHux i3 MeTabosi3MOM
fionty reuiB tshr, slchab, tpo, tg i 3mmKyBaia morau-
eKCIIPecilo TeHiB, IOB’S3aHMX i3 MeTab0Ji3MOM
1oy Ta TMOTJIMHAHHSAM Koy B kiaiTuHax 11K [23].

Mampuxcni memanonpomeasu. OyHKITIOHATD-
HUMU KOMTIOHEHTaMu iaBazonofAiit € MMP — mipo-
TeomiTUYHI hepmenTH, 1o pyitHyoTh [IKM. Byso
oKasano, 1o /s gerpajaiii [IKM B inBagonomisx
BUKOPUCTOBYIOThCs MeMOpan#i MMP tuny 1 (MT
(membrane-type)-MMP), MMP tumy 2 (MMP-2)
i MMP-9. MMP-2 i MMP-9 nos’sa3ani 3 iHBazi€io
Ta METaCTa3aMu, OCKIJIbKA BOHU PO3MIETIIOITh KO-
garer IV Tumy — rojoBHUN KOMIIOHEHT 6a3ajibHOI
MeMOpanu. Bigomo, mo cexpertis MMP-9 omoce-
penkoBana Src Ta FAK, a Src, aktnBoBana daxro-
pom tpanckpuriii TWIST1, onocepenkoBye yTBO-
peHHs iHBazonofin, nerpagaiio [TKM i crpusie
iHBa3il pakoBux KyiTHH [21].

Excnpecis MMP-2 Oysia 3HauyHO BWIIOIO B
spaskax IIK, Hix y mobposikicHux Byssiax 1113 ta
HOpMaJTbHIM TKaHuHi |24, 25]. [ligBuiena inTen-
cuBHicTh ekcrpecii MMP-2 B 3paskax IIK kope-
JIIOBAJIa 3 €KCTPATUPEOITHUM PO3TOBCIOIKEHHSIM
(extrathyroidal extension, ETE), meracrazamuy JIB
(MJIB) Ta Bigpmanerumu mertactazamu. KiJbKicTbh
MMP-2 B Tkanuni I3 yacTo kopesmioe 3 i piBHEM
y kposi. Konnenrpauis MMP-2 Gyia Bumoio B
rpymi 3 [TK, Hix y Tpymi 3 100posikicHUMY By3J1a-
mu [113 ta B konTposbHili Tpyti. [lepenomneparttiiine
BusHauenuss MMP-2 B cupoBaTiii Ma€ IpOTHOCTHY-
Hy 1inHicTh o0 MJIB. Bucoki pisai MMP-2 B
KpoBi (>86,30 Hr/mur) Gysiu TIOB’s13aHi 3 pU3MKAMU
PO3BUTKY OLIbIIMX MyXJauH (>1 ¢M), IIEeHTPaTbHIX
i sarepanpaux MJIB, ETE Ta mporpecytouoi cra-
nii TNM. Pisni MMP-2 neratuBHO KOpeJsfoBaIn
3 TepMiHOM penuauBy. Bucokuit piesb MMP-2
B KPOBI acoIlifoBaBcd 3 TIPUIUMU KJIIHIYHUMU Ha-
crigkamu. Pisai MMP-2 i MMP-9 y kpoBi MOXKyTD
BUKOPHUCTOBYBATHCA HE JHINE SK TPOTHOCTUYHI
mapkepu JIPIIL3 [24, 25], ase ii ik KpuTepiii edek-
TUBHOCTI PI3HUX METO/IIB JIKYBaHHS, HAIPUKJIA]]
XipypriuHOro BTpy4YaHHs ab0 MiHIMaJbHO iHBa3UB-
HUX TIPOLEAYP, TAKUX K PaJiodyacTOTHa abJIsilist
i yJIbTpa3ByKoBUM KOHTposeMm. PiBai MMP-2 i
MMP-9 y cuposariti KpoBi MOKYTb OyTH IliHHIMU
nokasHuKamu ist giardHoctuku [TK mepex abusii-
€10 Ta iHdopmaltito mpo eGeKTUBHICTD MPOIEIYPH.
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¥V Bunankax JIPI3 pisai MMP-2/9 Gynu 3HauHO
HYKYMMM T1ic/s abuisiii, Hisk 1o mporexypu. 1i ce-
POJIOTIUHI iHEKCH MOKYTh TOTTOMOTTH Tiepebadn-
T nporuos IIK 1o Ta micssa jgikyBaHHS Ta MOXKYTb
MaTHU 3HAYHI HACJI/IKYU JIJIS TJIAaHYBaHHS [IPOIIe/LyP
[24, 25].

MMP-9 € 1nuHK3Q/I€KHUM TPOTEOJITUYHUM
MeTamo(pepMeHTOM, OCHOBHOIO (DYHKITIEIO SIKOTO €
nerpanaitis [TKM [26]. Excipecis MMP-9 nocu-
siera B kapuunoMax [I13. € nani mozo Hagekcmpe-
cii MMP-9 y 3paskax, oTpuMaHuX BiJl TAIliEHTIB
i3 TIK, nopiBHSIHO 3 A00POSIKICHUME yTBOPEHHS-
mu 113 i HopmasmbHOO TKaHuHOW. MMP GepyTh
y4acTb y CTUMYJIAIII aHTioreHesy, 1110 BaKJIUBO
JUISL POCTY Ta IporpecyBaHHs nyXiaunu [27], Tomy
excripecist MMP-9 3nauno Bumia cepes maii€HTiB
i3 TIK i3 GibIuM po3MipoM MyXJIMHHU, 0COOJIMBO
npu nyxamHax >2 cm. MMP-9 BBaxkaeTbcs 3a-
JIEKHUM TPEIUKTOPOM CTaTyCy 3aXBOPIOBaHHS i
kopeJitoe 3 miporHoszom [1K. Buia inTeHCUBHICTD
excrpecii MMP-9 cnioctepiraerbest B naiieHTiB i3
MJIB (uentpasbuumu abo JarepaabHuMm). [HIm
JIOCTI/IPKeHHS He BUSBUJIU CYTTEBOI KOPEJIAIl MixK
MMP-9 i meractazamu B siMmbaTuyHi By3JH, X04ua
BUSBWJIN TTO3UTUBHY KOPEJAII0 MK €KCIIPECi€o
MMP-9 i cranieto myxmmnau |27, 28].

