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EANNUAL
¥ MEETING

5—8 BepecHs 2026 poky B MicTi [TopTy — ogHOMY 3 Hali-
cTapillliX Ta HalbaraTIKUX Ha ICTOPUYHI MaM’SITKU MicT €B-
poru — BinOynocst 47-me mopiune 3acinanus €sponeiicbkoi
THpeoiaHoi acouianii (47" Annual Meeting of the European
Thyroid Association). Lle micTo Biome CBOiM HEITOBTOPHUM
apMOM, YHIKaTbHOI aTMOC(HEPOI0 CTAPOBUHHUX BYJIULIb,
MOTYTHBOIO PiKo1o Jlopy Ta FOCTUHHICTIO, 1110 CIPUSLIO
YCHIITHOMY TIPOBeeHHIO (hOPYMY, TTOETHABIINY BUCOKHI
HaYKOBUIA piBEHb i3 LIIHHICTIO 0COOUCTOTO CIiJIKyBaHHSI.

IlopiuHe 3acimaHHs €BpoOIEiCEKOI TUPEOITHOIL acollia-
1ii B koHrpec-ueHTpi Alfandega do Porto Ha Gepe3si piku
Jlopy 00’eaHaIo TIPOBITHUX MOCIiAHUKIB, KIiHIIMCTIB Ta
daxiBLiB y Tay3i TUpEOinoJIorii 3 yciel €Bporu Ta 6araTbox
KpaiH CBiTYy. ¥ HayKoOBiil mporpami BUCBITIEHO HAHOBIIIIi
IOCSTHEHHS y yHIAMEHTAJIbHUX 1 KIIIHIYHUX JOCIIiIKEH-

CropiHKa peAaKTOpa

Editor’s page

DOI: https://doi.org/10.22141/2224-0721.22.6.2026.1751

HSIX IIUTONOAIOHOI 3a1031. DOpyM CTaB UyIOBUM MaligaH-
YUKOM IS OOMiHY HAyKOBMMM 3HAHHSIMU, CITiBIIpalli Ta
HaJarokeHHs nmpodeciiiHMX KOHTAKTiB, HaaAUXalud Ha
HOBI i/lel Ta mapTHepCTBa, 110 BU3HAYATUMYTh MallOyTHE
TIOCIIIKEHb 1 JIIKyBaHHS 3aXBOPIOBaHb IIUTOMOMIOHOI 3a-
no3u. CripaBai, [TopTy ciayrye MicTKOM MixX TpaauuisiMu
Ta iHHOBALIiSIMU, BTUTIOIOYM aTJIAHTUYHUI AyX, 1O €IHAE
ITopryranito 3 €Bponoio Ta pemTolo cBity. PomanTnaHe
MiCTO, sIK€ AajJi0 Ha3BYy KpaiHi 3aBOMOBHMKIB, BilBa>KHUX
MOPSIKIB i TeKy4Joro coHiis. MicTo 3akoxaHMX map i rmop-
TBeliHy. JIHi, mpoBeneHi Ha 3eMiii ['eHpixa-MoperniaBis,
3TAILIWINA O€31i4 TeTJIMX CIIOTaliB.

AJie TOBEpHEMOCS 10 HOBUH THPEOIN0JIOTIi, ake opraH
3 Macor 20—30 r cripaBJisie TaKMi BAarOMUii BIUIMB Ha Op-
TaHi3M JoauHA. Po3IiIstHeMO poJib IIUTONOMIOHOI 3a71031

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

Tom 22, N2 6, 2026



(14

CropiHka peaakTopa / Editor's page

Y B3a€EMO3B’SI3KY MiX 11 3aXBOPIOBAaHHSIMHU Ta TAKUMU KJTi-
HiYHUMMU CTaHAMM, SIK CEPLEBO-CYIMHHI 3aXBOPIOBAHHS,
LYKpPOBUI1 1iabeT, OHKOJIOTiYHI 3aXBOPIOBAHHS, ACIIPECis
Tomo. JucdyHKIIisl IMUTOMOAIOHOT 3aJ1031 PO3IJISIIAETHCS
SIK MOAYJISITOP MeTaboIiuHOro cuHapomy. BimoMo, 1110 mo-
pylIeHHsT (PYHKIIIOHAJIbBHOTO CTaHy HIMTOIOAIOHOT 371031
Ta METabOiUHUI CUHAPOM TiCHO B3a€MOIIOB’SI3aHi ii ya-
CTO CYIIPOBOIKYIOTh OMHE OTHOTO. Y KIIiHIYHIN MpaKTUIi
613bK0 20 % MOpOCTIOro HaceJeHHs MaloTh SIK TUC(HYHK-
1if0 IIUTOITOMIOHOI 3aJI031, TaK i CKJIaJOBi METa0OIiYHOTO
CUHAPOMY.

OxupiHHs (TOOTO HaAMipHE HAarpPOMAaIKEHHS XXUPO-
BOI TKAHWUHU) € OCHOBHOIO MPUYNHOIO MYJIbTUCUCTEM-
HHUX 3aXBOPIOBaHb, 1110 OXOILIIOIOTH MOPYIIEHHS 3 OOKY
OMOPHO-PYXOBOTO arnapary (Hampukiiaa, OCTE0apTPUT),
MeTaboMiuHi (Hanpukiaa, IyKpoBuii Aiadbet 2-ro Tumy),
CepleBO-CYAMHHI (HaIlpuKJIam, cepieBa HeoOCTaTHICTh)
Ta pecripaTopHi (Harpukiam, oOCTPYKTUBHE alTHOE CHY)
po3Jaau, a TakoxX NpobJieMH 3 IICUXIYHUM 300POB’SIM (Ha-
MPUKJIIAM, JeTpecist) Ta 3aXBOPIOBAHHS HITYHKOBO-KUIIIKO-
BOTO TPAKTy i MeYiHKU (HanpuKJal, CTeaTOTUYHA XBOPO-
0a IeviHKy, OB ’s3aHa 3 MeTa0O0IiYHOIO TUCHYHKIIIEIO).
3B’S130K MiX TUPEOITHUMU FOPMOHAMU Ta OXUPIHHIM
HE PO3IISIAAETHCS SIK OMHOCIPSIMOBAHUM, alXe 30i/1b-
IIeHHS KiJIbKOCTi afuIIOLUTIB B OpraHi3Mi MOXe cekpe-
TyBaTU AeKijbKa TOPMOHIB ab00 IIMTOKIiHIB, SIKi MOXYTb
BIUIMBATU Ha PYHKIIiIO IuTOonomiOHOI 3amo3u. KpiM Toro,
TUPEOTPONHUI TOPMOH Jlie Oe3MocepenHbO Ha XKUPOBY
TKaAHUHY, iIHAYKYIOUHX JIII0JIi3 Ta IPUTHIYYIOUN CeKPEellito
iHCyJiHY Yepe3 (ochoputtoBaHHs TTpoTeiHKiHa3u B, 1m0
OPU3BOAUTH OO iHCYJIIHOPE3UCTEHTHOCTI. JIuchyHKIIis
IIATOMOIIOHOI 3aJI03M TaKOX ITOB’s13aHa 3 MeTaboJIi3-
MOM TIJIIOKO3U, OCKIJIbKU PELIeNTOPU TOPMOHIB IPUCYTHI
B MEYiHIli, a TpaHCIOPTEep INIIOKO3M 4 — y CKeJIETHIN Ta
XUpoBiit TKaHuHi. Ha dopymi akiieHTyBaBcsl BArOMuii
BIUIMB 3aXBOPIOBaHb IIUTOIOAIOHOI 3aJ1031 Ha PO3BUTOK
MeTaboIiYHOTO CUHAPOMY Ta CEPLIeBO-CYTMHHUX 3aXBO-
proBaHb. luchyHKIiS UTONOAIOHOT 321031, BIUTMBAIOYU
Ha JITiIHUH Tpodijb, YyTJIUBICTb 10 IHCYTiHY Ta CyTUHHY
IUCGYHKIIiIO, CIIPUSIE MiABUILEHHIO CEPLIEBO-CYIUHHOTO
pu3uKy. Po3ymMiHHS 1MX 3B’SI3KiB CIIPUSIE CBOEYACHIN Ii-
arHOCTMIII Ta JIIKyBaHHIO, a TAKOX J1a€ 3MOTY PO3TJIsIaTh
IUCGYHKIIIIO IIUTOIIOAIOHOI 3a71031 IK MoandiKoBaHUI
dakTop pU3MKy, 110 AOMOMArae KJiHillMCTaM CBOEYACHO
BUSIBJISITU 3aXBOPIOBAHHS 3aBJASKWM PAHHbOMY CKPUHIHTY.
Lle cipusiTume Kpaliiit ctpaTerii mpodiJaKTUKY i TOI0B-
JKEHHIO TPUBAJIOCTI XKUTTSI.

3 iHIIMX HOBUH Big3HAYy OHOBJICHHS AMEpHKAaHCHKOIL
TUpeoinHoi acouiarii 2026 poky. 30KkpeMa, MeperassHyTO
TaKTUKY HaZaHHS TOMOMOTH JIIOASIM 3 TIOMipHUMU BifXU-
JICHHSIMM KOHIIEHTpallii TOPMOHIB IIUTOIOAIOHOT 3aJ103M.
PexomeHmyeTbcst 3poOuTH MOBTOpHUI aHai3 piBHa TTI
yepe3 3 TUXKHI TMepea MPU3HAYEHHSIM MperapaTiB JIeBO-
TUPOKCUHY, OCKIUJIbKM HE3HauHi BiIXWUJIEHHS MMOKa3HUKIB
4acTO CaMOCTITHO TIOBEPTAIOTHCS 10 pedepeHTHUX 3Ha-
yeHb. CJ1ijl 3a3HAYUTH, 1110 HASIBHICTD ITiABUILIEHOTO PiBHS
AHTUTIJ 00 TUPEOIMHOI MePOKCUAA3U P HOPMAILHOMY
piBHi TTT BXe He po3IJIsIIaeThCs SIK TIpsIMe aBTOMAaTHY -
HE TMOKa3aHHS 10 MPU3HAYEHHS JIEBOTUPOKCUHY 3 METOIO0
npodiTakTUKK yCKJIaaHeHb BariTHOCTi. Ekcrieptn Takox
BU3HAJIM aHAJIi3M CeYi Y1 KPOBi Ha piBeHb HOAHOTO 3a06€e3-
MeYeHHsI KOHKPETHOTO OpTaHi3My MajoiH(pOpMaTUBHUMU.
[Tpu LIbOMY aKIIEHT 3MIIIYEThCS HA IHIUBIAyalIbHi (hakTopr
pu3uky. B Hammx ymoBax He 3a0yBaEMO PO HEOOXiTHICTh
IMITpUMaHHS ageKBaTHOIO OOHOTOo 3a0e3rned4eHHs. ToMy
am’siTaEMO, MU He JIIKyEMO pe3yJIbTaT! aHali3iB (KOHKpPEeT-
Hi mudpn), a OLiHIOEMO CTaH BChOI'O OPTaHi3MYy i 3MiliCHIO-
€MO HEOOXiTHY KOPEKIILilO.

CripaBxXHSI MEIUIIMHA TTOYMHAETHCS 3 JIIOAUHM i JIUIIe
MOTIiM O0MpaEeThCs Bce HeoOXinHe. IneTbes He po MakeT Mo-
cayr (Beqnue3Hi maHesi aHaniziB, bAJlu, iHdy3ii, nentuou,
€K30COMM Ta pi3Hi «aHTUBIKOBi» MEPCOHAJIbHI TIpOrpamMu),
a Ipo Miclle JIOAUHM BcepenrHi 1iei cxemu. I1iBBikoBuii
JTOCBiJl MOTO XUTTs B MEIUIIMHI 1a€ 3MOTY KOHCTaTyBaTH,
1[0 MEAULMHA — 1€ HE JIMIlIe cyMa 3HaHb i BUKOHAHHS
anroputMiB. Lle 3maTHICTD mymMaTu, CyMHiBaTuCs, 0a4UTH
JIIONMHY, a He Habip MOKa3HUKIB, MPUUMATU PillIEeHHS i
OpaTu 3a HbOTO BilIOBiZaIbHICTh. | caMe TyT 0COOUCTICTh
JIiKapst cTa€ BUpilajbHo0. He xoTinocsa 6 6aunTtu Meau-
LIMHY, Y sIKili JiKap IepeTBOPIOETHCS Ha IIECTEPHIO 100pe
HaJIaro[KEHOTO MEXaHi3My 3 MPOAaKy MEAUYHUX TTOCTYT.

Penakuisn «MizKHAPOIHOT0 €HIOKPHHOJIOTIYHOIO XKypHA-
JIy» BUCJIOBJIIOE ITMOOKY MOBAry 10 Balioi HEBTOMHOI mpaii
Ta BiggaHocTi cBoiii cnpasi. CyyacHa MeIuMIMHA MOTPedye
0e3mepepBHOTO HABYAHHS, | MH MUIIAEMOCS THM, IO HALIE
BUJAHHS JIONIOMAra€ BaM OyTH B Kypci CyJaCHUX TeHJEHIIii Ta
JOCATHEHb Y METUIMHI. 3JUYMMO BaM TOUYHMX JIiarHo3iB, yCminI-
HMX MPAKTHK Ta HafjiiHoro mieva KoJer. Hexaii Bama npang
3aBK/IM TiTHO OLIHIOETHCS AEPKABOIO TA CYCIIIbCTBOM, a MPO-
(eciiiHe BUTOpaHHs HIKOJIM HE TOPKAETHCS BAIIMX Cep/ellb.

TonoBHWI pegakTop npogecop
Bonogumup IBaHoBu4 lMaHbkis M
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Prevalence and pattern of respiratory system diseases

in patients with type 2 diabetes mellitus

Abstract. Background. Diabetes mellitus currently affects 589 million people worldwide. Experts predict this
number will grow to 670 million by 2030. Over the past few years, studies have appeared in the international and
Ukerainian literature suggesting that the lungs may be another target organ in diabetes mellitus, which necessitates
the investigation of mechanisms underlying the interdependence of diabetes mellitus and respiratory disease, as
well as the consequences of this comorbidity. Aim was to investigate the pattern of comorbidity of acute and chronic
diseases of the bronchopulmonary system among hospitalized patients with type 2 diabetes mellitus (T2DM) com-
pared to individuals without such comorbidity. Materials and methods. A retrospective analysis was conducted
of 100 medical cards of patients admitted to the therapeutic department with a diagnosis of T2DM, assessing the
presence, incidence, and pattern of concomitant bronchopulmonary diseases. For the comparative analysis, 100
medical cards of patients hospitalized in the therapeutic department without concomitant T2DM were analysed.
Results. The number of patients with T2DM and exacerbation of chronic bronchitis (CB) was significantly higher
(by 2.1 times) compared to those hospitalised with exacerbation of CB without T2DM (p < 0.05), and the number
of patients with comorbidity of T2DM and community-acquired pneumonia (CAP) was 2.3 times higher than the
number of patients with CAP without T2DM (p < 0.05). The number of patients with chronic obstructive pulmonary
disease (COPD) and accompanying T2DM was 2.7 times higher compared to those without diabetes (p < 0.05),
whereas in cases of exacerbation of bronchial asthma, there was no statistically significant difference between the
groups (p > 0.05). The number of patients with comorbidity of T2DM and bronchiectasis (BE) was 9.0 times higher
compared to the number of patients with BE without T2DM (p < 0.05). There were by 5.5 times more patients with
pulmonary tuberculosis and T2DM than those without T2DM (p < 0.05). The percentage of patients with diffuse
pneumosclerosis and T2DM was 27.0 vs. 13.0 % for those without associated T2DM, a statistically significant
difference of 2.1-fold (p < 0.05). Conclusions. Patients with T2DM have an increased risk of developing broncho-
pulmonary diseases: CB (2.1 times), CAP (2.3 times), tuberculosis (5.5 times), COPD (2.7 times), BE (9.0 times),
diffuse pneumosclerosis (2.1 times) (p < 0.05) in comparison with the population indicator.

Keywords: diabetes mellitus; pneumosclerosis; pneumonia; chronic obstructive pulmonary disease; bronchial

asthma; bronchiectatic disease; tuberculosis

Introduction

The relevance of the topic of research on comorbid lung
damage in type 2 diabetes mellitus (T2DM) is due to the fact
that, despite systemic lesions in T2DM, the lungs have long
been neglected [1, 2]. However, modern studies of 2024—
2026 convincingly prove the existence of a specific “diabetic
lung”. T2DM is one of the main non-infectious pandemics
of the 21* century, it not only aggravates the course of bron-
chopulmonary pathology, but also acts as a predictor of rapid
progression of respiratory failure [3—5].

Nowadays the lungs are considered a hidden target organ,
the pathology of which often remains subclinical until the
development of severe complications. Current epidemiolo-
gical data (2024—2026) indicate that the lungs are officially
recognized as a target organ in diabetes mellitus [6—8]. The
relationship between impaired carbohydrate metabolism
and respiratory pathology is considered through the prism
of systemic inflammation, which creates high comorbidity.
Patients with diabetes have a significantly higher suscepti-
bility to acute respiratory infections due to impaired local
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immunity and an altered composition of the fluid lining the
respiratory tract [9, 10].

The risk of bacterial pneumonia in patients with T2DM
is 2.5—3.2 times higher than in the general population. At
the same time, the risk of hospitalization due to pneumo-
nia increases by 60 % even with relative glycemic control
[11, 12]. Patients with diabetes have a 4.0-fold higher risk
of developing critical conditions (acute respiratory distress
syndrome, respiratory failure) in viral infections. Data from
2025 indicate that T2DM remains the leading risk factor for
mortality in viral pneumonia [4]. The prevalence of tubercu-
losis among patients with diabetes is 3 times higher compared
to individuals without metabolic disorders, which is due to
the suppression of the phagocytic activity of macrophages
[13, 14].

The combination of diabetes and chronic respiratory
diseases creates a “vicious circle” of metabolic distress in
diabetes, is an independent risk factor for exacerbations and
mortality in chronic obstructive pulmonary disease (COPD)
with a prevalence among patients with diabetes of 18—25 %
[2, 15, 16]. Bronchial asthma (BA) in patients with T2DM is
recorded with a frequency of 12—15 % [17]. It has been pro-
ven that hyperglycemia increases bronchial hyperreactivity
through oxidative stress mechanisms [18]. Idiopathic pul-
monary fibrosis (IPF) develops in 10—12 % of patients with
T2DM, caused by increased collagen glycation and microan-
giopathy [19]. Obstructive sleep apnea syndrome is recorded
in up to 50 % of patients with T2DM with an established
direct relationship with obesity and insulin resistance [20].

According to data from large-scale population studies
conducted in 2025, the prevalence of subclinical impair-
ment of lung function in patients with T2DM (even without
a confirmed diagnosis of lung disease) reaches 40—50 %.
A reduction in diffusion capacity is observed in one in two
patients with a history of diabetes of more than 10 years, and
a reduction in FVC (forced vital capacity) — on average by
10—15 % compared with the age-matched standard [21, 22].

Consequently, investigating the epidemiological aspects
of the comorbidity of bronchopulmonary disease and diabe-
tes mellitus is a relevant topic with significant scientific and
practical importance.

The purpose of the study was to investigate the pattern of
comorbidity of acute and chronic diseases of the broncho-
pulmonary system among hospitalized patients with type 2
diabetes mellitus compared with individuals without such
comorbidity.

Materials and methods

A retrospective analysis was conducted of 100 medical
cards of patients admitted to the therapeutic department with
a diagnosis of T2DM, assessing the presence, incidence, and
pattern of concomitant bronchopulmonary diseases. For the
comparative analysis, 100 medical cards of patients hospi-
talized in the therapeutic department without concomitant
T2DM were analyzed.

Diagnosis of T2DM was carried out in accordance
with the order of the Ministry of Health dated 07/24/2024
No. 1300, which approves the “Unified Clinical Protocol
for Primary and Specialized Medical Care “Type 2 Dia-
betes Mellitus”. The criteria for the diagnosis of type 2
diabetes mellitus, according to the protocol, are fasting
plasma glucose content — > 7.0 mmol/l (126 mg/dl),
glucose tolerance test (2 hours after a 75 g glucose load):
> 11.1 mmol/1 (200 mg/dl), blood content of glycated
hemoglobin (HbAlc): > 6.5 %.

Statistical analysis of the results was performed in ac-
cordance with the type of study and the types of numerical
data obtained. Normality of distribution was checked using
the Lilliefors, Shapiro-Wilk tests and the method of direct
visual assessment of histograms of the distribution of eigen-
values. For comparisons of data that had a normal distribu-
tion, parametric tests were used with the assessment of the
Student’s t-test or Fisher’s F-test. In the case of non-normal
distribution, non-parametric methods were used: median
test, calculation of the Mann-Whitney U-test, for multiple
comparisons — Wilcoxon’s T-test (in the case of the study
of dependent groups). To determine the strength of the re-
lationship between two states, the Past3 program was used
with the calculation of the odds ratio (OR). For statistical and
graphical analysis of the results, the Statistica for Windows
version 10.0 (Stat Soft inc., USA), Microsoft Excel 2007
(Microsoft, USA) software packages were used.

Table 1. Prevalence of lung diseases in patients with and without T2DM

Patients with T2DM, Patients without T2DM,
Lung diseases n =100 n =100 OR 95% ClI
n % n %
Chronic bronchitis 33 33.0 16 16.0 2.06* 1.07-3.98
Community-acquired pneumonia 21 21.0 9 9.0 2.33* 1.02-5.34
Tuberculosis (newly diagnosed) 11 11.0 2 2.0 5.5* 1.19-25.45
Exudative pleurisy 5.0 1 1.0 5.0 0.57-43.57
COPD 19 19.0 7 7.0 2.71* 1.09-6.74
BA 7.0 3 3.0 2.33 0.58-9.28
Bronchiectasis 9.0 1 1.0 9.0* 1.12-72.37
Idiopathic fibrosing alveolitis 3.0 1 1.0 3.0 0.31-29.33
Including pneumosclerosis 27 27.0 13 13.0 2.08* 1.01-4.26

Note: * — significant difference between the comparison groups (p < 0.05).
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Results

Analysis of the structure of the incidence of pulmonary
pathology among hospitalized patients with T2DM revealed
the following patterns. Thus, the proportion of patients with
exacerbation of chronic bronchitis (CB) in patients with
T2DM was 2.1 times higher compared to the proportion
of people hospitalized in the therapeutic department with
exacerbation of CB without T2DM (OR = 2.06, 95% CI
[1.07—3.98]) (p < 0.05) (Table 1).

The number of patients with CAP and comorbid T2DM
was 2.3 times higher than the number of patients with CAP
without T2DM (OR = 2.33, 95% CI [1.02—5.34]) (p < 0.05)
(Table 1).

The number of patients with exudative pleurisy and
T2DM was 5.0 times higher compared to the number of
hospitalized patients with exudative pleurisy without T2DM
(OR=5.0,95% CI1[0.57—43.57]) (p > 0.05).

The frequency of hospitalisation among patients with
an exacerbation of COPD varied significantly between the
groups. Thus, the number of COPD patients with T2DM
was 2.7 times higher than that in individuals without T2DM
(OR =2.71, 95% CI [1.09—6.74]) (p < 0.05). At the same
time, the proportion of patients with an exacerbation of BA
did not differ statistically between the groups, although in
patients with T2DM it was 2.3 times higher than in the group
without comorbid T2DM (OR = 2.33, 95% CI [0.58—9.28])
(p > 0.05).

Number of patients with BE with comorbid T2DM
was 9.0 times higher compared to the number of patients
with BE without T2DM (OR = 9.0, 95% CI [1.12—72.37])
(p <0.05).

The incidence of newly diagnosed 1FA did not differ
significantly between the groups, although the number of
patients with IFA and T2DM was 3.0 times higher than in
those without diabetes (OR = 3.0, 95% CI [0.31-29.33])
(p <0.05).

At the same time, the frequency of newly diagnosed pul-
monary tuberculosis significantly differed between groups.
Thus, the number of patients with pulmonary tuberculosis
on the background of T2DM exceeded that in people with-
out T2DM by 5.5 times (OR = 5.50, 95% CI [1.19—25.45])
(p <0.05).

Overall, the proportion of patients with diffuse pneumo-
sclerosis that complicated the course of the above-mentioned
diseases in individuals with T2DM was 27.0 %, compared
with 13.0 % in individuals without concomitant T2DM,
a statistically significant difference of 2.1-fold (OR = 2.1,
95% CI [1.01—4.26]) (p < 0.05) (Table 1).

Discussion

The analysis of the results of our study demonstrates a
clear pattern: the presence of T2DM is a powerful aggravat-
ing factor that significantly changes the structure of pulmo-
nary pathology towards an increase in both the frequency and
severity of diseases.

Analysis of the structure of hospitalized respiratory pa-
thology demonstrates a significant (p < 0.05) increase in the
frequency of hospitalizations for almost all major nosolo-
gies among patients with T2DM. The leader in terms of the
OR for the development of the condition in patients with

T2DM is bronchiectasis, which has the highest odds ratio
(OR = 9.0). This indicates a deep destruction of the bron-
chial wall and a tendency to chronic purulent inflammation
in patients with T2DM. It is necessary to take into account
a deep violation of mucociliary clearance and a tendency to
chronic bacterial colonization in patients with hyperglyce-
mia [23].

The risk of newly diagnosed pulmonary tuberculosis in
patients with T2DM increases 5.5-fold (OR = 5.5). This can
be explained by a significant reduction in T-cell immunity
and the phagocytic activity of macrophages against a back-
ground of chronic hyperglycemia [13, 14]. This highlights the
important role of metabolic control in maintaining anti-tu-
berculosis immunity.

For COPD and chronic bronchitis, the risks increase by
2.71 and 2.06 times, respectively. The combination of airway
obstruction and diabetic microangiopathy creates the basis
for frequent and prolonged exacerbations [2, 16].

An increase in the incidence of acute inflammatory lung
disease and structural changes has been observed in patients
with T2DM: community-acquired pneumonia occurs 2.33
times more frequently, which is explained by hyperglyce-
mia acting as a breeding ground for pathogens. A probable
2.08-fold increase in the incidence of pneumosclerosis in-
dicates that inflammatory processes in patients with T2DM
are significantly more likely to result in necrosis and fibrosis
of lung tissue than in recovery. This supports the theory of
accelerated fibrosis of lung tissue in the context of “diabetic
lung” [8, 10, 24].

The findings of this study support the concept of “dia-
betic lung” as a systemic manifestation of diabetes. The main
pathomorphological and pathophysiological mechanisms are
microangiopathy and protein glycation [21, 22]. Thickening
of the alveolar-capillary membrane due to the accumulation
of advanced glycation end products reduces the diffusion
capacity of the lungs, which explains the high percentage of
pneumosclerosis (27 %) [25].

T2DM is associated with immunological deficiency.
The high incidence of tuberculosis and bronchiectasis is
directly related to defects in neutrophil chemotaxis, which
is typical for decompensated T2DM [ 13, 23]. High glucose
concentrations in bronchial secretions promote bacterial
adhesion, which explains why the proportion of patients
hospitalised with exacerbations of CB and T2D is 2.1 times
higher.

Attention should be paid to the results concerning exu-
dative pleurisy and idiopathic alveolitis. Despite the high
odds ratio (OR = 5.0) for pleurisy, the difference is not
statistically significant (p > 0.05), as the confidence interval
(0.57—43.57) crosses the unit. This may be due to an in-
sufficient number of observations in this sample. A similar
situation applies to bronchial asthma (OR = 2.33; p > 0.05).
Although there is an upward trend, it has not reached statis-
tical significance, which requires an increase in the sample
size.

The analysis of the data obtained allows us to clearly
identify the impact of T2DM on the formation and progres-
sion of a patient’s pulmonary profile. The results demon-
strate that diabetes is not just a concomitant condition, but a
factor of chronicity and destruction, a powerful risk modifier,
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which increases the likelihood of hospitalization for most
nosologies several times. This justifies the need for early
screening of lung function in all patients with diabetes to
prevent irreversible fibrotic changes.

Conclusions

Patients with T2DM have an increased risk of developing
bronchopulmonary diseases: chronic bronchitis (2.1 times),
community-acquired pneumonia (2.3 times), tuberculosis
(5.5 times), COPD (2.7 times), bronchoectasis (9.0 times),
diffuse pneumosclerosis (2.1 times) (p < 0.05) in comparison
with the population indicator.

Perspective for further research is to investigate how the
severity of community-acquired pneumonia varies depending
on the presence of comorbid type 2 diabetes.
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BYKOBUHCHKN ASOXKABHU MEAVNYHUU YHIBEPCUTET, M. YepHiBLi, YkpaiHa

MowmnpeHiCTb T CTPYKTYPA PecnipaTtopHMX 30XBOPIOBAHDb
B OCi6 i3 LYKpOBUM Aia6eToM 2-ro Tuny

Pesiome. Axmyaavnicms. Croroani Ha 1yKpoBMii 1iaGeT y CBiTi
cTpaxaaloTb 589 MinbiloHIB Jtoaeit. 3a mporHo3amu ¢axiblliB,
1o 2030 poky iXHsT KiTbKicTh 3pocTe 10 670 MinbiioHiB. [TpoTsarom
OCTaHHIX POKIB y CBITOBill Ta BITYM3HSHIN JIiTepaTypi 3’ IBUIMCS
NOCJIIXKeHHS, Y SIKMX JIereHi BBaXKalOTh 111e OIHUM OPraHOM-
MillleHHIO IIPY LIYKPOBOMY Hia0eTi, 1110 3yMOBJIIOE BUBUYEHHS M-
XaHi3MiB B3aEMOOOTSI)KEHHSI LIyKPOBOTO /iabeTy il pecripaTopHOi
MAaTOJIOTii Ta HACIAKIB Liel KoMopOimHOCTI. Mema: nociaiguTu
CTPYKTYPY KOMOPOiZHOCTiI TOCTPUX Ta XPOHIYHUX 3aXBOPIOBAaHb
OpOHXO0JIETeHEeBOTO arapary B rocriTaai3oBaHUX Malli€HTIB i3
HyKpoBuM aiadetom 2-ro tuny (LLJ12) nopiBHsiHO 3 ocobamu
6e3 koMopbinHocTi. Mamepiaiu ma memodu. [1poBeneHo pe-
TpOCHEeKTUBHUI aHaii3 100 MeAMYHUX KapT CTALliOHAPHUX XBO-
puX, TOCHiTali30BaHUX Yy TepareBTUUYHE BiJAiJIeHHS 3 AiarHO30M
/12, 3 o1liHKO0 HAsIBHOCTI, YaCTOTV BUHUKHEHHS il CTPYKTYpH
CYITyTHBOI pecripaTopHOi maTosorii. JIyist TopiBHSIHHS TTpoaHa-
nizoBaHo 100 meamuHux Kapt oci6 6e3 LI/I2, rocmitanizoBaHUX
y TeparneBTUYHe BinaineHHs. Pesyasbmamu. [auienTis i3 LI/12 ta
3aroCTpeHHsIM XpoHiyHoro 6ponxity (Xb) Oyyo y 2,1 pa3za 6ijb-
1Ie, HiXX THUX, XTO OYB IOCITiTai30BaHUI 3 TIPUBOIY 3arOCTPEH-
Hsa Xb, ane He maB LIJ12 (p < 0,05), a ocib i3 HerocmiTaJbHOIO

nHeBMoHi€ewo (HI'TI) ta komop6innum LIJI2 — y 2,3 pa3a Oinblie
nopiBHsiHO 3 xBopumu Ha HI'TI 6e3 L2 (p < 0,05). KinbkicTb
Malli€HTIB i3 XPOHIYHUM OOCTPYKTUBHUM 3aXBOPIOBAHHSIM Jie-
redb (XO3JI) ta cynmyrhim LIJI2 nepeBuiyBana yacTky ocio 6e3
niabety y 2,7 pa3a (p < 0,05), a KiIbKiCTb XBOPMX i3 3arOCTPEHHSIM
OpOHXiaJIbHOI ACTMU CTATUCTUYHO HE Bilpi3HsLIACS MiX IpynaMu
(p > 0,05). Ocib i3 6poHxoekTaTaHOIO XBopobow (BEX) Ta Ko-
MopoinauMm LIJ12 6yno B 9,0 paza Ginbire, Hixk naiieHTiB i3 BEX
6e3 LIJ12 (p < 0,05). KinbKicTb XBOpUX Ha TyOEpKY/Ib03 JIEreHb Ha
i 1I/12 nepeBuiyBaia yacTky oci6 6e3 LIJ1y 5,5 paza (p < 0,05).
XBopux i3 nudy3HUM MHeBMockiepo3om Ta LIJ12 6yno 27,0 %
npotu 13,0 % oci6 6e3 cynytHboro LI/12, 110 cTaTMCTUYHO Bipo-
rimHo BimpisHsimoca y 2,1 pa3za (p < 0,05). Bucnoeku. Y nauieHTiB
i3 LI12 3pocTae pu3uK po3BUTKY OPOHXOJIETeHEBUX 3aXBOPIOBaHb:
Xb —y 2,1 paza, HI'TI — y 2,3 pasa, Tybepkyib03y — y 5,5 pa3a,
XO3JI —y 2,7 paza, BEX — y 9,0 pasa, nudy3Horo nmHeBMOCKIIE-
po3y — vy 2,1 paza (p < 0,05) mopiBHSIHO 3 MOKa3HMKAaMU B I10-
TTYJISILLT.

KirouoBi cioBa: mykposuii aiaGer; MHEBMOCKIJIEPO3; ITHEBMO-
HisT; XpOHiYHE OOCTPYKTUBHE 3aXBOPIOBAHHSI JIETeHb; OpOHXiaJlbHa
acTMa; OpOHXOEKTaTUYHa XBOPO0a; TyOepKYIb0O3
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Level of interleukine-10 and -22 in the blood
and tissues of patients with medullary
and papillary thyroid carcinomas

Abstract. Background. Tumor-immune interactions critically shape thyroid cancer progression. Among immuno-
regulatory cytokines, interleukin-10 (IL-10) and IL-22 exert paradoxical functions by suppressing anti-tumor immu-
nity while promoting tumor cell survival and metastasis (Mts). Yet the tissue-systemic distribution and metastatic
relevance of IL-10 and IL-22 remain insufficiently defined. The aim of the study was to comparatively evaluate
IL-10 and IL-22 levels in conditionally normal (CN) thyroid tissue, primary medullary thyroid carcinoma (MTC) and
papillary thyroid carcinoma (PTC) tissues, as well as in peripheral blood plasma of patients with metastatic and
non-metastatic disease. Materials and methods. Postoperative tumor, CN thyroid tissue, metastatic lesions, and
plasma samples were obtained from surgically treated patients. IL-10 and IL-22 concentrations were quantified by
enzyme-linked immunosorbent assay. Statistical comparisons were performed using parametric and nonparametric
tests. Results. IL-10 levels were significantly elevated in MTC and Mts tissues compared to corresponding CN
thyroid samples. In patients with metastatic PTC, IL-10 concentrations both in tissues and plasma were significantly
higher than in non-metastatic PTC samples. IL-22 concentrations in the non-metastatic MTC exceeded those of
adjacent CN tissue by almost 2-fold. The highest IL-22 concentrations were detected in metastatic lymph node
lesions of MTC, indicating progressive upregulation along the primary tumor-Mts axis. Conclusions. Thus, level
of IL-10 in plasma of patients with PTC can be preoperative marker predicting Mts formation. The level of IL-22 in
the postoperative tissue of patients with PTC can be marker predicting Mts formation in a future, and the level of
IL-22 in plasma of patients with MTC can be used as preoperative marker predicting Mts formation. These findings
implicate as a potential biomarker for stratifying metastatic risk in thyroid carcinomas.

Keywords: interleukin-10; interleukin-22; medullary and papillary thyroid carcinomas; metastasis; biomarkers

Infroduction and IL-22 are key members of the IL-10 cytokine family that

Thyroid cancer progression is increasingly recognized as
a consequence of dynamic tumor-immune crosstalk within
the tumor microenvironment (TME), where cytokine net-
works orchestrate immune evasion, epithelial-mesenchymal
transition (EMT), and metastatic dissemination. Among
these, interleukin-10 (IL-10) and interleukin-22 (1L-22),
members of the 1L-10 cytokine family, represent key immu-
noregulatory mediators with paradoxical roles in tumor bio-
logy [1—6]. IL-10, as a homodimeric protein, consists of two
polypeptide chains, each comprising 160 amino acids to form
a soluble 36 kDa homodimer. This distinctive architecture
facilitates the binding or engagement of IL-10 with its recep-
tor complex comprising IL-10Ra and IL-10Rp [6]. IL-10

share characteristic properties such as defined structural fea-
tures, usage of IL-10R2 as one receptor chain, and activation
of signal transducer and activator of transcription (STAT)-3
as dominant signaling mode. IL-10 is a pleiotropic cytokine
with important immunoregulatory functions. It is a cytokine
with potent anti-inflammatory properties, repressing the ex-
pression by activated macrophages of inflammatory cytokines
such as TNF-a (tumor necrosis factor-a), IL-6 and IL-1
[1—6]. IL-10 is the founding member of a family of cytokines
that also includes 1L.-19, 1L-20, 1L-22, 1L-24, and others,
which also belong to the class 2a-helical cytokines [7, 8]. It
is known that macrophages, monocytes, DCs, neutrophils,
mast cells, eosinophils, and natural killer cells, in addition to
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CD4 and CDS8 T cells and B cells secrete IL-10 in response
to different stimuli [7]. More recently, the group of IL-10-
producing cells was expanded to resident macrophages, such
as microglia. Finally, tumor cells can also produce 1L-10,
which has been correlated with their ability to cause immu-
nosuppression [1].