MMP-9 mokHa BUSBUTH He TiJIbKU B TKaHU-
Hax 13, a i1 y nepucepnuniii KPoBi B MAIIEHTIB
i3 HOpPMaJIbHOIO 327103010, 10OPOSKICHUMHE T1aTOJIO-
rismu Ta pakom I13. [lani nocmimxenns nepude-
PUYHOI KPOBI BiANMOBIAa0Th nanuM Tkanuuu 1113.
Pisai MMP-9 y nepudepuyniii KpoBi maiieHTiB
i3 /IPII13 3nauHO BuMIIl, HI’K y MAI€HTIB i3 106pO-
SAKICHUMU 32XBOPIOBAHHSMU, ajie He BUSIBJIEHO Bijl-
MiHHOCTEI MiK OCTaHHIMM Ta 3/[0POBUMHU 0COOAMU
[25]. Bysnio nomiveno, o pisai MMP-9 y kposi mic-
JIst onepariii CyTTeBO He 3MIHIOBAJIKMCS IPU 100pO-
SIKICHUX ypaskeHHsIX, a B narfienTiB i3 /IPII3 piBHi
MMP-9 6ysin 3HaAYHO HUKYMMM, HiZK /10 OTlepaltii.
Y JPII3 i3 Bumoio cragieio TNM, miamerpom
nyxauan >1 cm, ETE abo nagBauMu simdparny-
HUMM MeTacTa3aMy Ta BijlaJIeHUMU MeTacTa3aMH,
piBai MMP-9 y cuposariii KpoBi Oy/iu 3HAYHO BU-
UMY, HIK Y IIyXJWHAX i3 paHHboIo cTajielo TNM
Ta MEHIINM JliaMmeTpoM [25].

FGF19. Excupecist 6ysa jokamizoBaHa B I[UTO-
TJ1a3Mi 3JI0SIKICHUX KJITHH i criocTepiranacs y 82 3i
100 marientiB i3 pakom I13. FGF19 acorioeTbes
3i 3nogkicanmu nmyxauHamu 113, 1o miakpecaoe
OTO TIOTEHITaJl SIK MOJIEKYJISPHOTO MapKepa st
pannboi giarnoctukn. FGF19 moske dyHkiionysa-

TU SIK €HIOKPUHHWH (haKTOp, AKWH Bifirpae BUPi-
HIaJIbHY POJIb Y PETYJISAL] PI3HUX KJIITUHHUX IMPO-
1leciB, TaKUX K MeTaboJi3M TJII0KO3H, JIHMIIB Ta
BiTaminy D [29].

HIF-1o. AxtuBoBanuit HIF-1 perymoe peakitito
NYXJIUHHAUX KJITUH Ha 3MiHU KOHIIEHTpAIlil KHc-
HIO Yepe3 TPaHCKPUIIiNHY akTuBailito rexis [30].
[Hpyxiiss TpaHckpunilii mpoaHrioreHHUX (hakTo-
piB, Takux gk VEGE ctumyiioe po3BUTOK KpPOBO-
HOCHMX CY/IMH i MOCTa4yaHHs KJIITUH KucHeM. Kpim
toro, HIF-1 ctumysioe MetactaTuuny aKTUBHICTh
IyXJMHU — MITpalliio KJIITHH Y BiganeHi Ta OiibIi
HAacUYEeHI KUCHEM TKaHWHU. PO3BUTOK i mmporpecy-
BaHHS PaKy 3ajiesKaTh TOJOBHUM YMHOM BiJl HasiB-
HocTi rinokcii ta akruBanii HIF-1o i 3ananenns
(axtuBanis NF-kB). Excnpecig HIF-1a i HIF-2a
B PII[3 Bumia, Hixk y HOpMasibHiii TkanuHi 1113 abo
ii mobposikicHux ypaxkenusx. [imepexcmpecis HIF-
1o i 200 Oyoma TOB'sI3aHa 3 KaICyJIbHOIO iHBa3i€eo Ta
HagBHicTiO MJIB. IlyxsimHU 3 BUCOKMM BMiCTOM
HIF-1a i 200 masmm Buny cragito TNM. [lani cBin-
yaTh 1po te, mo HIF mMoxe cripustu mirpariii ta
arpecusnocTi 1K, @K ta AK [28]. OTxe, HIF-1a
MOJKe CIYTyBaTH MapKepoM i MilIeHHIO /IS JIKY-
Ba"Hs PII3 i pesuctenTHOCTI 710 pagionomny [20].

VEGF. @akTop pocTy eHI0TENi0 CYyAUH € KJIIO-
YOBUM Me/IiaTOPOM aHTiOTeHe3y Paky, 30Kpema il y
II13. Axriorenes Bifirpa€e BakJIMBY POJIb Y PO3BUT-
Ky paky ta MetactazyBanHi. VEGF-C € Baxknmusum
(hakTopoMm, AKMIl Kepy€e POCTOM IOB’sI3aHUX 13 TTyX-
JIUHOIO JIIMGATUYHUX CY[IWH, CIPUSIOUM TIOMIN-
peHHIo paky depe3 JimdaTtnuny cucremy. Brucoka
ekcripecis ¢axropa OyJa MOB’'si3aHa 3 HasSIBHICTIO
metactaziB y JIB i cragieto TNM [27]. VEGF-C
TaKOX MO’Ke CTUMYJIIOBATH aHTioreHe3 Ha J10/IaTOK
no nimanriorenesy. [locunenns ekcripecii VEGF
y TUPEOITHUX KapIMHOMAX JIIOJAMHU KOPEJIoE 3
PO3BUTKOM PaKy, HOTO MPOrpecyBaHHSM i TOTAHUM
nporao3om [ 28].

Dibponexmun, inmezpunu, o-SMA ma cunde-
xanu. Ilig gac nporpecyBannsa paky [IKM migna-
€ThCSI PEMOJICJIIOBAHHIO — PYIHYBaHHIO 6Ga3aJbHOI
JIaMiHM, 1HBA3I€I0 €HJOTETIaJbHUX KJITUH CYIUH
i posBuTKOM hi6po3y B MyXJAUHHUX KJIITUHAX Ta
HAaBKOJIO HUX, MIO MPHU3BOAUTH 0 30iIbIICHHS
JKOPCTKOCTI TKaHuH. [lg KopcTKicTh MPU3BOAUTH
JI0 AaHOMaJIbHOI MEeXaHOTPAHCAYKI[l Ta MOAABINO01
3JI05IKiCHOT TpaHcdopMaltii, 1Mo MOTEHIHIoE /1e/I1-
(hbepemntiarito, mposiepariiio Ta iHBa3i0 MyXJMH-
Hux KrituH, DiGpo3He MIKPOOTOYEHHSI B OCHOB-
Homy cekperyerbest [TAD, axi supobisaiors DH i
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kosnaren | tumy. [nikonporein MH mommpenuit y
MiKPOOTOUYEHHI 3JI0SIKICHUX Iy XJIVH, 11€ Tiepurmii Oi-
sok [TKM, 3natimennii y mpeMeTacTaTUYHUX HIllTaX,
MIPUCYTHIN y Hugxax Mirpaittii, Ski BUKOPUCTOBY-
IOTbCSI METACTATUYHUMU KJIITHHAMHU, a Horo yTBO-
peHHS IHAYKY€EThCA rinokcieo [31, 32].