The IL-10/STAT3 axis is a major transcriptional inhi-
bitor of genes encoding cytokines, chemokines, cell-surface
molecules, and other molecules required for a full immune
response. The immunosuppressive role of IL-10 has led to
the general view that its presence during cancer would facili-
tate tumor immune escape. Overexpression of IL-10 resulted
in failure to control an immunogenic tumor, and blockade of
IL-10Ra increased the therapeutic benefit of chemotherapy
in a breast cancer model [2] and to other tumors [1]. How-
ever, despite considerable progress in IL-10 biology, many
outstanding questions still exist.

1L-22 is a cytokine in the I1L-10 family produced by T
helper (Th17, Th22), NK, and ILC (innate lymphoid cells)
cells. It acts on nonhematopoietic epithelial/stromal cells,
promoting tissue regeneration, repair, and host defense at
barrier surfaces like the intestines, lung, and liver. It also
plays a role in autoimmune diseases and inflammation. Se-
creted in response to inflammation/infection, IL-22 signals
through a receptor complex (IL-22R1/IL-10R2) to activate
STAT3, promoting proliferation and tissue repair [9—11].

Interleukin-22 (IL-22) is a cytokine that promotes cancer
progression, Mts, and treatment resistance in various epithe-
lial cancers (pancreatic, gastric, breast, lung, and colorectal)
by activating the STAT3, Akt, and MAPK pathways. It acts
as a pro-tumorigenic factor by inducing cancer cell survival,
proliferation, migration, and angiogenesis, often leading to
poor patient prognosis [12, 13].

The purpose of the study was to comparatively evaluate
IL-10 and IL-22 levels in conditionally normal (CN)
thyroid tissue, medullary thyroid carcinoma (MTC) and
papillary thyroid carcinoma (PTC) tissue, and metastatic
lesions, as well as in blood plasma from patients with MTC
and PTC with and without metastases, in order to clarify
the tissue-systemic distribution pattern of IL-10 and 1L.-22
in thyroid tumors.

Materials and methods

The research protocol was approved by the Bioethics
Commission of , V.P. Komisarenko Institute of Endocri-
nology and Metabolism of NAMSU, protocol No. 26-KE
dated April 10, 2019. All patients signed informed consent for
the use of biomaterials for further diagnostic and scientific
research.

Postoperative samples of 2 types of goiters, PTC, Mts,
and CN (non-tumor, morphologically unchanged thyroid
tissue) tissue, obtained from the surgical department of the
Institute’s clinic, were used for research. Peripheral blood
plasma was collected in EDTA tubes and processed with-
in 10 minutes. Tissue lysates were prepared, and total pro-
tein concentration was determined using the Bradford assay
[14]. Samples were stored at —80 °C until use. The amount
of 11-10 was determined using enzyme immunoassay Kits
E-EL-H6154 and 1L-22 — E-EL-H0106 (Elabscience, Chi-
na). Measurements were performed at an optical wavelength

of 450/630 nm on an immunoenzymatic plate analyzer Stat
Fax 3200 (Awareness Technology, USA).

Patients with MTC, MTC + Mts, PTC, PTC + Mts par-
ticipated in the study.

Statistical analysis and data presentation were performed
using Origin 2019b software. The results of the study are pre-
sented as M * SE. Student’s #-test and nonparametric tests
was used to compare data groups. Values of p < 0.05 were
considered significant.

Results

In patients with metastatic PTC, concentration IL-10 was
higher than in non-metastatic tissue (Table 1, groups 1, 2;
Fig. 1). IL-10 levels were significantly elevated in medullary
thyroid carcinoma tissues compared with corresponding CN
thyroid samples (Table I, groups 3, 4 and 5, 6; Fig. 1). The
highest 1L-10 concentration was were detected in metastatic
lymph node lesions (Table 1, group 7), indicating progressive
upregulation along the primary tumor-Mts axis.

In blood plasma of patients with metastatic PTC, 1L-10
level was more than 2-fold higher than in non-metastatic
tissue (Table 1, groups 8, 9; Fig. 1). There was not diffe-
rence between IL-10 concentration in plasma of patients with
metastatic and non-metastatic MTC (Table 1, groups 10, 11;
Fig. 1).

Thus, level of IL-10 in plasma of patients with PTC can
be preoperative marker predicting Mts formation.

I1L-22 displayed a distinct and complementary pro-
file. IL-22 levels were significantly elevated in the tissue of
non-metastatic MTC tissues compared with corresponding
CN thyroid samples (Fig. 2). In the metastatic tissue and
in Mts concentration of 1L-22 was ~ 2-fold higher than in
non-metastatic MTC tissues.

Table 1. The IL-10 levels in the blood
and postoperative tissue samples from patients

with MTC and PTC
# Tissue plglg-/-r:\?(’g SE
1 PTC 6.00 0.09
2 | PTC + Mts 8.83 1.06
3 [N 2.67 0.58
4 | MTC 7.72 1.56°
5 [N 3.62 0.39
6 | MTC + Mts 9.12 0.82°
7 | Mts 10.41 1.26%°
Plasma pg/mL
8 | PTC 4.23 0.83
9 | PTC Mts 9.01 3.13°
10 | MTC 3.85 0.62
11 | MTC Mts 4.39 2.28

Notes: PTC — papillary thyroid carcinoma without Mts;
PTC + Mts — papillary thyroid carcinoma with Mts; N —
conditionally normal tissue; MTC — medullary thyroid
carcinoma without Mts; MTC + Mts — medullary thyroid
carcinoma with Mts; superscripts indicate significant
differences relative to the corresponding group, p <0.05.
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Figure 1. IL-10 concentrations in MTC and PTC

Notes: * — significant differences from the conditio-
nally normal tissue, P < 0.05; + — significant diffe-
rences between metastatic and non-metastatic PTC
samples, P < 0.05; P — papillary thyroid carcinoma;
P(M) — papillary thyroid carcinoma with Mts; N — con-
ditionally normal tissue; M — medullary thyroid carci-
noma; M(M) — medullary thyroid carcinoma with Mts.

Plasma IL-22 did not differ significantly between meta-
static and non-metastatic PTC; however, it was significantly
elevated in metastatic MTC, indicating its potential as a cir-
culating biomarker in this subtype (Fig. 3).

Collectively, these findings reveal cytokine-specific and
tumor-specific compartmentalization, with IL-10 predomi-
nantly associated with systemic metastatic signaling in PTC
and IL-22 with tissue and plasma signatures in MTC.

Thus, level of IL-22 in the postoperative tissue of pa-
tients with PTC can be marker predicting Mts formation in
a future, and the level of IL-22 in plasma of patients with
MTC can be used as preoperative marker predicting Mts
formation.

250 *

%

PTC

PTC+Mts MTC MTC+Mts

Figure 3. IL-22 concentrations in the blood plasma
of PTC and MTC patients with and without Mts
Notes: * — significantly different from previous group,

P = 0.05.

Figure 2. IL-22 concentrations in the medullary
thyroid carcinoma

Notes: + — significant differences from the condition-
ally normal tissue, P < 0.05; * — significant differences
from the MTC with Mts and Mis tissues, P < 0.05; N —
conditionally normal tissue; T — medullary thyroid car-
cinoma; T(M) — medullary thyroid carcinoma with Mts;
Mts — metastasis.

Discussion

This study identifies IL-10 and IL-22 as functionally
complementary regulators of metastatic progression in thy-
roid cancer, converging on STAT3-dependent oncogenic
signaling while operating through distinct cellular and spatial
mechanisms.

1L-10 plays a dual, paradoxical role in cancer, acting as
both an immunosuppressive, tumor-promoting factor and an
immune-stimulating, tumor-inhibiting cytokine that boosts
CD8+ T-cell activity. Unlike some cancers where 1L-10 is
purely negative, the role of IL-10 can be nuanced, but eleva-
ted levels are often associated with poor immune clearance in
solid tumors. IL-10 is a multifunctional cytokine, exhibiting
immunosuppressive and anti-angiogenic properties. Con-
sequently, IL-10 plays a dual, controversial role in human
carcinogenesis, as a tumor-promoting and -inhibiting factor
[15—20]. In colorectal and other types of cancer, IL-10 acts
contradictory controversial (IL-10 cancer paradox). Under
inflammatory conditions, it can reduce tumor development
by suppressing inflammation, but in other contexts, it may
promote tumor growth. As cancer begins to form, IL-10
might predominantly act to stimulate NK and CTL mediated
killing of cancer cells. However, if cancer cells survive and
re-wire themselves to express the IL-10R, IL-10 production
in the tumor microenvironment might mainly act as a potent
cancer promoter [21-26].

1L-10 is an anti-inflammatory and immunosuppressive
cytokine that influence the course of cancer by promoting
immune escape through inhibition of the antitumor activity
of immune cells. IL-10 can facilitate immune escape in thy-
roid cancer, promoting tumor progression. It is often part
of an inflammatory network, including IL-1 and IL-8 that
supports the growth of thyroid cancer cells. While generally
immunosuppressive, IL-10 also has complex roles in cancer,
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sometimes aiding immune surveillance, but typically elevated
levels contribute to tumor progression [27—29]. The immu-
nosuppressive effect of IL-10 may be involved in the immune
escape of thyroid cancer cells and promote the aggressiveness
of thyroid cancer. However, studies are needed to explain
the mechanisms of this process. Along with other interleu-
kins like IL-6, IL-17, and IL-23, IL-10 can contribute to a
tumor-promoting environment in the thyroid [28]. Besides,
autocrine production of IL-10 induces the over-expression
of Bcl-xL and Bcl-2, two anti-apoptotic proteins, which
subsequently protect thyroid cancer cells from the cytotoxic
effects of antineoplastic drugs [30]. Both PTC and FTC cells
express CD95 and its ligand CD95L, which mediate cell
apoptosis, however, expression of CD95 and CD95L does
not affect tumorigenesis and progression in thyroid cancer.
Therefore, there is a molecular mechanism that restrains the
CD95-mediated apoptosis signaling pathway in thyroid can-
cer and autocrine production of IL-10 may have significant
roles in this mechanism, because 1L.-10 promote resistance
to CD95-mediated apoptosis via the activating the JAK/
STAT pathway and up-regulating cellular FLICE inhibitory
protein (cFLIPL) and phosphoprotein enriched in diabetes
(PED) [28, 31]. Serum level of some interleukins could also
be used in discriminating benign and malignant thyroid dis-
eases. Thus, levels of IL-7, IL-10, and IL-13 are higher in
thyroid diseases than in healthy controls [32].

High concentrations of serum I1L-2, 1L.-10, and IL-12 are
correlated to the aggressive tumor characteristics in patients
with DTC [33]. Another study also reported that higher levels
of positive expression of IL-10 in thyroid cancer tissues were
significantly correlated to extrathyroidal invasion and larger
tumor size [27]. High levels of Tregs, monocytes, IL10 and
chemokines (CCL12, CCL2) were also shown to associate
with a higher risk of TC lymph node Mts and overall worse
prognosis. Also, the number of TAMs within TME was pro-
portionally correlated with TC primary tumor size [34].

Cil et al. investigated whether cytokine gene polymor-
phisms are associated with PTC. IL-10-1082 G allele fre-
quency was higher among PTC patients than healthy con-
trols. The patients with 1L-10-1082 GG genotype have
twofold increased risk of developing TC vs AA genotype.
Thus, 1L-10-1082 G allele is associated with an increased
risk of PTC and the polymorphism of IL-10 gene can im-
prove knowledge about the pathogenesis of PTC, and could
provide to estimate people at the increased risk for PTC [35].

In summary, IL-10 acts mainly as a pro-tumor, im-
mune-suppressing cytokine in the context of thyroid cancer.

1L-22, produced by Th17 and Th22 cells, is an inflam-
matory cytokine often associated with promoting tumor
growth, angiogenesis, and immune evasion within the tu-
mor microenvironment. Unlike most interleukins, 1L.-22
does not directly regulate the function of immune cells. The
1L.-22 signaling pathway triggers the activation of several key
proteins, including AMPK, signal transducer and activator
of transcription STAT3 [35], mitogen-activated protein ki-
nase (MAPK), nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-«xB), PI3K, and mammalian target
of rapamycin (mTOR) [36]. IL-22 is associated with tumor
development, especially in the context of chronic inflamma-
tion, where its increased production by immune cells such

as ILC3 s can play a dual role. While it has been found to
contribute to cancer progression during prolonged inflam-
mation [37], IL-22 also has potential antitumor properties,
as observed in some experimental models [36].

IL-22-deficient mice and mice treated with an TL-22
antibody were protected from colon-cancer-derived liver and
lung Mts formation, while overexpression of IL-22 promo-
ted Mts. Mechanistically, 1L-22 acted on endothelial cells,
promoting endothelial permeability and cancer cell trans-
migration via induction of endothelial aminopeptidase N.
Thus, IL-22 may present a therapeutic target for prevention
of Mts [38].

IL-22 exerts its biological effects through binding to
IL-22R1 and IL-10 receptors. IL-22 induction further re-
quires ligand-dependent activation of transcription factor
aryl hydrocarbon receptor (AHR) and — to a lesser extent —
of RORyt [39]. 1L-22 triggers a variety of downstream sig-
naling pathways including JAK/STAT3 and MAPK, resulting
in cancer progression [28]. In thyroid cancer, IL-22 induces
miR-595 expression, which in turn downregulates Sox17
expression, thereby enhancing the migration and invasion
of thyroid cancer [40]. While specifically studied in epitheli-
al-derived cancers (lung, pancreatic, breast, gastric, colon),
its role in MTC involves complex inflammatory modulation
of the tumor niche, potentially aiding progression [38, 39,
41]. Apart from promoting cell survival and proliferation,
1L-22 also induces cell mobility, matrix metalloproteinase
(MMP) expression, angiogenesis and tissue dysplasia. Ex-
pression of its specific receptor IL-22R1 is restricted to the
non-hematopoietic cells which makes the 1L-22-1L-22R1
pathway an attractive target for anti-cancer therapy [39, 42].

I1L-22 acted on cancer cells to promote activation of the
transcription factor STAT3 and expression of the histone 3
lysine 79 (H3K79) methyltransferase DOT1L. The DOTIL
complex induced the core stem cell genes NANOG, SOX2,
and Pou5F1, resulting in increased cancer stemness and tu-
morigenic potential [43]. Also, IL-22 serves a critical role in
the malignant transformation of rat mesenchymal stem cells,
which is associated with an enhancement of the IL22RA1/
STAT?3 signaling pathway in the tumor microenvironment
[44].

EMT is a process in which epithelial cells lose adhesion
properties and turn into a mesenchymal phenotype, allowing
non-invasive tumor cells to attain the ability of invasion and
Mts [45]. It is an essential step in successful migration and
Mts of tumor cells. Some interleukins promote the EMT pro-
cess of thyroid cancer and then enhance the aggressiveness
of thyroid cancer. In thyroid cancer, IL-22 induces miR-595
expression, which in turn downregulates Sox17 expression,
thereby enhancing the migration and invasion of thyroid
cancer [28, 40, 46].

It was found that IL-22 produced by tissue resident
iNKT17 cells promotes cancer cell extravasation, the early
step of Mts. IL-22 levels were also increased in established
metastatic sites in both human and mouse. Mechanistically,
[L.22-producing Th22 cells promoted angiogenesis in estab-
lished Mts sites. In conclusion, these findings highlight that
1L-22 is equally as important in contributing to Mts forma-
tion at late metastatic stages, and thus, identify it as a novel
therapeutic target in established Mts [47].
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IL-22 promotes AMPK pathway-dependent autophagy
activation. The role of autophagy in cancer appears to depend
on the cancer stage, the specific genetic mutations involved,
and the type of tumor, highlighting its dual function in both
impeding early tumor development and facilitating the sur-
vival of mature tumors [36].

1L.-22 also promotes tumor growth, elevates the expression
of stem cell markers, including SOX2, Oct4, NANOG, and
Bmi-1 and induces chemotherapy resistance in colorectal
cancer cells by activating the EGFR/ERK signaling pathway.
These findings suggest that targeting IL.-22 or its downstream
signaling may offer novel therapeutic strategies in CRC [48].

Conclusions

Papillary thyroid carcinoma and medullary thyroid carci-
noma arise from distinct cellular lineages yet share common
immunoregulatory drivers of progression. Thyroid cancer
progression is critically shaped by tumor-immune cross-
talk within the tumor microenvironment. I1L-10 and 1L-22
differentially regulate tumor-immune crosstalk by coupling
immune suppression with oncogenic signaling. In PTC,
1L-22 directly activates tumor cells via IL-22R1, promoting
STAT3-dependent proliferation and epithelial-mesenchymal
transition, while 1L.-10 drives tumor-associated macrophage
polarization and immune evasion. In contrast, MTC is do-
minated by IL-10-mediated immunosuppression superim-
posed on constitutive RET-STAT3 signaling, with limited
1L.-22 responsiveness. Despite these differences, both tumor
types converge on STAT3-centered networks that promote
metastatic dissemination and establishment a pro-metastatic
niche in thyroid cancer.
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PiBeHb iHTEepAenKiHy-10 Ta -22 y KpOBi i TKOHMHAX MALEHTIB i3 MEAYASIPHOIO
TA MANIASPHOIO KAPLMHOMOMM LLUTOMOAIGHOT 30A03U

Pestome. Akmyaavnicmo. B3aemonis myxaMHu Ta iMyHHOI CUCTEMU
KPUTUYHO BIUIMBAE Ha MPOTrpecyBaHHs paKy IIMTOIMOMAIOHOT 3a10-
3u (I3). Cepen iMmyHOPEryJIaTOPHUX LIUTOKIHIB iHTepeiKiH-10
(IL-10) Ta IL-22 BukoHy0OTh TapagoKcaabHi (DYHKIIi, TPUTHIYYIOUN
MPOTUITYXJTMHHUI IMYHITET, OMTHOYACHO CITPUSIIOUN BYXKMBAHHIO i
MeTacTa3yBaHHIO MyXJIMHHUX KTiTMH. OIHAK IX TKAHUHHMIA PO3I10-
T i poJib y MeTacTa3yBaHHI 3aJIMIIAIOTHCS] HEIOCTaTHBO 3’SICOBaHM -
Mu. Mema: TIpOBeCTH TIOPiBHSUIbHY OLIiHKY BMicTy IL-10 Ta IL-22
B yMoBHO HopMaubHiii (YH) tkanuni 1113, TkKaHnHAX mepBUHHOL
menyasipHoi (MKII3) Ta naninsproi kapuuHomu 113 (MK 3),
a TaKoX Y T1a3Mi repuepruyHOi KPOBi MALIEHTIB i3 MeTacTaTU4-
HUM i HEMETaCTaTUYHUM Tiepebirom 3axBoproBaHHsI. Mamepiaau
ma memoodu. 3pazku nyxiauHu 1113, YH TkaHuHu, MeTacTaTUIHUX
ypaxkeHb Ta ra3mMu nepudepruyHoi KpoBi OyJiM OTpMMaHi Bif Mmarti-
€HTIB Mmicis XipypriuHoro JiikyBaHHs1. KonuenTpartii IL-10 ta IL-22
BU3HAYAJIA KiJIbKICHO 3a JOIIOMOT0I0 iMyHO(EpMEHTHOTO aHATi3y.
CTaTUCTUYHI MOPIBHSHHS MPOBOIMJIM 32 I0ITOMOTOIO ITapaMeTpuy -
HUX i HerapaMeTpuuHMX TecTiB. Pesyromamu. Konuenrpartii 1L-10
Oysim BiporigHo migBuiieHi B TkaHuHax MKIIL3 ta meracTasis no-

piBHSIHO 3 BignmoBigHuMU YH 3paszkamu. Y malii€HTiB i3 MeTacTa-
tyHoto TTKII3 ymict 1L-10 sk y TKaHMHAaX, TaK i y T1a3Mi OyB
BiporigHo Bumuii, Hix B oci6 i3 [TKIL3 6e3 metacrasziB. KoHieH-
tpauii IL-22 y TkanmHax HemeTtactatuaHoi MKIII3 nepeBunyBaiu
Taki B mpwieraiii YH TkanuHi maitke y 2 pa3u. HaiiBuiuii piBeHb
1L-22 BusiBIEHO B METACTATUYHUX YPAKEHHSIX JTiM(baTUYHUX BY3J1iB
ripu MKIII3, 1110 CBim4MTH PO MOCTYIIOBE OTO 3POCTAHHST B3IOBX
0Ci «TepBUHHA MyXJIMHa — MeTacTasu». Bucnosku. TakuM YMHOM,
noka3Huk IL-10 y mna3mi mauienTis i3 [TKIIL3 moxe OyTu nepen-
onepauliiHUM MapKepoM YTBOpeHHs1 MetacTasiB. PiBenb IL-22 y
TicyistoniepaltiitHiit TkanuHi xBopux i3 [TKIL3 moxe 6yt MapkepoM
MTOSIBA METACTa3iB y MaiilOyTHLOMY, a 1Or0 BMICT Y TUIa3Mi IMalieH-
1iB i3 MKII[3 MoXHa BUKOPUCTOBYBATH SIK TIepeaorepaiiiHui
MPeIMKTOpP YTBOPeHHs MeTacTasiB. Lle Bkasye Ha Te, mo 1L-22 €
MOTEHLIHUM GioMapKepoM st cTpaTudikauii pu3uKy meracra-
3yBaHHs IpH KapuuHomax 1113.

KimouoBi ciioBa: inteprneiikin-10; inTepaeiikin-22; MeayaspHa Ta
namnijsipHa KapuMHOMM IIUTOINOAIOHOI 3a71031; MeTacTa3yBaHHS;
OGiomapkepu
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Inhibitor of nuclear factor kappa B expression
in papillary thyroid carcinoma
and benign neoplasms

Abstract. Background. The eukaryotic transcription factor NF-kB regulates a variety of biological processes, par-
ticularly immune response and inflammatory processes. Dysregulation of NF-kB-dependent signaling mechanisms
is associated with serious human diseases, including cancer, autoimmune diseases, and chronic inflammation.
NF-kB inhibitor kappa B subunit beta (IkBp) plays a key role in regulating NF-kB activity and is implicated in thyroid
cancer, particularly in aggressive and metastatic forms. The aim of this study was to compare levels of IkBf in
tissue samples of conditionally normal (CN) thyroid tissue, follicular adenoma, goiters, papillary thyroid carcinoma
(PTC), metastasis (Mts), and in blood plasma of PTC patients. Materials and methods. Postoperative samples
of tissues, blood plasma were obtained from the surgical department of the V.P. Komisarenko Institute of Endocri-
nology and Metabolism of NAMSU clinic. The amount of IkBS was determined using enzyme immunoassay Kits.
Results. There were no significant differences between IkB levels in benign neoplasms and CN tissue. A minor
difference was detected between CN tissue and PTC tissue without metastases. In PTC tissues with metastases,
IkBp levels were more than 1.5-fold lower than in CN tissue. The lowest IkBS levels were detected in metastatic
tissue. Plasma IkBf3 concentrations in PTC patients were significantly lower than in controls, with no differences
between patients with and without metastases. Conclusions. IkBf levels in benign thyroid neoplasms did not differ
from CN tissue. In metastatic PTC tissues and especially in metastatic lesions, IkB concentrations were significant-
ly reduced compared to CN tissue. Decreased IkB levels in primary tumors and metastatic lesions may indicate
NF-kB activation and enhanced inflammatory signaling. Alterations in IkBB expression may be useful for predicting
metastatic potential in PTC, while plasma IkBf3 levels could serve as a potential preoperative diagnostic biomarker.
Keywords: NF-«kB; IkBB; papillary thyroid carcinoma,; metastasis; benign thyroid neoplasms

Introduction

Thyroid cancer originates from follicular or parafollicular
cells and includes several histological subtypes, such as papil-
lary thyroid carcinoma (PTC), follicular thyroid carcinoma
(FTC), medullary thyroid carcinoma (MTC) and anaplastic
thyroid carcinoma (ATC). PTC is the most frequent sub-
type, accounting for 85—90 % of all thyroid tumors. Despite
its generally favorable prognosis, PTC is characterized by a
relatively high frequency of regional lymphatic metastasis
(Mts), which significantly affects recurrence risk and disease
course. Accordingly, numerous studies have focused on iden-
tifying molecular markers involved in tumor progression and
metastatic spread [1—7].

The eukaryotic transcription factor NF-«kB was first
discovered as a protein bound to a specific DNA sequence
within the enhancer intron of the immunoglobulin light k
chain gene in mature B cells. NF-kB has been shown to be
present in most cell types, and specific binding loci, called
KB sites, have been identified in the promoters/enhancers of
a large number of inducible genes [8—10]. Since then, the
NF-«B signaling pathway has remained one of the objects
of biomedical research that has been intensively studied.
NF-kB functions as one of the most important fast-acting
intracellular messengers, connecting a wide variety of en-
vironmental signals with the expression of numerous genes.
NF-kB promptly regulates a variety of biological processes,

© «MixHapogHuit eHoKpuHonoriuHmii XypHan» / «International Journal of Endocrinology» («MiZnarodnij endokrinologicnij zurnal»), 2026

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2026

[Ina kopecnonaeHuii: KobpuHcbka Hatania fipemisHa, KaHAVAAT MAVYHIX HayK, Xipypr-eHAOKPUHONON, 3aBifyBayKa NonikNiHikK, 3aBiAyBauka KOHCYNLTaTUBHO-NOAIKAIHIYHOrO BifAineHHs, Y «IH-
CTUTYT eHZOKpUHoNorii Ta 06MmiHy peyoBuH imeHi B.I1. Komicapenka HAMH Ykpainu», Byn. Buwropogcbka, 69, m. Kuig, 04114, YkpaiHa; e-mail: kobnatttaaa@gmail.com; Ten.: +-380 (67) 903-66-57
For correspondence: Nataliia Ya. Kobrynska, PhD in Medicine, Surgeon Endocrinologist, Head of the Polyclinic, Head of the Consulting Polyclinic Department, V.P. Komisarenko Institute of Endocrinology
and Metabolism of NAMSU, Vyshhorodska st., 69, Kyiv, 04114, Ukraine; e-mail: kobnatttaaa@gmail.com; phone: +380 (67) 903-66-57

Full list of authors information is available at the end of the article.

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

Tom 22, N2 6, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

ranging from cell growth, survival, tissue and organ deve-
lopment to immune response and inflammatory processes.
Dysregulation of signaling mechanisms, the basis of which
is NF-kB, is associated with such serious human diseases as
cancer, autoimmune diseases, chronic inflammation, meta-
bolic disorders, diabetes of both types, and neurodegenera-
tive transformations [§—10].

NF-«B is a transcription factor family consisting of
five members: NF-xB1 (p105/p50), NF-xB2 (p100/p52),
RelA (p65), RelB, and c-Rel. These proteins have a unique
N-terminal Rel homology domain (RHD) for the formation
of hetero- or homodimers and binding to DNA. With a
C-terminal transactivation domain (TAD), p65, RelB, and
c-Rel function as activators of target genes upon binding to
p50 or p52, which lack a TAD, and their homodimers act as
transcriptional repressors that determine the threshold for
NF-«B activation. In most normal cells, NF-kB dimers are
kept in the cytoplasm by inhibitor of kB (IkB), which masks
the nuclear localization sequence (NLS) in NF-xB pro-
teins. Several members of the IkB protein family have been
identified: IkBa, IxBp, IkBy, IkBe, and BCL-3. The high
affinity of the IkB repressor proteins for NF-«xB provides
tight control over the activation of this signaling pathway.
The precursor proteins p105 and p100 function similarly
to IkB proteins, inhibiting and sequestering NF-xB in the
cytoplasm [8—10]. In response to different extracellular or
intracellular stimuli, IxB is phosphorylated by the IxB ki-
nase (IKK) complex, ubiquitinated, and degraded by the
proteasome that allow the NF-xB dimers move to the nu-
cleus, where they trigger transcription of genes involved in
the regulation of inflammatory and immune response, cell
proliferation, and survival [9—12].

Many studies pointed out the involvement of the NF-«B
in neoplastic properties of thyroid cancer (TC), such as cell
division, apoptosis resistance, invasiveness, cancer stem-
cell properties and resistance to cancer therapy [13]. The
pivotal role of NF-kB is particularly prominent in advanced
thyroid tumors, given that its constitutive activity is strongly
detectable in human specimens from PDTC and ATC tissues
and that it’s signaling is required for ATC cancer stem cells
self-renewal and tumorigenic activity [12].

The aim of this study was to compare levels of NF-kB in-
hibitor IkBf in tissue samples of conditionally normal (CN)
thyroid tissue, follicular adenoma (FA), goiters, papillary
thyroid carcinoma, metastasis, and in the blood plasma of
patients with PTC.

Materials and methods

The research protocol was approved by the Bioethics
Commission of SI “V.P. Komisarenko Institute of Endo-
crinology and Metabolism of NAMSU?”, Kyiv, Ukraine,
protocol No. 26-KE dated April 10, 2019. All patients signed
informed consent for the use of biomaterials for further diag-
nostic and scientific research.

Postoperative samples of FA (6 samples), 2 types of goi-
ters (6 samples both), PTC (10 samples), PTC with Mts (21
samples), and conditionally normal (non-tumor, morpho-
logically unchanged thyroid tissue) tissue, obtained from the
surgical department of the Institute’s clinic, were used for
research. Blood plasma of patients (6 samples of PTC and
6 samples of PTC + Mts) was also analyzed. Blood was ob-
tained by standard venipuncture and stored in EDTA tubes.
Plasma was separated by centrifugation within 10 minutes
after blood sampling. The concentration of protein in tissue
lysates was determined according to Bradford [14]. Blood
controls (4 samples) were taken from healthy individuals
without thyroid and comorbid diseases.

Samples were stored at —80 °C until use. The amount of
IxBp was determined using enzyme immunoassay kits EH2018
(FineTest®, China). Measurements were performed at an opti-
cal wavelength of 450/630 nm on an immunoenzymatic plate
analyzer Stat Fax 3200 (Awareness Technology, USA).

Statistical analysis and data presentation were performed
using Origin 2019b software. The results of the study are pre-
sented as M + SE. Student’s t-test and nonparametric tests
was used to compare data groups. Values of p < 0.05 were
considered significant.

Results

IkBf expression was analyzed in postoperative thyroid
tissue samples and plasma from patients with PTC and benign
thyroid diseases. The study cohort included patients with fol-
licular adenoma, nodular and multinodular goiter (MNG),
PTC without metastases, and PTC with regional lymph node
metastases. Metastatic lymph node tissues and conditionally
normal thyroid tissues adjacent to tumors were also examined.

IkBf levels did not differ significantly between benign
thyroid lesions (follicular adenoma, nodular goiter (NG),
and multinodular goiter) and their corresponding condi-
tionally normal thyroid tissues (Table 1; Fig. 1). In contrast,
a modest but statistically significant reduction in Ik B3 levels
was observed in PTC tissues without metastases compared
with conditionally normal tissues (Table 1; Fig. 1).

Table 1. The amount of IkBf in conditionally normal tissues, benign neoplasms,
and malignant tumors with and without metastases

CN T Mts
Groups

IkBB (ng/pg) SE = IkBB (ng/ug) SE = IkBB (ng/pg) SE =
FA 0.981 0.179 1.181 0.194 - -
NG 0.858 0.125 0.984 0.208 - -
MNG 0.763 0.070 0.927 0.148 - -
PTC 0.405 0.005* 0.375 0.010* - -
PTC + Mts 0.897 0.228 0.591 0.096* 0.226 0.037*

Notes: * — significant differences from the normal tissue, P < 0.05; * — significant differences from the other CN

tissue, P < 0.05; T — transformed/tumor tissue.
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Figure 1. Percentage of IkB concentrations in the
thyroid benign neoplasms and malignant tumors:
1,3,5,7,9 — CN tissue; 2 — FA; 4 — NG; 6 — MNG;
8 — PTC; 10 — PTC with Mts; 11 — Mits
Notes: * — significant differences from the CN tis-
sue, P < 0.05; * — significant differences from all other

groups, P < 0.05.
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Figure 2. Percentage of IkB concentrations
in the blood plasma of patients with PTC
with and without Mts

Notes: * — significantly different from control group,
P <0.05.

A pronounced decrease in Ik Bf3 expression was detected
in PTC tissues from patients with metastatic disease. IxBf
levels in primary tumors with metastases were significantly
lower than in both conditionally normal tissues and primary
tumors without metastases (Fig. 1). The lowest IkBf levels
were observed in metastatic lymph node tissues, which were
significantly reduced compared with primary PTC tissues,
indicating progressive downregulation of Ik Bf3 during meta-
static progression (Table 1; Fig. 1).

Notably, reduced IkB[f3 levels were also detected in con-
ditionally normal thyroid tissues adjacent to PTC without
metastases, suggesting activation of NF-kB-related inflam-
matory signaling in the tumor microenvironment and poten-
tial reciprocal interactions between tumor and surrounding
non-tumorous tissues [15, 16].

Plasma analysis revealed significantly lower circulating
IkBp levels in PTC patients compared with healthy controls.
However, no significant differences were detected between
PTC patients with and without metastases (Fig. 2).

Overall, these data indicate a progressive reduction of
IxBf expression from benign thyroid tissue to primary PTC
and metastatic lesions, consistent with increasing NF-xB
pathway activation during tumor progression.

Discussion

The NF-«xB family of transcription factors plays a pivotal
role in regulating immune and inflammatory responses and
is activated by a wide range of stimuli, including cytokines,
growth factors, microbial components, and cellular stress
signals. Upon activation, NF-kB translocates to the nucleus
and regulates the transcription of genes involved in inflam-
mation, cell proliferation, survival, and immune modula-
tion. NF-«B also occupies a central position in shaping the
tumor microenvironment by influencing the recruitment
and polarization of tumor-associated macrophages and my-
eloid-derived suppressor cells, thereby promoting immuno-
suppression and tumor progression [10, 17].

Accumulating evidence indicates that NF-kB signaling
contributes to epithelial-mesenchymal transition (EMT), a
key mechanism underlying tumor invasion and metastasis.
Nuclear translocation of NF-«kB p65 induces the transcrip-
tion of EMT-related genes, including ZEB1/2, transforming
growth factor-3 (TGF-), and Slug, thereby enhancing tumor
cell invasiveness and metastatic dissemination. NF-«kB-driven
EMT is accompanied by downregulation of E-cadherin and
upregulation of mesenchymal markers such as N-cadherin
and vimentin. Moreover, activation of the NF-xB/EMT axis
has been implicated in drug resistance, suggesting that sup-
pression of NF-kB signaling may increase the sensitivity of
tumor cells to chemotherapeutic agents [10, 18].

In thyroid cancer, constitutive activation of NF-«kB has
been reported in aggressive and poorly differentiated tumors,
particularly ATC, where it promotes tumor cell survival,
proliferation, and resistance to therapy. NF-«xB activation
is driven by oncogenic mutations that characterize thyroid
carcinomas and is associated with poor clinical outcomes.
NF-«B signaling promotes tumor progression through anti-
apoptotic pathways and contributes to aggressive and meta-
static phenotypes in both follicular and papillary thyroid
carcinomas [19, 20].

NF-«B signaling has also been linked to resistance to
radioiodine and chemotherapeutic agents, making it an at-
tractive therapeutic target. Pharmacological inhibition of
NF-«xB has been proposed to enhance treatment efficacy in
thyroid cancer and other malignancies [12, 13, 17, 21—-24].
In PTC, NF-«B activity has been implicated in resistance to
radioiodine therapy, and NF-«B inhibition has been shown
to increase 'l uptake and therapeutic efficacy in differenti-
ated thyroid cancer models [25—27].

In the present study, we demonstrated a progressive de-
crease in [kBp levels from benign thyroid tissues to primary
PTC and metastatic lesions. Given that IkBf} functions as
a key inhibitor of NF-«B signaling, reduced IxBf expres-
sion may reflect constitutive NF-«xB activation during PTC
progression and metastatic dissemination. The observed re-
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duction of IkBf in conditionally normal tissues adjacent
to tumors further suggests activation of NF-kB-mediated
inflammatory signaling in the tumor microenvironment
and reciprocal interactions between tumor and surrounding
non-tumorous tissues.

Conclusions

NF-«B is a key transcription factor involved in the pro-
gression of aggressive thyroid cancers, promoting tumor cell
survival, proliferation, and resistance to therapy. Members
of the IkB protein family, particularly IxBa and IxBf, in-
hibit NF-kB activation and provide tight regulation of this
signaling pathway.

In this study, IxBf levels did not differ significantly be-
tween benign thyroid lesions (follicular adenoma, nodular goi-
ter, and multinodular goiter) and conditionally normal thyroid
tissue. In contrast, Ik B expression was significantly reduced
in PTC tissues with metastases and was lowest in metastatic
lesions, indicating progressive downregulation of this NF-kB
inhibitor during tumor progression. Circulating [kxBf3 levels
were significantly altered in the plasma of PTC patients com-
pared with healthy individuals, although no differences were
observed between patients with and without metastases.

Alterations in IkxBf3 expression may serve as a potential
biomarker for metastatic potential in PTC. Furthermore,
plasma IxBf levels could represent a minimally invasive bio-
marker for preoperative diagnosis and risk stratification of
PTC patients. Further studies in larger cohorts are required
to validate the clinical utility of IxBf3 as a prognostic and
diagnostic biomarker.

Limitations

This study has several limitations. It was conducted at
a single center; therefore, the findings require validation in
large-scale, multicenter studies. In addition, the relatively
small number of patients in the overall cohort and in indi-
vidual subgroups may have influenced the measured levels of
the studied parameters.

References

1. Xing M. Molecular pathogenesis and mechanisms of thyroid can-
cer. Nat Rev Cancer. 2013 Mar;13(3):184-99. doi: 10.1038/nrc3431.

2. Guda BB, Pushkarev VM, Kovalenko AE, Pushkarev VV,
Kovzun OI, Tronko MD. Molecular genetic mechanisms of the patho-
genesis of thyroid malignant tumors (review of literature and own data,
part 1). Endokrynologia. 2019;24(1):53-65. doi: 10.31793/1680-
1466.2019.24-1.53 (in Ukrainian).

3. Qian B, Guo S, Zhou J, Qu X, Zhang S. Intraglandular disse-
mination is a risk factor for lymph node metastasis in papillary thyroid
carcinoma: a propensity score matching analysis. Gland Surg. 2021
Dec; 10(12):3169-3180. doi: 10.21037/gs-21-470.

4. Li Z, Wang N, Li X, et al. Thyroid cancer: From molecular
insights to therapy (Review). Oncol Lett. 2025 Sep 10;30(5):520. doi:
10.3892/01.2025. 15266.

5. Niciporuka R, Nazarovs J, Ozolins A, Narbuts Z, Miklase-
vics E, Gardovskis J. Can We Predict Differentiated Thyroid Can-
cer Behavior? Role of Genetic and Molecular Markers. Medicina
(Kaunas). 2021 Oct 19;57(10):1131. doi: 10.3390/medicina57101131.

6. Kobrynska NYa, Pushkarev VM, Levchuk NI, Kovzun OI, Ko-
misarenko 11, Tronko MD. Mechanisms and markers of thyroid cancer

Progressive downregulation of IkBp promotes NF-«B activation and
metastasis in papillary thyroid carcinoma

( Benign thyroid tissue [

Primary PTC (1 1kBB)

« Low Inflammation

+ Inflammation
~ Cell Survival /
~» EMT Induction

_—» Inflammation

|

« Low EMT Signaling

J Tissue IkBB =

» Metastatic Potential

_— Cell Survival
_—p EMT Induction

J PlasmaIkBp =

» Minimally Invasive Biomarker

IkBB downregulation —» NF-kB activation —» EMT induction —» Lymph node metastasis

Therapeutic Target:
» NF-kPB Inhibition

Tom 22, N2 6, 2026

www.mif-ua.com, https://iej-journal.com 23



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

metastasis. Review of literature and own data (part 1). Endokrynolo-
gia. 2024;29(3):283-93. doi: 10.31793/1680-1466.2024.29-3.283
(in Ukrainian).

7. Kobrynska NYa, Pushkarev VM, Levchuk NI, Kovzun OI, Ko-
misarenko 11, Tronko MD. Mechanisms and markers of thyroid cancer
metastasis. Review of literature and own data (part 2). Endokrynolo-
gia. 2024;29(4):372-79. doi: 10.31793/1680-1466.2024.29-4.372
(in Ukrainian).

8. Ghosh S. Handbook of transcription factor NF-kappaB. Boca
Raton: CRC Press; 2006. 232 p.

9. Pushkarev VM, Kovzun OI, Pushkarev VV, Huda BB,
Tronko MD. Chronic inflammation and cancer. Role of nuclear factor
NF-kB (review of literature and own data). Journal of the National Acade-
my of Medical Sciences of Ukraine. 2015,21(3—4):287-98 (in Ukrainian).

10. Mao H, Zhao X, Sun SC. NF-kB in inflammation and cancer.
Cell Mol Immunol. 2025 Aug;22(8):811-839. doi: 10.1038/s41423-
025-01310-w.

11. Cornice J, Verzella D, Arboretto P, et al. NF-xB: Governing
Macrophages in Cancer. Genes (Basel). 2024 Jan 31;15(2):197. doi:
10.3390/genes 15020197.

12. Crescenzi E, Leonardi A, Pacifico F. NF-xB in Thyroid
Cancer: An Update. Int J Mol Sci. 2024 Oct 25;25(21):11464. doi:
10.3390/ijms252111464.

13. Cormier F, Housni S, Dumont F, et al. NF-kB signaling acti-
vation and roles in thyroid cancers: implication of MAP3K14/NIK. On-
cogenesis. 2023 Nov 16;12(1):55. doi: 10.1038/541389-023-00496-w.

14. Bradford MM. A rapid and sensitive methods for the quan-
titation of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem. 1976;72(1):248-254. doi:
10.1016/0003-2697(76)90527-3.

15. Pernot S, Evrard S, Khatib AM. The Give-and-Take Interac-
tion Between the Tumor Microenvironment and Immune Cells Regu-
lating Tumor Progression and Repression. Front Immunol. 2022 Apr
13;13:850856. doi: 10.3389/fimmu.2022.850856.

16. Garifulin OM, Filonenko VV, Bdzhola AV, et al. Expression
of Ribosomal Protein Kinase S6 (S6K1) Isoforms in Different Types of
Papillary Thyroid Carcinoma. Cytology and Genetics. 2023;57(4):305-
311. doi: 10.3103/50095452723040059.

17. Shi S, Ou X, Liu C, Li R, Zheng Q, Hu L. NF-xB signaling
and the tumor microenvironment in osteosarcoma: implications for
immune evasion and therapeutic resistance. Front Immunol. 2025 Jan
30;16:1518664. doi: 10.3389/fimmu.2025.1518664.

Information about authors

18. Mirzaei S, Saghari S, Bassiri F, et al. NF-xB as a regula-
tor of cancer metastasis and therapy response: A focus on epithelial-
mesenchymal transition. J Cell Physiol. 2022 Jul;237(7):2770-2795.
doi: 10.1002/jcp.30759.

19. Pozdeyev N, Berlinberg A, Zhou Q, et al. Targeting the NF-xB
Pathway as a Combination Therapy for Advanced Thyroid Cancer. PLoS
One. 2015 Aug 11;10(8):e0134901. doi: 10.1371/journal.pone.0134901.

20. Li X, Abdel-Mageed AB, Mondal D, Kandil E. The nuclear
factor kappa-B signaling pathway as a therapeutic target against thyroid
cancers. Thyroid. 2013 Feb;23(2):209-18. doi: 10.1089/thy.2012.0237.

21. Bilyy OM, Mitriaieva NA, Grebinyk LV, Artiukh SV. The
role of NF-kB in carcinogenesis and its connection with inflamma-
tion and chemoradioresistance of secondary edematous breast can-
cer and other malignant tumors (literature review and own research).
Ukrainian Journal of Radiology and Oncology. 2024,32(4):459-477.
doi: 10.46879/ukroj.4.2024.459-477 (in Ukrainian).

22. Bauerle KT, Schweppe RE, Haugen BR. Inhibition of nuclear
factor-kappa B differentially affects thyroid cancer cell growth, apoptosis, and
invasion. Mol Cancer. 2010 May 21;9:117. doi: 10.1186/1476-4598-9-117.

23. Pushkarev VV, Starenki DV, Pushkarev VM, Kovzun OI,
Tronko MD. Inhibitor of the transcription factor NF-kB, DHMEQ,
enhances the effect of paclitaxel on cells of anaplastic thyroid carcinoma
in vitro and in vivo. Ukr Biochem J. 2015 May-Jun;87(3):63-74. doi:
10.15407/ubj87.03.063.

24. Pushkarev VM, Kovzun OI, Pushkarev VV, Guda BB,
Tronko MD. Biochemical aspects of the combined use of taxanes, irra-
diation and other antineoplastic agents for the treatment of anaplastic
thyroid carcinoma. Ukr Biochem J. 2018 Sep-Oct;90(5):5-19. doi:
10.15407/ubj90.05.005

25. Meng Z, Lou S, Tan J, et al. Nuclear factor-kappa B inhibi-
tion can enhance therapeutic efficacy of 1311 on the in vivo manage-
ment of differentiated thyroid cancer. Life Sci. 2012 Dec 10;91(23—
24):1236-41. doi: 10.1016/}.1f5.2012.09.026.

26. Chen F, Yin S, Zhu J, et al. Effects of nuclear factor kB on
the uptake of “liodine and apoptosis of thyroid carcinoma cells. Mol
Med Rep. 2018 Apr;17(4):4959-4964. doi: 10.3892/mmr.2018.8481.

27. Choi YW, Kim HJ, Kim YH, et al. B-RafV60O0E inhibits sodium
iodide symporter expression via regulation of DNA methyltransferase 1.
Exp Mol Med. 2014 Nov 7;46(11):¢120. doi: 10.1038/emm.2014.68.

Received 05.01.2026
Revised 21.04.2026
Accepted 28.04.2026 M

Nataliia Ya. Kobrynska, PhD in Medicine, Surgeon Endocrinologist, Head of the Polyclinic, Head of the Consulting Polyclinic Department, V.P. Komisarenko Institute of Endocrinology and Metabolism
of NAMSU, Kyiv, Ukraine; e-mail: kobnatttaaa@gmail.com; phone: +380 (67) 903-66-57; https://orcid.org/0000-0001-8698-9793

Volodymyr M. Pushkarev, Doctor of Biological Sciences, Senior Research Fellow, Chief Research Fellow, Department of Fundamental and Applied Problems of Endocrinology, V.P. Komisarenko Institute
of Endocrinology and Metabolism of NAMSU, Kyiv, Ukraine; e-mail: pushkarev.ym@gmail.com; phone: +380 (66) 345-36-99; https://orcid.org/0000-0003-0347-7771

Nataliia I. Levchuk, PhD in Biological Sciences, Senior Research Fellow, Leading Research Fellow, Department of Fundamental and Applied Problems of Endocrinology, V.P. Komisarenko Institute of
Endocrinology and Metabolism of NAMSU, Kyiv, Ukraine; e-mail: levnataly@meta.ua; https://orcid.org/0000-0003-0482-5176

Ihor I. Komisarenko, PhD in Medicine, Research Fellow, Department of Orphan Endocrine Diseases and Endocrine Surgery, V.P. Komisarenko Institute of Endocrinology and Metabolism of NAMSU, Kyiv,

Ukraine; e-mail: igor.komisarenko@gmail.com; https://orcid.org/0000-0002-1808-667X

Bohdan B. Guda, MD, DS, PhD, Head of the Department of Orphan Endocrine Diseases and Endocrine Surgery, V.P. Komisarenko Institute of Endocrinology and Metabolism of NAMSU, Kyiv, Ukraine;

e-mail: bguda@ukr.net; https://orcid.org/0000-0002-9181-0679

Viktor V. Pushkarev, PhD in Biological Sciences, Senior Research Fellow, Department of Fundamental and Applied Problems of Endocrinology, V.P Komisarenko Institute of Endocrinology and Metabolism
of NAMSU, Kyiv, Ukraine; e-mail: viktorpushkarov@gmail.com; https://orcid.org/0000-0001-5940-5510
Olena I. Kovzun, Doctor of Biological Sciences, Professor, Corresponding Member of NAMSU, Deputy Director for Science, V.P. Komisarenko Institute of Endocrinology and Metabolism of NAMSU, Kyiv,

Ukraine; e-mail: kovzun.oi@gmail.com; https://orcid.org/0000-0002-6906-6636

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.
Information about funding. The article was prepared within the budget funding according to the plan of research work of the State Institution “V.P. Komisarenko Institute of Endocrinology and

Metabolism of NAMSU".

Authors’ contribution. N.Ya. Kobrynska — collection of tumor tissues, conducting experiments, data analysis, writing the text; V.M. Pushkarev, N.I. Levchuk, V.V. Pushkarev — conducting experi-
ments, data analysis, writing the text; |.I. Komisarenko, B.B. Guda — collection of tumor tissues; 0.1. Kovzun — analysis of literary sources, editing the text.

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

Tom 22, N2 6, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Ko6puHcbka H.S1., MNywkapsoB B.M., Aes4yyk H.I., KomicapeHko 1.1, 'yaa b.b., lNyiwkapeos B.B., KoBayH O.1.
AY «HCTUTYT @HAOKPUHOAOTTT TQ 0BOMIHY peyqoBumH iMeHi B.I1. KomicapeHka HAMH YkpaiHny», m. Kuis, YkpQiHa

Ekcnpecis iHriGitopa saepHoro ¢aktopa kanna B
Y TKOHMHOX NAMIASIPHOT KAPLMHOMM LLUMUTOMOAIBGHOT 30A03U
TA B AOGPOSIKICHUX HOBOYTBOPEHHSAX

Pestome. Axmyaavnicmp. EykapioTHaHMiA TPaHCKPUIILIAHUI (ak-
Top NF-xB peryitoe mmpokuii crekTp 6ioJoriyHUX MPpoLeciB, 30-
KpeMa iMyHHY BilMoBinb i 3anaaeHHs. J{ucperysiis CUTHAIbHUX
MexaHi3MiB, 3aiexxHux Bin NF-«xB, mos’s3aHa 3 TSKKUMU maTo-
JIOTIYHUMM CTaHAMM JTIFOMMHU, BKJIIOYHO 3 PAKOM, aBTOIMYHHUMU
3aXBOPIOBAHHSIMU Ta XpOHIYHUM 3ananeHHsM. [Hriditop NF-kB,
cybonunuig 6era (IkBf), Bimirpae KJItO4OBY poOJib Y peryJisiii
aktuBHOCTi NF-kB i 3ayryyeHuii y po3BUTOK paky LIMTOMOIO-
HOI 3aJ1031, OCOOJIMBO B arpeCUBHUX i MeTaCTATUIHUX (hOopMax.
Mema: nopiBHsATH BMicT IkBp y 3pa3zkax yMOBHO HOpMaJbHOi
(YH) TKaHMHM IIMTONOMIOHOI 3a1031, TKaHWHAX (POJTiKYISIpHOL
aeHOMM, 300a, MamiJsipHOI KapIIMHOMU IIMTOIMOAIOHOI 321031
(IMKIIL3), meracTaziB (MTc), a TakoX y Tu1a3Mi KpOBi MAIIIEHTIB i3
TMKII3. Mamepiaiu ma memoodu. IliciasionepauiiiHi 3pa3ku TKa-
HUH i IJIa3MU KPOBi OyJIM OTpUMaHi B XipypTriYyHOMY BiTiIeHHI
KkiHiku 1Y «IHCTUTYT €HIOKPUHOJIOTIT Ta 0OMiHY pEUOBUH iMEHi
B.I1. Komicapenka HAMH VYkpainn». Kinbkicts IkBff Bu3Ha-
YyaJii 3a TOMOMOTr0I0 HA0OPiB sl iMyHO(EPMEHTHOTO aHami3y.
Pesyavmamu. CTaTUCTUYHO 3HAYYIIUX BiIMiHHOCTEI MiX PiBHIMU
IxBB y no6posikicHux HOBOYTBOpeHHSsIX Ta YH TkaHWHI He BUSIB-

neHo. He3nauny pi3Huiio 3acdikcoBaHo Mixk YH TkaHUHOIO Ta
TKaHuHoio [TKII3 6e3 Mtc. Y tkanunax [TKII3 i3 MmeTacTazamu
noka3Huku IkBB Oyiu Giiblie HiXX B 1,5 paza HUKYMMHU TTOPiB-
HsHO 3 YH TkanuHow. HaitHxauii ymict IkBf criocrepiraBest
B MeTacTa3ax. KonueHtpaii Ik B y ma3mi kpoBi oci6 i3 ITKII3
Oy/IM 3HAYHO HMKYMMM, HiXXK Y KOHTPOJIi, 0e3 BiAIMiHHOCTEN MixX
narieHtaMu 3 MTc Ta 6e3 Hux. Bucnoeku. PiBHi I1xBf y no6posi-
KiCHUX HOBOYTBOPEHHSIX LIMTOIONIOHOI 3271031 He Billpi3HSLIUCS
Bim Takux B YH TkaHuHi. ¥ meTactatnuHnx TKanuHax [TKII3 Ta
0COOJIMBO B METACTATUYHUX YpaXKeHHSIX KOHLIeHTpauii Ik B Oy
CYTTEBO 3HIKEHI TTOPiBHSIHO 3 YH TKaHMHOI0. 3MEHIIIEHHS KiJlb-
kocTi [kB y nepBUHHMX MyxJIMHAX i METACTATUUHUX YPaKEHHSIX
MoXe cBimunTH po aktuBauio NF-«kB Ta mocuneHHs 3amaibHOro
cUrHaIiHTy. 3MiHM ekcnpecii IkBB MoxXyTh OyTH KOpUCHUMU TSI
MMPOTHO3yBaHHS MeTacTaTuyHoro noreHuiany [MKII3, Toni sk
piBHi IkBf y rutazMi KpoBi po3riisinaloTbes SIK MepcrneKTUBHUMN
repeaoIepaliitHuii TiaTHOCTUIHUI 6ioMapKep.

KiouoBsi ciioBa: NF-«B; IxBf; maniasgpHa KapuuHOMa IIUTO-
noAibHoi1 3a71031; MeTacTa3u; 10OPOsIKiCHI HOBOYTBOPEHHS 1IIM -
TOMOAIOHOT 3271031
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Plasma atherogenic index as a non-invasive criterion
for the diagnosis of metabolic dysfunction-associated
steatotic liver disease in patients
with type 2 diabetes mellitus

Abstract. Background. Identification of risk factors and detection of target organs in the early stages of the
formation of cardiovascular diseases, liver and kidney diseases and other complications with the correction of
identified disorders is an integral part of the successful reduction of morbidity and mortality among the population.
Diabetes mellitus (DM) is a syndrome of various etiologies, characterized mainly by chronic hyperglycemia with
disorders associated with protein and lipid metabolism. The purpose of the study was to determine the presence
and nature of the relationship of a new indirect index with the presence (or absence) of metabolically associated
steatotic fatty liver disease (MASLD) in patients with T2DM, to determine the contribution of the atherogenic index of
plasma (AIP) to the risk of developing liver disease and to characterize its diagnostic value using logistic regression
and ROC analysis. Materials and methods. Sixty patients with T2DM were examined (33/27 men/women; age
53.00 + 1.20 years; disease duration 13.36 + 3.49 years), of them 24 participants with MASLD and 36 without it.
The diagnosis of MASLD was established on the basis of clinical analysis of the disease, lipid and carbohydrate
metabolism indicators, aspartate aminotransferase and alanine aminotransferase activity and ultrasound examination
of the liver. Results. A significant and statistically significant relationship was found between the AIP and the presence
of metabolically associated fatty liver disease. A distinct and significant correlation was established between the AIP
and glycemia, as well as some indicators of oxidative stress (in particular, the index of free fatty acids and OXY levels)
and the level of lipocalin, an adipokine. A diagnostic model was developed to identify risk groups for the development
of MASLD in patients with T2DM based on the AIP. Conclusions. A diagnostic model was developed to form risk
groups for MASLD among patients with T2DM using logistic regression and ROC analysis. The diagnostic criterion
is a new non-invasive indicator — the AIP, the threshold value of the predictor is defined as 0.60.

Keywords: atherogenic index of plasma; type 2 diabetes mellitus; metabolically associated steatotic fatty liver
disease; logistic regression; ROC analysis; insulin resistance
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Introduction

One of the most important problems of modern society
is the spread of “diseases of civilization”: obesity, atheroscle-
rosis, diabetes mellitus (DM) and high mortality associated
with their complications. In this regard, the basis of modern
health care is the strategy of preventive medicine. Identifica-
tion of risk factors and detection of target organs in the early
stages of the formation of cardiovascular diseases (CVD),
liver and kidney diseases and other complications with the
correction of identified disorders is an integral part of the
successful reduction of morbidity and mortality among the
population. DM is a syndrome of various etiologies, cha-
racterized mainly by chronic hyperglycemia with disorders
associated with protein and lipid metabolism. Hyperglycemia
(increased blood glucose concentration) may be associated
with the inability to produce, secrete or not absorb insulin,
or even with a set of all these abnormalities. There are three
main types of diabetes mellitus: type 1 diabetes mellitus,
T2DM mellitus (T2DM), and gestational diabetes. T2DM
stands out among them, accounting for approximately 90 %
of cases [1]. T2DM is a multifactorial polygenic disease that
is thought to result from the interaction between several genes
and environmental factors [2]. T2DM is accompanied by
multiple metabolic abnormalities, such as lipid and lipo-
protein metabolism disorders, oxidative stress, subclinical
inflammation, vascular endothelial dysfunction, and hyper-
tension [3]. These disorders have long-term consequences,
such as micro- and macrovascular complications, neuropa-
thy, retinopathy, nephropathy, and consequently increased
mortality [4]. Modern approaches to the management of
patients with diabetes mellitus also include the use of digital
technologies, remote monitoring, and predictive analytics,
which allow to improved glycemic control and timely detec-
tion of complications [5].

T2DM has a number of complications, one of which
is metabolic dysfunction-associated steatotic liver disease
(MASLD). MASLD is hepatic steatosis associated with over-
weight/obesity, T2DM, or metabolic dysregulation. Fatty
liver disease is the most common chronic liver disease that
increases the risk of cardiovascular disease and all-cause
mortality [6].

The diagnosis of MASLD is based on histological
(biopsy) or blood biomarker evidence of fat accumulation
in the liver (hepatic steatosis) and one of the following three
criteria: overweight/obesity, presence of T2DM, or evidence
of metabolic dysfunction. In addition, insulin resistance (IR)
is likely to play a key role in the pathogenesis of MASLD,
determining the increase in hepatic lipogenesis and the lack
of inhibition of adipose tissue lipolysis, which leads to an
increase in the supply of fatty acids to the liver [7]. IR and re-
lated metabolic disorders are key factors in the development
of MASLD, accompanied by changes in body composition,
hemodynamics and lipid profile [8]. At the same time, ge-
netic determinants, in particular leptin gene polymorphisms,
can modulate the risk of developing steatotic liver changes
in patients with T2DM [9]. In particular, the use of mathe-
matical models, such as multivariate regression, allows us to
reconstruct and predict changes in endocrine parameters
in patients with metabolic disorders, which opens up new
opportunities for personalized medicine [10].

Metabolically associated steatosis is known to be closely
associated with IR and lipid metabolism disorders, especially
in patients with T2DM. Dysregulation of lipid metabolism
pathways in the liver can lead to lipid accumulation, which
causes oxidative stress, hepatocyte damage, and the deve-
lopment and progression of liver disease [11]. IR is a major
contributor to the dyslipidemia associated with MASLD
and a major cause of morbidity and mortality in patients
with MASLD, premature CVD [12]. IR alters the secretion
of adipokines, including adiponectin and leptin, which play
a role in the regulation of lipid metabolism, atherosclerosis,
and metabolic syndrome [13]. It has previously been shown
that triglyceride levels, in combination with other metabolic
markers, can be used to predict the development of hepatic
steatosis in patients with T2DM [14].

The atherogenic index of plasma (AIP), as a biomarker
of dyslipidemia, can predict CVD risk and mortality in these
patients, but its specific role in patients with MASLD has not
been studied in detail. Regular monitoring of the AIP levels
may help identify high-risk patients at an early stage and
provide clinical risk assessment before intervention, there-
by improving patient management and prognosis. Further
studies are needed to better understand investigate the role
of AIP in different ethnic groups under different conditions
to optimize prevention and treatment strategies for CVD [15].

MASLD affects almost one-third of the world’s popu-
lation and is associated with an increased risk of develo-
ping advanced liver disease and CVD [16]. Its prevalence
has increased from 25.3 to 38.2 % over the past 30 years [17].
MASLD refines the structure of NAFLD (nonalcoholic
fatty liver disease), including metabolic risk factors such as
obesity, hyperglycemia, and hypertension, highlighting the
crucial role of metabolic dysfunction in the progression of
liver disease [18].

Research on MASLD is still in its early stages, and few
studies are available to identify and predict effective indi-
cators of this disease. On the other hand, early diagnosis is
crucial to reduce the burden of MASLD [19].

Furthermore, the increasing prevalence of MASLD is
associated with the increasing prevalence of obesity. Ac-
cording to a recent systematic review and meta-analysis, the
prevalence of MASLD among overweight or obese adults in
the general population was found to be 50.7 % [20].

Early diagnosis and assessment of associated risk fac-
tors will greatly contribute to the prevention or treatment
of MASLD. The AIP reflects a novel complex biochemical
marker of lipid metabolism [21].

The exact mechanism responsible for the pathogenesis
of AIP and MASLD remains unclear, but it can be inves-
tigated in various ways, for example, in the setting of ele-
vated triglycerides and low high-density lipoprotein (HDL)
cholesterol. Excessive intake of saturated fat, fructose, and
carbohydrates leads to excessive fat deposition in the liver,
accumulation of free fatty acids, and triglycerides in the liver.
This metabolic imbalance is associated with an increased
incidence of MASLD [22].

Patients with T2DM and MASLD have been found to
have higher AIP scores than those without liver disease.
The prevalence and progression of MASLD in patients with
T2DM may depend on the AIP score [20].
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AIP is an effective predictor of the risk of atherosclerosis
and coronary heart disease. According to several studies, an
elevated AIP score is associated with the development of dia-
betes, coronary heart disease, MASLD, and hypertension,
and has good prognostic value [23, 24]. However, studies on
the relationship between AIP and MASLD in patients with
T2DM are currently scarce.

The course of MASLD can be asymptomatic and detec-
ted by chance, due to nonspecific complaints from the patient
(weakness, fatigue, heaviness in the right hypochondrium), or
their complete absence (in the initial stage of the disease) [25].

The accumulation of fat in hepatocytes disrupts their
metabolism, physiological activity, makes them vulnerable to
damage, which leads to cell death, and activation of hepatic
stellate cells (HSCs). The main mechanisms of hepatocyte
damage (caused by excess fatty acids) are oxidative stress and
increased levels of pro-inflammatory cytokines [26]. These
damages, in turn, lead to apoptosis or necrosis of cells due
to lipotoxicity of damage from endoplasmic reticulum stress,
mitochondrial dysfunction. It should be noted that insulin
has profibrogenic activity, induces mitogenesis of hepatic
stellate cells and collagen synthesis, i.e. can accelerate the
course of the disease and intensify the manifestations of fi-
brosis and worsen the prognosis for patients with T2DM
mellitus, which is characterized by hyperinsulinemia (as a
consequence of IR) [27].

According to the results of a number of studies, a clear re-
lationship has been established between an increase in the AIP
and the risk of developing metabolically associated fatty liver
disease, and therefore, the AIP can be used as a new predictor.

The index is calculated using the following formula:
AIP = logl0(TG/HDL-c) [28] (logl0 is the base 10 loga-
rithm; TG is triglycerides (mmol/L)/HDL-c (high-density
lipoproteins in mmol/L). AIP is defined as the base 10 loga-
rithm of the ratio of triglycerides to high-density lipoprotein
cholesterol (HDL) (TG/HDL-C).

In the context of wartime conditions and increased bur-
den on healthcare systems, rapid and non-invasive diagnostic
approaches become especially important. The AIP may serve
as a simple and accessible tool for early risk stratification of
MASLD in patients with T2DM, including those requiring
continuous medical monitoring in military personnel and
injured populations. Implementation of such biomarkers
may facilitate timely identification of high-risk patients and
optimization of medical support in conditions of limited
diagnostic resources.

The purpose of the study was to determine the presence
and nature of the relationship of a new indirect index with the
presence (or absence) of MASLD in patients with T2DM,
and to determine the contribution of the AIP to the risk of
developing liver disease and to characterize its diagnostic
value using logistic regression and ROC analysis.

Materials and methods

There are 60 patients with T2DM were examined (33/27
men/women; age 53.00 = 1.20 years; disease duration
13.36 £ 3.49 years), of them with MASLD (n = 24) without
MASLD (n = 36). The diagnosis of MASLD was estab-
lished on the basis of clinical analysis of the disease, lipid and
carbohydrate metabolism indicators, aspartate aminotrans-

ferase (AST) and alanine aminotransferase (ALT) activity
and ultrasound examination of the liver. Determination of
total cholesterol (TC), high-density lipoprotein cholesterol
(HDL), triglycerides was performed by enzymatic method.
Free fatty acids (FFA) were measured using a Wako Diagnos-
tics kit (USA). According to the manufacturer’s instructions
for using enzyme-linked immunosorbent assay (ELISA), adi-
pocytokine levels were determined, as well as insulin (DRG,
Germany). IR was calculated based on the HOMA-IR index
(Homeostasis Model Assessment-Insulin Resistance) [29],
which includes the simultaneous determination of individual
fasting insulin and glucose levels in serum. Insulin sensitivity
was determined by the QUICKI (Quantitative Insulin Check
Index) [30]. To assess the diagnostic properties of the TyG
index, logistic regression analysis was used, including ROC
analysis (receiver operation characteristic) [31]. The odds ra-
tio (OR) was calculated, as well as the odds ratio unit change
(OR unit-ch.), which reflects the risk of developing a compli-
cation when the studied characteristic increases by 1, and the
corresponding confidence interval (CI), sensitivity, specifi-
city, positive prognostic value (PPV) and negative prognostic
value (NPV) of the results, and the accuracy index [32].

Results and discussion

The studied group consisted exclusively of patients with
T2DM with an insulin-resistant phenotype (body mass index
(BMI): 32.68 + 0.77 kg/m?*, HOMA-IR 8.04 + 0.77 CU,
QUICKI 0.46 £ 0.007 CU) with varying degrees of glycemic
control (HbAlc =7.06 £ 0.18).

The AIP is a widely available and simple indicator in
practical use. Patients with liver disease are characterized by
a higher AIP (0.57 £ 0.07) than the group without compli-
cations (0.29 &+ 0.04; t = 3.46; p = 0.001).

A significant correlation was found between the studied
feature (AIP) and a number of biochemical parameters: in-
dicators of glycemia, oxidative stress, lipocalin and one of
the liver enzymes, which clearly confirms the relationship

Table 1. Characteristics of the correlations of AIP
with a number of biochemical indicators in patients

with T2DM
Indicator Spearmanr | T(N-2) P
AIP & glycemia, mmol/L 0.27 2.20 0.03
AIP & QUICKI 0.16 1.24 0.22
AIP & lipocalin, ng/mL 0.34 212 0.04
AIP & RBP-4, ng/mL 0.11 0.65 0.51
AIP & MMP-9, ng/mL 0.21 1.28 0.20
AIP & total cholesterol, ng/mL 0.16 1.28 0.20
AIP & CRP, ng/mL 0.18 1.38 0.17
AIP & FFA, ng/mL 0.31 2.46 0.01
AIP & AST 0.35 2.55 0.01
AIP & OXY -0.28 -2.25 0.02

Notes: QUICKI — quantitative insulin sensitivity check
index; RBP-4 — retinol binding protein-4; MMP-9 —
matrix metalloproteinase-9; CRP — C-reactive protein;
FFA — free fatty acids; AST — aspartate aminotrans-
ferase; Spearman r — Spearman correlation coeffi-
cient; P — probability of difference.
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between the AIP and the pathogenesis of metabolically as-
sociated fatty liver disease. AIP is significantly elevated in
patients with fatty liver disease and may be a potential marker
for detecting fatty liver disease [33]. A lipid biomarker as a
direct biological target would also be useful in the prevention
and therapeutic treatment of liver disease. AIP is a new index
calculated from triglyceride and high-density lipoprotein
cholesterol levels, which comprehensively considers the two
lipid compounds. It is used to quantify blood lipid levels and
is commonly used as an optimal indicator of dyslipidemia,
obesity, and CVD. Qian Wang et al. (2018) found that AIP
was closely correlated with fatty liver disease in obese pa-
tients and suggested that it could be used as a regular liver
disease monitoring index for obese individuals. Using AIP,
a composite index, lipids could be adjusted for the lack of
conflicting assessments of different lipid components and
simplified the prediction task in practice. Previous studies
have shown that AIP was a better predictor of liver disease
than LDL. It has also been shown that high AIP values (i.e.,
high TG/HDL-C ratio) may indicate IR [34].

A moderate or high-risk AIP indicates the likelihood of
extreme abdominal obesity, and the combination of comple-
mentary cholesterol and AIP may increase the specificity and
sensitivity of detecting abdominal obesity in clinical practice.
The results suggest that AIP can be used as a guideline for
detecting abdominal obesity [35].

These results are consistent with previous studies that
have demonstrated the importance of metabolic markers,
including triglycerides, in assessing the risk of hepatic ste-
atosis in patients with T2DM [36]. The task was to identify,
evaluate from a pathophysiological point of view and mathe-
matically calculate the properties, first of all, the relevance
of the AIP as a new non-invasive indicator for the diagnosis
of metabolically associated fatty liver disease in the diabetic
population. To assess the relevance, the method of logistic
regression was used, as well as general regression models.

According to the results of logistic regression, the value of
OR unit-ch for the AIP was obtained, which is equal to 28.49
ClI: 2.53—319.84, p = 0.005, which reflects the risk of develop-
ing complications when the predictor increases by 1 (the rather
large value of the OR unit-ch itself and its asymmetric interval
may be a consequence of the predisposition of the studied
group to the development of accelerated atherogenesis).

Next, to establish the critical level of the predictor (and
its further practical use), ROC analysis was performed.
A universal characteristic of the quality of the results is the
area under the curve (AUC).

The diagnostic model based on the calculation of the AIP
has a fairly good quality, as evidenced by the area under the
ROC curve, which is 69.2 % p = 0.012; the threshold value of
the AIP is 0.60. The sensitivity of the test is 87.0 % (reflects
the ability of the test to identify patients who are at risk in
the general population); specificity is 41.0 % (reflects the
ability of the test to identify patients who are not at risk in the
general population); the predictive value of a positive result is
67.0 % (reflects the probability of the risk of a complication
in a particular patient); the predictive value of a negative
result is 33.0 % (reflects the probability of the absence of the
risk of a complication in a particular patient); the accuracy
index is 67.0 % (the total number of correct results).
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Figure 1. ROC curve for the AIP in individuals with
T2DM (patients with metabolically associated fatty
liver disease versus the group without complications)

Conclusions

A significant and statistically significant relationship was
established between AIP and the presence of metabolically
associated fatty liver disease.

A distinct and significant correlation was established be-
tween AIP and glycemia, as well as some indicators of oxida-
tive stress (in particular, the index of free fatty acids and OXY
levels) and the level of adipokine — lipocalin.

A diagnostic model was developed to identify risk groups
for the development of metabolically associated steatotic liver
disease in patients with T2DM mellitus based on AIP.

Using correlation, regression and ROC analysis, a diag-
nostic model was developed to identify risk groups for the
development of metabolically associated fatty liver disease
in patients with T2DM mellitus based on the latest indirect
index. The threshold value of the index, namely 0.60, was
identified, the achievement or exceeding of which indicates
the risk of metabolically associated fatty liver disease.