Y mporecax pemosnemnioBanns Matpukcy OH
pasom 3 izodopmamu ciutaiicuary @H, moaudika-
topa @OH i kpoc-yinkepHux (epMeHTiB, Bigirpae
BLKJIMBY POJIb B aHTIOTe€He3i, MeTacTa3yBaHHI Ta
ximiopesucrentaocti. Mi6punn MH ciayxath Kap-
KacoM, Ha SIKOMY 30MpalOThCsl iHINI KOMIIOHEHTH
[TKM, 110 BIIMBAIOTh HA OTO apXiTEKTypy Ta pe-
TYJTIOIOTH TIepe/lady CUTHAJIB PE3UeHTHUM KJTiTH-
nam. [nrerpunu ta cuHaekanu, mo 38’s13ytots OH,
KoonepytoThest y hopmyBaHHI (hOKaTbHOI a/iresii,
opraHizaifii IUTOCKeJeTy Ta MeXaHOTPAHCHAYKIIl.
a5B1, allbB3, a8B1 i BCi iHTerpuHU o V-KjIacy
3B’sI3yIOTbCS 3 MOTHMBOM apriHiH-TJIIMH-acnapTar
y @H. Takosx, interpuau o1 3B’3y10Th CaiiT CH-
neprii y @H, inimiooun 3aaydeHHs 10aTKOBUX
inTerpuHiB. CHUH/IEKAHU 3B’SI3YyI0TbCA 3 JIJISTHKOIO
renapuny II ®H. 3p’a3ani 3 OH inTerpunm ta
CUHJIEKAH! HAJATO/KYIOTh KOONIEPAaTUBHUI CUTHA-
JIIHT, IO BKJTI0YAE PEOPTaHi3alliio akTHHOBOTO IU-
TockesneTy Ta BxomkeHHss YAP/TAZ B anpo [32].
Heormactnuna KoHBepCisi 3MiHIOE PiBEHb eKCIIpecii
OKPEMUX IHTETPHUHIB, IX CIIEKTP Ha PaKOBUX KJIiTH-
Hax i cur"aminr. [Tokasano, mo inTerpunm ovB3 i
06B4 € MO3UTUBHUMHU PETYJISTOPAMU ITyXJIMHOTe-
Hesy. Tomy HeoOXiTHO BCTAaHOBUTH BimoBiHi Gio-
MapkepH, o6 po3pobutn eheKkTuBHi 3acobu, sIKi
GJIOKYIOTH CUTHAJIHT iIHTerpuHiB y myxJnHi [33].

Y nwmsui nyxaud @H moke OyTu BiaCyTHIM
y IyXJUHHIA Maci, ajge fioro 6araTto B IIpUJIerii
crpomi. Y crpomasibiomy mpoctopi [TAD € ocHoB-
numu npoayrnentamu MH, a Takox excnpecyioTb
BUCOKI piBHI ai-SMA i nposiBastioTsh (hokasizona-
HUIT TPOTEO0i3, cripusioun pemojemoBanHio [ITKM
Ta GOPMYIOUN LJISIXH, SIKI CIIPUSIOTH 1HBa3ii pako-
Bux kiaituf. Takum ynnom, MH e kimoyoBuM dak-
TOpoM, 1110 orocepenkoBye dynkiii [IAD, i fioro
migsuieni pisai B [IIKM nmyxmnan yacto nos’d3ani
3 HUJKYOIO BYKMBaAHICTIO OHKOXBOpUX |32, 34, 35].
Mapxkepamu cTpOMaTbHUX KJITUH B OHKOXBOPUX €
a-SMA, a makpodaris — CD68, ki BkazyoTh Ha
3aJlydeHHS 1UX KJIITUH 710 MyxXJauHu. o-SMA Ta-
KO 3HAXO/STh Y CYJIMHHUX M’SI30BUX KJIITWHAX i
[epuInTax, siIKi MICTATbCS B NMyXJIMHHINA TKaHWHI.
Excrpecis a-SMA € ogHIM 3 OCHOBHUX MapKepiB
miohiopobractis ctpomu myxsau |36, 37].
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Src, FAK. Kinasu cimeiictBa Src (Src family
kinases, SFKs) B3aeMoiioTh i3 pisHUMU CUTHAJID-
HUMU NIJISIXaMU, SKi CIIPUSIOTDH iHBa3ii Ta MeTacTa-
3aM. [li muIsgxm TakoX € KpUTUYHUMU JJIs iHilia-
1ii EMT Ta po3noBcio/izkeHHd MyXJIUHHUX KJIITUH.
EMT 10B’s13y10Th i3 HaGyTTSM PE3UCTEHTHOCTI 0
JIIKYBaHHSI 3JIOGKICHUX HOBOYTBOPEHb, IO ITi/l-
KpecJioe fioro kiainigHe 3HaverHs [38]. SFK e kiio-
YOBUMU PeryJasaTopaMu MOpGoJIorii Ta IMiJliCHOCTI
emiTesilo, BIVIMBAIOYM Ha JAMHAMIKY aKTUHOBOTO
UTOCKeseTy Ta KiaiTuHHoi aaresdii. EMT xapaxre-
pu3y€eTbcst MOPGOJIOrTYHUMY 3MiHAMU, Ki BigOy-
BAIOTHCS B PE3YJIbTATi 3HUKHEHHS MIKKJIITHHHUX
3'eqHanb i nepeOy/I0BU aKTUHOBOTO IIUTOCKEJETY.
Takox crocrepiratoTbCs 3MiHM B TPOMiIKHUX (]i-
JIaMEHTaxX — 3HMKEHHS KIJIbKOCTI IIUTOKEePaTUHY Ta
ITi/IBUIIIEHHST PETYJISATiT BIMEHTUHY. AKTUBHICTD Stc
XapaKTepU3y€eThCsT MPOCTOPOBO-YACOBOIO  3aJIEK-
HiCTIO: TCJIs aKTWBAaIlii, oHKoreHHU Src (v-Src)
JIOKAJII3ye€Thcs Ha mepudepii mepeBakHO B JIHC-
KPETHUX MICIIX ajiresii, a MOTIM MepeMillly€eThCs
Ha MeMOpaHy Ta 3aJMIIKKM caiTiB aaresii [21]. Src
CIIPUSIE TOPYIIEHHIO KJIITUHHUX 3 €/{THAaHD Yepe3 aK-
tuBaitiio FAK, gka cripusie nectpykiiii hokaabHO1
azresii, mopytnye 38’g3ku kmiTHa-[TKM Ta iHimioe
KJITUHHY MITpalfito 4epe3 PeryJsiiiio CUTHATIHTY
iHTerpuHiB. ByJsio mokazaHo, 1Mo Src JOKaMi3y€eTh-
Ccs1 IepeBaKHO Ha MeMOpaHi iHBa30BaHUX ITyXJIUH.
Krmitnau #aGyBalOTh iHBA3UBHUX BJIACTHBOCTEN
yepes yTBOPEHHSI BUCTYIIB HA OCHOBI aKTUHY, BiJ10-
MUX SIK 1HBaJIONOIii, pa3oM i3 cekpeltiero MMPs,
ki MOKYTH pyiinyBaTu 6inku [TKM.