The proposed diagnostic model, based on the use of a
new indirect non-invasive marker, may be useful for deve-
loping an optimal examination algorithm, as well as a set of
measures aimed at preventing the progression of metaboli-
cally associated fatty liver disease in patients with T2DM.
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ATeporeHHuUm iHAEKC NAA3MU K HEIHBA3UBHUMN KPUTEPIN AIOrHOCTUKU METABOAIYHO ACOLINOBAHOT
CTEeATOTUYHOT XBOPOO6U NEYiHKM B NALIEHTIB i3 LYKPOBUM Aia6eToM 2-ro Tuny

Pestome. Axmyaavnicmo. BusHaueHns haxTopiB pusuKy it opra-
HiB-MillleHell Ha paHHIX cTalissx (OpMyBaHHS 3aXBOPIOBAaHb Cep-
1IeBO-CYIMHHOI CUCTEMM, MEYiHKU, HUPOK Ta iHIINX YCKJIaTHEHb
i3 KOpeKIIi€o BUSBICHUX MMOPYIIEHb € HEBiI’EMHOIO YaCTUHOIO
YCHIITHOTO 3HIKEHHST 3aXBOPIOBAHOCTI Ta CMEPTHOCTI cepell Hace-
neHHst. Llykposuii niabet (L) — 1ie cuHmpom pi3HOI eTiosorii, o
XapaKTePU3YEThCS MEePEBAXKHO XPOHIYHOIO TMEPIIiKeMi€lo 3 opy-
IIEHHSIMU, TIOB’I3aHUMU 3 OLTKOBUM i JTimigHuM oOMiHoM. Mema:
BU3HAUYMTH HAsSIBHICTb Ta XapaKTep 3B’sI3Ky HOBOIO HEMPSIMOIO iH-
JIEKCY 3 HasIBHICTIO (200 BiZICYTHICTIO) METa0OIiYHO acollilioBaHOT
CcTeaToTUYHOI k1poBoi xBopoou nedinku (MACXKXII) y nartieHTiB
i3 LIJT 2-ro TuIry, a TaKoXX BHECOK aTepPOTeHHOTO iHAEKCY IIa3Mu
(AIP) y pu3MK pO3BUTKY 3aXBOPIOBAHb MEYiHKU i1 OXapaKTepu3yBaTu
MOro AiarHOCTUYHY LiHHICTb 3a TOITIOMOTOIO JIOTiCTUYHOI perpecii ta
ROC-ananizy. Mamepiaau ma memoodu. O6¢ctexxeHo 60 mnaiieHTiB
i3 1 2-ro tumy (33 vomoBiku/27 XiHoK; Bik 53,00 = 1,20 poky;
TpUBaJIicTh 3axBoptoBaHHs 13,36 + 3,49 poky), i3 HuX 24 ocobu i3
MACXKXII, 36 — 6e3. liarno3 MACXXII 0y;10 BcTaHOBJIEHO Ha
OCHOBI KJIIHIYHOTO aHAaJTi3y 3aXBOPIOBAHHSI, TTOKA3HUKIB JIITIAHOTO i

BYIJIEBOTHOTO OOMIHY, aKTUBHOCTI acIiapTaT- Ta aJlaHiHaMiHOTpaHC-
depasu it yIbTpa3ByKOBOTO JOCITIIKEHHS TlediHKu. Pezyabmamu.
BusiBneHo 3HaUHMIA Ta CTATUCTUYHO 3HAYYIINI 3B’s130K MixK AIP Ta
HasIBHICTIO MeTabO0JIiYHO acoliiioBaHO1 XXMPOBOI XBOPOOU MEUiHKM.
Yitky i1 3HauyIly Kopesiiiio 3HaliameHo Mixk AIP i rmikewmielo, a
TaKOX JESTKMMU TTOKa3HUKAMU OKCUIATHBHOTO CTpecy (30Kpema,
iHIEKCOM BiTbHUX XXMUPHUX KUCJIOT Ta piBHEM OXY) i BMicTOM aau-
TTOKIiHY JinoKaiHy. Po3pobiieHo miarHoCTUIHY MOJIEIb JIJIST BUSIB-
JIeHHs Tpyn pu3uKy po3BuTky MACXKXII y mauieHTis i3 LIJ] 2-ro
turty Ha ocHOBi AlP. Bucnosxu. Po3po0ieHo niarHoCTUYHY MOJIe b
TSt (hOpMYBaHHSI TPYIT PUBUKY METaOOJIIYHO acOllifOBaHOI JKMPOBOI
XBOPOOM MEUiHKM cepel 0ci i3 IyKpOBUM OiabeToM 2-ro THITy 3a
JTOTIOMOTO10 JIoTicTaHOI perpecii Ta ROC-anaizy. JliarHocTHIHIM
KpUTEPIiEM € HOBUi1 HEIHBa3UBHMIA MMOKA3HUK — aTEPOreHHUM iH-
JIEKC TIa3MH, MIOPOTOBE 3HAYEHHSI MPEeIUKTOpa BU3Ha4eHo sk 0,60.
Kio4oBi cioBa: areporeHHmii iHaeKe mia3Mu; IyKpoBHii Tia-
0eT 2-T0 TUITy; MeTabOoJIIYHO acolliiloBaHa CTeaTOTUYHA XXUPOBa
XBOpo0a MedviHKM; JoricTuuHa perpecis; ROC-aHani3; iHCyJliHO-
PE3UCTEHTHICTh
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Association of serum cortisol
with inflammatory biomarkers in patients
with musculoskeletal pain disorders

Abstract. Background. Musculoskeletal pain disorders are major causes of chronic pain, disability, and reduced
quality of life worldwide. Some studies reported elevated cortisol levels associated with increased inflammation and
pain severity, while others demonstrated hypocortisolism in chronic pain conditions. Increasing evidence suggests
that psychosocial stress and activation of the hypothalamic-pituitary-adrenal axis may contribute to inflammatory
processes involved in musculoskeletal pain disorders. This study purposed to investigate the relationship between
serum cortisol levels and inflammatory biomarkers including interleukin-6 and C-reactive protein (CRP) among
patients with musculoskeletal pain disorders. Materials and methods. This cross-sectional study was conducted
at Al-Furat Al-Awsat Teaching Hospital and Al-Sadder Teaching Hospital/Joint and Physical Therapy Center in
Al-Najaf, Iraq, from December 2025 to March 2026. It included 180 patients with musculoskeletal pain. The follo-
wing data were collected for each patient: age, sex, body mass index, heart rate, and severity of pain. In addition,
biochemical markers were analyzed. Statistical analysis was performed using SPSS, with significance at p < 0.05.
Results. The study included 56 males (31.1 %) and 124 females (68.9 %), mean age of 42.32 + 11.53 years. The
mean serum cortisol level was 80.18 + 45.34 ng/mL. Participants were divided into high and low cortisol groups.
Patients in high-cortisol group showed statistically significant difference (p < 0.05) in CRP levels, while no signi-
ficant difference was observed in interleukin-6 levels. Pain scores were higher in participants with higher cortisol
levels (8.13 + 0.78). Conclusions. Elevated cortisol levels were associated with increased systemic inflammation,
particularly CRP, supporting the role of hypothalamic-pituitary-adrenal axis dysregulation in musculoskeletal pain
disorders. Assessment of cortisol and inflammatory biomarkers may provide useful clinical insights for identifying
high-risk musculoskeletal pain patients and improving individualized management strategies.

Keywords: cortisol; hypothalamic-pituitary-adrenal axis; musculoskeletal pain; systemic inflammation; inflamma-

tory biomarkers

Introduction

Musculoskeletal pain disorders (MSDs) are the leading
causes of disability and functional impairment worldwide,
affecting more than 1.7 billion individuals globally [1]. These
disorders involve muscles, bones, joints, tendons, and con-
nective tissues and are commonly associated with chronic
pain, restricted mobility, and reduce the quality of life. The
burden of musculoskeletal disorders continues to increase
due to aging populations, obesity, sedentary lifestyles, and
psychosocial stressors [2].

The pathophysiology of musculoskeletal pain is mul-
tifactorial and involves complex interactions between in-
flammatory pathways, immune dysregulation, neuroendo-
crine mechanisms, and central sensitization [3]. Chronic
musculoskeletal pain has been associated with activation of

inflammatory mediators including cytokines and acute-phase
reactants. Among these biomarkers, interleukin-6 (IL-6) and
C-reactive protein (CRP) are considered important indica-
tors of inflammatory activity and pain progression [4].

IL-6 is a pro-inflammatory cytokine that contributes
to nociceptor sensitization and chronic pain development
through activation of inflammatory signaling pathways.
Elevated IL-6 levels have been reported in several chronic
pain conditions including osteoarthritis, fibromyalgia, and
chronic low back pain [5]. CRP is another widely recognized
inflammatory marker associated with systemic inflammation
and pain severity in musculoskeletal disorders [6].

Psychological stress has emerged as an important factor
influencing chronic pain and inflammatory responses. Ac-
tivation of the hypothalamic-pituitary-adrenal (HPA) axis
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during stress leads to increased secretion of cortisol, a gluco-
corticoid hormone with immunomodulatory and metabolic
functions [7]. Although cortisol normally exerts anti-inflam-
matory effects, chronic stress may result in dysregulation
of cortisol secretion and altered inflammatory responses.
Persistent cortisol elevation has been linked to chronic pain,
immune dysfunction, and reduced tissue repair [8].

Some studies reported elevated cortisol levels associated
with increased inflammation and pain severity, while others
demonstrated hypocortisolism in chronic pain conditions [9].

Most previous studies investigating cortisol and inflam-
matory biomarkers focused on isolated chronic pain condi-
tions such as fibromyalgia or chronic low back pain without
comprehensive evaluation of musculoskeletal disorders as
a broader clinical entity. Understanding the relationship
between cortisol dysregulation and inflammatory biomar-
kers may provide important insights into the mechanisms
underlying chronic musculoskeletal pain. Identification of
inflammatory and stress-related biomarkers could improve
early diagnosis, risk stratification, and therapeutic manage-
ment of musculoskeletal disorders. Furthermore, evaluation
of psychosocial stress and inflammatory status may help to
develop more comprehensive and individualized treatment
strategies [10].

The purpose of this study was to evaluate the relationship
between serum cortisol and inflammatory biomarkers includ-
ing IL-6 and CRP in musculoskeletal pain patients.

Materials and methods

This cross-sectional study was conducted at Al-Furat
Al-Awsat Teaching Hospital and Al-Sadder Teaching Hospi-
tal/Joint and Physical Therapy Center in Al-Najaf City, Iraq,
from December 2025 to March 2026. A total of 180 patients
diagnosed with musculoskeletal pain disorders were enrolled
in this study. Patients’ age ranged from 20 to 80 years. Each
patient admitted to the hospital was provided with this in-
formation and analysis: the patient’s name, age, sex, family
history, site and duration of musculoskeletal pain, severity of
pain, heart rate and body mass index (BMI). Serum cortisol,
IL-6 and CRP levels. In addition to these data, patient case
notes were meticulously recorded and utilized for the pur-
pose of data collection. All patients included in this study
were administered a detailed questionnaire and provided
written informed consent.

The BMI is calculated by using the following equation
[11]: BMI = weight (kg) / height (m?).

The sample size of a study was determined according to
this equation: N=27?P (1 — P) / d*

Inclusion criteria: patients are diagnosed with musculo-
skeletal pain disorders; age between 20—80 years.

Exclusion criteria: diabetes mellitus, rheumatoid arthri-
tis, hyperthyroidism, pregnancy and lactation, age below
18 years.

The Spin 200 automated analyzer machine utilized of
Spinreact company, manufactured in Spain. Centrifuge of
DLAB, manufactured in China. Gel tube, EDTA tube, blue
tips, Eppendorf tube and plastic rack of Chaoran, manu-
factured in China. Deep freezer of Denka, manufactured in
Turkey. ELISA machine utilized of Human, manufactured
in Germany. Spincell 3 machine utilized of Spinreact, manu-

factured in Spain. Human Cortisol ELISA Kit and Human
Interleukin 6 ELISA Kit of BT LAB manufactured in China.
C-Reactive Protein Kit of Spinreact manufactured in Spain.
Three milliliters of venous blood were collected from pa-
tients. centrifuging the blood in gel tube for 10—20 minutes by
using centrifuge. Centrifuged (2000 to 3000 rpm) for 20 minu-
tes to separate serum. The serum samples separated from gel
tube were kept in capped plastic tubes and stored at —20 °C.
Based on measured serum cortisol concentrations, cortisol
classified into two groups: high and low cortisol group.
Ethical considerations. Study was approved by the medi-
cal ethical committee of the University of Kufa College of
Medicine, following the guidelines of Helsinki and (reference
document number MEC-267 in December 2025).
Statistical analysis. All the data collected were analyzed
by using the SPSS software (V.26 Inc., Chicago, USA) and
Microsoft Excel 2019. Numerical variables that normally
distributed were compared between two groups by indepen-
dent t-test and for all patients as one group by one-sample
t-test. Altogether data expressed as (mean * SD) standard
deviation. Otherwise, nominal variables were presented as
percentage (%) and frequency were compared between stu-
died groups by means of the chi-square test. Finally, Pear-
son’s correlation was used for correlation coefficient analysis.
Significance of differences was detected at p < 0.05.

Results

A comprehensive study was conducted on patients suffe-
ring from musculoskeletal pain disorders. The patients’ demo-
graphic characteristics, including age, sex, family history, site
and duration of musculoskeletal pain, severity of pain, heart
rate, body mass index (BMI). Serum cortisol, IL-6 and CRP
levels were thoroughly examined. The present study enrolled
180 patients with MSDs, females 124 (68.9 %) and males 56
(31.1 %) as in Table 1. Back pain was the most commonly
reported site of pain (34.4 %), followed by knee pain (20.0 %).

The mean of age was 42.32 £ 11.53 years, the mean of BMI
was 29.09 £ 6.56 kg/m?, indicating an overweight to obese
population. Mean of heart rate was 86.96 + 12.67 bpm, while
the mean of pain severity score was 8.13 £+ (.78, as in Table 2.

According to the serum cortisol level mean (80.18 *
* 45.34 ng/mL), the patients were classified into two

Table 1. Sex-based distribution

of the study population
Gender Frequency %
Male 56 31.1
Female 124 68.9
Total 180 100.0

Table 2. Distribution of study population based
on age, BMI, heart rate and severity of pain

Variables Min | Max | Mean SD
Age (years) 20 80 42.32 | 11.538
BMI 15.60 | 49.90 | 29.0944 | 6.55997
Heart rate (bpm) 61 123 | 86.96 | 12.668
Severity of pain (0-10) | 6 9 8.13 0.78
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Table 3. Serum cortisol levels (ng/mL)
in the study populations

Groups Mean = SD p value
High cortisol (n = 96) 116.14 £ 22.84 0.000*
Low cortisol (n = 84) 45.20 + 18.07 '

Note (here and in Table 4, 5): * — mean significant p < 0.05.

Table 4. Impact of inflammatory markers (CRP, IL-6)
on the study populations according to cortisol levels

o]

Parameters Groups Mean = SD T
High cortisol | 4.6298 + 2.5040

CRP, mg/L - 0.018*
Low cortisol 1.7331 £0.8110
High cortisol | 88.5846 + 69.3750

IL-6, ng/L - 0.680
Low cortisol | 85.8701 +23.5190

groups: high cortisol — 116.14 + 22.84 ng/mL, low corti-
sol — 45.20 = 18.07 ng/mL. A highly significant difference
was observed between groups (p < 0.001), as in Table 3.

Additionally, a statistically significant difference
(p < 0.05) was observed in the CRP levels in the high cortisol
group compared with the low cortisol group, while no sta-
tistically significant difference (p > 0.05) was observed in the
levels of IL-6 compared with cortisol groups as in Table 4.

According to the study, from the demographic parame-
ters only gender was significant difference (p < 0.05) between
cortisol groups. While, age, BMI, heart rate, family history
and severity of pain no significant differences between corti-
sol groups, as demonstrated in Table 5.

Finally, the results of study showed that there was a posi-
tive correlation between serum cortisol and inflammato-
ry biomarkers IL-6 (R?> = 0.491), CRP (R?>= 0.197), as in
Fig. 1, 2. These findings indicate that increased psycho-
social stress may contribute to inflammatory activation in
musculoskeletal pain disorders.

Discussion

The present study investigated the relationship between
serum cortisol and inflammatory biomarkers among pa-
tients with musculoskeletal pain disorders. The findings
demonstrated that elevated cortisol levels were significantly
associated with increased CRP levels, suggesting enhanced
systemic inflammatory activity in patients experiencing grea-
ter psychosocial stress. The explanation of this result due to
elevated cortisol levels lead to increased production of CRP
levels and other inflammatory markers reflecting the activity
of the HPA axis and its role in systemic inflammation and
pain. CRP is most considered to be an indicator of an acute
inflammatory state. There may be an association between
CRP levels and pain sensitivity [12].

This is consistent with the recent studies indicating that
perceived stress affects inflammatory markers through al-
terations in cortisol dynamics, which are associated with in-
creased CRP. Additionally, chronic stress can lead to elevated
glucocorticoids, which may disturb inflammatory levels and
exacerbating musculoskeletal pain disorders [13].

According to gender results, females represented the
majority of participants, which is consistent with previous
evidence indicating a higher prevalence of musculoskele-
tal pain disorders among women. Hormonal fluctuations,

Table 5. Demographic characteristics of study participants according to cortisol levels

Variables High cortisol group Low cortisol group p value
Gender, male/female (%) 18/78 (18.7/81.3) 38/46 (45.2/54.8) 0.02*
Family history, yes/no (%) 54/42 (56.3/43.7) 50/34 (59.5/40.5) 0.22
Severity of pain, n (%):
— mild (1-3); 0 (0) 0(0) 0.85
— moderate (4-6); 2(2) 4 (4.8) :
— severe (7-10) 94 (98) 80 (95.2)
Age (years), mean + SD 41.0625 + 10.7000 43.7907 + 12.1000 0.467
Heart rate (bpm), mean + SD 87.60420 + 12.59865 86.21950 + 12.64816 0.110
BMI (kg/m?), mean + SD 29.53330 + 5.79253 28.9930 + 7.71106 0.591
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Figure 1. The correlation between serum cortisol

and IL-6 levels

and CRP levels

Figure 2. The correlation between serum cortisol
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psychosocial stress, and differences in pain perception may
contribute to this observation [14]. Females in Iraq exhi-
bit higher cortisol levels than males can be explained that
through multifactorial, reflecting biological, hormonal, psy-
chosocial stressors and lifestyle factor. This is consistent with
the study that reported a hyporesponsive HPA axis, indicated
by low cortisol response to stress, is associated with young fe-
males. This association was not observed in males, suggesting
a gender-specific response to cortisol levels in patients with
musculoskeletal pain [15].

The elevated BMI observed in the study population sup-
ports the role of obesity as a major risk factor for musculo-
skeletal pain. Excess body weight contributes to mechanical
joint stress and chronic low-grade inflammation, thereby
increasing pain severity and disability [16]. The present study
also found that no significant difference in BMI when com-
pare the cortisol groups, due to may be sample size, envi-
ronmental factor and lifestyle of Iraqi population, that they
suffer from obesity.

Higher heart rate prevalence among participants may re-
flect chronic sympathetic nervous system activation associated
with persistent pain and stress. Chronic activation of the HPA
axis may contribute to cardiovascular dysregulation and in-
flammatory imbalance [17]. The present study also found that
no significant difference in the heart rate comparing with cor-
tisol groups, due to may be to the lifestyle of Iraqi population
that live in chronic stress. In acute stress cortisol has increased
heart rate and cardiac output. In chronic stress, because of
autonomic adaptation, receptor desensitization, heart rate may
remain stable despite elevated cortisol levels [18]. This study
also found that there is no significant difference in the family
history between cortisol groups. Although, the genetic predis-
position to certain diseases, cortisol levels are more strongly
influenced by current environmental and psychological factors
rather than inherited traits alone. Unless there is a specific
genetic disorder affecting the HPA axis, family history may
not show a direct correlation with cortisol levels.

The significant increase in CRP levels among high corti-
sol patients suggests that chronic stress may amplify systemic
inflammation. Although cortisol possesses anti-inflammato-
ry effects under normal physiological conditions, prolonged
stress exposure may lead to glucocorticoid resistance and
dysregulated immune responses [19].

No significant difference in IL-6 levels was observed be-
tween cortisol groups despite a positive correlation. This
finding may be explained by that production of IL-6 and
release are relatively slower and sustained inflammatory pro-
cesses. A transient increase in cortisol is often insufficient to
produce an immediate or measurable change in circulating
1L-6 levels. IL-6 a pro-inflammatory cytokine, contributes
to musculoskeletal pain disorders by disabling the lymphatic
pump mechanism, promoting interstitial inflammatory sta-
sis, and facilitating central sensitization, which perpetuates
chronic pain states and enhances nociceptive signaling in
affected tissues [20].

Moreira et al. also reported that increased levels of 1L-6,
a pro-inflammatory biomarker, positively correlated with
non-specific low back pain, suggesting its role in the in-
flammatory response associated with musculoskeletal pain
disorders, particularly in chronic low back pain patients [21].

The present findings are consistent with previous studies
reporting associations between elevated cortisol, inflamma-
tion, and chronic pain severity [22]. The interaction between
psychosocial stress and inflammatory pathways may play
a major role in pain chronification and disease progres-
sion [23].

Conclusions

Serum cortisol levels were significantly associated with
inflammatory activity in patients with musculoskeletal pain
disorders, particularly regarding CRP levels. Elevated cor-
tisol may reflect psychosocial stress-related dysregulation
contributing to chronic inflammation and pain persistence.
Assessment of cortisol and inflammatory biomarkers may
provide useful clinical insights for identifying high-risk mus-
culoskeletal pain patients and improving individualized ma-
nagement strategies.
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3B’930K PiBHSI KOPTU3OAY CUPOBATKU 3 GiOMApPKEepPaMU 3ANAAbHOrO NPoLecy B NALIEHTIB
i3 60AbOBOIO POPMOIO M’I30BO-KICTKOBUX PO3ACIAIB

Pestome. Axmyaavnicmp. BoiboBi po3iaay 0IIopHO-PYXOBOTO ara-
paTy € OCHOBHMMHM MIPUUYMHAMU XPOHIYHOTO 0010, iHBaTiMIHOCTI
Ta 3HUXKEHHS SIKOCTi XUTTS. Y NeIKUX AOCIIIKEHHSIX BUSBICHO
3B’30K IMiJBULIEHOTO PiBHSI KOPTU30JIY 3i 30ibILIEHHSIM [TOKa3-
HUKIB 3amajJeHHs i iHTEHCMBHOCTI 00JTI0, TOMI SIK B iHIINX ITpOJIe-
MOHCTPOBAHO TiMOKOPTUIIN3M MTPU XPOHIYHUX OOJILOBUX CTAHAX.
3pocTaroua KiJibKiCTh JOKa3iB CBIMYUTh PO Te, IO ICUXOCOLialb-
HUI CTpec Ta aKTUBAaLisl rinorajaMo-rinodgizapHo-HagIHUPKOBOT
0Ci MOXYTb ITPU3BOIUTH O 3allaJIbHUX MPOIIECiB, OB’ I3aHUX i3
po31agaMu OMIOPHO-PYXOBOTO arnapaty. Mema: 1OCTiIUTY 3B’ 130K
MiX piBHEM KOPTU30Jy B CUPOBATLi KPOBi i 3amajJibHUMU OioMap-
KepaM¥, BKITIOUAIOU iHTepJieiiKiH-6 Ta C-peakKTUBHMIA GiIOK, y
MALI€HTIB i3 0OJBOBUMM PO3JIaZaMM OIIOPHO-PYXOBOTO amapary.
Mamepiaau ma memoou. [lepexpecHe gOCTiIXeHHS Oy/I0 MpoBe-
neHo B 3akianax Al-Furat Al-Awsat Teaching Hospital i Al-Sadder
Teaching Hospital/Joint and Physical Therapy Center (Al-Najaf,
Ipax) 3 rpynHs 2025 poky no 6epestst 2026 poky. Y HbOMY B3N
yaacTb 180 0cib i3 607160B0I0 (POPMOIO PO3TIaAiB OIIOPHO-PYXOBO-
ro amnapary. /st KoxHoro naiieHTa 0yau 3i0paHi Taki JaHi: BiK,
cTaTh, IHIEKC MacH Tijla, 4acToTa CePLEBUX CKOPOUEHb Ta iIHTEH-
CUBHICTB 60J110. KpiM TOTO, ITpoaHazizoBaHo 6ioXiMidHiI MapKepH.
CTaTUCTUYHUI aHai3 IPOBEACHO 3a I0IOMOorolo rmporpamu SPSS,

3i 3HauymicTio Tipu p < 0,05. Pe3yasmamu. Tlin ciocTepekeHHIM
nepedyBasio 56 yonomikiB (31,1 %) Ta 124 xinku (68,9 %), ce-
pemHiii Bik sikux ctaHoBMB 42,32 + 11,53 poky. CepenHiii piBeHb
KOPTU30Jly B cMpoBatli KpoBi nopiBHioBas 80,18 + 45,34 Hr/mir.
Y4YacHUKIB pO3OiIMIM HA TPYIU 3 BUCOKMM Ta HU3bKUM YMiCTOM
kopTtusoy. Cepen nmaiieHTiB i3 BUCOKMM HOTO piBHEM CITOCTEPi-
rajgacsi CTaTUCTUYHO 3Havyiua pisHuis (p < 0,05) y KoHueHTparii
C-peakTuBHOTrO OiJiKa, TOAI SIK CYTTEBOI Pi3HULI LIOA0 BMICTy
iHTepeiikiny-6 He BUsIBiIeHO. [10Ka3HUKM iIHTEHCUBHOCTI 0OJIIO
OyJIM BipOTiZHO BUIIi y XBOPUX i3 BUIIUMU PiBHIMU KOPTU3OIY
(8.13 £0.78). Bucnosku. 3pocTaHHSI BMICTY KOPTU30J1Y ITOB’s13aHe
3 MOCUJICHHSIM CUCTEMHOTO 3arajeHHsI, 30KpeMa 30iTbIIeHHSIM
KoHIeHTpawii C-peakTUBHOTO 0iJIKa, 110 MiATBEPIKYE POJIb IHC-
perynsii rimotazamMo-TinmogizapHO-HaIHUPKOBOI OCi B PO3BUTKY
00JILOBHMX PO3JIa/liB OMOPHO-PYXOBOTO amnapary. OliHKa piBHSI
KOPTHU30JTy 11 3anaibHUX OioMapKepiB MOXe HalaTh KOPUCHY KJTi-
HiYHY iH(opMalIiio 1JIsI BUSIBJICHHS MMALli€HTIB i3 BUCOKUM PU3U-
KOM OIIOPHO-PYXOBOTO 0OJIIO Ta MOJIIIIEeHHs iHAUBiTyaTi30BaHUX
cTparteriit JJikyBaHHSI.

Kiro4oBi cioBa: kopruzol; rinoraiamMo-rinodizapHo-HaIHUP-
KOBA BiCh; OTTOPHO-PYXOBUI OiJ1b; CUCTEMHE 3allajIcHHSI; 3aITajbHi
biomapkepu
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BnAuB OBTOIMYHHOIO TUPEOIAUTY HO ArpeCcuBHICTb
NANIASPHOT KAPLUUHOMM LUMTONOAIOHOT 3AA03N
TCA HOBI MOXXAUBOCTI LLUTOAOIYHOI AIQrHOCTUKU

Pestome. AkryanbHicts. ManinapHa kapumHoma (MK) wutonogiéHoi 3anoau (LL3) Ha T/1i aBToiMyHHOIo Tupeo-
ionty (AIT) 3anuLuaeTbCsi ANCKYCIVIHUM MUTaHHAM Tupeoigosorii. HeobXigHICTb MOLLYKY HOBUX LIMTOMOPGOIIOriy-
HUX KpUTepiiB ManirHidauii B yMoBax XpOHIHHOro 3arnaneHHsi € KpUTUHHOK 7151 3arobiraHHs XMbHOMO3UTUBHUM
fiarHozam. Meta: gocnigutv Briive aBToiIMyHHOIO TUPEOIANTY Ha CTyriHb arpecii naninsapHoi kapumHomm L3 ta
BUSIBUTU LUMTOMOPGYOIIOriYHi Mapkepu, Lo MNOInLLyoTe nepegonepauiiHy giarHoctuky K Ha 1ri AIT. Marepiann
Ta mMeTrogun. Y peTpocreKTBHOMY Ta MPOCNEKTUBHOMY AOC/IAXKEHHI npoaHaniaoBaHo nMyHKTaTy yTBopeHs L3
y 500 nayieHTiB i3 no[asbLLIO FiCTOMOrYHOW Bepugikayieto. MNposBefeHo YMToMopgonoridyHi JOCTIAKEHHS Ta
IMyHOLMTOXIMIHHE BUSHAaYEeHHS eKCPecii UNTokepaTuHiB 7 i 17 Ta TupeornobysniHy. s opiBHAHHSA SKICHUX M0Kas-
HUKIB (arpecisi yxnuH 3a knacvikauieto TNM, poamip ryxnuH Ta MetacTtasis, HasiBHICTb CYAUHHOI iHBa3IT, YyacToTta
AIT y rpynax 3 metactasdyBaHHsM Ta 6€3 HbOro) BUKOPUCTOBYBAIIN HENapameTpudHui Kputepivi x°. CtatnctmyHe
MOPIBHSIHHSA PO3MIpiB MeTacTasiB Bu3Ha4am 3a goriomororto U-kputepito. Pi3HUUO BBaxasnan cTatucTUYHO 3Ha4qy-
woro npu p < 0,05. Pesynbtatn. Y 12 % Bunapgkis naninspHoi kapuymHomu L3 Ha 1ni AIT BusiBneHo cneymgivHi
LMTOSIONYHI KOMIIIEKCH, SIKI CKIIaAar0TbCs 3 KaslbLUMHATIB, OTOYEHUX eriTeniasribHUMM KIiTuHamu, ki 6yiv Bigcy THI
rpy JOBPOSKICHUX Y TBOPEHHSX. IMyHOLUMTOXIMIYHWV aHaslia nigTsepams ernitesiasibHy 1a TUpeoigHy npupoay Aa-
HUX KiTnH. CTaTUCTUYHO JOBEAEHO, LU0 NauieHTy 3 NaninspHo KapuymHoMmoro Ha T1i AIT MaroTe MEHLLY YacToTy
metactasyBaHHs Ta MeHLLMV po3mip meTtactasis (p < 0,05) nopiBHAHO 3 rpyrnoro naninsapHux kapumHom 6e3 AlT.
BussneHo BiporigHo BuLyy Yactoty AlT cepen nauieHTiB 6e3 o3Hak meTactasysBaHHs (p = 0,0056). BUCHOBKM.
Y nauieHTiB 3 aBTOIMYHHUM TUPEOIANTOM MeTacTalyBaHHs Mpv NaninspHivi KapumHOMI nepebirae MeHLL arpecuBHO,
HDK y nayieHTiB 6e3 aBTOIMYyHHOIO TUPeOIaUTY, 3 MEHLLVIM PO3MIPOM | YacTOTOK MeTacTasiB. Y nyHktatax nani-
JIAPHOI KapUMHOMM Ha TI1i @BTOIMYHHOIO TUPEOoIianNTY BUSBIIEHO CrieLni4Hi UMTONOrHHI KOMITIIEKCH 3 ICaMOMHUX
Tineub Ta TUPEOIQHUX KIITUH, SIKi MOXYTb 6y Ty UNTONIOMYHUMU MapKepamm 3/105KICHOCTI 3i crieyungbivricTo 100 %.
KnroyoBi cnoB.a: wuronogioHa 3anosa; naninspHa KkapumHoma, aBToiMyHHWUV TUPeoianT; LMTOOriYHa giarHoc-
TUKa; NyHKYiviHa 6iorcis

Bctyn

[Maninsipauii pak murornoaioHoi 3ano3u (LL[3) € Haii-
MOIIMPEeHilIo (GOPMOIO eHIOKPUHHMX MATOJIOTIH 3i cTa-
OiJTBHOIO TEHIEHIIIE€IO IO 3POCTaHHS 3aXBOPIOBAHOCTI SIK
B YKpaiHi, Tak i B ycbomy cBiTi [1—4]. [Tonpu nepeBaxxHO
CIPUSITIVBUI MPOTHO3, iCHYE 3HAYHA YacTKa IMAaIliEHTIB 3
arpecMBHMMM BapiaHTaMU Mepediry mamiisipHOro paky, 1o
XapaKTepU3yIOThCs eKCTPaTUPEOINHOIO iHBa3i€l0, paHHIM

JIiM(OTEHHUM MeTacTa3yBaHHAM Ta pelMANBYBaHHsIM. Yac-
TOTa perioHapHOTrO MeTacTa3yBaHHs MarijisspHoro paky 1113
crtaHoBUTSH Bin 30 1o 80 % BuIankis, a YacToTa BiAaaeHOTO
MeTacTasyBaHHs csrae 5 % Bumnaikis [5, 6].

[Ipote ocobuBe Miclie B CydacHiii OHKOEHIOKPUHOJIOT 1
I0CiTa€ MUTAHHS CITiBiICHYBaHHS HAITUIIPHOI KApLIMHOMU
(IMK) 3 aBroiMmyHHuM THpeoinuTom (AIT). 3a naHumu Ji-
tepatypu, o3Haku AlT BusBisitorbes npu [1K y 20—40 %
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Burankis |7, 8]. HaifGiinbIn 9acTo OMMCaHOIO TiCTOIIATOIO-
TiYHOIO aHOMAJTiEI0 MPY TUPEOIINTI XaIMMOTO € JIiM(OIIH-
TapHa iHbiIbTpauis ta ¢iopos [9, 10]. 3HaueHHsT aHTUTI 10
komrtoHeHTiB 1113 B maTorenesi [1K 3amummaeTbest IMCKy-
ciitHuMm. AHTuTiNa 1o Tupeonepokcunasu (AT-TI1O) yacto
aCOLIIOIOTHCS 3 MEHIII arpeCUBHUM KIIIHIYHUM Tepedirom
MyXJIMHU, BUSIBJISIIOUU TTEBHUI MPOTEKTUBHUIA BIUIMB Ha iH-
Ba3WBHICTb Ta METACTaTUYHUI1 TTOTeHIias. HaToMicTh aHTH-
Tina 1o Tupeornody iy (AT-TT) posrisimaoTbes sIK pakTop
PU3UKY, 110 KOPEJTIOE 3 MiIBUILIEHOIO YaCTOTOI PO3BUTKY
I1K ta meTacTazyBaHHSIM Y perioHapHi JiMGaTU4dHi By3JI1
[11]. 3okpema, Bucokuii piBeHb 1gG4 no T moB’s13y10Th i3
PU3MKOM MaJlirHizatlii, 1110, “IMOBIpHO, 3yMOBJIEHO BiIMiHHO-
CTSIMU B €IITOIHIH CTPYKTYpi aHTUTEHiB. [lesKi MOJeKyJIIpHi
nmaHi cBimuath, mo AT-TI MOXyTb cpusATH TTPOrpecyBaHHIO
MyXJIMHU Yepe3 3HMKEHHST ekcrpecii pS3 Ta E-kaarepuny,
MNPOTUAIIOYM KIITUHHOMY CTapiHHIO, iIHTyKOBAHOMY MyTalli-
€10 BRAF"V600F [12]. KpiM 115010, Y NaLIi€HTIB i3 MOEAHAH-
HsM T1K ta AIT cnocrtepiraeTbes Buila ekcrpecis PD-L1.
[Ipote cynepeunuBicTb HAIBHUX JIAHUX 11100 POJIi LIUX AHTHU-
TiJ1 y 3a0€e3MeUYeHHi arpeCUBHOIO MOTeHLIaIy IMyXJIUHU BKa-
3y€ Ha HEOOXIIHICTh MOAATBIINX MTOTIMOIEHUX TOCTITKEHb
JUTSI yTOUHEHHSI iIXHBOT'O IIPOTHOCTUYHOTO 3HaueHHs1 [13].

Ilonpu 3HauHMI iHTEpeC NOCIiMHUKIB A0 MOETHAHHS
TK I3 ta AIT, kniniuyHa Ta 6iosoriuna posb AIT y mo-
nynsuii arpecuBHocTi [1K 3anuinaeTses auckyciitHoro.
IlomepenHi mocaimKeHHS OeMOHCTPYIOTH CyIlepewInBi
pe3yJbTaTh: esiKi aBTOPU BKA3yIOTh Ha «IPOTEKTUBHUI»
edext AlT, 1110 TPOSBIASIETHCA MEHIIIUM PO3MipOM ITyXJIMH
Ta 3HWKEHOIO iHBa3UBHICTIO [ 14], Tomi SIK iHIII CTaBISATD i
CYMHIB BIUIMB XPOHIYHOTO 3alajeHHs Ha MeTacTaTUYHUI
noteHuian kapuuHomu [15]. Kpim Toro, uuromopdoJio-
rivna nudepenuianis 1K Ha T1i AIT 3anuinaeTbes ckian-
HUM JIIarHOCTUYHUM 3aBIAHHSIM, OCKiJIbKY, TIOTIPU BUCOKY
e(eKTUBHICTb METOAY, iICHYE PU3UK OTPUMAHHS XMOHOIIO-
3UTUBHMX a00 HEITEPEKOHJIUBUX pe3ybrariB [16—19].

Ortxe, BuB4eHHS BIuBY AlIT Ha GiosioriyHy MoBeAiHKY
T1K Ta noliryk HOBUX IIUTOJOTIYHUX MapKepiB, 1110 J03BO-
JISIIOTh TU(EepeHIlitoBaTH 3JI0SIKICHUI TIpOlieC y TKaHWHI,
ypaXeHiii aBTOIMyHHUM 3amnajieHHsSIM, € HalI3BUYaifHO aK-
TyaJIbHUMM 3aBIaHHSIMU Cy4acHOI TUPEOIMOJIOTiI.

Mertow pobotu € nocnimkeHHs BriMBy AlT Ha cry-
miHb arpecii naniasgpHoi KapuuHomu 1113 Ta BusBIeHHS
MOXJIMBUX IIATOJIOTIYHUX MapKepiB 370SKICHOCTI IMyXJIUH
3a HagBHOCTI AIT, siki Moryin 0 30iIbIINTU €(DEKTUBHICTh
LIMTOJIOTIYHOI 1iarHOCTUKM HOBOyTBOpeHb 1113.

MaTepiaAn Ta MeToAmn

HocnimkeHHs1 6a3yBajaocs Ha aHaJi3i MaTepialy TOHKO-
TOJIKOBOI acmipariiiHoi myHkuiiiHoi 6ioncii (TAIIB) HoBo-
yrBopeHsb 1113, orpumanoro min KoHtponem Y3/ y 500 ma-
LEHTIB 3 TiCTOJOTIYHO BepUdiKOBAaHUMU TOOPOSKICHUMU
Ta 3JTOSIKICHUMM YTBOPEHHSIMU BiKOM Bif 15 10 65 poxkiB,
SIKi TIPOXOIWIN 00CTeXKeHHsI Ta JiikyBaHHS B 1Y «IHCTUTYT
eHIOKpUHOJIOrTii Ta 00MiHy pedoBuH iM. B.I1. Komicapenka
HAMH Yxkpainu».

JocnigxeHHsI BUKOHAHO BiIMOBIZHO A0 IMPUHIIMITIB
T'enbciHebkol geknapaiuii 1964 poky, MoJIoKeHb HaleX-
Hoi KiIiHiuHOi nipakTuku (GCP) Ta etTuyHux HopMm benb-
MOHTCBKOI monosini. [IpoTokoi mociimKeHHs ITOroakeHO

JIOKQUIBHUM €TUYHUM KOMITETOM. YCi Mali€eHTH Hamaiu
iH(OpMOBaHy 3rojly Ha BUKOPUCTaHHsI 0Gi0JIOriYHOrO Ma-
Tepially B HayKOBMX IIiJISIX.

HwTonoriuHi mpenapatu dikcyBaaun MeTaHoJoM (5 XB)
Ta 3abapBiaoBaiu 3a MeTonoM PomanoBcbkoro (30 xB). Imy-
HouuroximiuHe (ILIX) mocnimkeHHS TPOBOAWIN HETTPSIMUM
IMyHOTIEPOKCUIA3HUM METOOM 3 BUKOPUCTAHHSIM MOHO-
ki1oHanbHuX aHTUTIT (MKAT) mpotn nutokepatuHis (CK)
7, 17 ta Tupeornobyniny (DakoCytomation, Denmark).
Sk BropuHHi aHTUTIIA 3acTocoByBain MKAT mpotu ram-
Ma-TJ100yJiHiB Mulli. [T0O3UTUBHUM KOHTPOJIEM CIIyTyBaJIU
LIMTOJIOTIYHI IpernapaTy By3J10BOro 300a, HeraTUBHUM — Jli-
JISHKY TIperiapaTy, Ha sIKi He HAaHOCWIY TIEPBUHHI aHTUTIJIA.

Kiiniko-MopdosoriyHuii aHaji3 6azyBaBcs Ha TaHUX
enekTpoHHoi 6a3u IHcTutyTy Therdepp. Byno cpopmoBano
BHOIpKy Malie€HTiB (BiK 15—65 poKiB) 3 TiCTOJOTIYHO BepH-
¢ixkoBanolo I1K, 5Ky po3noginmiay Ha rpymu:

1) mauientu 3 T1K 1113;

2) nauientu 3 1K 13 na i AIT;

3) mauienTtu 3 I1K 0e3 03HaK MeTacTa3yBaHHSI;

4) nauienTu 3 [K Ta micasionepauiiiHuM MeTacTasy-
BaHHSIM.

CTaTUCTUYHUIT aHaJIi3 TIPOBOAWIN 3a JOIIOMOIOI0 Ta-
Kkerta Statistica 12. {71 mopiBHSIHHS SIKiICHUX TTOKa3HUKIB
(arpecis myxyivH 3a Kiacudikaiiero TNM, po3mip nmyxinH
Ta MeTacTasiB, HasIBHICTb CYAMHHOI iHBa3ii, yactota AIT y
rpyriax 3 MeTacTa3yBaHHSIM Ta 0e3 HbOT0) BUKOPUCTOBYBAIU
HemapaMeTpUYHUI KpuTepilt x*. CTaTUCTHYHE TTOPIiBHSTHHS
pO3MipiB MeTacTa3iB JOCIIiIKYBaHUX TPYN 3AilICHIOBAIN 3a
nonomoroto U-kputepito ManHa — YiTHi. PizHuiio BBa-
JKaJIu CTaTUCTUYHO 3HavyIIolo npu p < 0,05.

PesyAbTaTH

[1pu mopiBHSIHHI IUTOJOTIYHUX IIpeIapaTiB TiCTOJIO-
riyHO Bepu(}iKOBaHUX TOOPOSIKICHUX Ta 3710SIKiCHUX HOBO-
yrBopeHs 113 mu BusiBuiu, o B 12 % (30/250) Bunaaxis
IIK Ha i AIT criocrepiranych 0coOJUBI KIITUHHI KOMIT-
JIEKCH, $sIKi OyJIM BiICYTHIMU B yCiX BUITaaKax TOOPOSIKiCHUX
yrBopeHb LI 3. 3ragani komrieken Mainu chepuaHy popmy
Ta CKJIAfAIMCs 3 LIEHTPAIbHO PO3TAIIOBAHUX KAJIbIIMHATIB,
OTOYEHUX IIapaMU KJIITHH i3 BaKyoJli30BaHOIO IIUTOTLIA3-
Moo (puc. 1).

JI1st BU3HAYeHHS IPpUPOAU KJIIITUH KOMILIEKCIB OyI0
nposeneHo [LX-nocnimkenHs 3 anturinamu 1o CK-7 ta
CK-17. Ilpu 11boMy OyJ10 BUSIBIEHO TTO3UTUBHY peaklliio 3
AHTUTLJIAMMU 10 TOCTIKEHUX IUTOKEPATUHIB, 110 MiATBEP-
JKY€E emiTesTiaJbHy MPUPOIY KIITUH, SIKi OTOUYIOTh KaJlb-
muHaTy (puc. 2). Takox OiNbIICTh KITIITUH, 110 OTOYYIOTh
TcaMOMHE TiJIO Y CKJIaJli KOMILIEKCiB, TPOAEMOHCTPYBAIU
iHTeHcuBHY nmo3utuBHy 11IX-peakiiro 3 antutinamu no T,
110 MiITBEPIXYE TUPEOINHY NPUPOIY LIUX KIIITHH.

JliarHOCTUYHY €(PEeKTUBHICTh BUSBASHUX LIMTOJIOTIU-
HUX KOMILJIEKCIB OlliHIOBaJIX Ha BUOipiii 3 500 mauieHTiB 3
ricroyorivHo BepudikoBanumu aiarHosamu (250 3 T1K Ta
250 3 gobposikicHUMU By3jiaMmu). Po3paxyHok moka3Hu-
kiB BusiBuB 100% crienmdivnicts Ta 100% MPOrHOCTUUHY
LIiHHICTh TTo3uTUBHOTO pe3yabraty (PPV), mo Bkasye Ha
MMaTOrHOMOHIYHY Tipupoay uux KomruiekciB st [TK 3.
YytnusicTh MeToAy ctaHoBuaa 12 %. TakuM YMHOM, TTO-
TpY HU3BKY YYTJIMBICTh, BUSIBJICHHSI TaHUX KOMIUIEKCIB €
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HaTiiHUM IHCTPYMEHTOM [Jis Bepudikailii 3J10sKiCHOTO
MPOLIECY, 110 OCOOJIMBO BAXIUBO /UISI 3MEHIIIEHHSI KiJTbKOCTI
XMOHOIIO3UTUBHUX MiarHO3iB y Mali€HTiB i3 cyrmyTHiM AlIT.
Lle mae HaliGibIlIe 3HAYEHHS Y CKJIAAHUX JUTST LIMTOJIOTiY-
Hoi miarHoctuky Bunaakax I1K Ha i AIT, konu B emitenii
KapIMHOMU HeMa€E BHYTPIITHbOSIIEPHUX BKITIOYEHb, SIKi €
HaMOLIbII TOYHUM LMTOJIOTiYHUM MapkepoM [1K.

."—!e oy gt

J
e .

PucyHok 1. MikpogpoTorpadhii yuronoriyHux komri-
JIeKciB 3 KanbUuHAaTIB Ta BaKyoOJli30BaHUX KIITUH Y
nyHuktatax MK L3. 3a6apBneHHs1 3a PoMaHOBCbKUM.
A — Komriekc 3 OQHUM LLUapPOM KNiTUH HABKOJIO KaJlb-
uyuepikarty, x 400; 6, B — komnnekcu 3 KanbLugikatom,
OTO4YeHUM b6aratbma Luapamu KiituH, x 200

Ilig yac cTaTUCTUYHOTO aHaIi3y 3a TOTIOMOTOI0 KPUTEe-
pito x> MOPiBHIOBAIMCH TaKi XapaKTEPUCTUKU, SIK arpecis
nyxJIMH 3a Kinacudikaiiero TNM, po3mip nyxjivH, po3Mip
MeTacTa3iB, HasBHICTh iHBa3il B KDOBOHOCHI Ta JiMcaThy-
Hi cynuHHU, yactota HasgBHOCTI AIT y rpymax 3 meracTa-
3yBaHHSIM Ta 06e3 Hboro. OTprMaHi pe3yabTaTu MoJaHi B
Tabn. 1.

V mpolueci CTaTUCTUIHOTO aHaJi3y IJIs MOPiBHSIHHS
yactoTu BusiieHHs AIT y rpyni mamienriB 3 ITK 1113 6e3
MeTactasyBaHHs 3 yactorolo AIT y rpymi namieHTiB 3 op-
MYBaHHSIM METacTa3iB B ITicJIsIoIepaliiiHoMy mepioi 0yj1o
OTPUMMAHO pe3yJIbTaTH, 1110 OKPEMO TMoaHi y TadI. 2.

3rinHo 3 pe3ysibTaTaMu CTaTUCTUYHOI 00pOOKU, Bipo-
rigHUX BimMiHHOCTe# y yacToTi kateropiii Tla, T1b, NO,
Nla, Nx, a TakoxX y 4acTOTi CyIMHHOI iHBa3ii Ta eKcTpa-
TUPEOITHOTO MOIIMPEHHS MiX rpyrnamu nauieHTis 3 [TK Ta
I1K i AIT ne Busineno (p > 0,05). BonHoyac BctaHOBIEHO
CTAaTUCTUYHO 3HAYYIIy pi3HUIIIO 3a KaTeropieto N1b: y rpyri
nauieHTiB 3 [1K yactoTa MetactazyBaHHs OyJia BULLIOIO MO~

PucyHok 2. Pesynbtart nposegeHHs IUX-peakyii
3 aHTutinamu go CK-17. Sigpa KnituH 3abapsneHi
remarokcusniHom, x 400

Ta6bnnys 1. Yacrora ricronoriyHux o3HaK
arpecusHocTi npuy K L3 3anexHo
Big HasiBHocTi AIT (n/%)

MauienTn

MauienTn

T:; I-I-I\ll(T Sl

m=18) | M=79)
IHBa3isi B KPOBOHOCHI CYyAMHN 5/6,4 7/8,86 0,5328
[HBagig B niMaTnyHi cyanHn 39/50 28/35,4 0,088
EkctpatupeoigHe nowmpenHs  15/19,2 19/24 0,3075
T1a 30/38,4  31/39,2  0,8201
T1b 29/37,1 31/39,2  0,6956
N, 35/44,8  27/3417 0,2144
N1a 26/33,3 19/24 0,2361
N1b 6/7,7 14/17,7  0,0491*
Nx 10/12,8 6/7,6 0,3038
CepeaHiin po3mip meTacTasy 4,60 + 16,00 + 0.028*
(Mean + SD), Mm 5,29 11,26 ’

Tpumitkn: * — BiporigHa pi3Hnys (p < 0,05) 3a kKpute-
piem x?Mix« gocnigxxysaHumu rpynamu; ** — BiporigHa
pisHnys (p < 0,05) 3a kpurepiem MaHHa — YiTHi MiX
rpynamm.
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Tabnuys 2. Yacrora AIT y nayieHtiB y rpynax 3 K LL|3 6e3 meTacTa3yBaHHS B nicssionepauiiHnii nepios
nopiBHsiHO 3 nauieHtamu 3 lNK L3 3 o3Hakamu MeTacTa3yBaHHs B nicnsionepadiinni nepion (n/%)

e Mauientn 63 metactasyBanHsa MK MauieHTn 3 meTactadyBaHHsam MK
(n =155) (n=102) P
Yactota AIT y rpynax 74/477 31/30,3 0,0056*

lpumitka: * — BiporigHa pisHuys (p < 0,05) 3a KpuTepiem x* MiXx [OCNIAXEHUMU rpyramu.

piBHstHO 3 rpymoto [TK i AIT (14/79 npotu 6/78; p = 0,049).
Takox BUSIBJIEHO CTATUCTUYHO 3HAUYIIY PiZHUIIIO 32 PO3-
MipoMm MetacTasiB: y rpymi [1K moka3Huk O0yB BiporigHo
OinbimM, Hix y namieHTiB i3 [1K Ha i AIT (p = 0,028).
IlopiBHsIbHMIT aHAJTI3 TOKa3aB, 110 AlT 3Hauy1e yacriiie
IiaTHOCTYEThCS Y IAlli€HTIB 6e3 03HaK MeTacTa3yBaHHS
MOPIBHSHO 3 TMalliEHTaMU, Yy SKMX Y MicjasionepaniiHoMy
nepioai BuHuKINU Metactasu (p = 0,0056).

O6roBopeHHs

Takum ynHOM, Yy pe3ysbTaTi mpoBeneHoi poOOTH He
Oys10 oTpuMaHo JaHux 1oao BriuBy AIT Ha Taki xapakTe-
PUMCTUKU arpeCUBHOCTI IMyXJIMH, SIK iHBa3isI B KPOBOHOCHI Ta
JiM(paTUYHI CyIUHU, EKCTPATUPEOITHE MOIIMPEHHS IyXJIn-
Hu, Kareropii Nx, Ny, N,,. BonHouac po3mip metacrasiB y
nauieHTiB 3 [1K 3HauyIe nepeBulllyBaB TaKUi y MalliEHTIB
3 [1K nHa Ti1i AIT. Kpim Toro, AIT criocrepiraBcst 3HauyIie
YacTillle y Tpymi Nali€eHTiB 6e3 MeTacTa3yBaHHS ITOPIiBHSIHO
3 TUMH, SIKi MaJIi MeTacTa3u B ITic/sonepaliliHoMy Iepioi.
AIT crBOpIOE YyHIKAIbHE IMyHHE MiKpOCEepEIOBUIIE, SIKE,
3 0HOTO OOKY, OOMeXye iHBa3UBHUI MOTEHLLia MTyXJIM -
HH, a 3 iHIIIOTO0 — ITOTPEOYE BUIIIOI TOUHOCTI IIUTOJIOTiYHOI
JIIaTHOCTUKU Yepe3 CXOXICTb MOP(OJIOTiYHNX O3HAK 3aIia-
JIEHHS Ta Heor1a3ii.

ITpu nopiBHSIHHI MYHKTATIB 3JIOSKICHUX Ta TOOPOsIKic-
HUX HOBOYTBOPEHb BU3HAYEHO CIlelMGiuyHi LUTOJOTIYHi
komriuiekcu y yactuHi Bumankis 1K I3 wa i AIT, saxi
Oy/u BiICYTHI y MyHKTaTax 100posikicHuX yTBopeHb L113.
JaHi KOMILIEKCHU CKJIaAdajuch 3 IEeHTPaJbHO JIOKAIi30Ba-
HUX KaJblUDiKaTiB, OTOYEHUX IIapaMU eIiTeTialbHUX
KJIITUH i3 BaKyO0J1i30BaHOI0 LIMTOI1a3Mot0. MopdosoriyHo
TaKi CTPYKTYpY MOXYTh OyTH TIOB’si3aHi 3 (hOpMyBaHHSIM
MCaMOMHMX TiJIellb, sIKi € XapakTepHowo o3Hakoio I1K
113. Bimomo, 1m0 mcaMOMHI TiJIbllsi BUHUKAIOTh YHACITi-
IOK AucTpodivyHoi Kanpumdikauii rereHepaTUBHO 3Mi-
HEHUX KJITUH a00 TpoMOOBaHUX MAIIiIIPHUX CTPYKTYP
[20, 21]. Y Hamomy gociimKeHHI HAaBKOJIO KaablM(iKaTiB
BUSIBJISUIMCH XKUTTE3IATHI emiTeliaabHi KIITUHU, 1110 MOXKe
CBITUMTU MPO aKTUBHY y4acTh MyXJIMHHOIO EIiTeNil0 y
dopmyBaHHI LUX cTpyKTYp. Pesynbratu ILIX-nocimkeH-
Hs MiATBEPIMIN eIliTeliaJbHy IIPUPOAY KIITUH, SIKi OTO-
yyloTh Kanbludikatu, 3aBasku ekcrpecii CK-7 ta CK-17.
Ockinbku excrpecis CK-17 paninre Oyna acolriiioBaHa
HaMM 3 pafiofoApe3UCTEHTHICTIO, 11i KOMIUJIEKCH TTOTpe-
OYIOTb JETAJIbHIIIIOT0 aHai3y SIK MOXJIMBI MapKepU pe3uc-
TEHTHOCTI myxyivH [22, 23]. HasgBHiCTb y OiIbIIOCTI KIIITUH
koMmrutekciB TT miaTBepKye ix TUpeoinHe MOXOMKEHHS Ta
IO3BOJISIE BUKJTIOUUTH MOXJIUBICTh (DOPMYBaHHSI ITOAIOHMX
CTPYKTYp 3a paXyHOK HecrneludiyHux MakpodaraJibHUX
a00 3alaJbHUX €JIEMEHTIB, 1110 0COOJIMBO BaXJIMBO B YMO-
Bax AIT, Koy uuTOJIOTiUHA KAapTUHA MOXE OyTU 3HAaUHO
yCKJagHeHa BUpaxkeHolo JiMdoinHoo iHpinbTpallieio Ta
IUCTPO(GIYHUMHU 3MiHAMMU.

SAx vu 3a3nagamm, noenHaHH: [1K 3 AIT gacTto cTBOproe
TPYIHOLLI 151 LIATOJIOTIYHO1 JiarHOCTUKU Yepe3 HasIBHICTh
PeaKTUBHOI aTUITil TUPEOLIUTIB. Y IIbOMY KOHTEKCTi OIMCaHi
KOMIUIEKCH MOXYTb PO3IJISIIATUCS SIK JOAATKOBUIA IIUTOJIO-
TYHUI KPUTEPiil 37I0IKICHOTO TIpoliecy 3i crieuiyHicTIO
100 %, BogHOUYAC YaCTOTA BUSIBJICHHST TaHUX CTPYKTYp CTa-
HoBwIa uiie 12 %, 1110 CBiIYUTH PO iX BiTHOCHO HU3BKY
YyTAUBICTh. TOMYy iX BiICyTHICTh He BUKJIIOUAE HASIBHOCTI
[1K, ogHak iX BUSBJICHHSI MOXe ITiICUJIIOBATH IMig03py Ha
3JI0IKiCHUI IIPOILIeC Ta MaTU CYTTEBE MiarHOCTUYHE 3HA-
YEHHSI, 0COOJINBO Y CYMHIBHUX LIUTOJIOTIUHUX BUMAIKAX.

HageneMo nosicHeHHs OiibIll iIHTEHCUBHOTO MeTacTa-
syBaHH# [1K 6e3 o3nak AIT mopiBusHo 3 [1K Ha T1i AT.

1. ImyHHa akTuBalLlisl Ta KOHTposb myxauHu. AlT cy-
IIPOBOIXYETHCS iHTEHCUBHOIO JTiM(pOIIUTAPHOIO iH(IIb-
Tpanieto TkanuHay 1113, mo Bkmoyae CD4*-, CD8*-T-nim-
douutu Ta Makpodaru. ¥ kontekcti [1K 1eit imyHHuit hoH
BiZlirpa€e KJIIOYOBY pOJIb Y 3[MiHCHEHHI iMyHOJIOTIYHOTO Ha-
many. HutorokcnuHi T-nimgorutu (CTL) 3natHi cienu-
¢ivHO imeHTU(IKYBaTH Ta eJIIMiHYBaTH ITyXJIMHHI KJIITUHA
LJISIXOM PO3ITi3HABaHHSI aHTUTEHIB, IPE3eHTOBAHUX Yepe3
mojiekynmn MHC 1 knacy. VY nmanienTiB i3 moegHanHsaMm [1K
ta AIT criocrepiraetbest BupaxkeHa iH(pLIbTpallist myXJInMH-
HOI1 TKAHUHU LIUMU iIMyHHUMU KJIITUHAMU, 1110, UMOBIpHO,
oOMexxye TpoJihepaTUBHUI TTOTEHIIia]l HOBOYTBOPEHHSI.
[Hani niTepatypu MiATBEPIXKYIOTh, IO IHTEHCUBHICTb TaKO1
iIMYHHOI BillIOBii MO3UTUBHO KOPEIIOE 3i 3MEHIIIEHHIM
PO3MipiB MEPBUHHOI MyXJIMHM Ta 3HUXKEHHSIM 4YaCTOTU Me-
TacTa3yBaHHS y peTioHapHi tiMdaTtnaHi By3au [22].

2. Menma yactora myTtailiii. OMTHUM i3 BUBHAYAJIbHUX
MapkepiB arpecuBHoro nepeo6iry I[1K e myrauis rena BRAF
(V600E), mo aktuBye curHanbHUI 1misix Ras/Raf/MEK/
ERK, ctumyniooumn KIiTUHHY TpoJiidepaltito. 3riqHo 3
pe3yabTaTaMy TeHeTUYHUX JOCTiIKeHb, Y MAIli€HTIB i3 IT0-
enHaHHaM [1K ta AIT yacToTa BUSIBIEHHS L€l MyTalil
€ BipOTiZHO HIMXKYOIO, III0 MOXe BKa3yBaTU Ha MEHIIMI
GioJOTiYHUIT arpecCUBHUI TTOTEHIia) TakuX myxJaunH. [Tpu-
IMyCKA€ETHCS, 110 iIMyHHE MiKpocepenoBuiile, c(popMoBaHe
nipu AIT, HecpusATAUBE 1151 CeNeKIii MyXJTMHHUX KJIOHIB
i3 MyTauiero BRAF"V600E, 1110 3yMOBJIIOE 3MiHU B MOJIE-
KyJIsipHOMY Tpodini HoBOoyTBOpeHH:. {omaTKoBO BapTo
3a3Ha4yuTH, o B KiitnHax [1K 113 myrartisst BRAF*V600E
3anydae He nuine MAPK-kackan, a 1 curHaJbHUI IIJISIX
NF-«B, 110 cipusie iHridyBaHHIO anionTo3y Ta MOCUJICHHIO
iHBa3MBHUX BJlacTUBOCTe [23].

3. PanHns niarHoctuka. 3a3Buuaii nauieHtu 3 AI'T yacto
MPOXOJSITh PEryJsipHi oOcTexkeHHs1, BKtoyaroun Y3J1 1113,
1o Moxxe cpusaty BussiaeHHro [1K Ha paHHIX cTamisx, Komm
MyXJIMHA 11Ie He Tovajia IIpoLecy MeTacTa3yBaHHs [24].

Hari pe3yapTaTl 103BOISIIOTH IPUITYCTUTH ABOMA3ZHUIA
BruuB AIT Ha Giosiorito T1K 1I3. Ha erani ¢oopmyBaHHS
nepBuHHOro By3na (T1, NO/Nla) imynuuii ¢pon AIT He
Bimirpae cyTTeBoi posi B 0OMeXKeHHi pOoCTy, 11O ITiITBEp-

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

Tom 22, N2 6, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

IKYETHCS BiICYTHICTIO CTATUCTUYHOI Pi3HULI MiX TPYyIIaMU.
OpnHak Ha etamni nowmupeHHs1 (N1b) Ta MeTacTaTUYHOTO
pocty imyHHe MikpocepenoBuilie AlT pearnizye cBoio mpo-
TeKTUBHY (PYHKIIIIO.

Lle mosicHIOE, YOMY MM CIIOCTEPIraEMO OJHAKOBY Yac-
TOTY TTOYATKOBUX CTalliii, ajie CyTTEBO MEHIIIi PO3Mipy Me-
TacTasiB Ta piaii Bunaaku N1b y nauieHTiB 3 aBTOIMyHHUM
kommioHeHTOM. AlIT He € 6ap’epom miisg camoro GakTy BU-
HUKHEHHSI paKy, ajie BCTyIa€ B TPy Ha eTari JuceMiHallii Ta
HiATPUMKM POCTY MeTacTa3iB. PoO3yMiHHSI TPOTEKTUBHOTO
edexty AIT BinkpuBa€e BiKHO MOXJIUBOCTEN ST iIMyHO-
Opi€eHTOBaHOI cTpaTUikallii mamieHTiB. BusBaeHHs iMyH-
HUX MEXaHi3MiB, sIKi CTpUMYIOTh MeTacTa3yBaHHs 1ipu AlT,
JTIO3BOJISIE PO3IJISINATU LIEW CTaH SIK MOJEJb [IJ1S1 BUBUEHHS
YCITITHOI TPOTUITYXJIMHHOI iMyHHOI BiIIOBIii, 110 B Mali-
OyTHBOMY MOX€ OYTHM iMIIJIEMEHTOBAHO B TepareBTUYHI
MPOTOKOJIM ISl TALIIEHTIB 3 OUTBII arpecuBHUMU (popMaMu
KapunHoM 6e3 cymytHboro AlT.

BucHoBKkMU

BcraHoBneno, 1110 namijisspHa KapluHoMa IUTONOomi0-
HOI 3aJ1031 HA TJIi aBTOIMYHHOT'O TUPEOINUTY MAa€ MEHIII
arpecUBHUI TIepeodir, 1110 MPOSIBISIETHCS BipOTiMHO MEHIIIOIO
4acTOTOIO perioHapHoOro MeracrazyBaHHs (KaTeropis N1b)
Ta MEHIIUM PO3MipOM METaCTaTUYHMX BOTHUIIL i 3HAUYIIE
OIL7IBIIOI0 YACTOTOIO aBTOIMYHHOI'O TUPEOINUTY Y MalliEHTIB
0e3 03HaK MeTacTa3yBaHHs MTOPiBHSHO 3 MalliEHTaMM 3 TTic-
Jsornepaniinum MetactazyBaHHsaM (p = 0,0056).

V myHKTaTax nmaniJiIpHOi KapUMHOMM Ha TJi aBTO-
iMYHHOTO TUPEOITUTY BUSIBICHO crielii(iyHi [IUTOJIOTiYHI
KOMILIEKCH 3 TICAMOMHMX TijIellb Ta TUPEOITHMX KIIITUH, SIKi
MOXYTb OyTH LIUTOJOTIYHUMU MapKepaMu JUIsl JiarHOCTUKU
paKy IIMTOIOAIOHOI 3aJ1031 Ha TJIi aBTOIMYHHOTO TUPEOIIU-
Ty 3i crietugiunictio 100 %.

Konduiikr inTepeciB. ABTOpU 3asIB/ISIIOTH IIPO BiZICYTHICTh
KOHMIIIKTY iHTepeciB Ta Bi1acHOi (hiHaHCOBOI 3alliKaBJIeHO-
CTi IIpM MiATOTOBIIi JaHOI CTATTi.

Indopmanis npo dinancyBannga. Po60oTy BUKOHAHO B
pamkax HIP Ne 545, Homep nepxkpeectpariii 0123U100762
«YIIOCKOHAJIEHHS MiarHOCTUKU, JIIKyBaHHS, TO- Ta ITiCJIsI-
onepauiifHo1 TAKTUKU BeASHHSI MOEIHAHOI TUPEOIAHO] Ta-
TOJIOTi1 y 3KUTeJIiB YKpaiH! B YMOBaX BOEHHOTO 4acy».

Buecok aBropiB. 3eniHcbka [.B. — ananis mirepatypu,
imes, KOHLEILis Ta AU3ailH JOCIimXeHHs, 30ip JaHUuX,
LIUTOJIOTIUHI Ta iIMyHOLIMTOXIMiYHi TOCTi/DKeHHS, aHai3 i
iHTepIIpeTallis OTpMMaHUX pe3yJbTaTiB, HallMCaHHS CTaT-
Ti; Mimenko M.O. — aHaji3 miTepaTypu, IU3ailH JOCTi-
JDKEHHSI, MPOBEACHHS IUTOJOTIYHUX TOCTiIKEeHb, aHai3 i
iHTepIpeTallis OTPUMaHMX pe3yabTaTiB, HallMCAaHHS CTaTTi;
Bynnourina KO.B. — anani3 aitepatypu, 36ip Ta aHaji3 ga-
HUX, KOHLIET1Lisl Ta IM3aiiH TOCIIKEHHS, HAITMCAHHS CTaT-
1i; Kedeni-AHnoscrka O.1. — aHani3 nitepatypu, Au3aiiH
JOCJTIIKEHHST, HATIMCAHHS CTaTTi.
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Impact of autoimmune thyroiditis on the aggressiveness
of papillary thyroid carcinoma
and new cytological diagnostic criteria

Abstract. Background. Papillary thyroid carcinoma (PTC) coexis-
ting with autoimmune thyroiditis (AIT) remains a controversial issue
in thyroidology. The need to identify new cytomorphological criteria
for malignancy in the context of chronic inflammation is critical
to avoid false-positive diagnoses. The purpose was to investigate
the influence of AIT on the aggressiveness of PTC and to identify
cytomorphological markers that improve preoperative diagnostic
accuracy. Materials and methods. A retrospective and prospective
study was conducted on fine-needle aspiration biopsy specimens
from 500 patients with thyroid nodules verified histologically. Cyto-
morphological and immunocytochemical analyses were performed
to evaluate the expression of cytokeratins 7, 17, and thyroglobulin.
To compare qualitative indicators (tumor aggression according to
TNM classification, tumor and metastasis size, presence of vascular
invasion, frequency of AIT in groups with and without metastasis),
non-parametric x> test was used. Statistical comparison of metas-
tasis sizes was determined using U-criterion. The difference was
considered statistically significant at p < 0.05. Results. In 12 % of

PTC cases with AIT, specific cytological complexes were iden-
tified, consisting of calcifications surrounded by epithelial cells;
these were absent in benign thyroid nodules. Immunocytochemical
analysis confirmed the epithelial and thyroid origin of these cells.
It was statistically proven that patients with PTC and AIT had a
lower incidence and a smaller size of metastasis (p < 0.05) compared
to the PTC group without AIT. A significantly higher frequency
of AIT was observed among patients without metastatic disease
(p = 0.0056). Conclusions. In patients with autoimmune thyroiditis,
metastasis from papillary carcinoma is less aggressive than in those
without autoimmune thyroiditis, with a smaller size and frequency
of metastases. Specific cytological complexes of psammoma bodies
and thyroid cells have been found in papillary carcinoma biopsy
specimens against the background of autoimmune thyroiditis, which
can be markers for the cytological diagnosis of thyroid cancer with
a specificity of 100 %.

Keywords: thyroid gland; papillary carcinoma; autoimmune thy-
roiditis; cytological diagnosis; fine-needle aspiration biopsy
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Type 2 diabetes mellitus in wartime Ukraine:
famine, metabolic programming,
and generational health consequences
(2022-2024)

Abstract. Background. Famine-like condlitions resulting from the 2022 Russian invasion of Ukraine have created
an acute humanitarian crisis with serious long-term metabolic health implications. Drawing on the Developmental
Origins of Health and Disease (DOHaD) framework and historical evidence from the Holodomor (1932-1933), this
review examines the emerging association between war-induced nutritional deprivation and type 2 diabetes mellitus
(T2DM) in Ukraine between 2022 and 2024. Materials and methods. This narrative review synthesized data from
national health records, regional hospital reports, humanitarian organization assessments (World Food Programme,
UNICEF, Médecins Sans Frontiéres), birth cohort studies from three Ukrainian perinatal centers, and peer-reviewed
literature on famine-related metabolic outcomes. Sources were identified through PubMed, Scopus, Web of
Science, and Embase databases as well as official reports from the Ukrainian Ministry of Health and international
humanitarian agencies. Results. Hospitals in eastern and southern regions reported a 25-30 % increase in newly
diagnosed adult-onset T2DM between mid-2022 and late 2023. Up to 80 % of diabetic patients in conflict-affected
zones were forced to self-fund medications due to healthcare system collapse. Preliminary birth cohort data
(n = 1,500+) from three perinatal centers revealed elevated HOMA-IR scores, reduced C-peptide levels, and early
signs of metabolic syndrome in infants by 12 months of age. Case studies from Mariupol documented gestational
diabetes mellitus incidence exceeding 40 % and body mass index drops of 3—6 kg/m? in pregnant women. In Kharkiv,
screening programs identified a 45 % increase in pre-diabetes cases and elevated fasting glucose in children aged
5-10 years. Biological mechanisms identified include impaired pancreatic -cell development, activation of the thrifty
phenotype, chronic low-grade inflammation, HPA axis dysregulation, and mitochondrial dysfunction — all driven by
prenatal and early-life undernutrition. Conclusions. The convergence of famine, chronic psychosocial stress, and
healthcare collapse has accelerated T2DM onset and created conditions for a generational metabolic epidemic in
Ukraine. Urgent, long-term public health strategies integrating nutritional rehabilitation, early metabolic screening,
and mental health support are required to prevent a chronic disease crisis in future decades.

Keywords: type 2 diabetes mellitus; famine; Ukraine; DOHaD hypothesis; epigenetics; war; metabolic syndrome;
review

Introduction

The short-term effects of famine on mortality and acute
illness are well documented. However, assessing the potential
long-term impact on chronic diseases such as type 2 diabetes
mellitus (T2DM) remains challenging. Historical evidence
from the Holodomor — a man-made famine orchestrated
by Soviet policies in 1932—1933 that caused the deaths of
millions of Ukrainians — has provided compelling epidemio-

logical data linking prenatal famine exposure to significantly
increased risks of developing T2DM and other non-commu-
nicable diseases (NCDs) in later life [1, 2].

One of the most prominent studies showed that indivi-
duals born during the Holodomor had over twice the likeli-
hood of developing T2DM by their 50s [3]. Researchers also
identified a dose-response relationship: the more intense the
famine exposure, the higher the risk. These findings support
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the Developmental Origins of Health and Disease (DOHaD)
hypothesis [4], which postulates that adverse nutritional en-
vironments during critical developmental windows — par-
ticularly in utero and during the first two years of life — can
induce permanent physiological and epigenetic changes in
metabolic programming [5].

Epigenetic mechanisms including DNA methylation,
histone modification, and altered gene expression have been
identified as mediators of these long-term effects [6, 7]. Spe-
cifically, undernutrition during gestation may impair pancre-
atic B-cell development, reduce insulin sensitivity, and alter
hepatic glucose metabolism, thereby increasing the risk of
T2DM in adulthood. The Holodomor cohort studies re-
vealed not only increased T2DM prevalence but also elevated
risks of obesity, hypertension, and cardiovascular disease [8].

The Russian invasion of Ukraine in February 2022 has
once again led to famine-like conditions in several regions.
Eastern and southern cities including Mariupol, Kharkiv,
Donetsk, and Luhansk experienced prolonged blockades, de-
struction of food supply chains, water scarcity, power outag-
es, and mass displacement, leading to severe nutritional de-
ficiencies particularly among children, pregnant women, the
elderly, and individuals with preexisting conditions [9, 10].

Of particular concern are populations currently within
critical developmental windows. Fetal exposure to mater-
nal malnutrition and stress during the conflict is expected
to have lasting metabolic consequences consistent with
DOHaD-framework predictions [11]. Emerging data from
national birth registries indicate increases in low birth weight,
preterm deliveries, and intrauterine growth restriction — all
established risk factors for adult T2DM [12].

Beyond its immediate relevance for Ukraine, this situation
provides a cautionary lens through which to view public health
preparedness in conflict zones worldwide [13]. The lessons
from both the Holodomor and the current war underscore
the enduring impact of famine on population health and the
necessity of timely intervention to mitigate chronic disease
burdens in post-conflict recovery. This review synthesizes and
analyzes current data on T2DM trends in Ukraine from 2022
to 2024, exploring how war-induced famine is shaping health
outcomes across generations. The purpose of this review is to
evaluate national and regional statistics, birth cohort data, and
hospital records to outline immediate concerns and provide
policy recommendations for Ukraine’s health recovery. Recent
modelling estimates that the 2022 war-related food crisis could
produce 13,000—19,000 additional diabetes cases in the 2023
Ukrainian birth cohort alone [13].

Materials and methods

This narrative review was conducted in accordance with
recommendations for systematic literature review methodolo-
gy (EQUATOR Network guidelines). A comprehensive search
was performed in PubMed, Scopus, Web of Science, Embase,
The Cochrane Library, and EBSCO databases. Search terms
included: “famine AND diabetes”, “Holodomor AND type
2 diabetes”, “DOHaD AND Ukraine”, “war AND malnu-
trition AND metabolic”, “prenatal undernutrition AND in-
sulin resistance”, “Ukraine AND T2DM AND 2022—2024".
Articles published between 2000 and 2024 were considered;
priority was given to original research from the last 5—7 years.