InBasononii — 1e cremniasizoBaHi BUIIMHAHHS
MeMOpaHH, IO MICTATh TEPBUHHO PO3TaTysKeHe
F-akTuHOBe PO Ta GLIKU-PEryasaTopu akKTUHY, iH-
aykoBaHi (hakTopamu pocty abo curaamamu [TIKM.
BaraTo 3 nux nuisgxis, 1o iHAYKYIOTH IHBAIOTO/IIO,
KOHBEPIYIOTb Ha KJTIOUOBUX JATYMKAX CUTHAJY, Ta-
kux sk GTP-asu cimeiicrBa Rho, docdoinosuru-
3-kinasza (phosphoinositide 3-kinase, PI3K) i Src
[21]. BusiBneno, mo kinazu Fyn i Lyn poaunn Src
GepyTh ydacTb y mpoJticdepartii, mirpartii, iHBasii,
aHTioTeHe3i Ta MeTacTa3ax 1Py PI3HUX BUAX PaKy.
Excnpecist tTuposunkinazn Fyn nmocuimoeTbes npu
PIII3 i cipuge kaiTunHIT TipoJidepartii, iHBasii Ta
mirpartii [39]. ITorouni cxBaseni FDA iuri6itopn
SFK BxJjo4yaioTh 603y TuHIO, ga3aTuHi6 i HoHaTiHIO
JIJIST TIKyBaHHS XPOHIYHOTO Mi€NOIENKO3Y Ta BaH-
netani6 st TikyBaHHs Meay sipaoro P13 [21].

Peyenmop ouckoiounosozo domeny 2 (discoidin
domain receptor 2, DDR2). Tuposunkinasa (TK)
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pereritopa DDR2 € HeoOXiqHOWO [JIsI MeTacTasy-
BaHH: i Bucoka ekcrpecis DDR2 B myxsimnHuX i
CTPOMAJIbHUX KJIITUHAX TICHO TIOB’I3aHA 3 TipITUMU
kJiHiYHUMY pedyabratamu. [Tapakpunsi gii DDR2
Ha myxyuHHI Kaituan Ta [TAD nigrpumyioTs iH-
Ba3ilo MyXJWHU, MIrPaIliio Ta KOJIOHI3aIlIO JiereHb
in vivo [40]. Byno mokasano, mo aiss TK DDR2 y
[TAD cTpomMu TyXJUHU CIPUSE PO3BUTKY KOP-
CTKOCTI TMyXJWHU TIJISXOM BIJTUBY Ha MPOIYKITIIO
[TKM Ta mMexaHiuHe peMOJIeJIFOBaHHS Yepe3 KOHT-
POJIb AaKTUBAIlil IHTETPUHIB, 0 3B’SI3YI0Th KOJIAT€eH.
Baxauso, 1mo DDR2 3 HeakTtusaoio TK gactkoBo
miaTpumye 11 edekT B KiaiTuHHUX JdiHisgx. i pe-
3yJIbTaTH CBifYaTh PO poJib Hezaneskanx Binm TK
niit DDR2 B perysmoBaHHi MeTacTasiB Ta MOXYTb
YACTKOBO NOSICHUTHU Hee(heKTUBHY BiJIITOBI/Ib HA Te-
pamito TKI B martienTiB 3 arpecuBHuM pakom [40].

3naraicte DDR2 3B’s3yBatucst 3 KoJareHOM
CUpUSE TPOTYMOPAJIBHUM PEAKINAM y PaKOBUX
KiThHax, ki BrmBaioTh Ha [IMO. DDR2 mony-
JIIOE peakifito ctpomu vepes indinasrpario [TAD i
TAM i Moxke BUKOPUCTOBYBATUCS K TIOTEHITIHHO
MIPOTHOCTUYHUM (HaKTOp TIPU JIIKyBaHHI 1HBa3UB-
Horo paky. I[ITAD 1nocusioTh picT PaKOBUX KJIITHH
3a JIOIIOMOTOI0 Pi3HUX MeXaHi3MiB, BKJIOYAIOYU
nposrichepaltiio, Mirpaiiio, CeKpelio IUTOKIHIB i
XEMOKIHIB, @ TAKOK CTIMKICTh /IO TPOTUITYXJIMHHUX
npenapatiB [41]. Bceranosieno, mo DDR2 Gepe
y4acTb y cekpeitii MMP nyxJauHHUMM KJIiTUHAMH,
110 NpU3BOANUTH 710 ferpazaitii [IKM i nosermrye
iH(piaBTpaIliio CTPOMATBHUX KIITHH, a TaKOX Mi-
rpaiiifo Ta iHBa3ilo pakoBUX KJiTHH. [HmmmMu 6i-
kamu, crumysaboBanumu DDR2, € TGF-B i 6isok,
TTOB’sI3aHMT i3 TapaTTOPMOHOM, STKHUI BiJlirPa€ POJib
y MeTacTazyBaHHi KicTOK [37].

IIpomeinkinasa p60-S6K1. Mu BCTaHOBUJIN TTi/I-
BUIIIEHHA PiBHA ekcmpecii i3oopmu KiHazu pu-
6ocomuoro Gimka S6 (S6K1) p60-S6K1 B myxm-
Hax IIK i3 mpogBamu iHBa3ii Ta MeTacTa3yBaHHSI.
Orpumani pe3ybsTaTH BKa3ylOTh Ha BasKJIUBY POJIb
i3opopmu p60-S6K1 y migrpumIti um iHimiarii inBa-
3i1 Ta MetactazyBanns myxsans 11[3. [{g isodopma
MOKe Oy TH MapKepOM MeTacTa3yBaHHs Ta MOTEHITi-
aJIbHOIO MintenHto A Teparii P13 Ta fioro mera-
crazis [42].
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Crucok ckopoyeHb
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KKM - kJiTrHU KiCTKOBOTO MO3KY

JIB — nimdartuyani By3an

MJIB — meTacTasu B jiiMpaTiuHi By3au

IMA® - acouiiioBai 3 myxanHoio ¢ibpobracTu

IIKB — no3akJiTUHHI BE3UKYJIH

IIKM — nosaxTiTHHHUI MaTpUKC

IIMH - npemeracTtatnyni Hinri

IIMO — myxivHHE MiKPOOTOYEHHST

PCK - paxoBi cToBOYpOBi KJIITHHI

®H - dpibpoHexTuH

HOPK — rupkyJ/orodi pakoBi KJIITUHA

I3 — muronoaibHa 3am03a

BMP - wmopdoredernunuii 6imok  (bone morphogenetic
protein 4)

DDR2 - penenrop auckoiaunosoro aomeny 2 (discoidin
domain receptor 2)

FAK - kinasa dokanbnoi agresii (focal adhesion kinase)
FGF19 — dakrop pocry dibpobmactis 19 (fibroblast growth
factors 19)

MMPs — maTpuKcHi MeTasonpoTeiHasn

NK - kaitunu-kizepu (natural killer)

SFKSs — kinasu cimeiictsa Src (Src family kinases)

TGF-B — tpanchopmytounii pakrop pocry OGera (transforming

growth factor beta)
TSP1 — tpom6bocnionaut 1 (thrombospondin 1)
VEGFA - cyaunHuMil enzpoTenianbHuii dakrop pocry A

(vascular endothelial growth factor)
vWF — daxrop don Bimnebpanaa (von Willebrand factor)
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Mechanisms and markers of thyroid cancer metastasis.
Review of literature and own data (part 1)

N.Ya. Kobrynska, V.M. Pushkarev, N.I. Levchuk, O.l. Kovzun,
I.I. Komisarenko, M.D. Tronko

State Institution «V.P Komisarenko Institute of Endocrinology and
Metabolism of the NAMS of Ukraine»

Abstract. The review of the literature is devoted to the markers and
mechanisms of the metastasis formation. The emphasis is placed on
relatively little-studied processes — the role of the tumor stiffness and its
microenvironment, the participation of tumor-associated fibroblasts in
these processes; the formation of premetastatic niches, the transition of
disseminated cells into a dormant state and, especially, the mechanisms
that provoke the exit of metastases from this state, which is of significant
practical importance. It has been established that the sites of future
metastases are not passive recipients of cancer cells, but are selectively and
actively modified by the primary tumor even before metastatic spread has
occurred. Tumors induce the formation of a microenvironment in distant
organs, which will promote the survival and growth of tumor cells after their
seeding in metastatic sites. The importance of determining the factors that
contribute to the formation of premetastatic niches in thyroid carcinomas is
emphasized. Sometimes, instead of the formation of premetastatic niches
thatincrease the efficiency of metastasis, specialized microenvironments can
arise in which tumor cells survive in a state of rest. The cellular and molecular
components of the niches that promote the quiescence of disseminated
cells are now being elucidated. Factors that can provoke the exit of the
disseminated tumor cells from a state of dormancy are given. The main
attention is paid to thyroid metastasis markers — transforming growth factor
beta (TGF-), matrix metalloproteases (MMP), fibroblast growth factors 19
(FGF19), hypoxia-inducible factor 1a (HIF-1a), vascular endothelial growth
factor (VEGF), fibronectin, integrins, alpha smooth muscles actin (a-SMA),
syndecans, Src family kinases, CXCL12/CXCR4 axis, markers of cancer stem
cells, etc. Of special interest are markers that can be detected in blood
plasma and by the method of fine-needle biopsy in the preoperative period.
Keywords: thyroid cancer, metastases, markers of metastasis, tumor
stiffness, premetastatic niches, dormant metastases.
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AKTyanbHa iHpopMaulia

Jak HocTtanTuH leTpoBuy:

no 100-piyya sig aHA
HapO/KeHHA

24 qunas 2024 poky Bunosausioch 100 pokin
Bi/l IHS1 HAPOJ/KEHHSI 3HAHOTO BYEHOTO, JOKTOPA
MeJIMIHNX HayK, mpodecopa, 3acayKeHOoTo Jisdda
HayKHU 1 TeXHIKW YKpaiHu, oHOTO i3 (pyHAATOPIB
[HCTUTYTY €HZOKPUHOJIOrIT Ta 0OMiHY pEeYOBHUH
iMm. B.II. Komicapenka HAMH V¥Ykpaiau — 3aka
KocrsanTtuna IlerpoBuua.

Kocrautun IlerpoBuy 3ak HapoauBcs B cedii
Ct. JKusoriB OpartiBchbkoro paiiony BinHuibkoi
obmacti B MmepuuHiit poawai. Y 1941 poni Koctsi-
tiH [leTpoBuY 3akiHUMB yKpPAaiHCbKY TIOBHY ce-
PE/IHIO HIKOJIY i3 30JI0TOI0 Me/IaJIJII0 Ta BCTYIINB J10
Kuiscbroro mepmanoro inctutyty iM. O.0. Boro-
MOJIBIIS, SKWI 3aKiHYUB 3 BiZizHakoio B 1949 porti.
[Ticng 3akingenHs MeuaHoro inctTutyty Kocrsan-
tuna [TerpoBuua 3aka OyJio 3apax0OBaHO JI0 acIli-
panTypu [HCTUTYTY eKcriepuMeHTanbHOI OioJorii
ta naroJorii iMm. O.0. Boromoabngs MOJ3 Ykpai-
HU Yy BIIZIIT eKCIepUMeHTAIbHOl eHJOKPUHOJIO-
rii, KepiBHUKOM KOl Ha TOH uac OyB mpodecop
B.II. Komicapenko. 3auac HaBUaHHSA BACTTi PaHTYPi3
1949 o 1953 poxu KocrsuTa Ilerposuy ycmim-
HO BUKOHAB 1 3aXMCTUB KaHJIUJATCbKY JIUCEPTAIliio
Ha TeMy: « TOKCUYHI BJIACTUBOCTI CUHECTPOJIY».

3 1953 no 1965 pix Koctsautun IlerpoBud
06iliMaB 1mocaau MOJIOJIIOTO, a MOTIM CTAapIIOro
HAayKOBOTO CIIBPOOITHMKA KepoBaHOI akajgeMi-
koM B.I1. Komicapenkom maboparopii eH1oKpuH-
Hux ¢yHkuiit [ncruryry disiomnorii im. O.0. bo-
romosibitst AH Ykpainu. ¥V ciuni 1965 poky Oys
CTBOpPEHUI [HCTUTYT eHIOKPUHOJIOriT Ta 0O6MiHY

294

peuyoBrH. DyHIATOPOM Ta MEPIIUM [UPEKTOPOM
craB akazemik B.I1. Komicapenko — Bugatuuii en-
JIOKPUHOJIOT, MaTo(hi3i0I0T, OpranizaTop Ta OJuH
i3 3aCHOBHUKIB yKPaiHCHKOI MKOJNU €HIOKPUHO-
goriB. Y 1965 porui Kocrsutun IlerpoBuu 6yB
Npu3HaYeHnil KepiBHUKOM JjabopaTopii ropmo-
HaJIbHOI PeryJisilii KpOBOTBOPEHHS B CTBOPEHOMY
[nctutyTi. ¥ 1971 portii BiH 3aXUCTUB JOKTOPCHKY
nuceprailito «PoJib TOpMOHIB KOPpU HAJIHUPHUKIB
y peryaditii Mop¢hOJIOTIYHOTO CKIANY KPOBi».

¥ 1978 poui Kocrantuny IlerpoBuuy nHagano
BUeHe 3BaHHs IMpodecopa 3a cleliaabHiCTIO «IIa-
ToJioriuyna ¢isiomnorist», a B 1999 poni — nouec-
He 3BaHHSA «3acJyKeHWH Aig4 HayKd i TeXHiKN
Vkpainu» 3a 3Ha4YHUN 0COOUCTUIL BHECOK Y PO3-
BUTOK MEJMYHOI HayKH, Baromi HayKOBi JocAr-
HEHH B TaJIy3i eH/JOKPUHOJIOTII Ta reMaToJIoTil.

31965 o 2016 pik Kocrsatun I[lerpoBuu 3ak
KepyBaB J1abopaToOpi€io ropMOHAIBHOI PeryJIsiiii
kpoBoTBOpeHHd 1Y <«IHCTUTYT eHIOKpUHOJOTIT
ta 0O6Miny pedoBuH iM. B.IT. Komicapenka HAMH
Yxpainny. 3 2017 poky — Koctsautun [lerposuy
TOJIOBHUI HAayKOBWil CHiBPOGITHWK HAIIOTO iH-
CTUTYTY. 3arajJbHUN HayKoBUil cTax Koctsaurtu-
na [lerpoBuua 3aka cTaHOBUTH 75 POKIB.