In addition to peer-reviewed literature, official reports
from the Ukrainian Ministry of Health, the World Food
Programme [15], Médecins Sans Frontiéres [16], UNICEF
Ukraine [17], and WHO Ukraine [18] were included. Data
from three birth cohort studies initiated in 2022—2023 at the
Dnipro Regional Perinatal Center, Lviv Clinical Maternity
Hospital 1, and Poltava State Medical University Obstetrics
Department were synthesized. Regional hospital data and
humanitarian medical mission reports from Mariupol and
Kharkiv were analyzed as case studies.

Study inclusion criteria: epidemiological studies on fami-
ne or undernutrition and T2DM/metabolic outcomes; clini-
cal reports from Ukraine (2022—2024); studies on DOHaD
mechanisms in famine-exposed populations; humanitarian
reports with quantitative nutritional or health data.

Exclusion criteria: non-peer-reviewed sources without
institutional affiliation, conference abstracts without full
data, and studies unrelated to famine or conflict-related mal-
nutrition.

No individual patient data were collected in this review;
ethics committee approval was not required.

Results
Epidemiological trends:
rising T2DM rates (2022-2024)

Prior to the full-scale invasion, the International Diabe-
tes Federation (IDF) estimated approximately 1.3 million
Ukrainians were living with diabetes as of 2021 [19, 20]. Be-
tween mid-2022 and late 2023, hospitals and health centers
in frontline areas reported a 25—30 % increase in newly diag-
nosed adult-onset T2DM [21]. Clinicians in mobile hospital
units noted that many patients presented with advanced un-
controlled diabetes without prior diagnosis, suggesting a large
underdiagnosed population. Reports from the Ukrainian
Diabetic Charitable Foundation and MSF revealed that up
to 80 % of diabetic patients in conflict-affected zones were
forced to self-fund medications [22]. Insulin, oral hypogly-
cemic agents, and basic supplies such as test strips and glu-
cometers were in critically short supply, contributing to poor
glycemic control and higher rates of complications including
diabetic ketoacidosis, neuropathy, and vision loss.

Biological mechanisms linking famine o T2DM

The biological connection between early-life famine and
later T2DM is rooted in epigenetic and physiological adap-
tations made by the fetus or infant in response to nutrient
scarcity — the DOHaD hypothesis [6].

Reduced pancreatic [3-cell mass and impaired insulin secre-
tion. Nutrient deprivation during fetal development interferes
with the formation and proliferation of pancreatic 3-cells.
Both animal models and retrospective birth cohort analyses
have demonstrated that poor intrauterine nutrition results
in reduced [-cell number, impaired insulin synthesis, and
abnormal glucose sensing [23], setting the stage for hyper-
glycemia independent of insulin resistance.

Thrifty phenotype and visceral adiposity. The thrifty phe-
notype hypothesis [25, 26] explains how fetal malnutrition
leads to metabolic conservatism: the fetus prioritizes energy
conservation and fat storage. When these individuals are la-
ter exposed to normal or high-calorie diets during post-war
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recovery, their metabolic systems become overwhelmed,
resulting in central adiposity, elevated free fatty acids, and
lipotoxicity impairing insulin signaling.

Chronic low-grade inflammation. Nutritional stress leads
to systemic inflammation through elevated pro-inflammatory
cytokines (TNF-a, IL-6), macrophage infiltration of adipose
tissue, and endothelial dysfunction impairing glucose transport.
Together, these factors reduce insulin sensitivity and promote
oxidative stress, accelerating the transition to overt T2DM [7].

HPA axis activation and cortisol dysregulation. Psychoso-
cial trauma and chronic stress stimulate the hypothalamic-
pituitary-adrenal (HPA) axis, increasing cortisol secretion.
Elevated cortisol promotes gluconeogenesis, inhibits insulin
action in peripheral tissues, and encourages central fat depo-
sition [7]. Children born to mothers exposed to prolonged
trauma or undernutrition during pregnancy are more likely
to have altered HPA axis function [27].

Mitochondrial dysfunction. Early malnutrition impairs
mitochondrial biogenesis in muscle and liver cells, leading to
inefficient energy production, reactive oxygen species (ROS)
accumulation, and dampened insulin receptor signaling —
contributing to systemic insulin resistance [28].

Critical windows of exposure
and vulnerable populations

Analysis of Ukrainian health surveillance data and famine
severity mapping from 2022—2024 identifies the highest fami-
ne intensity in Donetsk, Luhansk, Mariupol, Zaporizhzhia,
and southern Kherson during late 2022 through early 2023.

Pregnant women. In the absence of prenatal supplements
and essential micronutrients (iron, iodine, folate, zinc), preg-
nant women in conflict zones experienced intrauterine growth
restriction (IUGR), micronutrient-deficiency anemia, and ele-
vated cortisol. These conditions influenced placental function
and fetal metabolic programming, increasing the likelihood of
reduced [3-cell mass and dysregulated glucose metabolism in
utero. Even short-term undernutrition during the first trimester
has been linked with irreversible metabolic alterations [29, 30].

Infants and toddlers. The first 1,000 days of life represent
a critical window of metabolic calibration. Field reports from
temporary shelters across Lviv, Dnipro, Vinnytsia, and Odesa
documented chronic undernutrition causing stunting, vita-
min D and calcium deficiencies, and acute malnutrition requi-
ring emergency refeeding. Blood glucose screenings by mobile
health units found elevated HOMA-IR scores in children as
young as 3 years old, particularly those whose mothers reported
severe food insecurity during pregnancy and lactation.

Elderly individuals and internally displaced persons (IDPs).
This group faces loss of access to medications, disrupted
meal routines, and reliance on carbohydrate-dense emer-
gency rations devoid of fiber and protein. Many IDPs fled
without health documentation, making continuity of diabetes
care virtually impossible. Crowded shelter conditions, high
psychosocial stress, and absence of fresh produce further
impair glucose metabolism through HPA axis activation.

Regional case studies

Mariupol. This city endured prolonged siege conditions
from March to October 2022. Key observations by mobile
clinics included: BMI drops of 3—6 kg/m? in pregnant wo-

men surviving primarily on low-protein, high-carbohydrate
foods; among women who delivered in field hospitals be-
tween July and September 2022, over 40 % met criteria for
gestational diabetes mellitus (GDM) by blood glucose tes-
ting; new adult-onset T2DM in patients aged 30—55 with
blood glucose levels frequently exceeding 250 mg/dL, with
critical shortages of insulin and metformin preventing ade-
quate management.

Kharkiv. Screening programs conducted between April
and November 2023 revealed: a 45 % increase in pre-dia-
betes cases defined by impaired fasting glucose or HbAlc
between 5.7 and 6.4 %; elevated fasting blood glucose (above
110 mg/dL) and early signs of central obesity in children aged
5—10 years displaced from eastern oblasts; elevated cortisol
levels in children and adolescents documented by endocri-
nologists from Kyiv Medical University, potentially accele-
rating insulin resistance.

Birth cohort studies:
early exposure and lifelong risk

Three research institutions initiated longitudinal birth co-
hort studies: Dnipro Regional Perinatal Center, Lviv Clinical
Maternity Hospital 1, and Poltava State Medical University
Obstetrics Department. Between October 2022 and May
2023, over 1,500 infants born to mothers who experienced
moderate-to-severe food insecurity during pregnancy were
enrolled.

Early findings (as of 2024): infants tested at 6 and 12
months showed significantly impaired glucose clearance and
reduced C-peptide levels compared to pre-war age-matched
controls, suggesting compromised (3-cell function; salivary
cortisol at 6 months revealed heightened diurnal variation
and elevated baseline levels, with abnormal leptin concen-
trations indicating dysregulation of hunger and fat storage
mechanisms; by age 1, some infants showed central adiposity,
elevated triglycerides, and low HDL cholesterol — hallmarks
of early metabolic dysregulation.

Maternal factors contributing to fetal programming in-
cluded high prevalence of anemia (iron deficiency) and vita-
min D deficiency during pregnancy, lack of prenatal supple-
mentation with folic acid and iodine, and antibiotic overuse
compounding metabolic stress. These findings align with
observations from the Dutch Hunger Winter and Chinese
Great Famine cohorts, in which children born during nutri-
tional stress showed a 2—4-fold increased risk of T2DM and
cardiovascular diseases later in life [31—34].

Famine intensity, geographic correlation,
and T2DM outcomes

National surveillance data and field reports suggest ca-
loric consumption in some areas fell to 800—1,200 kcal/day
during March-October 2022. By mid-2023, hospitals across
affected oblasts reported marked increases in new-onset
T2DM, particularly among individuals with no prior me-
tabolic history. In one observational study at the Kharkiv
Regional Endocrinology Center, over 40 % of newly diag-
nosed patients between August 2022 and April 2023 had ex-
perienced significant food insecurity or unintentional weight
loss during the initial war months. Geographical correlation
between famine severity maps and T2DM incidence rates re-
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inforces the need to view metabolic disease as a consequence
of population-level trauma.

Discussion

Ukraine now faces a complex health crisis where the
immediate impact of war intersects with the silent rise of
chronic diseases. Unlike typical conflict-related illnesses,
T2DM in this context is deeply rooted in war-induced fami-
ne, prolonged psychological stress, and widespread health-
care disruption — a pattern that mirrors trends observed
during the Holodomor, where prenatal and early-life expo-
sure to nutritional deprivation led to measurable increases in
NCDs decades later [35].

The current crisis unfolds under different conditions.
Contemporary Ukraine is more urbanized and exposed
to additional stressors including forced displacement,
post-traumatic stress disorder (PTSD), and inconsistent
access to modern healthcare. These factors may intensify
famine-related T2DM expression, leading to earlier onset
and increased comorbidity with cardiovascular and mental
health disorders — consistent with findings from Syrian,
Yemeni, and sub-Saharan African conflict zones [36, 37].

The intergenerational transmission of disease risk through
epigenetic mechanisms means that even children born after
the conflict may carry the imprint of famine. Comparative
evidence from the Dutch Hunger Winter (1944—1945) and
the Chinese Great Famine (1959—1961) cohorts demon-
strates that offspring of famine-exposed mothers showed
increased rates of obesity, T2DM, and cardiovascular disease
across their lifetimes [32, 33]. If Ukraine follows these pre-
cedents, a delayed but significant chronic disease burden is
to be expected in the next 2—3 decades.

Post-famine metabolic recovery requires a comprehensive
strategy. Routine glucose and HbAlc screenings for indi-
viduals born between 2022 and 2024 and for women who
experienced prenatal undernutrition should be prioritized.
Maternal and child health infrastructure must be reinforced
with micronutrient-fortified foods, breastfeeding support, and
growth monitoring. Endocrinology services must be expanded
with stable antidiabetic medication supplies and decentralized
care models. Mental health integration into diabetes preven-
tion is essential given the established link between HPA axis
dysregulation and metabolic dysfunction [38].

Several limitations of this review should be acknowledged.
The analysis relies on observational data, humanitarian field
reports, and preliminary cohort findings gathered under active
conflict conditions. Data from occupied territories remain
largely inaccessible, and national surveillance systems have
been significantly disrupted. The reported T2DM increases
should therefore be interpreted as minimum estimates. Fu-
ture studies using rigorous epidemiological designs — ideally
prospective cohort studies with standardized metabolic assess-
ments — are needed to quantify the true long-term burden.

Conclusions

The war-driven famine conditions that emerged in
Ukraine following the 2022 invasion have catalyzed a 25—
30 % increase in newly diagnosed T2DM in conflict-affec-
ted regions, with a disproportionate burden on eastern and
southern oblasts.

Multiple converging biological mechanisms — impaired
B-cell development, thrifty phenotype activation, chronic
inflammation, HPA axis dysregulation, and mitochondrial
dysfunction — link early-life famine exposure to long-term
metabolic disease risk.

Preliminary birth cohort data indicate that infants ex-
posed to prenatal undernutrition are already showing signs
of metabolic dysregulation by 12 months of age, consistent
with DOHaD-framework predictions and historical famine
cohort data.

A comprehensive post-famine public health strategy —
integrating early metabolic screening, nutritional rehabili-
tation, mental health support, and strengthened endocrino-
logy services — is urgently needed to prevent a generational
chronic disease epidemic in Ukraine.
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AHT «/\bBIBCbKVI HALIOHQABHN MEAMYHUN YHIBEPCUTET IMEHI AQHUAQ [QAMLIbKOro», M. /\bBIiB, YKpQiHQ

LlykpoBun aia6et 2-ro Tuny B YKpAiHi 30 YMOB BiliHU:
roACA, METABOAIYHE NPOrPAMYBAHHS TA MDKMOKOAIHHI HACAIAKU AAS 3AOPOB’S
(2022-2024)

Pesome. Axkmyaavnicmo. YMoBu, noaioHi 10 ooy, 0 BUHK-
KJIM BHACIIIIOK POCiiiCbKOro BTOprHeHHs B YKpainy y 2022 pouii,
CINPUYMHWINA TOCTPY IYMaHiTapHy KpU3y 3 CEpHO3HUMU JOBIO-
CTPOKOBMMM HaCJliIKaMU sl METa0OJIiUHOTO 310POB’sl HACEIeH-
Hs1. Crimpatouuck Ha KoH1emniiro DOHaD Tta icropuuHi gaHi mpo
Tonomomop (1932—1933), aBTOpu DOCTIIKYIOTh 3B 130K MiX BOEH-
HUM MPOIOBOJBYMM AehillUTOM Ta LIYKPOBUM /1iabeTOM 2-I'0 TUITY
(LJJ2) B Ykpaini y 2022—2024 pokax. Mamepiaiu ma memoou.
Y 11boMy HapaTUBHOMY OTJISIIIi CMHTE30BaHO JaHi HAIliOHATBHUX
MEIUYHUX 3aIUCiB, peTiOHAJTbHUX JIIKAPHSHUX 3BiTiB, OL[IHOK
ryMaHiTapHMX opraHi3aiiiii (BcecBiTHast mpomoBoJibya mporpama,
IOHICE®, «Jlikapi 6e3 KOpIOHiB»), KOTOPTHUX JHOCIIIKEHb HOBO-
HapOIKEHUX Y TPhOX MePUHATAIbHUX LIEHTPaX YKpaiHu Ta peleH-
30BaHOI JiTepaTypu 1IOA0 METa0OMIYHMX HACIIIKIB, IMOB’I3aHUX
i3 ronomom. Iommyk 3aiiicHioBanu B 6azax PubMed, Scopus, Web
of Science ta Embase, a Takoxx B odiuiiinux 3sitax MO3 Ykpainu
Ta MXKHapOJIHUX TYMaHiTapHUX opraHizaiiii. Pezyasmamu. VY Ji-
KapHSX CXiIHUX i miBOeHHMX objacTeil 3apikcoBaHO 3pOCTaHHS
YaCTOTH BIIEpIiie BCTaHOBACHOro miarHo3y LIJ12 Ha 25—30 % y ce-
penuni 2022 — kinwi 2023 poky. 1o 80 % xBopux Ha niabeT y 30Hax
KOHIIIKTY OyJIM 3MYIIIeHi CAMOCTIHO KyITyBaTH JIiKK Yepe3 pyii-
HYBaHHSI CUCTEMU OXOpOHU 310poB’si. KoropTHi gaHi (n = 1500+)
TPbOX MEPUHATATBHUX LIEHTPIB MPOJAEMOHCTPYBAJIU MMiIBULIEHI

inmekcu HOMA-IR, 3Hmxenuii piBeHb C-TIeNITUAY Ta paHHI 03Ha-
KM METa0O0JIIYHOTO CUHAPOMY B HEMOBJIAT 10 12 micsiB. ¥ Mapi-
YIT0JIi YacTOTa recraiiiHoro aiabety nepesuinnia 40 %, a iHIeKC
MacH TiJla y BariTHUX KiHOK 3HU3MBCS Ha 3—6 Kr/m>. Y XapkoBi
3a IOTIOMOTOI0 TIPOTpaM CKPUHIHTY BCTAaHOBUIIN 45% 301IbLICHHS
BUIIAIKIB MepenaiadeTy i MiaABUILEHUI PiBeHb IJIIOKO3U HATILE
y niteit Bikom 5—10 pokiB. BusiBiieHi 6iosoriyHi MexaHi3Mu, SIK-OT
MTOPYILIEHHS PO3BUTKY 3-KJIITHH MiIIUTYHKOBOI 321031, aKTUBALLisT
«OLIATUBOTrO» (DEHOTUITY, XPOHIUHE 3amajieHHsI HU3bKOTO CTYIIe-
H$I, AUCPETYJISLIs TimoTalaMo-TinodizapHo-HaIHUPKOBOI OCi Ta
MiTOXOHIpiajabHa TUCOYHKILiSI, 3yMOBJICHI HEIOIAaHHSIM Y Mpe-
HaTaJbHOMY Ta PAaHHBOMY ITOCTHATaJIbHOMY Iepionax. Buchosku.
TloenHaHHs rojoay, XpOHIYHOTO MCUXOCOLIaJbHOTO CTPECy Ta
pYHHYBaHHSI CUCTEMU OXOPOHU 3[0POB’sI IPUCKOPUIIO PO3BUTOK
1I/12 i cTBOPUIIO YMOBU [UIE MXKITOKOTIHHOI METabO0JIIYHOI ermigeMii
B YKpaiHi. HeoOxiqHi HeBiIK/IaaHi JOBroCTPOKOBI CTpaTerii 0Xo-
POHU TPOMAJICLKOTO 310POB’sl, sIKi MOEIHYBATUMYTh HYTPUTHUBHY
peabiniTaliio, paHHiii MeTaOOIiYHUIT CKPUHIHT Ta TICUXOJIOTIUHY
MiATPUMKY, 11100 3aM00irTH Kpu3i XpOHIYHUX 3aXBOPIOBaHb y Ha-
CTYITHI I€CSITUITITTSI.

Kiro4uoBi cioBa: uykposuii giaGer 2-1o TUILy; roio; YKpaiHa;
rinote3a DOHaD; enireHeTuka; BiliHa; MeTaOOJIYHUI CUHAPOM;
oISz
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CUHAPOM IHCYAIHOPE3UCTEHTHOCTI
| NTOPYLUEHHS FAIOKO3HOIrO roMeoCTa3y Y XBOPUX
HQO NePBUHHY XPOHIYHY NOAAIPY

Pestome. AkTyanbHicTb. 3a peaynstatamu nonynsauiviHix 4ocigxeHs, rinepypukemito (I'Y) BU3HaHoO hakTopom
pu3unKy iHcyniHopesucteHTHOCTi (IP), npegiabeTy i yykposoro giabety (L) 2-ro Tuny. BctaHOBIEHO, YO MigBULLEeH-
Hs1 cupoBaTKOBOI KOHLeHTpaLii ce4oBoi kmecnotn (CK) Ha 1 Mr/an npmn3BoguTs [0 36ibLUeHHS pusuky LI 2-ro tuny
Ha 17 %. Meta: BuB41TY OCOBJIMBOCTI MPOSIBIB CUHAPOMY IHCY/TIHOPE3UCTEHTHOCTI Y XBOPUX Ha NMEPBUHHY XPOHIYHY
nogarpy (MXT1), ii 38’30K 3 rinepypuKeMieto Ta ypaxeHHsM Cyro6iB A5 BCTAHOB/IEHHSI XPOHOIOMYHOro 38'3Ky
MDK OKPEMUMU KOMIOHEHTamMu MeTtabosidHoro cuHapomy (MC) i po3BUTKOM XPOHIHHOIo MoJarpu4HoOro apTpuTy.
Marepianu Ta metoan. O6ctexero 92 xsopi Ha X1 3 MC. CghopmosaHoO Tpu rpynu XBOpUX 4o/10BiHOI cTari: 1-Lua
rpyna (n = 11) — 3 iHgekcom HOMA-IR < 2,7 ym.og.; 2-ra rpyna (n = 13) — 3 iHgekcom HOMA-IR > 2,7 ym.o4.;
3-ta rpyna (n = 25) — 3 4[] 2-ro tuny. lpyny nopisHsHHs cTaHoBun xBopi Ha MC 6e3 XTI (n = 46). Pe3ynbTatu.
Hactora MC y xsopux Ha XTI ctaHosuna 78,3 %. LI[] 2-ro tuny giarHoOCTyBan y KOXHOIro Apyroro XBoporo Ha
[1XT11iy koxHoro 15-ro xsoporo Ha MC. [nsi xsopux Ha [1XT1 3a BigcyTHOCTi IP i mopyLUeHs r/itoKO3HOro romeoctasy
(FII'T) TnnoBum 6yB IHTEPMITYO4YMI NEPEeBIr 3aXBOPIOBAaHHS 3 YepryBaHHSIM PigKuX Cyrio60BuX atak i TpuBamx
niepionis pemicii; ans xsopuvx 3 IP i LI 2-ro tmy — TSXXKuU XPOHIYHUY nepebir 3axXBOPHOBaHHS 3 BUCOKVM PIBHEM
YPUKeEMIi, HacTuMu 3aTsXKHUMU CYyriio60BUMM atakamu i3 3aslyHeHHsIM OiNbLUOI KilIbKOCTI cyrio6is. HaBeneHi
maremaTtny4Hi Mogesi anpokcmMmalii BKasyroTb Ha pastodi BiXWUIEHHS napameTpiB ritoKO3HOro roMeoctasy y XBo-
pux Ha XTI 3 IP i 44 2-ro tuny nopiBHAHO 3 xBopumu Ha X1 6e3 IP i [T, ski noTpebytoTs 3ayHeHHs OifbLU
CKJ1aAHNX KOMIMEHCaTOPHUX MEXaHi3MiB, CripsMoBaHuX Ha ix nigTpumky. BucHoBku. Y xsopux Ha X[ piBeHb
ypvikemii i nepioq TpusasnocTi ['Y BU3Ha4atoTe gucrepcito napameTpis rfiloKO3HOro romMeoctasy i € npeamkropamm
PO3BUTKY ViOro MopyLLEHb.

Knto4oBi cnoBa: cevosa kucnota; rinepypukemis; nepBUHHa XpOHiuHa nogarpa; iHCyMiHOPe3UCTEeHTHICTb; MeTa-
6O0NIHYHU CUHAPOM; LyKPOBWUM fiabet 2-ro TUry; Kap[ioBacKynspHUi pusmk

Bctyn

3a pe3yabTaTaMy MONYJISLIMHUX JOCIIIKEHb, Tilep-
ypukeMito (I'Y) BU3HaHO (haKTOpOM pU3HKY iHCYTIHOPE3UC-
tenTHocTi (IP), mpeniabety i mykposoro miadery (LLJ1) 2-ro
tuny [1—3]. BcraHoBeHO, 1110 TiABUILEHHS CUPOBAaTKOBOI
KoH1eHTpauii ceqyoBoi kuciaoru (CK) Ha 1 mr/mn npusBo-
IUTH 00 36iabineHHs pusuky L1 2-ro tuny Ha 17 % [4].
MetaaHani3 38 mociimkeHb moKa3as, 1110 noiupeHicTs LIJT
2-ro THIly cepen xBopux Ha I'Y Ta mogarpy ctanosButh 19,10
i 16,7 % BinmosinHo [5].

Ha cboronHi ocHOBHMMU TOCTYJ1aTaMU, 1110 JOBOJASITh
sHaueHHs ['Y B matorenesi LI/I 2-ro tumy, €: I'Y nepenye
po3ButKy L1 2-r0 TMITY 32 JAHWMU €ITiAeMiOJIOTIYHUX J10-
CIiIXeHb [4]; cipoBoKOBaHa (PPYKTO3010 eKCIEPUMEH -
tanbHa ['Y nmpusBoauTb 10 po3BUTKy IP y mypis [6]; Ha
GpYKTO303aIeKHUX i (PPYKTO30HE3ANEKHUX EKCIIEPU -
MEHTaJIbHUX MOJIEJISIX MeTaboaiuHoro cuuapomy (MC)
IOBEJIeHO 3MEeHILeHHs TposBiB 1P npu 3HMXEHHi cupo-
BaTtkoBoi KoHueHTpauii CK [6, 7]; BCTAHOBIEHO KJIITUHHI
MexaHizmu inaykuii CK L [8]; 3HMXKeHHSI cUpOBaTKOBOT
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koHueHTpauii CK 3meHiye nposisu IP B oci6 3 I'Y [9], 1o
HE TOBEIEHO B OCi0, SIKMM BBOJIMJIM BUCOKI 103U (DPYKTO3U
[10]. OmHaxk 3aBXAau MOTPiIOHO OYTU BiZKPUTUM IO TOTO,
1110 BUCYHYTa TiloTe3a MOXe BUSIBUTHCSI HECTIPOMOXKHOIO i
noTpedyBaTH JOJATKOBUX AOCTIIKEHb, CIIPSIMOBAHUX Ha 1l
CrpocTyBaHHS. 3 OIJISIAY Ha 1€ JOCiKEeHHSI, CIIPSIMOBaHi
Ha BUBYEHHSI IPUUMHHO-HACIIAKOBOIO 3B’13Ky MiX 'Y i
MHOpYIICHHSIMH III0Ko3HOTo romeoctasy (I1I'T), moci 3amm-
IIaI0ThCS AKTyaJIbHUMM.

Merta nociIKeHHs: BUBYUTU OCOOJIMBOCTI IPOSIBIB CUH-
npomy IP y xBopux Ha nepBuHHY xpoHiuHy ronarpy (ITXIT),
11 3B’s130K 3 ['Y Ta ypaxKeHHSIM CyIJI00iB 1J1s1 BCTAaHOBJIEHHS
XPOHOJIOTIYHOTO 3B’SI3KY MiXX OKPEeMUMM KOMITOHEHTa-
M1 MC i po3BUTKOM XPOHIYHOTO MOAArpUYHOTO apTPUTY
(XTIA).

MaTepiaAn Ta MeToAmn

JocnimKeHHs TpOBeIeHO BilMOBIIHO 10 OCHOBHUX
nonoxeHb KonseHuii Pagu €Bpornu npo npasa JIOAUHU
Ta 6iomenuuuHy, ['enbciHcbKOI mekapaiii BcecBiTHBOL
MeIWYHOI acolliallil Mpo eTUYHI MPUHLMUIIY IIPOBEICHHS
HAyKOBUX MEIUYHUX IOCJIIKEHb 32 y4acTIO JIIDJAMHU Ta
BUMOT HaJIE>KHOT KJTiHIYHOI MTPAKTUKU.

O6cTtexeHo 92 xBopi Ha [1XI1 3 MC, 1o nepedyBaiu Ha
CTallioHapHOMY JIIKyBaHHI B peBMaTOJIOTIYHOMY BilIiIeHHi
KHIT «Micbka nikapHst Ne 28» XapKiBCbKOi MiCbKOI pajiu.
3 METOI0 BUKJIIOUEHHSI BIUIMBY CTAaTi HA KOHKYPEHTHI epeK-
TM [JIiKeMii i iHcylliHeMil Ha HUpKoBY ekckpellito CK i, sik
HaCJIiI0K, cupoBaTKoBY KoHLIeHTpauio CK Oynu chopmo-
BaHi Tpu rpynu xBopux Ha [TXIT yonosivoi crati (n = 49)
3 1P i I 2-ro TuIty, penpe3eHTaTUBHI 3a BiKOM i 3araJIbHOIO
tpusaiictio [TXIT (Tyyy,): 1-ma rpyna (n = 11) — 3 ingek-
coM HOMA-IR < 2,7 ym.ox.; 2-ra rpyna (n = 13) — 3 iH-
mexkcom HOMA-IR > 2,7 ym.on.; 3-ta rpyna (n = 25) — 3
LT 2-Tro Tumy. Y mociimkeHHsT BKJIIOUaIucs XBOPi, sIKi He
npuiiMaad HYKpO3HWXKYBaJIbHI JIiKapchKi 3acoou. ['pymy
nopiBHsIHHS cTaHoBUIM XBopi HAa MC 6e3 ITXII Ta iHmoro
3aMajbHOrO MPOLECY IMyHHOTO TeHe3y pernpe3eHTaTuB-
HOTO BiKYy i cTati (n = 46), 1110 nepebyBaiu Ha JiKyBaHHI
B kJiHiui AY «IHCTUTYT nmpobjieM eHIOKPUHHOI MaToJIoril
im. B.4. anuneBcrkoro HAMH Yxpainm».

AHTPONMOMETPUYHI JOCTiIKEHHS: BUMipIOBaIu OOBig
tanii (OT, cm) i 06Big creron (OC, cMm), po3paxoByBaIn
ingexc macu tia (IMT, kr/m?).

MC niarHocrtyBanu 3a kputepissmu IDF (2006 p.) [11].
KapnioBackynspuuii pusuk (KBP) otiHtoBanu 3a mkaiamMmu
SCORE i PROCAM [12]. Po3paxoByBanu 10-piuHuii puznk
CMEpPTETbHUX i HedaTaIbHUX CEPLEBO-CYAMHHUX 3aXBO-
proBanb (CC3) 3a mkanoio HeartScore, sika 6a3yeTbcst Ha
niarpamax pusuky SCORE-2 ta SCORE2-OP [13].

PiBenb aprepianbHoro tTucky (AT) BumiproBaniu Ha 1ie-
YOBOMY CETMEHTI JIiBO1 BEpXHbOI KiHIIiBKM Ha PiBHi ceplis 3a
IIOIIOMOTOI0 aBTOMaTUYHOTO chirmomanomeTpa (OMRON
Corporation, fIMoHisT) 3 MaHXXETOIO BiIMOBIIHOTO PO3Mipy.
BumiproBanHsa npoBoguim 1miciasg 5—10 xB nepeOyBaHHS
XBOPOIO B CTaHi CIIOKOIO B IMOJIOXKEHHI cuasiuu. PiBeHb cu-
croniyHoro (CAT) i miacromiunoro AT (IIAT) po3spaxo-
BYBaJIU SIK CEPEIHE JABOX MOCIiIOBHUX BUMipIOBaHb. Ap-
TepianbHy rinepreHsito (Al') miarHocTtyBanu 3a piBHs AT
> 140/90 mm pr.cr. [14].

OwiHKy cTaHy rmoko3Horo romeoctasy (I'T) 3milicHioBa-
Jm 3rigHo 3 pekoMeHaauismu ADA 2024 p. [15]. PiBeHs ri1i-
kemii Hatiie (TKH, MMoJIb/JT) BU3HAYaIU B IJ1a3Mi BEHO3HOI
KpPOBi INTIOKO300KCHIAa3HUM METOIOM Ha aHastizaTtopi Biosen
C-line (EKF, Himeuunna). [I151 1iarHOCTUKU TTOPYIIEHHS
tosnepanTHOCTI a0 Taoko3u (ITTT) mpoBonunu craHgapt-
HUI mepopaibHUI TECT TOJEPAHTHOCTI 10 TJIIOKO3U 75 T.

AHai3 6ioXiMiYHIX ITapaMeTPiB BEHO3HOI KPOBi, OTPH-
MaHOi HaTIe, BKIIOYaB: BUMipIOBAaHHSI PiBHS TJTiKO3UJIbO-
BaHOro remoryobiny (HbA,,, %) dorokomopuMeTpuIHUM
METOJIOM; PiBHSI 3arajbHOro XojectepuHy (3XC, MMoJib/1)
i purninepuniB (TT, MMOIb/JT) KOJTOPUMETPUYHUM MeE-
TOJIOM; XOJIECTEPUHY JIIMOMPOTEIHIB BUCOKOI IIIJILHOCTI
(XC-JIMBILL, MMOb/1T) — METOJOM OCAIIXKEHHSI; CUPOBAT-
koBoi KoHueHTpauii CK (MKMOJIb/J1) KOJTOPUMETPUUHUM
meTtonoM. Ilim I'Y po3yminu cupoBaTKOBY KOHIIEHTpALlil0
CK > 416 mxmounb/1 1151 4o0BikiB [16]. PiBeHb xomec-
TepUHY JIINOIPOTeiHiB HU3bKOI 1iabHOCTI (XC-JITTHIILI,
MMOJIb/JI) i XOJIECTepUHY JIiMOMPOTEIHIB AyKe HU3BKOI
LITBHOCTI (MMOJTb/JT) BU3HAYAJIA PO3PAXYHKOBUM METOIOM
3a hopmynamu @puasanbaa [17]. PiBHi iMyHOpeakTHBHOTO
incyniny (IPI), C-nmentumy ta BucokouytimBoro C-peak-
tuBHoro 6Oinka (hs-CPBb, Hr/mMi1) y KpoBi BU3Havaiu imy-
HOXEMIJTIOMiHECLIEHTHUM METOIOM 3a I0IIOMOTI0I0 HabOpiB
ELISA (DRG Diagnostics, CIIIA).

OuintoBanu BupaxeHictb IP (HOMA2-IR), uyTnuBicThb
TKaHWH JI0 iHCYJIiH-0IOCePeAKOBAHOTO 3aCBOEHHSI TJTIOKO-
31 (HOMA2-%S) Ta byHKIIiI0 MTAaHKPEAaTUIHUX (3-KITITHH
(HOMAZ2-%B) 3a nortomoroto kanbkynsaropa HOMA?2 Bep-
cii 2.2 (http://www.dtu.ox.ac.uk/index.php?maindoc = /
homa/index.php, Diabetes Trials Unit, University of Oxford,
Oxford, UK) [18].

OtpuMaHi JaHi 006pobsieHo 3a gonomoroto Microsoft
Windows 7 Home PromOA, Dell xPCG3, k1104 IIpoaykTy
V6CTX-V486D-RQFQR-P9472-TG943, X16-96072. Cra-
TUCTUYHY OOpOOKY pe3yJIbTaTiB HOCIiIKEHHS IPOBOIMIN
3a Jporiomororo mporpamu Statistica 13.0 (Stat Soft Inc.,
CIIIA), Serial number: ZZS999000009906307DEMO-5.
HopmanbHicTh po3rofiny 3MiHHUX TIepeBipsiv 3a 1010~
Moroo KputepiiB Koamoropoa — CmupHosa. [l cra-
TUCTUYHOI OILIIHKKM pO30ixKHOCTE! MiX eMIipUYHUMU i
TEOPETUYHUMHU YacTOTaMU BapialliiiHOro psiAy 3aCTOCO-
BYBaJIM KpUTepiii Xi-kBaapat (x?) 3 nompaskoto Yates. Jljs
TMOPIBHSIHHS IEKIJIBKOX TPYIT 3 HEHOPMaJIbHUM PO3ITOILIOM
3MiHHUX 3aCTOCOBYBAJIM KpUTepiil YinkokcoHa — MaHHa —
VYiTHi, 3 HOpMaJIbHUM PO3IOIiJIOM 3MiHHUX — HeMapHUi
kpuTtepiii CTblofieHTa. 3B’130K MiX KiJIbKiCHUMU 3MiHHUMM
BCTaHOBJTIOBAJIM 3a IONTOMOTO0 KOPEJISIIHOTO aHali3y 3a
CnipmaHoM (1,). Acomiattii Mix 3aJIeXXHUMM i He3aleKHUMU
3MiHHMMH aHaJli3yBaJld METOIOM ITOKPOKOBOTo Oaratodak-
TOPHOTO PErpeciiHOro aHai3y, pe3yabTaTh SIKOTO Ioja-
Hi y BUIJISIAI TaOJUIb i BKIIOYAIOTh TaKi XapaKTepUCTUKU
Mozeieit, ik koediuieHT perpecii (B), cranmaptuzoBaHuii
KoedilieHT perpecii (B) i koedimient netepminanii (R?).
IlepeBipka HyTLOBHX TiOTE3 IIPOBeAcHA HA PiBHI 3HAUY-
mocTi P <0,05. OrpuMaHi pe3yJbTaTi TTOJaHO B TAOIULISIX Y
Burani X * s; [Min-Max|, ne X — cepente apudMeTuuHe,
S — CTaHAapTHe BiaxujeHHs1, Me — meniaHa, Min — MiHi-
MaJIbHe 3HayeHHs IMoKa3HuKa y BUOipili, Max — Makcu-
MaJbHe 3HAYeHHs TTOKa3HMKa Y BUOIpIIi.
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PesyAbTaTH

Cepen 3arany xBopux Ha nonarpy MC [11] miarHocTo-
BaHO y 78,3 % (n = 72), 1110 BioNoBinae CBiTOBiif TeHAEHIIi1
(60—82 %) [19, 20].

Ha nepiiomy erami gocaiaKeHHsI TPOBOAWIN TTOPiB-
HSITBHUI aHauli3 yacToTu KomroHeHTiB MC ta cymapHoOTo
KBP 3a mkanamu SCORE i PROCAM Mix gocimiKyBaH -
MM TPYIIaMHU, Pe3yIbTaTh IKOTO HaBeAeHO B TaoI. 1.

BcraHoBJI€HO, 1110 B OCHOBHI TpyIli YacToTa IMmopy-
meHb ['T (IITT), imemiunoi xBopodu cepus (IXC), AT
> 130/85 MM pT.CT., OXMpiHHS, 30KpeMa abgoMiHab-
Horo (AQO), 3Hauyllle BUIA, HixX B ITPYIli MTOPiBHSIHHS.
B ocHOBHI1 Tpy1i TaKOX CITOCTEpiraancst 3HavyIle BUILi
piBui XC-JITIBII, T, XC-JITTHILL Ta hs-CPB y kpo-
Bi, HIK y TpyMi MOpiBHAHHS. AHaIi3 3aJIeXKHOCTi 4acTO-
TH KOMOPOIAHOCTI Y XBOPUX OCHOBHOI rpynu Bia Ty,
MoKa3aB HasiBHICTh TeHAeHMii g0 ninBuiieHHs IMT 3i
3poctadHsIM Ty, (P < 0,06). YacTtora AO y XBOpuUX Ha
TIXII 36inburyBanacs 3 Ty, He3aqexXHO Bia cTati i Biky
(P <0,02). Y 54,2 % (n = 39) nocmimKyBaHUX OCHOBHOIL
rpymu ITXTT manicdectyBana y Binti mo 50 poxis. Y 84,7 %
(n = 61) gociigXyBaHMUX CIIOCTEepiraBcs TUIIOBUI ae-
O10T 3aXBOPIOBaHHS 3 ypaxeHHs | ruitocHo-danaHroBoro
cyroba crynHiTay 11 % (n = 8) — 3 ypaxkeHHs daiaH-
roBux cyriao6iB kucti. ¥ 43,1 % (n = 31) ob¢cTexxeHUX
criocTepiraBcs XpoHiYHUIA TOQYCHUA apTput, v 46,9 %
(n =41) — XIIA. Yacrtora 3aroctperb XI1A B cepeqHbO-
My cTaHOBMJA 3 3a piK i KosuBajnacs Big 1 go 12. Ipu
mboMy y 43,1 % xBopux (n = 31) BinbyBasocs Ginblire
HiX 3 3arocTpeHHs Ha piK, y 6,9 % (n = 5) — momicsug.
Tpusanicts 3aroctpeHHs1 XIIA B cepenHbOMY CTaHOBMIIA
6 TVIKHIB. Y MaTOJIOTIYHUI TIpOLIeC Y AOCTiIKYBaHUX B
cepenHboMy Oyio 3amydeHo 6 (1,0—16) cyrno6is. Yactora
cevyokam’ssHo1 xBopobu (CKX), acouiitoBanoi 3 I1XII,
cranoBuaa 43,1 % (n = 31),y 9,7 % (n = 3) obcTexe-

HUX Ii miarHoctyBanu go MaHidecranii [1XII. Yparsuu-
KyBaJibHY Teparito agonypuHoiaom 100—300 mr/mo0y
otpumyBanu 43,1 % (n = 31) xBopux, hedykcocTaTom
40—120 mr/mo6y — 20,8 % (n = 15) xBopux.

OXUpiHHA B OCHOBHI TpyIi giarHoctyBanu y 68,1 %
xBopux npotu 39,1 % y rpyni nopiBHsAHHSA (¥> = 8,43;
P < 0,001). ¥V iHImMX npencTaBHUKIB TOCTiIKYBaHUX TPYIT
IMT BignosinaB HaUIMILKOBIH Maci Tina — 28,8 [25,2—29,3]
ta 27,1 [25,1-28,7] xr/m? BinmoBigHo. YacTka XBOpUX Ha
oxupinus 11 i 111 ctyneHs1 B oCHOBHIl rpymi CTaHOBMIIA
37,5 %, Toqi K y rpyri nopiBHsaHHS — 15,2 % (x> = 5,75;
P <0,017). Yactora AO Takox OyJia BUllla B OCHOBHIli Ipy-
i (87,8 %), Hix y rpymi nopiBasiaast (39,1 %) (x> = 3,98;
P <0,047).

B ocHoBHilt Tpy1i criiBBigHOIIEHHST XBopux 6e3/3 TIT'T
craHoBwio 1 : 1,8, y rpyni nopiBHsiHHST — 9,2 : 1. Tob6TO ¥
KOXHOro apyroro xsoporo Ha I1XII 6yno miarHocToBaHO
III'T pi3zHOrO CTYNeHs BUPaXkeHOCTi, TOMAi SIK y TpyMi Mmo-
PiBHSIHHSI — y KOXHoro aeB’sitoro. /1 2-ro Tumy miarHo-
CTyBaJIM Yy KOXXHOTro npyroro xsoporo Ha ITXI1 i y koxHoro
15-ro xBoporo Ha MC.

Yacrora IXC B ocHOBHili rpyIni Oysia 3Hadyllle BUINA,
HiX y rpymi mopiBHsIHHS (¥ = 4,46; P < 0,035). ¥V m’atu
(6,9 %) npencTaBHUKIB OCHOBHOI I'PYITM B aHaMHe3i OyB
iHdapkT miokapna (IM) i y yotupwox (5,6 %) — roctpe
Mopy1uieHHsI Mo3KoBoro kpoBoobiry (I'TIMK). VY rpymi no-
piBHsIHHS Oyym BincyTHi xBopi 3 IM i ['TIMK B anamHe3i.

AK MiHIMYM OMH noaaTkoBUilt KomnoHeHT MC Oyno
BUSIBJIEHO y Bcix obcTexeHux. ¥ 29,2 % (n = 21) xBopux
OCHOBHOI rpynu iy 6,5 % (n = 3) rpynu MopiBHAHHS OYJI1
HasIBHI yci IT’SITh 10JaTKOBUX KOMITIOHEHTIB MC (y*> = 7,54;
P < 0,007). 3nauyme Oinblna KiIbKiCTh IIPEACTAaBHUKIB
OCHOBHOI IpyNu MPOTHU I'PYIU MOPIiBHSIHHS Majia Oijbliie
HiX Tpu gogaTtkoBux komrmoHent MC — 37 (51,4 %) i 14
(30,4 %) BinmosigHo (x> =4,20; P <0,041).

Ta6bnuys 1. Ctpyktypa komnoHeHTiB MC i cymapHuii KBP y xBopux gocnigxysaHux rpyn, n (%), Me [Min-Max]

MapameTp OcHoBHa rpyna, n =72 | 'pyna nopiBHAHHA, n = 46 P-3Ha4yeHHs

BiK, pokiB (40noBiKM) 49,0+ 9,5 48,3 + 11,2 <0,1

AT = 130/85 MM pT.CT., n (%) 68 (94,4) 31 (67,4) < 0,001
Mrr, n (%) 39 (54,2) 5(10,8) < 0,001
MNTr, n (%) 5(6,9) 2(4,3) <0,86
LA 2-ro tuny, n (%) 34 (47,2) 3 (6,5) < 0,001
IXC, n (%) 21 (29,2) 5(10,9) < 0,035
OXMpiHHS, N (%) 49 (68,1) 18 (39,1) < 0,004
AO, n (%) 43 (87,8) 18 (39,1) < 0,047
XC-NNBL < 1,0 mmonb/n, n (%) 48 (66,8) 10 (21,7) < 0,001
T > 1,7 mmone/n, n (%) 58 (80,6) 26 (56,5) < 0,01

XC-JTNHLL > 3,0 mmonb/n, n (%) 61 (84,7) 27 (58,7) < 0,004
TIOTIOHOKYPIHHS, N (%) 25 (34,7) 14 (30,4) <0,78
OT, cm 108,0 [95,0-127,0] 100,0 [94,0-118,0] < 0,001
IMT, kr/m? 33,1[29,0-44,1] 32,8 [29,5-42,7] <0,1

hs-CPB, Hr/mn 3,80 [1,56-6,75] 1,56 [1,15-3,4] < 0,05
SCORE, % 7,0 [3,8-9,2] 2,8 [1,7-5,1] < 0,05
PROCAM, % 13,5 [6,7-23,4] 11,8 [6,8—-16,9] < 0,01
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Cymapuuii 10-piuauit KBP 3a mkamamu SCORE i
PROCAM BUSIBUBCSI 3HAUYIIE BUIIMM Y YOJOBiKiB OCHO-
BHOI TpyInM, HiX y rpyni nopiBHsIHHs (Ta6ma. 1). imep-
TPUDTILEPUACMIsI, TIMO-A-XOJEeCTEPUHEMIS i MiABUIICHU I
piBeHb XC-JITTHIII 3Hauy1ie yacTiiie BUSBISUIUCS Y XBO-
PYIX OCHOBHOI I'PYIH, HiX Y Tpymi mopiBHsIHHS. BcraHoBIe-
HO HasIBHICTb J1y2Ke cJ1abKoi KopeJsiiii Mixk piBHeM hs-CPb
i cymapauM 10-pivnum KBP 3a mkanamun PROCAM i
SCORE B 060x nochnimkyBanux rpynax: r, = 0,11, P> 0,05;
r,=0,12, P> 0,05, tar,= 0,16, P> 0,05; r, = —0,14,
P> 0,05. 3B’ 130K MixX cipoBaTKOBOIO KoHIIeHTpalieio CK
i cymapHuM 10-piunum KBP 3a mikanoro PROCAM 06yB ce-
penHboi (r, = 0,58; P <0,01) i nomipHoi (r,= 0,42; P <0,01)
cwiM BinnoinHo; 3a mkanow SCORE — nomipHoi crimn
(r,=0,36, P <0,05,ir,=0,32; P < 0,05, BinmosinHo). Taxi
0COOJIMBOCTI KOpeJIsiiii MOXXHA MOSICHUTH 3B’ I3KOM MixX
cupoBaTtkoBolo koHeHTpauito CK i piuem TT y kpoBi

Hes3aexxHo Big HasgsBHocTi MC abo I1XI1 y mocmimKkyBaHMX.
Kpim 11p0ro, HasiBHiCTb Y XBOPOTO TiMepTpUIIiliepuaeMii
TaKOoX 3Hauylle migBuinye cymapauii 10-piunuiit KBP 3a
mkanoro PROCAM (P <0,01).

Ha nactynmHoMmy eTami mociigkeHHs MPOBOAMIIN I10-
PIBHSUTBHUI aHaJTi3 KJIIHIYHMX i Oi0XiMiYHUX TTapaMeTpiB
y xBopux Ha [1XII Mix mociigkyBaHMMU TpyliamMu 3 ypa-
xyBaHHsM HasgBHocTi [P i I1I'T, pesynpraTu sikoro moaaHi
B Tab1. 2.

Bcranosneno, 1o 3a Bikowm i TpuBaiictio I1XI1 mocmi-
IKyBaHi TPy 3Hauylle He BimpizHsiucs. s xBopux 1-i
IpyIny TUIIOBUM OYB iHTepMiTytouuii repeoir I1XI1 3 uepry-
BaHHSIM TOCTPUX HaMadiB i TpUBaIuX nepiofdis pemicii. st
XBopuXx 2-1 i 3-1 rpyr OyB puTaMaHHUI XpOHIYHUIL TTepedir
3aXBOPIOBaHHsI — yacTKa xBopux 3 XITA cranosuia 69,3 Ta
56,0 % BinnoBigHO. KibKicTh ypaxkeHUX CYTI00iB Y XBOPUX
2-11 3-i rpyn, y gkux innekc HOMAZ2-IR 0yB 3HauyIe

Ta6rmys 2. KninidHi Ta 6ioximiyHi napametpu y xsopumx Ha [NXI1 3 ypaxysaHusam IP i U 2-ro tuny (X = s)

MapameTp lpynma1,n=11 lpyna2,n=13 pyna3,n=25 P-3Ha4yeHHsA

Bik, poku 46,1 £9,3 50,1 + 10,1 48,6 £ 10,8 -
Trxn, POKM 9,7+1,4 10,8 +1,5 9,6+1,1 -
Mepe6ir nogarpu: —
— Hanagu apTputy, n (%) 8 (72,7) 4 (30,7) 11 (56,0) P, < 0,01
— KiflbKiCTb Hanagis apTpuTy, n/pik 2,1+0,8 42 +1,6 40+1,6 P, < 0,01
— XNA, n (%) 3(27,3) 9 (69,3) 14 (56,0) -

L . P, < 0,05
KinbKicTb ypaxxeHux cyrnobis 6,5+2,6 10,9 +5,3 9,2+3,8 P <005

2 ]
CKX, n (%) 6 (54,5) 7 (61,5) 18 (72,0) -
CAT, MM pT.cT. 138,6 + 12,4 1424 + 11,3 156,2 + 18,8 Ez < 8’82

3 ]
[IAT, MM pT.CT. 82,6 +7,6 92,6+ 9,4 98,4+ 10,2 Frsoat

2 I
IMT, kr/m? 29,8 £4,3 31,4+4,1 33,132 -
OT, cm 103,4 £ 6,9 106,4 + 6,3 1108+ 7,4 P, < 0,05
CK KpOBi, MKMOTb/N 4083 + 40,3 506,1 + 72,1 528,3 + 78,1 P, <0,01

P, < 0,01

P, < 0,05

'KH, MMonb/n 530 £ 0,4 49+0,4 76 +0,5 P, < 0,001
P, < 0,001

P, < 0,001

HbA,,, % 54 +0,6 52+0,5 7,57 £ 0,4 Pz <0001
P, < 0,001

IPI, MkOg/mMn 11,8+ 1,6 28,6 +2,5 37,2+3,8 P, < 0,001
P, < 0,001

P, < 0,01

HOMA2-%B, ym.opn. 78,4 £15,0 123,3 + 26,12 233,2 + 80,43 P, < 0,01
P, < 0,05

HOMA2-%S, ym.0f 64,8 12,9 38,3+ 11,8 29,5+7,0 P, < 0,01
,Y- - O X 3 I £ ] == ] P2<0,001
HOMA2-IR P, <0,01

-IR, ym.opn. 2,563+0,42 5,91 +1,01 6,30 + 0,96 )

, < 0,01
3XC, mmonb/n 5,64 + 0,88 5,46 = 1,05 5,85+ 1,03 -
XC-NMNBLU, mmonb/n 1,21 £+ 0,34 1,07 £ 0,24 0,86 + 0,53 P, < 0,05

P, < 0,01
Tr, MMonb/n 1,76 = 0,31 2,48 + 0,68 3,16 + 0,41 P, < 0,001
P, < 0,01
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BUIIUM I1omo 1-i rpymnu, Oyna 3HauyIle OiTbIIOI0, HiXK Y
xBopux 1-i rpyrmu (P < 0,051 P < 0,05 BinnosigHo). Kpim
TOTO, y XBOopuX 2-i i 3-1 IrpyIl 1IopivyHa KiJIbKiCTh HaIlamiB
apTPUTY BUSBUJIACS 3HAUYIIE OLTBIIO0, HixX Y XBOpUX -1
rpyru (P < 0,011 P < 0,01 BinnmoBinHO). 3a BiACyTHOCTI cTa-
TUCTUYHO 3HAUYIIMX BinMiHHOCTEH B T 1y MK HOCTIIKYBa-
HUMM IrpynaMu y XBOpux 2-11i 3-1 rpyn BinMivaeTbcst GiibIin
TSKKUI TIepe0ir 3aXBOpIOBaHHS, 1110 JO3BOJISIE TIOB’SI3aTH
e 3 HasgBHicTIO IP. Sk BumHO 3 Ta6:1. 2, Y XBOpUX 3 TiMnepiH-
cyninemieto (I'l) XITA HassBHUIA Oinbllie HiXX y ITOJIOBUHU
MpeACTaBHUKIB 2-11 3-i rpyI, a y BUMaAKy iHTEpMITYI0UOTO
KJIiHiYHOIO TepeOiry 1opiyHa KiJbKiCTh CYyIJIOO0OBUX aTak
OyJia yaBidi OinbIIolo, HixX y XxBopux 1-i rpyrm. Cyrio0OoBi
aTtaku y XBopuXx 2-i i 3-i rpyn Manu 3aTsKHUI TiepeOir i3
3aJTy4eHHSIM OLJIBIIIOI KiJTbKOCTI CYTJI00iB ITOPIiBHSHO 3 XBO-
pumu 1-1rpynu. binbin arpecuBnumii epe6ir [TXIT y xBopux
2-ii 3-i rpyn 3 I'l mosicHIOBa/IM 3HAYYyIE OiIBII BUCOKOIO
cupoBaTkoBolo KoHleHTpauiero CK, Hix y xBopux 1-1 rpy-
nu. Ypuko3ypuuHuii eexr rinepriikemii [21] y xBopux 3-1
rpyrm nipurHiayeTbes [, sika B 1iif rpyIri HaliOIBII BUpa-
JKeHa. Y XBOpUX 2 i 3 TpyIT CIIOCTEePIra€ThCsl 3HXKEHHS Uy T-
JINBOCTi TKAHWH 10 iHCYJIiH-OITOCEPEIKOBAHOTO 3aCBOEHHS
[JIIOKO3MU i TiABUIIEHHS (DYHKIIiT MAaHKpeaTUUHUX B-KJIiTUH
11010 XBOpuX 1-1 rpynu. 3Hauylle MiABUILIeHHs QYHKIIi1
MaHKPeaTUYHUX B-KJIITUH pO3MJISiaiy SIK alanTUBHY pe-
aki1iito opraHizMy 3a ['Y Ha 3pocTatouy notpedy B iHCYiHi
BHACJIiIOK 3HVXKEHHSI YYTJIMBOCTI TKAHWH JI0 iHCYJIiH-OT10-
CepeIKOBAHOTO 3aCBOEHHS TJIIOKO3H.

Hns ouinku 3HadeHHs ['Y B renesi I1I'T 3a IIXII mpo-
BOIMIN KOpeduiiHuii aHaniz Mix nmapamerpamu I'T i
cupoBaTKoBolo KoHueHTpalielro CK. BcraHoBieHo, 110
piBenb 'KH xBopux Ha [1XII 3aranom HeJsiHiiiHO MO3M-
TUBHO 3 TIOMipHOIO CHJIOIO aCOLIIIOETHCS 3 CUPOBATKOBOIO
konteHTparieo CK (r, = 0,36; P < 0,003) i IPI (r, = 0,48;

P < 0,001). BusznaueHo, 1o 3HMXKEHHS YyTJIMBOCTI TKa-
HUH J10 iHCYJIiH-OMOCePEIKOBAHOTO 3aCBOEHHS TJIIOKO3U
Y IOCIIIKYBaHUX TPYII BiZOYBAETHCS JiHIAHO IIPOIOPIIili-
HO 3pOCTaHHIO cupoBaTKOBO1 kKoHLeHTpalii CK (r, = 0,43;
P < 0,04). Anani3 kpuBuX alpoKcuMallii moKa3as, 1110 MaK-
cumanbHe 3HKeHHs innekcy HOMA2-S% y xBopux Ha
[IXII BinOyBa€eThCs B Aiana3oHi CUPOBAaTKOBOI KOHILIEHTpa-
mii CK 480—530 MKMOJIb/7T 3 HACTYITHOIO cTadimi3ali€ero.
3’sacoBaHo, 1110 y xBopux Ha ITXIT innekc HOMA2-%B ne-
JIIHITHO HEraTUBHO 3 MOMipHOIO CHJIOIO KOPEIIIOE 3 iHIeK-
com HOMA2-S% (r, = —0,45; P < 0,001). BuzHaueHo, 1110
y xBopux Ha [IXII innekc HOMAZ2-IR niHiifiHO MO3UTUBHO
3 TIOMipHOIO CHUJIOI0 KOPEJTIOE 3 CUPOBATKOBOIO KOHIIEHTpA-
nieto CK (r, = 0,43; P < 0,003).

LlikaBo, 1110 B OMHUX XBOPUX 3a HE3HAUHOI Ty, 1 BU-
cokoi cupoBatkoBoi KoHleHTpaliii CK BincyrtHi I1I'T, Tomi
SIK y 1HIIUX 32 3HAYHOI1 Ty, 1 TOMIpHOT CUPOBAaTKOBOT KOH-
neHTtpanii CK BoHun po3BuBaloTbes. Ha mincraBi mux cio-
cTepekeHb 0YJ10 BUCYHYTO TilOTe3y, 3TiHO 3 SIKOIO Ha CTaH
I'T y xBopux Ha [1XI1 BruiuBae He cTinbku Ty, CKiITbKU
tpuBanictb nepiony I'Y (T,y). 151 BCTaHOBJIEHHS TTpaBO-
MOYHOCTI 1Ii€] TiIToTe3u 3a TOIMOMOromw 6araro(pakTopHOTo
perpeciitHoro aHanizy y xsopux Ha [TXI1 6e3 I[1I'T (n = 33)
BUBYAJIM BILUIMB BikoBoro (akropa, nepioay T, i Bupaxe-
Hocrti ['Y Ha nucrnepcito A0CTiIKyBaHUX MApaMeTPiB CTaHy
I'T, pe3ynbraTu SKOro HaBeAeHi B TaOJI. 3.

BcraHoBieHo, 1110 Moaenb 1 mosicHioe 61,5 % nucnep-
cii piBast I'Ku (P < 0,0001), momens 2 — 63,0 % nucrepcii
inmekcy HOMA2-S% (P < 0,001), monenb 3 — 65,5 % nuc-
nepcii innekcy HOMA2-B% (P < 0,0001) i mogens 4 —
66,1 % nucnepcii innekcy HOMA2-IR (P < 0,0001). T,y 3a
BEJTMIMHOIO ¢ Y BCIX MOJAEIISIX BUCTYIAE HE3aIeKHOIO 3MiH-
HOIO, 1110 BU3HAYAE TUCIIEPCio TOCTIMKYBAaHUX 3aeKHUX
3MiHHUX, SIKi XapaKTepu3yoTh cTaH ['T.

Tabnuys 3. Pe3ynbTat 6aratohaKTOpHOro perpeciHoro aHanisy

3MmiHHaA CTaTUCTUHHMUIA NOKA3HUK
3anexHa HeszanexHa B | B t P-3Ha4YeHHsA
Mopgens 1
K =11 G— 0,004 0,002 1,96 0,06
H
CK kposi 0,04 0,006 71 0,002
Ty 0,15 0,03 15,6 0,0001
Mogpenb 2
BiKyanicpecrxn 0,1 0,06 1,37 0,18
HOMA2-%S -
CK kposi -0,04 0,005 -9,2 0,01
Try 1,18 0,34 11,5 0,001
Mopenb 3
BiK, aimeor 0,12 0,11 1,1 0,29
HOMA2-%B S
CK kposi 1,86 0,43 4,5 0,0001
Try 2,74 0,65 6,8 0,0001
Mopgenb 4
BiKyanicpeorxn 0,02 0,004 0,1 0,93
HOMA2-IR -
CK kposi 0,02 0,007 3,5 0,003
Try 1,04 0,31 14,3 0,0001
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O6roBopeHHs

I'Y i nomarpa TicHo cniBicHyoTh 3 MC [22, 23]. V 3a-
ranpHil nonyssnii Crorydyenux IltaTiB AMepuKy momm-
penicts MC niepeBurmia 71 % cepea XBopux Ha mofarpy
BikoM 40 pokiB i cTapiie [22] HOpiBHSIHO i3 3arajJbHOIO 10~
mupeHicTio 22 % cepen yciX JOpOCINX aMepUKAHIIiB 3a TOM
camuii riepioa yacy [24]. AHaJIOTiYHUM YMHOM, MOIIUPE-
Hicth MC Ma€e TeHACHIIIIO 0 ITOCTYIIOBOIO 3POCTAaHHS 3i
30iTBIIIEHHSIM cHUpoBaTKoBoi KoH1eHTpalii CK, mocsraio-
qu Mmaitke 90 % cepen XiHOK 3 KOHIIEHTpAIli€Io OibIle 3a
10 mr/mn [25]. 3araibHOBU3HAHO, IO MALIEHTH 3 TOAATPOIO
HeCyTb BUCOKUI Trap CymyTHiX 3aXBOpIOBaHb, BKJIIOYAIO-
yu AT (74 %), xpoHiuHY XBOpoOy HUPOK 2-i cTaii i BUIle
(71 %), oxxupinns (53 %), LI (26 %), IM (14 %) Ta cepiie-
By HenoctaTHIicTh (11 %) [26], ki B ABa-TpM pa3u vacTilie
3YCTpivaloThCsl Y XBOPUX Ha TTOJATPY MOPiBHSIHO 3 TUMU, XTO
He CTpax/a€ Ha 110 XBOpoOy.

PospaxoBani cymapni pusuku CC3 3a mkajamu
SCORE i PROCAM nns xsopux Ha I1XI1 y noenHaHHi 3
MC € nopiBHIHHUMU 3 pe3yJbTaTaMU, OTPUMAaHUMU iH-
mwuMu aBTopamu [27, 28]. To6ro ITXII cuin posrasimati
SIK MYJBTUIMCHUILTIHAPHY MaToJIOTiIo 3 BUCOKMM KBP. ¥V
xBopux Ha [IXII y noenHanHi 3 MC Bucokuit KBP moxe
OyTH OOYMOBJICHUI AUCTIITIEMI€I0, SIKa TICHO KOPEIIOE 3
Bupaxenictio I'Y [29].

Ha nymky nesikux aBTopiB, I'Y € He3anexxHuM (pakTo-
pom po3Butky I'l, sxa nepenye po3Butky LI 2-ro Tumy
[30]. Cepen MOXIMBUX MeXaHi3MiB, sIKi BU3HAYAIOTh Ii-
abetorenHi edpektu CK, Moxe OyTu omocepeaKoBaHe
HEI XpOHiYHEe HU3bKOIHTEHCUBHE 3amajieHHsI, 1JIsl TKOTO
npUTaMaHHI TilepIpoayKIilis Mpo3anajlbHUX IUTOKIHIB,
1110 3HVXYIOTh YYTJIMBICTh TKAHUH JI0 iHCYJIiH-OIOCcepe/I-
KOBaHOTO 3aCBOEHHS INTIOKO3U Ta iHAYKYIOTb 3araJeHHs
B MaHKpeaTUIHUX 3-KJIITMHAX i OKcuaaTuBHUI cTpec [31,
32]. ¥ cBotwo uepry, III'T cyTTreBo BILUIMBaIOTh Ha piBeHb
ypukemii. Tak, 3a I'l BinOyBaeTbcs1 3HMKEHHST peHaJIbHOL
ekckpettii CK, a piBeHb ypukemii migBuiyetbcest [33], 1o
MOX€ CIIpaBJISTU HeraTUBHUI BIJIMB Ha mepeoir moma-
rpu, 30Kpema y xBopux Ha LIJI 2-ro tuny [34]. T'Y B oci6 3
I'l Moxe BUHMKATH BHACIIIOK SIK CTUMYJISLIT iHCYJTiHOM
peabcop6wii CK B mpokcuMaabHUX KaHAJIBISIX HepoHa,
TakK i 3HMKeHHs KaHablieBoi cekperii CK mmisixom KoH-
KYPEHTHOI 0JIOKaay pelenTopiB MOJOYHOI KucaoTu [35].
F. Facchini Ta cItiBaBT. BCTAHOBIIN, IO ¥ 300POBUX pe-
HajapHui KiaipeHc CK 3HMXKYETHCS TIPOIOPLIAHO 3pOCTaH-
Hio 1P, o mpusBoauTh 10 po3ButKy I'Y [36]. [loBeneHo,
1110 roctpa eyriaikeMiuHa 'l 3HMKy€e ppakiliitHy eKCKpellio
CK Ha 26 % y 310poBuX, 1110 BKa3y€ Ha 3MaTHICTb iHCYJTiHY
MPUTHiIYYyBaTH ii HUpKOBY ekcKpelito [37]. Kpim uporo,
nokasaHo, mo I'Y cnpuuunse 1P, BnnuBaoun Ha cur-
HaJIbHI NUIAXY iHCyminy [38, 39]. Lle mo3Boimiio aBTopam
BUCYHYTH TilloTe3y MoayJiorouyoro BrauBy IP Ha piBHi
HUPOK Ha cUpoBaTKOBY KoHIeHTpamio CK.

Takum yuHoM, 3araigom y xBopux Ha IIXII Bucoka
JacToTa TpaguuiiiHux dakropisB pu3uky i MC (AO, apte-
pianbHa rinepTeH3sis, aucainigemist, I[II'T Toiro) o0y-
MOBJIIOE HasIBHICTh MiABUILIEHOIO0 KapAioBaCcKyJISIPHOTO
pu3uky, ouinenoro 3a mkajiramMmu SCORE i PROCAM
[40]. TTpoBeneHe DOCHIIKEHHSI aKTyali3ye MOIJsA Ha
TIXII gx Ha MyTbTUAMCIUILIIHAPHY MATOJIOTiIO 3 BUCO-

kuM KBP. HaBeneni maTeMaTaHi Modei ampoKcuMaIii
BKa3yloTh Ha pa3ioui BimxuiaeHHs mapametpiB I'T y xBopux
Ha IIXII 3 IP i LI/] 2-To TuIly NOpiBHSIHO 3 XBOPUMM Ha
ITXIT 6e3 IP i III'T, ski moTpeOyOTh 3aaydeHHs OiIbII
CKJIaTHUX KOMIIEHCATOPHMUX MEXaHi3MiB, CIIPSIMOBAHUX
Ha X MiATPUMKY.

BucHoBKM

YacTora MeTaboJiYHOrO CUHAPOMY Yy XBOPUX Ha Mep-
BMHHY XpOHiuHy nonarpy craHoBuia 78,3 %. LlykpoBuii 1i-
abeT 2-T0 TUITY IiarHOCTYBaJIM Y KOXXHOTO JIPYTOro XBOPOTO
Ha MepBUHHY XPOHIYHY MOAarpy i y KoxHoro 15-ro xsoporo
Ha MeTabOIIYHUI CUHIPOM.

[ XBOpUX HA MEPBUHHY XPOHIUHY MoJarpy 3a BilcyT-
HOCTi iHCYJIIHOPE3MCTEHTHOCTI i MOPYIIeHb TJIIOKO3HOTO
roMeOocTa3y TUIIOBUM € iHTEPMITYIOUMii Mepedir 3axBopro-
BaHHS 3 YepryBaHHSIM PiIKMX CYIJIOOOBMX aTak i TpUBAIUX
TMepiofiB peMicii; Iisi XBOPUX 3 iHCYJTIHOPE3UCTEHTHICTIO i
LIYKPOBUM Hia0eTOM 2-TO TUNY — TSDKKUU XpOHIYHMIA me-
pebir 3aXBOPIOBaHHS 3 BUCOKIM piBHEM YPUKEMii, YaCTUMU
3aTSDKHUMU CYTJIOO0BUMU aTaKaMU i3 3aTy4eHHSIM OiTbIIOo1
KIJIBKOCTI CYIJIO0iB.

VY XBopHUX Ha MEpPBUHHY XPOHIYHY MOAArpy piBeHb ypu-
KeMil i Tepiol TPMBAIOCTI TinepypuKeMii BU3HAYaIOTh IMC-
Iepciio mapaMeTpiB MIIOKO3HOTO TOMEOCTa3y i € IIPEaUKTO-
paMu PO3BUTKY OTo MOpYIIEHb.

KondaikT inTepeciB. ABTOpU 3asIBJISIIOTH ITPO BiICYTHICTh
KOHQIIIKTY iHTepeciB Ta BIacHOI (hiHAaHCOBOI 3alliKaBJIeHO-
CTi TIPY MiATOTOBIL JAHOI CTATTi.

Buecok aBtopiB. Kapauenuesn 10.1., Mukutiok M.P. —
KOHIIETILIis Ta Iu3aiiH qocmimkeHHs; Yeprasena A.O. — 30ip
Ta 00poOKa Martepianay, HalMCaHHS TEKCTYy, pelaryBaHHs
TEKCTY.
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Insulin resistance syndrome and impaired glucose homeostasis
in patients with gout

Abstract. Background. According to the results of population stu-
dies, hyperuricemia (HU) was recognized as a risk factor for insulin
resistance (IR) and type 2 diabetes mellitus (DM). It was found that
an increase in serum uric acid concentration by 1 mg/dL leads to a
17% increase in the risk of type 2 DM. The aim is to study the fea-
tures of the manifestations of IR syndrome in patients with gout, its
connection with HU and joint damage to establish a chronological
relationship between individual components of metabolic syndrome
(MS) and the development of chronic gouty arthritis. Materials and
methods. Ninety-two patients with gout and MS were examined.
Three groups of male patients were formed: group 1 (n = 11) —
with the HOMA-IR index < 2.7 units; group 2 (n = 13) — with the
HOMA-IR index > 2.7 units; group 3 (n = 25) — with type 2 DM.
The comparison group consisted of patients with MS without gout
(n = 46). Results. The incidence of MS in gout patients was 78.3 %.
Type 2 DM was diagnosed in every second patient with gout and in

every 15" patient with MS. For patients with gout in the absence of
IR and impaired glucose homeostasis, an intermittent course of the
disease with alternating rare joint attacks and long periods of re-
mission was typical; for patients with IR and type 2 DM — a severe
chronic course of the disease with a high level of uricemia, frequent
protracted joint attacks involving more joints. The presented mathe-
matical models of approximation indicate more striking deviations
in the parameters of glucose homeostasis in patients with gout, IR
and type 2 DM, compared to those with gout and without IR and
impaired glucose homeostasis, who require the involvement of more
complex compensatory mechanisms aimed at maintaining them.
Conclusions. In patients with gout, the level of uricemia and the pe-
riod of HU duration determine the variance of glucose homeostasis
parameters and act as predictors for the development of its disorders.
Keywords: uric acid; hyperuricemia; gout; insulin resistance; meta-
bolic syndrome; type 2 diabetes mellitus; cardiovascular risk
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OAEChKMA HAUIOHAABHU MEAMYHUA YHIBepcuTeT, M. Oaecaq, YkpaiHa

OuiHka BnAuBy anoAinonpoteiny J i CX3CL1
HQO PO3BUTOK i NPOrpecyBaHHs Ald6eTUYHOI peTtuHonaTii
HO OCHOBI MOTEMATUYHOIO MOAEAIOBOHHS

Pe3tome. AkTyanbHicTb. Pe3ynbtatu KiiHIYHUX Ta eKCriepuMeHTaslbHUX AOC/iAXeHb CBig4aThb Mnpo yHacTb
XeMokiHiB aroninonpoteidy J i CX3CL1 y natoreHesi giabetndHux ypaxeHb CITKIBKW. Moxansuii nikyBanbHu
noteHyian anoninonpoteiHy J i CX3CL1 crioHykae [0 rnogasibLUnX rnorimbieHnx KaiHiYHUX JOCHIgXeHb iXHbOT
MPOrHOCTUYHOI 3Ha4YyLLJOCTi, 0COB/IMBO HA OCHOBI MaTeMaTn4Horo MogesntoBaHHsi. Meta po6oTu nonsirana B po3s-
pobLi MaTemaTu4yHoOi MoAesi OUiHKM MPOrHOCTUYHOI 3Ha4yLocTi anoninonporteiny J i CX3CL1 y po3sButky 1a
rporpecysaHHi giabetn4Hoi petuHonarii (4P) Ha ocHOBI AUCKpuMiHaHTHoro aHanisy. Matepianu ta merogu. [jo-
CIIiPKEeHHs1 6Yr10 BIGKPUTUM, OQHOMOMEHTHUM, KOFrOPTHUM, HEIHTEPBEHLIVIHVM, 3a TUMOM «BUNa[oK — KOHTPOJIb>,
OIHOLeHTPOBUM. KpuTepii BKIHOYEHHS NayieHTiB y AOCIOKEeHHS: rpoMaasaHn Ykpainn (ykpaiHceka nonynsuisi),
iHghopmoBaHa 3rofa nayieHTa, LJOKYMeHTaslbHe NiATBEPLAXXEeHHS JiarHo3y Lykposoro giabety (4[) 2-ro tuny, Bik
Big 18 pokiB, fOTpuMaHHs nonoxeHs lenbciHebKoi geknapadii BcecBiTHboi meguyHoi acoyiayii (Ceyn, 2008).
OgpTanbMonoridHi KpuTepii HEBKITHOHEHHSI: NaTosoris 30pOBOro HepBa, MakyJsionartisi, raykoma, 3pina katapakia,
remogptasibM, BigLuapyBaHHs CITKIBKWU pi3HOro reHesy. s po3pobku MatemMaTu4Hoi Mogesi 4s1s1 anosinonpoTe-
iHy J i CX3CL1 6yno knacugikosaHo 18 xBopux Ha L[] 2-ro tvny i HenponicgpepatnsHy AP (I cragia, rpyna 1),
42 xBopux Ha L[] 2-ro tuny i npenponicoepatnsry AP (Il ctagia, rpyna 2) i 22 xsopux Ha L[] 2-ro tuny i npornige-
patusHy AP (lll ctagis, rpyna 3). [0710BHUM CTATUCTUYHUM METOLOM 06PO6KM pe3yribTatis 6yB AUCKPUMIHAHTHI
aHania. 3Ha4eHHs1 P < 0,05 BBaxasiocs cTaTuCTUYHO 3HadyLmm. s cTaTucTnydHoi 06po6ku OTPUMAaHUX JaHnX
3acTocoByBaBcs nporpamMHuii naket Statistica 9.0 (StatSoft, Tulsa, OK, USA). Pesynbratu. [lpoBegeHui aHarnia
L03BOINB PO3POOUTU MaTeMaTUYHUA arropuTM 4715 OLiHKM pu3uky o6TskeHHs1 P y xsopux Ha L[] 2-ro tuny 3a
y4acTi anoninonpoteiHy J i CX3CL1. B ocHoOBi cknagaHHsi nporHo3y nepebiry AP nexmts 0641CrieHHs (byHKL v
Kknacuikauii (OK), ski 6y oTpuMaHi 3a pesynstatamm noby[0B1 MaTeMaTn4Hoi Mogerni. 3a OTpUMaHuMm KiTiHiY-
HUMU BaHUMU ¥ 1abopaTopHUMuU rokasHukamu nigpaxosyrotecsi @K1, ®K2 i ®K3. Jani nopisHiorote PK1 3 OK2
abo ®K2 3 ®K3. lNporHocTu4yHe piLLeHHs1 npuiMaeTbes K BUOIp Tiei K, sika mae binbLue 3Ha4eHHs. Tak, SKLjo
OK1 > ®K2, To NporHo3 no3ntnsHuii (ctabinisauis npouecy Ha | abo Il cragii AP). Skwo ®K2 > ®K3, To nporHo3
BigHOCHO cripuaTiuemi (ctabinisayis npouecy Ha Il ctagii AP). SAkwo ®K1 < ®K2 abo ®K2 < ®K3, 10 nporHo3
HeraTtuBHWN, € IMOBIPHICTb pu3unKy obTsxxeHHs P i nporpecysarHsa AP Ha HacTynHy ctagivo. BucHoBku. Mogerss
OLjiHKM NPOrHOCTUYHOI 3HavyLLoCTi anoninonpoteiHy J mae iHgpopmatusHicTe 74,39 % i BiporigHicTe P = 0,0001.
Mogernb ouyiHku nporHocTnyHoi 3HadyLyocti CX3CL1 mae iHpopmaTusHicTb 78,5 % i BiporigHicts P = 0,00001.
Kno4oBi cnosa: giabetnyHa peTuHonartis,; LyKpoBmi giaéet 2-ro tury; anosninonpoteid J; CX3CL1; nporHos;
marematn4yHa Mogesib

BCTYI'I i CJIIMOTH B yChOMY CBITi Ta HAYACTIIIO0 MPUYMHOIO HOBUX
Illopiuna 3axBopIoBaHiCTh Ha IyKpoBuii miadet (LI[]) ce-  BUManKiB CIMOTU cepe JOPOCIUX OCi0 y KpaiHax 3 BUCOKUM
pel 10poCauX cTaHoBUTSE 8,5 % [1], a xBopi Ha LIJ1 2-ro Ty~ piBHeM jgoxony [3]. 3rigHo 3 pe3ynbraTtaMy Cy4acHUX I0CITi-
CTaHOBJIATH OLIBIITY YACTKY MAlliEHTIB 3 AiaOeTUYHOIO peTu-  TKeHb, 1P € He TiIbKKU MiKpOCyAMHHUM, aJie il TKAaHUHOCTIe-
Homarieto (IP) [2]. JIP € ocHOBHOIO IIPMYMHOIO BTPATU 30py  LU(IUHUM HeHpoBacKy/ISIpHUM yckinagHeHHsM LIJT [2].
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Bimomo, 110 Mikporist Bimirpa€ KJIio4oBY pojib y 30e-
pekeHHi i (pyHKIiOHYBaHHI HEPBOBO-CYIMHHOI OMWHUILII
OKa 3aBISIKA YHIKQJIbHOMY TIPOTU3ATIaAJIbHOMY XEMOKIHY
CX3CLI1 [4—6]. Ymict CX3CLI1 36inbIIyETLCS Y BOASHU-
CTii1 BoJsiosi y xBopux Ha L1] [7], a BBeAeHHsI peKOMOiHAHT-
Horo CX3CL1 B ekcrieprMeHTi 3MEHIITY€E B IiaOeTMYHIl
CITKIiBIIi aKTUBALIi}0 MiKpOIJIii Ta TPOHUKHICTh CynauH [8].
Hecneuudiune HU3bKoOrpaayaabHe 3anajieHHs, Orocepe-
KOBaHe MiKpOTJIi€l0, Bilirpae 3Ha4Hy poJjib Y MOLIKOIKEHHI
HelipoHiB i cynuH nipu 1P [9—11]. be3snocepeaHimM ynH-
HUKOM BIUIMBY Ha CTaH reMaTopeTUHaJIbHOTO Oap’epa €
xeMokiH anoninornpoteid J (APO J) [12], ymicT sikoro 3Hu-
JKeHUH y cKiloroaioHoMy Tijti B mauieHTiB i3 L1 2-ro tumy
Ha npoJjideparuBHiii cramii 1P [13].