3ak K.II. — mpoBigauii BYeHWH, KJIIHIUHUIMA
nmatodiziosor, OJUH i3 3aCHOBHUKIB BUYEHHS TTPO
TOPMOHQJIbHY PETYJIAIiI0 KPOBOTBOPDEHHS, aB-
TOp HU3KH MPIOPUTETHUX HAYKOBUX POOIT, TIpu-
CBAYEHUX MeXaHi3My /il TOPMOHIB i IUTOKiHIB
Ha TeMOTIOETUYHY Ta IMyHHY CHUCTEMH, IO CTaIn
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BaroMUM BHECKOM Yy (GOpMyBaHHS Ta PO3BUTOK
MePCIEeKTUBHUX HAYKOBUX HANPSIMiB [HCTUTYTY.
Koctsautunom IlerpoBudem Oysm 3ampoBa-
JUKEeH1 HOBITHI MeTOAM TpaHCMIiciifHOI Ta CcKa-
HYBQJIbHOI €JIEKTPOHHOI MIiKPOCKOTIi, a TaKoX
VJBTPACTPYKTYPHOI IUTOXIMIil KJIITUH KPOBi (MO-
Horpadis «Ilutoximis Ta eTeKTPOHHA MiKPOCKO-
11151 KJIITUH KPOBi 1 KPOBOTBOPHUX OPTraHiB» ).
Koctautun IlerpoBuy 3ak iHirmioBaB J0CJIi-
JUKEHHST 3 BUBYEHHS YJIBTPACTPYKTYPHU Ta HYHK-
1ii cTOBOYPOBUX KJITHH, IO CTAJTU QYHIAMEHTOM
17t PO3pO0JIEHHsT BUEHHST 1IPO HOBY TPUPOIHY
CUCTEMY IMYHITETY — IPUPOAHI KJIITUHU-KITEPH,
SIK1 3IHCHIOITh TPOTUMIKPOOHUN i MPOTUITYX-
JIMHHUM 3aXUCT OPraHi3My Ta il 3HaUYeHHS ITPU eH-
MOKPUHHMUX 3axBopioBaHHAX (MoHorpadis «Be-
JIMKI TPAaHYJOBMICTKI JIM(OIIUTU B TATOJIOTII» ).
3a 110 Hu3Ky pocaimkenb Kocrautuny Iletposu-
uy OyJia npucykena npemist im. B.IT. Komicapen-
ka B 1997 pori. [licag asapii na HAEC, 3aBasku
BOJIO/IIHHIO HOBITHIMHM MeTOJ[aMU TIPOTOYHOI ITU-
TOMETPII Ta eJIeKTPOHHOI MiKpockorii (y cIiBaBs-
tTopcTBi 3 akajieMikoM C.B. Komicapenkom), Koc-
tssuTHHOM [TeTpoBuyem OyJin OTpUMaHi yHiKaabHI
JlaHi 110/10 BIIMBY MaJIUX /103 pajiallii Ha iMyHHY
CHUCTEMY JIIOJIMHU, a caMe, XapaKTepHi MOpyIieH-
HS yJIBTPACTPYKTYPH JiM(OIUTIB Ta 1X 3B’SI30K 3i
3MiHAMK T€HOMY, sIKi 3HAWIIIN BifoOpakeHHS B
MoHorpadii «Paziaitis i iMyHITET JIOIUHT».
Kocrautunowm IlerpoBuuem 3akom s 10CTi-
JUKEHHS IMYHHOTO CTaTyCy €HJIOKPUHOJOTIYHUX
XBOpUX OyJI0 3ampoBaKEHO METO/ IMPOTOYHOI
UTOMETPii JiM(MOIUTIB PiI3HOTO IMYHOJIOTIUHO-
ro (peHOTUTTY B TIOEAHAHHI 3 YJABTPACTPYKTYPHUM
iXHIM aHa;Mi30M i BU3HAYEHHAM BMICTY IHUTOKI-
HiB, 1[0 J03BOJIMJIO OTPUMATH YHIKaJbHI JaHi
I[O/I0 TOPYIIeHb 3 OOKYy OKPEMUX JIaHOK imy-
HiTeTy — Mouorpadis «Imyniter y miteii, XBo-
pux Ha 1ykpoBuil miaber 1 tumy». ¥ 2001 pori
Kocrantuny IleTpoBuuy npucykeHo 1mpe-
Mito O.0O. boromosibild 3a JOCIIPKEHHST 1010

OoOTpYHTYBaHHS POJIi Pi3HUX BUIIB IUTOKIHIB y
(hiziosoTiuANX 1 TMATOJIOTIYHUX TTPoIecax, eH/o0-
KPUHHUX 3aXBOPIOBAHHSIX Ta MPOTUMYXJTUHHOMY
3aXUCTI OPraHi3my.

B ocranni npecartupiuug Koctautunom Ile-
TpoBUYEeM 3aKoM, HOro KoJieTaMH Ta YYHSIMH,
imimiitoBano Ta Po3pobJEHO HOBUN HAMPSIM y
KJIHIYHIT giabeTosorii —BUBYEHHS CTaHy IMyHi-
TETY B JIOKJIIHIYHUU 11ePiojl PO3BUTKY IYKPOBO-
ro giabery 1-ro TWIy Ha TijcTaBi NPiOPUTETHUX
KJITHIKO-IMYHOJIOTIYHUX JOCTi/PKeHb TaTtodisio-
JIOTi1 eBOJIIOIi1 3aXBOPIOBAHHSA, 30KpeMa, 3a JI0-
[IOMOI'0I0 BU3HaueHHs BMicTy aiaberacoriiiioBa-
HuUX aBToaHTUTIA. 11 mocC/IiKeHHST 03BOJININ
po3pobUTH AJITOPUTM JOKJIIHIYHOI A1arHOCTUKN
nykposoro xaiabery 1-ro tuiy Ta crBoputH Pe-
ectp JIAAT-TTO3UTUBHUX JiTEll i3 TPOTrHO30BAHUM
PUBUKOM PO3BUTKY JiabeTy, 110 CIPUIIO PO3PO6-
1l Ta BUPOBA/)KEHHIO HOBUX JIKYBaJbHUX 1 TIPO-
dbimakTmaHEUX MeTOMIB Ha ertamax po3BUTKY LI/]
1-ro Tutmy B AT Ta MiJIITKIB YKpaiHU 3 METOIO
MOJKJIMBOTO TOTIepe/KeHHsT 1e0I0Ty 3aXBOPIO-
BaHHsT — MoHOTpadist «Ilykposuii giaber. ImyHiTer.
Hurokinu». e onxHuM i3 HAyKOBUX IPIOPUTETIB
Kocrsatuna IlerpoBrua B ocTaHHi POKH CTajo J10-
CJIJUKEHHS  KJIHIKO-IMYyHOJIOTIYHUX — MeXaHi3MiB
PO3BUTKY ILyKPOBOTO jiabeTy 2-ro THITy Ta Ha X TrijI-
IPYHTi — po3po6Ka Ta BIPOBAKEHHS aJTOPUTMIB
OTo JIIarHOCTUKH, JIIKYBaHHS i TPO(DIJaKTUKN B
KJIHIYHY 1iabeToJIoTiIo.

3a dYac CBO€I TJIIHOI HAYKOBOI isJIBHOC-
i Koctautun IlerpoBuu omyOiikyBaB Maiike
400 maykoBux pobiT, 30kpeMa 8 MoHOrpadiil.
Koctautun [lerpouu 3ak € wienom Mixuapos-
HOTO TOBapHCTBa reMartoJioriB Ta €BporeiicbKoi
acoriarii remarosioriB. Koctautun IlerpoBuu
3aKk 3a JOBrUil NIIAX CJYKIHHA BITYM3HAHIN
MeaunuHi Haroposkenuit «Megammio HAMH
Ykpainu» ta oppenom IIpernogo6HOTO MiguTe st
Ararmita [leuepcbkoro.
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IV KoHrpec 3 MiDKHQpPOAHOIO yHYaCTIO

«MNMCUXOCOMATUHHA MEAUMLIMUHA
XXI CTONITTA:
PEAJII TA NEPCMNEKTUBWU»

1056;;“ 14-16 nucronaga 2024 poky

ochnanH/
OHJIAMH

IITanoBHI Jdikapi!

Kadenpa MmeanyHoi ncuxoJiorii, ICMXOCOMAaTHYHOI MeIUIMHU Ta ncuxorepanii HaiioHaJibHOro MeIMYHO-
ro yniBepcurery iMmeHi O.0. boromouabusgs MO3 Ykpainu ta 'O «Bceykpainchbka acoiianist ICHX0COMaTHYHOI
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naiin/onmnaiin) (3rigao «Peectpy 3axozis BIIP, sxi mpoBoautumyThes y 2024 potri»).

B Me’kax HAYKOBO-MPAKTUYHOTO KOHTPeCY OYAYTh PO3TISHYTI HACTYHI MATAHHS:

1. Bukauku, TeHIEHIII1 Ta HATPSIMU PO3BUTKY TICUXOCOMATUYHOI MEJUITUHYT B YKPaiHi Ta CBITi.

2. BifHOBJICHHS Ta MOBEPHEHHS 10 KUTTS MiCJs TPABM Ta TTOPAHEHb.

3. Tligxoau 10 MCUXIYHOTO 3/[0POB'St B YMOBAX BiifHI: HOBI MOJE/Ii OMOMOTH; MaciITaboBaHi iHTepBEHIIT Ha
mpukiani mhGap; b poBi 3acTOCYHKN; BIPOBAIKEHHS MEIMYHOTO KaHabicy; MePCIeKTHBY 3aCTOCYBAHHS TICHU-
XO/IeJTIYHO aCMCTOBAHOI Teparii

4. TpaBMu Ha 1moJii 6OT0: BiJl TPABMATHYHOTO CTPECY TA MOPAJTBHOI IITKOU JI0 OPTaHIYHUX YPasKeHb.

5. Britus BifiHu Ha miTet Ta MOJTOMD: M0 YeKAa€ Ha MaHOYTHI TOKOTIHHSI.

6. Ocob6uuBOCTI MiarHOCTUKY, Kypallii Ta peabimiTanii namieHTiB 3 KOMOPOiAHICTIO.

7. HamauHs 101MoMOry 1pu pisHUX BU/IaX BTPaT; HOPMaJbHe Ta TMAaTOJOTIiuHe TOPIOBAHHS.

8. [IpodinakTuka Buropanus y haxiBIliB JoTOMaTal0YuX Mpodeciii B yMOBax IiIBUIECHOTO 3aMUTY.

9. OcobauBocTi pO6OTH 3 BiiiCbKOBOCTYKOOBIISIMU: T ABUIIEHHS PE3UIIEHTHOCTI, BUSKUBAHHS B 0010, I0IIOMO-
ra micJist mepeHeceHnX MOJIOHY Ta TOPTYP, peabimiTanis ta abigitaris, qomomora "piBHUI piBHOMY "

MMAHEJIbHI TUCKYCII:

14 nucroman

Broposaskenuss mhGAP B cucreMy MeIUYHOT OCBiTH B YKpaiHi

15 mucromazg

BUK/IUKYU Ta epCIEKTUBU BIPOBAJIKEHHST MEIUIHOTO Kanabicy B Yipaini

MAMCTEPKJIACH: (n0aaTkoBi 6anu BIIP)
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«TexHos0Tii BipTyabHOI peabHOCTI: peabimiTallis BificbKOBOCTYKOOBIIB Ta BeTepaHiB BillHU»
3axin BITP Ne 3709059

15 mucromnan

«IlcuxocoMaTUKa XPOHITHOTO HOJTI0>

3axin BITP Ne 3709061

16 mucroman

«Crpec-acotiiioBaHi po3aju: MCUXOJIOTO-TICUXiaTPUIHA 0TTOMOTA Ta TICUXOCOTiaJibHA M ATPUMKA>
3axin BITP Ne 3709064

Maiicmepkaacu - ye oxpemi saxoou BIIP.

OPTAHI3ATOPU

AL HAUIOHANBHWA Kadeapa meanuHoi ncuxonoril, 5\“5“‘\‘3 BCEYKPAIHCLKA

ACOoUlALLIA
MEQUYHUA YHIBEPCUTET ~ NCHXOCOMATUUHOI MEAMUMHA TN AOOUANS i
F A4 imeni 0.0. BOrOMONbLUA Ta AexxoTapant \-“"‘/\“/ MEAMUMHM




milgamma®

MUIbrAMA’ 13 BEHOOTIAMIHOM [O3BOJIAE
BIAHOBUTU AE®ILUNT BITAMIHY B, Y 5 PA3IB
EQEKTUBHILWIE 3A TIAMIHY MOHOHITPAT

MepopanbHUii Npunom 3 eKBiMONIAPHOIO KiNbKicTto TiaMiHy: 100 Mr 6eHdoTiamiHy
npotn 70,2 Mr TiamiHy MOHOHITpaTy

M sendoriamin M Tiaminy mowonitpar @ X5 Bua GiogocTynHictb (AUC )
100

@ X7 B1Wa KOHLEHTpaLifA B NNa3mi KpoBi

80
/ \ @® MoxHa 6e3neyHo KOMGiHyBaTK

60
/ \ 3 NiKapcbKumm 3acobamu

40
I \ ANA NiKyBaHHA LyKpoBoro giabety
B l/.\ \ @® Cnpwse BigHOBNEHHIO HEPBOBOI

KoHueHTpauia TiamiHy B nnasmi kposi (Mkr/n)

0 1 2 3 4 5 6 7 8 9 10 TKAHVHN

Yac (rop) nicna npuiiomy

CkopoueHa iHCTPYKUis ANs MeAu4Horo sactocyBaHHs npenapaty MINIbFAMA® ta6bnetku. ®apmakoTepaneBTU4Ha rpyna. Mpenapatu
BiTamiHy B y komGiHalLlii 3 BiTamiHOM Bg Ta/abo BiTaMiHOM B,. Cknaa. 1 Tabnetka micTuTb 6eHdoTiamiHy 100 Mr, NipuaoKCcUHy rigpoxmnopuay
100 mr. Nlikapcbka chopma. Tabnetku. MokasaHHA. [py HEBPOMOriYHMX 3aXBOPIOBAHHAX, 3yMOBNEHNX AoBeAeHUM AedilnToM BiTaMiHiB By, Be.
MpoTtunokasaHHs. MigBuLLeHa YyTNMBICTb 40 KOMMNOHEHTIB Npenapary. MNpuitom BiTaMiHy By NpoTUNokasaHuii npu anepriyHnx peakuisx. Mpuitom
BiTaMiHy Bg npoTunokasaHuii npy BUpasKoBiii XBopoOi LyHKa Ta ABaHaALUATANANO! KULWKK Y cTafii 3arocTpeHHs (OCKiNbK1 MOXUBE MiABULLIEHHSA X
KWUCIOTHOCTI LLUYHKOBOro coKy). Cnoci6 sacTocyBaHHA Ta A03W. 3acTOCOBYyBaTW BHYTPILUHbO, 3anuBalouM AOCTATHLOK KiMbKIiCTIO PiavHM. WO rwq
Mo6iyHi edhekTU. 3 BoKy mpasHoO20 mpakmy: HyfoTa, BnoBaHHSA, diapes, 6ifb Yy XUBOTI, NIABULLEHHS KUCMOTHOCTI LUYHKOBOTO COKY. 3 60Ky

cepueso-cyOuUHHOI cucmemu: Taxikapgis. 3 60Ky iMyHHOI cucmemu: peakuii rinepyyTnMBOCTI, BKIOYAOUM aHadiNnakTUYHUIA LIOK; aHadinakcis; P H A R M A
Kponue’sHKa. 3 60Ky WKipu: WKIPHi BUCUNaHHA, cBepbiX. Y BKpai piAkux Bunagkax — LIOKOBUIA cTaH. KaTeropia Bianycky. bes peuenta.

P.n. MO3 Ykpaitu Ne UA/8049/01/01. MoBHa iHthopMaLjis MICTUTLCA B IHCTPYKLT AN MEAMYHOro 3acToCyBaHHS npenapary.
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Dekpicton’ D,

Kpanni 2 30T1abnetok

-

Dekpicron®D; 2000 MO 4000 MO 5600 MO'

30T1abnetok

HIMELLbKWI BITAMIH D
Ang BCiel POOAVUHN

Oekpicton” 500 MO 20000 MO

30Tabnertok oo 50 Tabnetok 20 kancyn

HAWBIJIbLLINA ACOPTUMEHT 103 * LLIOAEHHWUIA / LLIOTUXXHEBUW MPUNOM

Certificate of Free Sale flexpicron® D3 - 1000 MO, 18 rpyaus 2017 p,; 2000 MO~ 14 cepnius 2017 p,; 4000 MO -4 rpyars 2017 p.; 5600 MO~ 14 cepnis 2017 p.

IHCTDYKLS A MERUSHOTO 3ACTOCYBaHHS ﬂerlUm\‘ 500 MO. Kpyrni, 3nerka onyxii TaGnerkw Ginoro abo XOBTYEATOro KoMbopy. yab nack, zsepmrb ysary' Binbu gerana inopuauia R
) 125w

B HCTPYKL AT MEAMHOTO npenapary, Takox i ¥ TOB MIBE YKPAIHA», Cknag; 1 Tabrnera wic

o 6iANosigac 500 MO siraminy D3. Mokasanks. ﬂpmtmaxmxa paxityTa a(reomanwmlynwsm iitds T cccnine fpopiracThxa peslLiry sy DY o
TaKoro AecpiunTy. Sk AONOBHEHHA A CewuchikHOi Tepanii 0CTeonopo3y y AOPOCIMX. M1pOTUNIOKa3aHH. [iNepHyTAUBICTS A0 aKTMEHO PEYOBMHI 36O A0 GyRs-AKVIX AOTOMPKHUK PEOBUH, BKa3aHIX y PO3AIn
«Cxnag. MoBidi peaxuii 3aikcoBaHi 1a Tni MpwioMY: HaCToTa rIOGIHHIK PEaKLII HeBIROM3, OCKINLXY MACWITAGH] Kii4Hi AOCTIZXEHHS, AKi 42N 6 MOTY OLHUTI HYACTOTY, He NPOBORWNCS. BiNbu AeTansHa
iHBOPMALiA PO MOXTMBI NOBIYH PeaKwi Ta NPOTUMOK3AHKA MICTATSCA B IHCTPYKLI AN1A MEAWHOTO 33CTOCYBAHHA Npenapary. flaTa OCTaHHBOTO Nepernsay iHCTPYKLT -

Be3 pewienta, Pectpaliiive nocainuera N° UA/18957/01/01, Haxas MO3 Ykpaitu N° 2034,

wew nigniTKis Ta 4OPOCTUX i3 BUABNEHNM pwzwxom

*3ripwo faunx Sale out fekpicron* 3aiimae

3acobis ATC 5 pins A11C COS e Yan\cmwwx/:\eﬁaaox

paxenHs 1y RaHoMy pe
m I BupoGHuk: mibe GmbH Arzneimittel, Himesusa www.dekristol.com.ua
NpepcrasHik B Ypaini: TOB «MiGe Ykpaina» 01021, m. Kuie, Knoscekuit y38i3, 13. Ten./daxc: (044) 254-39-36

Llexpicron® 20 000 MO. Kpyrai nipo3opi ki kancyn, 110 20 Kancyn. Byab acka, 38epHiTh yeary! Binu AeTansha
IHODMALA BKNAAeHa 8 HCTPYKLLT 3 MEZU4HORO 3aCTOCyBaHHA npenapary, Takox. ii MoXwa orpamar y TOB MIGE
YKPATHAR. Cknag: 1 Kancyna MicTuTs xonexaneuibepony 20,0 M, o BIANOsiaae 05 wr, 260 20 000 MO, girawiny D3. Mlokasars.
TNikyBakHs KnikisH0 NATBEPAXEHOTO AediLuTy Biraminy Dy AOPOCTHX; NPOGINAKTKa AediuiTy BiTawiy Dy NALiEHTiS 3 BUCOKAM

DBUKOM K AONOBHEHHS, Tepanil ocreonop i Daso i
aiTawiny D, y paicy, coi aGo by, pesoai,
40 MICTSTECS B 7iKaPCSKOMY 3acobl. n i D. M Hecpponirias

HUPKOBA HEAOCTTHICTS. CapKOIA03. Tyﬁepxynwz ﬂu}.\axmsw piow siaivy D.N0GH peai aQivcosar i oy
Hevaﬂo{sm 1/1000p0<1/

7 N°UA/17901/01/01. Jara ocraiisoro nepemmy
wnpymu 1a0121 p.N° 60. Kareropia sianycxy. 3a e

IHOOPMALS HaRaETsCs,

3n08HIM
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