BpaxoByroun pe3ynbTaTé KJIiHIYHUX Ta €KCIIEPUMEH-
TaJbHUX IOCTIIKEeHb, MOXHa CTBepKyBaTH, mo APO J
i CX3CL1 G6epyTb y4yacTh y maToreHesi giabeTMYHUX ypa-
JKEHb CITKiBKM. MOXJIMBUIA TiKyBaJibHUI noTeHtian APO J
i CX3CL1 croHykae 1o nmoaajablivX MOMIMOIeHUX KIiHiu-
HUX JOCJIIKEHbD MO0 iIXHBOI ITPOrHOCTUYHOI 3HAYYIIIOCTI,
0CO0JIMBO HAa OCHOBI MAaTEMAaTUYHOTO MOJETIOBAHHS (K
anasor L), ake octaHHIM YacoM 0COOJIMBO aKTyajbHe,
LIMPOKO 3aCTOCOBYEThCS Y BITUU3HSIHII oTaaIbMOJIOTiT Ta
niaberosorii [14] i BiamoBigae CBiTOBOMY TPEHIY B KJIiHilli
OYHHUX XBOPOO.

Merta po0oTu: po3pobKa MaTeMaTUYHOI MOJIEIi OLIIHKHU
MPOTHOCTUYHOI 3HAUyIIOCTi amoJironporeiny J i CX3CL1
Yy PO3BUTKY Ta IporpecyBaHHi I P Ha OCHOBI IMCKPUMiHAHT-
HOTO aHaJi3y.

MarTtepiaau Ta MeToAmn

HocnigxeHHs1 0yJIo BiTKpUTUM, OJHOMOMEHTHUM,
KOTOPTHUM, HEiHTEepBEHLiAHUM, 32 TUIIOM «BUMAI0K —
KOHTPOJIb», OMHOLIEHTPOBUM. Kpumepii ekarouenHs Taili-
€HTIB Yy JOCII/KEHHSI: TpOMaIsiHU YKpaiHu (YKpaiHCchbKa
MOMYJIsAisl), iHpopMOBaHa 3rofa Mali€HTa, TOKyMEeHTaJIbHe
ninTBepaxeHHs niarHosy LI 2-ro tumy, BiK Bix 18 pokiB,
IOTpUMaHHS IoJioxXeHb ['enbciHechbKOI mekiapaiii Bee-
cBiTHBOT MeauyHoOiI acomiartii (Ceyn, 2008) i Hakasy MO3
VYkpainu Bin 18.03.2008. Kpumepii HeexatoueHHs: BariTHICTh
i makramist, L] 1-To Tumy, iHIIIa eHOIOKpWHHA I1aTOJIOTIs,
XpOHiIYHa XBOpoOa HUPOK 3 MPOTETHYpPi€l0, TinmepKpeaTnuHi-
HEMIi€I0, OHKOJIOTis (Y TOMY YKCIIi B aHaMHe31), IICUXiYHi Ta
rocTpi iHGeKIiitHI 3aXBOPIOBaHHSI, TEKOMITCHCALIisl iHIIINX
KOMOpPOiTHUX CTaHiB, HAsSIBHICTh HEMpoaereHepaTUBHUX 3a-
XBOPIOBaHb; 0(hTaJIbMOJIOTIUHI 3aXBOPIOBAHHS — IMATOJIOTisT

30pOBOTO HEpBa, MaKYJIOIaTisl, IJlayKoMa, 3pijia Karapakra,
reMo(TaabM, BialapyBaHHSsI CiTKiBKU pi3HOro reHesy. Jliar-
Ho3 11/ 2-ro Tumy BcraHoBmMoBaBcs 3rigHo 3 Hakazom MO3
Vkpainm Big 24.07.2024 Ne 1300, mgiarzo3 JIP — 3rigHo 3
Hakazom MO3 Ykpainu Ne 574 Bing 05.08.2009. MeTtonu
TOCITIIKEHHS: Bi3oMeTpisi, pedhpakToMeTpist, 0(hTaTbMOCKO-
Mist, 6iOMiKpOCKOITisl, 6iOMETpisl, TOHOMETpisl, TIepUMETPsl,
OITUYHA KOrepeHTHa ToMorpadisi, ¢pIyopeclieHTHA aHTio-
rpadist. ¥Ymict anoginonporteiny J i CX3CL1 y cuposarii
KPOBi BCTAHOBJIIOBAIM iMyHO(EpMEHTHUM aHajizoM. s
pPO3pOOKM MaTeMaTUYHOI MO AIsl anojinonpoTeiny J
i CX3CL1 oyno knacudikoBaHo 18 xsopux Ha LIJI 2-ro
tumny i Henposideparusny AP (I cranis, rpyna 1), 42 xBo-
pux Ha /I 2-ro Tuny i npenponicdepatuny AP (II cranis,
rpyma 2) i 22 xsopux Ha LIJI 2-ro tumy i poxidepaTuBHy
P (III cranis, rpyna 3). [0JIOBHUM CTaTUCTUYHUM METO-
JIOM 00pOOKM pe3ysbTaTiB OyB IMCKPUMIHAHTHUI aHAJi3.
3HauyeHHs P < 0,05 BBaxanocst CTaTUCTUYHO 3HAYYIIIUM.
JI1st cTaTUCTUYHOI 0OOpOOKM OTpUMaHUX JaHUX 3aCTOCO-
ByBaBcsI ITporpamMHuii maket Statistica 9.0 (StatSoft, Tulsa,
OK, USA).

Pe3yAbTaTU TO OGrOBOPEHHS

MaremaTyHa MOAEIb IMCKPUMiHALIil TPHOX IPYII Halli-
€eHTiB 3 /[P BinTBOpIOETHCS IBOMA (DYHKILISIMU JUCKPUMiHA-
uii (®1) — ®A1 i ®O2. Posnonin 06’eKTiB HA IUIOLIUHI,
IO YTBOpeHa HUMHU (PYyHKIISIMU, IS allOJLITONpOTeiny J
BimoOpaxeHo Ha puc. 1.

Benuuuny BHecKy okpeMoi 3MiHHOI y DJI BU3HavYaIu
3a 3HAYEHHSIM CTaHIapTU30BaHUX KoeditieHTiB st D11 i
D12 (Tabmn. 1), 3a 1ONIOMOTOIO SIKMX 3’SICOBYBaJIU, SIKi 3MiH-
Hi pOOJISITH TOJIOBHUIA 200 NPYrOpsIIHUI BHECOK Y (hopmy-
BaHHs KoxHoi ctazii JIP. [TapameTpu modynoBaHoi Moaei
rnoaaHi B Tab. 1.

FD2
3 DR

= . 1

B 2
. 3
X Centroids

FD1
2,9 -0,9 1,1 3.1 5.1

PucyHok 1. KoopauHatv LeHTpoigiB ANCKPUMIHAHTHOI
mogeni gnsa anoninonpoTeiHy J 3rigHo 3i ctagiero [P

Ta6bnuys 1. NapameTpu mogeni aucCKpuMiHayii rpyn nayieHtis i3 L[ 2-ro Tuny Ha pisHux ctagisax [P
(ans anoninonpoteiny J)

CtaHpapTU30BaHi
KoedpiLieHTU cpyHKLT
AUCKpUMiHauii

Hab6ip 3miHHKUX Mopeni

KoopnuHaTu u,eHTpomlB
Ha nno isaocamm XiY

AP | AP 1l AP 1
cragii cTagii cragii

IHcpopmaTUBHICTL
(%) i ctatTucTU4Ha
3Ha4YUMIiCTb
mogpgeni, P

KoHueHTpauis APO J 0,17 0,59
HbA1c -0,063 0,59
Bik -0,08 —-0,41
Crax LA 0,97 -0,16
Bug nikyBaHHs 0,09 0,51

lpumitka: P — piBeHb cTaTUCTUYHOI 3HAYYLL|OCTI.

i e -1,72; 0,01; 1,38;
,e_r; o 0,31 0,30 0,32
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IIpu po3risiai moaoXeHHs LIeHTPIB pOo3IOAiTY IpyIl Ha
YMOBHii1 «oci TsekkocTi JAP» (DPJ11) ueHTpoin Henpomide-
patuBHOi JIP nepeOyBae B misgHIII HeraTUBHUX 3HAYEHb
(—1,72), nentpoin npenpodidepaTusHoi JIP otpumas koop-
nuHary (0,01), To6To po3TaloByeEThCs (PAaKTUYHO HA HYII,
a 1eHTpoin npoiideparusHoi JIP MicTuTbCs B NiIsIHIII T10-
3UTUBHUX 3HaveHb (1,38) (ykazaHo crpinkamu). 3rigHo 3i
craHaapTu3oBaHuMU KoedinieHtamu 11t D11 makcumaib-
HUI BHECOK Y PO3TalllyBaHHS LIEHTPOINA MaLliEHTIB rpymnu 1
poduts ctax L1 (0,97), KoHLEHTpaLlis arnoinonporeiny J
(0,17), a miximanpauit — BMicT HbAlc (—0,063), Bik marti-
eHTiB (—0,08) i Bun nikyBanHs (0,09). KoopauHara 1ieHTpy
MauieHTiB Tpynu 3 3aliMae KpaliHiii ipaBuii Jiokyc (1,38)
Ha oci X (FD1). LenTp mawieHTiB rpynu 2 3aiiMae Ha oci X
npomixkae nomoxeHHs (0,01), 1o nependavae 30aaHcoBa-
HUI BHECOK 3MiHHMX 3 HETAaTUBHUM i TO3UTUBHUM 3HAKOM.
OT1xe, KOHIIEHTpallisl aloIinonpoTeiny J cupoBaTKu KpoBi
Ta CTax NiabeTy € MPOBITHUMU KilacTepaMu (hopMyBaHHSI
npoJigepatuBHoi JIP. [TonoxeHHs1 06’eKTiB Ha oci Y Hamae
IOJATKOBY iH(popMalliio IIpo PoJIb 3MiHHUX, III0 CTAHOB-
naTh iHTerpanbHy cymy ®12. Ipu quckpuMiHaliii XBopux
3 JIP 3a ®J12 y Monesi KOOpAWHATH LIEHTPIiB rPpyl XBOPUX
1 i3 (KoopauHATH LIEHTPOIMiB) 3HAXOASITHCS B TIOLIMHI
no3uTuBHMX 3HaUeHb oci Y (0,311 0,32 BinmoBigHo). Take
Miclle po3TallyBaHHSI BU3HAYa€Thcsl BHECKOM y DJ12 KOH-
LHeHTpalii anoainonpoTeiny J i Bmicty HbAlc y piBHuX
yactkax (1o 0,59) i, 110 BaXJIMBO, BUY aHTU1ia0ETUIHOTO
nikyBaHHs (0,51). KoopanHaTu LIeHTpY Nali€HTiB rpynu 2
(KoopauHaTH LIEHTPOINIB) 3HAXOASATHCS B OUISHIII HETaTUB-
Hux 3HaYeHb (—0,3) 32 paxyHOK BHECKY B iHTErpajibHy CyMy
DJ12 3minHoi Biky xBopux (—0,41) i craxy LI (—0,16).
BusBneHo, mo nuckpumiHaiis rpym namieHTis 3a @12 mae
piBeHb TeHaeHuii (p = 0,12).

IIpoBeneHmit aHaji3 JO3BOJIMB pO3POOUTI MaTeMaTUI-
HUI aJITOPUTM TSI OLIHKY pU3UKY 00TsKeHHs JIP y XxBoprx
Ha LI/l 2-ro Tumy 3a y4yacTi anomainonpoteiny J. B ocHoBi
CKJIaJlaHHS TTpOrHo3y nepediry JIP 1exuTh o0uuciaeHHs
¢ynkuiit knacugikauii (OK), gki Oyau oTpumadi 3a pe-
3ybTaTaMu MoOya0BY MogaHo1 Mozei [15].

VYXBajieHHsI 0OCTaTOYHOIO PillIEeHHSsI IIIOJ0 Mepeoiry (rmpo-
rpecyBanHs1) JIP 3ailicHIO€TbCS B KijibKa eTariB [16].

Ha 1-my erani BU3Ha4yalOTh KOHLEHTPALiIO aloJIino-
npoteiny J cupoBatku ta BMict HbAlc kxposi. Jlami ma-
LIEHTY MTPUCBOIOETHCS KOO aHTUIiaOETUYHOTO JiKyBaHHS
(BunJlik) (tabnaeroBaHi mpemnapatu — 0, iH’eKiiiHa Tepa-
mist — 1), BCTAHOBJIIOETHCS BiK XBOPOTO Ta CTaX niabery.

Ha 2-my erami 3a oTpuMaHUMU KJIiHIYHUMU JaHUMU I J1a-
06opaTOpHUMU TTOKa3HUKaMU TigpaxoBytoTbest @K1, K2
i ®K3. Jani 3a pe3ynbratamu obunciieHHss @K obupaeThest
pillIeHHST 1IOA0 TIPUHAJIEXKHOCTI 0 Ti€l TPyIH, IO BidIIo-
Bila€ HalOLIbIIOMY YK CEJIbHOMY 3HAaU€HHIO OJTHI€ET 3 TPhOX
®K. Ha 3-my erani nopisHioloT @K1 3 DK2 a6o OK2 3
®K3. [porHOoCTUYHE PillIeHHS TPUIAMAETHCS SIK BUOIp Tiel
DK, aka mae Gitblie 3HadeHHs. Tak, sxmo OK1 > OK2,
TO MPOTHO3 MO3UTUBHMI (cTabimizalist mpouecy Ha I a6o 11
cranii IP). SIxiro ®K2 > ®K3, To mporHo3 BiiHOCHO CIIpH-
aTAMBUA (cTabinizauis mpouecy Ha Il craxii AP). SAxmio
DKI1 < ®K2 a6o K2 < ®K3, To MpOrHo3 HEraTUBHUIA, €
iMOBIipHicTh pu3uKy o0TskeHHs P i mporpecyBanns 1P
Ha HACTYITHY CTalilo, 1110 BUMAara€ Bi JiKapsl BiAITOBiIHUX
JIIKYBaJIbHUX BTPYYaHb.
®opmynu @K 3 Mmoaeni anosinonpoTeiny J:

DKI1=0,22xAPOJ + 2,11 x HbAlc + 9,92 X BudJlik +
+ 0,13 X Cmaxc LIJ[ + 0,55 x Bix — 45,2;

@K2=0,22 x APO J + 1,86 x HbAIc + 9,60 x BudJlix +
+ 0,47 X Cmae LT + 0,56 * Bix — 46,7:

DK3=0,25 x APOJ + 2,01 X HbAlIc + 10,5 X BudJlix +
+ 0,71 X Cmaxc L[] + 0,53 X Bix — 54,3,

ne @K — odynkiis knacudikarii; APO J — KoHIEHTpaIlis
arnoninonpoteiny J, Mxkr/mn; HbAIc — BMICT IJIiKOBaHOTO Te-
MoTJ106iHyY, %; BudJlik — BUI aHTU1iaOETUYHOTO JIiKyBaH-
Hs1: TabjeToBaHi npenapatu — 0, iH’eKuiiiHa Tepamist — 1;
Cmac 1/ — poxu; Bik — poku.

KoopavHaTy IeHTPO1niB AUCKPUMiHAHTHOI MOJIEJTi IJTsI
CX3CLI1 (abo po3mnonia 00’ eKTiB Ha ILIOIIMHI, 1110 yTBOPEHA
D111 ®M2) 3rimHo 3i cragiero JIP mogaHo Ha puc. 2.

IMapameTpu nodbynoBanoi moxeii mist CX3CL1 noaaHi
B TaOJI. 2.

FD2
32 - DR

. 1
22 . N 2

- X Centroids

-3,1 -1,1 09 29 49

PucyHok 2. KoopauHaTt LeHTpoifiB ANCKPUMIHAHTHOI
mogeni gnsa CX3CL1 3rigHo 3i cTtagiero [P

Ta6nmys 2. MapameTpu mogeni aucCKpumiHayii rpyn nagieHTis i3 U 2-ro Tuny Ha pisHux cragisx P
(ansa CX3CL1)

IHpopMaTUBHICTDb KoopauHatu ueHTpoiais
(%) i cTaTMCTUYHA Ha nnoLuuHi 3a ocamm X ta Y

3Ha4YMMICTb
mogeni, P

AP | AP 1l AP 1
cragii cTagii cragii

CraHpapTn30BaHi
Ha6ip 3MiHHMX y KoedpiLlieHTH pyHKUiT
mogeni AUCKpUMiHaLii

KoHueHTpauis CX3CL1 0,49 0,14
HbA1c -0,0019 0,77
Bik -0,07 -0,38
Crax L 1,05 -0,12
Bug Tepanii -0,019 0,39

lpumitka: P — piBeHb cTaTUCTUYHOI 3HAYYLL|OCTI.

1= Y =
B,,=0,27 02 0.2 e
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IIpu aHami3i mojOXKEeHHSI KOOPAMHAT LEHTPOIiB Ha
yMOBHii1 «oci Tskkocti IP» (FD1) neHrtpoin Hernpoide-
patuBHOi JIP nepeOyBae B misgHIII HeraTUBHUX 3HAYEHb
(—1,94), nentpoin npenpodidepaTuBHoi JIP otpumas koop-
nuHarty (0,03), a nenrtpoin nposicdeparuBHoi JI P MicTuTbest
B JUISIHIL TTO3UTUBHMX 3HauYeHb (1,53) (yka3aHo cTpijika-
Mu). 3rinHo 3i cTaHIapTU30BaHUMU KoedillieHTaMu JJist
®/11 MmakcuMaIbHUI BHECOK Yy PO3TALyBaHHS LIEHTPOINa
nauieHTiB rpynu 1 3poous crax LI (1,05), KoHLeHTpa-
uist CX3CL1 cuposarku kposi (0,49), a MiHiManbHUIT —
Bmict HbAlc (—0,0019) i Bum aHTHIiaOE TUIHOTO JTIKyBaHHS
(—0,019). KoopauHara 11eHTpy Malli€eHTiB rpynu 3 3aiimae
Jokyc npaBopyd (1,53) Ha oci X (FD1), a nawieHTiB rpy-
nu 2 — npomixkHe nosioxkeHHs (0,03), 110 nependayvae 36a-
JJAaHCOBAHWI BHECOK 3MiHHUX 3 HETATUBHUM i TO3UTUBHUM
3HAKOM.

O1xe, IPOBiTHMMHU KJ1acTepaMM (popMyBaHHS Ipotide-
patuBHoOi JIP € konueHtpaitist CX3CL1 cupoBaTtku KpoBi,
a Takox crtax niadety. Ilpu nuckpuminaliii xBopux 3 1P
3a ®J12 y Mozesi KoOopaMHATU LEHTPIB rpyn xBopux 1 i 3
3HAXOJSTHCS B IJIOIIMHI MO3UTUBHUX 3HaUeHb oci Y (0,25 i
0,27 BigmoBinHo). Take Miciie po3TalryBaHHS BU3HAYAETh-
cst BHeckoM y DJ12 koHueHTpaitii CX3CL1 (0,14), BmicTy
HbAlc (0,77), Buny antuaiadberuunoro jaikyBaHHs (0,39).
KoopauHaTu 1IeHTpyY Nalli€HTIB TPYIM 2 3HAXOASATHCS B Ji-
JISTHIII HeraTUBHMX 3HaueHb (—0,25) 3a paXyHOK BHECKY
B iHTerpanbHy cymy MJ12 3minHoi Biky xBopux (—0,38) i
craxy miadery (—0,12). Otxe, Ha mi3Hix cramisx AP Bax-
JIMBY POJIb Y IPOTHO3YyBaHHI pU3NKy 00TskeHHs I P Moxke
BifirpaBaTy BUJ aHTUIiaOETUYHOIO JIIKYBaHHSI.

®opmynu @K 3 moaeni nias CX3CL1:

DKI1=3,55% CX3CLI + 2,42 x HbAIC + 6,60 %
X BudJlix + 0,31 < Cmaxc LIJ] + 0,60 % Bix — 40,97,

DK2=4,64 x CX3CLI1 + 2,22 x HbAlc + 6,1 % BudJlix +
+ 0,72 X Cmaxc LIJ[ + 0,61 x Bix — 45,41;

DK3 =15,62 x CX3CL1 + 2,43 x HbAlc + 6,47 %
x BudJlix + 1,01 x Cmaxc Il + 0,57 % Bix — 53,72,

ne @K — dynkuist knacudikaitii; CX3CL I — KoHUeHTpallist
CX3CL1 cuposatku, Hr/M; HbAIc — BMICT TJIiKOBAaHOTO
remMoryooiny, %; Bud/lix — BUA aHTUAIa0ETUYHOTIO JIKY-
BaHHS: TabJIeToBaHi Iperapatu — 0, iH’eKuiifHa Teparisa —
1; Cmaxc L[/] — poxn; Bik — poxn.

BucHoOBKMU

Byio po3pobiieHo nucKpuMiHAHTHI MOZEi OLIiHKY Py~
3UKY IIPOTPECyBaHHS Oia0eTUYHOI PETUHOMATII, 10 03~
BOJISTIOTh BCTAHOBUTU MOXKJIMBICTB 11 IpOrpecyBaHHS abo
cTabiizallil y XBOpuX Ha IyKpOBUI AiabeT 2-ro Tumy. Mo-
JIeJTb OL[IHKY TIPOTHOCTUYHOI 3HAYYIIIOCTI aIloJIiMONPOTeiHY
J mae indopmarusHictb 74,39 % i Biporignicte P = 0,0001.
Mopenb oliHkM rporHocTuuHOi 3Hauymiocti CX3CL1 mae
iHdopmaruBHicTh 78,5 % i BiporimxicTs P = 0,00001.

KondaikT inTepeciB. ABTOp 3asIBJsI€ MPO BiICYTHICTh
OyIb-sIKOro KOH(IIIKTY iHTepeciB i B1acHOI piHaHCOBOI
3aliKaBJIEHOCTI IIPH ITiArOTOBIII i1 HAITMCAHHI CTATTi.

Indopmanisa mono dinancysanns. JIxepenaom ¢piHaHCy-
BaHHa € MO3 Ykpainu. Po6ora 0yna ¢pparmenrom HJIP

«OnTumizanis 0iarHOCTUKY, JTIKYBaHHS Ta IIPOdiTaKT-
KU PO3BUTKY JereHepPaTUBHUX Ta 3alajbHUX 3aXBOPIOBaHb
oprany 3opy» Kadeapu odranbmoorii Onecbkoro Haiio-
HaJIbHOTO MenYHOTO YHiBepcutery MO3 Ykpainu (Homep
nepxpeecrtpatii 0119U003575).
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Evaluation of the impact of apolipoprotein J and CX3CL1 on the development and progression
of diabetic retinopathy based on mathematical modeling

Abstract. Background. The results of clinical and experimental stu-
dies indicate the involvement of chemokines apolipoprotein J and
CX3CLI1 in the pathogenesis of diabetic retinopathy (DR). The
potential therapeutic relevance of these molecules warrants further
in-depth clinical investigations aimed at evaluating their prognostic
significance, especially based on mathematical modeling. The pur-
pose of the work was to develop a mathematical model for assessing
the prognostic significance of apolipoprotein J and CX3CLI in the
development and progression of DR based on discriminant analysis.
Materials and methods. The study was open, single-stage, cohort,
non-interventional, case-control, single-center. Inclusion criteria:
citizenship of Ukraine (Ukrainian population), informed consent of
the patient, documentary confirmation of the diagnosis of type 2 dia-
betes, age from 18 years, compliance with the provisions of the WMA
Declaration of Helsinki (Seoul, 2008). Ophthalmological exclusion
criteria: optic nerve pathology, maculopathy, glaucoma, mature
cataract, hemophthalmos, retinal detachment of various etiologies.
To develop mathematical models for apolipoprotein J and CX3CLI,
18 patients with type 2 diabetes and nonproliferative DR (stage I,
group 1), 42 patients with type 2 diabetes and preproliferative DR
(stage 11, group 2) and 22 patients with type 2 diabetes and proli-
ferative DR (stage 111, group 3) were classified. The main statistical
method for processing the results was discriminant analysis. The

P value < 0.05 was considered statistically significant. The Statistica
9.0 software package (StatSoft, Tulsa, OK, USA) was used for statis-
tical processing of the obtained data. Results. The analysis conducted
allowed us to develop a mathematical algorithm for assessing the risk
of DR worsening in patients with type 2 diabetes with an involvement
of apolipoprotein J and CX3CLI. The basis for predicting DR course
was the calculation of classification functions (CF), which were ob-
tained from the results of building a mathematical model. CF1, CF2
and CF3 were calculated according to the obtained clinical data and
laboratory indicators. Next, CF1 was compared with CF2 or CF2
with CF3. The prognostic decision is made as the choice of CF that
had greater significance. Thus, if CF1 > CF2, then the prognosis was
positive (stabilization of the process at stage I or II of DR). If CF2
> CF3, then the prognosis was relatively favorable (stabilization of
the process at stage II of DR). If CF1 < CF2 or CF2 < CF3, then the
prognosis was negative, there was a risk of DR worsening and pro-
gression to the next stage. Conclusions. The model for estimating the
prognostic significance of apolipoprotein J had an informativeness
of 74.39 % and a probability of P = 0.0001. The model for estimating
the prognostic significance of CX3CL1 had an informativeness of
78.5 % and a probability of P = 0.00001.

Keywords: diabetic retinopathy; type 2 diabetes; apolipoprotein J;
CX3CLI; prognosis; mathematical model
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Role of hormonal and demographic factors
in the development of dysmenorrhea
in young women

Abstract. Background. Primary dysmenorrhea has a multifactorial aetiology involving inflammatory, nutritional,
hormonal, somatic, psychoemotional, and genetic factors. The purpose of the study was to determine the hormon-
al, anthropometric, and clinical characteristics of primary dysmenorrhea among adolescent girls of the Turkistan
region (Kazakhstan). Materials and methods. Between January and May 2025, 183 adolescent girls were ex-
amined, of whom 105 presented with clinical manifestations of dysmenorrhea, while 78 formed the control group
without complaints of menstrual pain. Results. Comparative analysis demonstrated that the two groups exhibited
no statistically significant differences in age, stages of pubertal development, body mass index, levels of follicle-
stimulating and luteinising hormones, prolactin, and thyroid-stimulating hormone, as well as in the prevalence of
chronic somatic diseases and the frequency of hirsutism. At the same time, the only indicator showing statistically
reliable differences was the vitamin D level, which in the dysmenorrhea group was 15.68 + 3.31 ng/mL, whereas
in healthy peers this parameter reached 22.25 + 2.74 ng/mL (p < 0.001). The synthesis of the findings indicates a
pronounced and statistically confirmed association between reduced vitamin D concentration and the development
of primary dysmenorrhea in adolescence, allowing hypovitaminosis D to be considered a potential biomarker of the
risk of menstrual pain and a basis for preventive and therapedutic strategies. Conclusions. Most classical somatic
and hormonal factors exerted no significant influence on the presence of menstrual pain, while decreased vitamin
D levels emerged as a potentially meaningful biomarker of primary dysmenorrhea. The practical relevance of these
results lies in the possibility of using vitamin D assessment as an accessible and informative approach to the early
identification and prevention of dysmenorrhea in adolescent girls.

Keywords: primary dysmenorrhea, endocrine regulation; menstrual cycle; adolescence; vitamin D deficiency;
pain syndrome; reproductive health

Infroduction cycles and prolonged menstrual bleeding are associated with

Dysmenorrhea is one of the most common complaints
among adolescent girls and can significantly impair daily
functioning and quality of life. According to the World
Health Organization (WHO) [1], 50—90 % of adolescents
and young women experience dysmenorrhea, making it
a major cause of school absenteeism and reduced social
activity. R.R. Sanjeevi et al. [2] distinguished primary
dysmenorrhea, which occurs without underlying disease
and is mainly associated with functional changes in pros-
taglandin metabolism, from secondary dysmenorrhea.
A. Abreu-Sanchez et al. [3] demonstrated that irregular

more severe dysmenorrhea symptoms. Similarly, R. Itani
et al. [4] reported that despite available pharmacological
and non-pharmacological treatments, pain remains com-
mon, partly due to insufficient recognition of endocrine
and metabolic factors.

P. Farhangnia et al. [5] highlighted the role of vitamin D
in inflammatory regulation and immune modulation, sug-
gesting that its deficiency may increase dysmenorrhea pain
and the risk of endometriosis. I. Karibayeva et al. [6] found
a high prevalence of vitamin D deficiency among children
and adolescents in Kazakhstan, emphasizing its potential
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relevance to reproductive health in Central Asia. R. Kabod-
mehri et al. [7] showed that subclinical hypothyroidism may
adversely affect reproductive health, suggesting a possible re-
lationship between thyroid function and dysmenorrhea. K. Li
et al. [8], analysing more than 378,000 menstrual-tracking
app users, found that irregular cycles were associated with
more severe menstrual symptoms, supporting menstrual
regularity as a relevant clinical factor.

In a randomized controlled trial, F.A. Rahnemaei et al.
[9] demonstrated that vitamin D supplementation signifi-
cantly reduced pain severity in girls with primary dysme-
norrhea. A. Koyyada and P. Orsu [10] further emphasized
the importance of early detection of thyroid and metabolic
disorders in women with menstrual disorders because of their
potential reproductive consequences. Overall, the literature
indicates that primary dysmenorrhea is multifactorial and
may be influenced by vitamin D status, hormonal function,
anthropometric characteristics, and menstrual regularity.
However, no integrated study from Kazakhstan has examined
the relationship between vitamin D insufficiency, thyroid
dysfunction, and menstrual cycle regularity in adolescent
girls. This highlights the scientific and practical relevance of
the present study.

Primary dysmenorrhea is cyclical menstrual pain oc-
curring without organic disease, typically beginning during
adolescence or early adulthood. Its prevalence ranges from
50—90 % among girls and women of reproductive age.
S. Pouraliroudbaneh et al. [11] reported that over 70 % of
adolescents experience moderate to severe pain during the
first three years after menarche, while S. Dixon et al. [12]
found that only one in five girls seeks medical treatment.
Primary dysmenorrhea differs from secondary dysmenor-
rhea because it occurs in otherwise healthy individuals with
normal ovarian function and pelvic anatomy and is not asso-
ciated with conditions such as endometriosis, ovarian cysts,
or congenital uterine abnormalities [13].

The most accepted pathophysiological mechanism in-
volves increased endometrial prostaglandins, particular-
ly prostaglandin F2a, which cause uterine contractions,
ischemia, and pain [14]. Other contributing mechanisms
include autonomic nervous system dysregulation, noci-
ceptor hypersensitivity, and individual differences in pain
thresholds [15]. G.T. de Arruda et al. [16] also identified
a possible role of central sensitization in menstrual pain.
Evidence regarding anthropometric and demographic fac-
tors is inconsistent. [.M.R. Islami [17] found an inverse
association between BMI and pain intensity, suggesting
that lower BMI may be a risk factor, whereas A. Donayeva
et al. [18] found no significant BMI differences between
girls with and without dysmenorrhea. Similarly, C.I. Lund
et al. [19] and Y. Naraoka et al. [20] found no significant
association between age at menarche and dysmenorrhea
severity or development. Studies of reproductive and thy-
roid hormones have also shown no significant differences
in affected adolescents [21, 22].

Vitamin D may be an important modifiable factor.
N.F. Pathan et al. [23] reported an association between re-
duced serum 25(OH)D levels and increased dysmenorrhea
risk. A. Moini et al. [24] demonstrated that vitamin D sup-
plementation significantly reduced pain in women with pri-

mary dysmenorrhea and vitamin D deficiency. Vitamin D
may also influence genes involved in pain regulation [25].
Similar findings have been reported in other populations
[26, 27], including adolescents in Riyadh, where vitamin D
deficiency was common despite high solar exposure [28].
P. Gambadauro et al. [29] reported a higher prevalence of
somatic disorders among girls with primary dysmenorrhea.
Although hirsutism has been associated with ovulatory dis-
turbances [30], it does not appear to be directly associated
with menstrual pain, suggesting that androgen-related factors
are unlikely to be a primary cause. Genetic polymorphisms
involving prostaglandin, vitamin D, and endorphin recep-
tors may also contribute to susceptibility, although further
research is required [31].

Overall, primary dysmenorrhea has a multifactorial
aetiology involving inflammatory, nutritional, hormonal,
somatic, psychoemotional, and genetic factors. Its mana-
gement should therefore be individualized, considering
the diverse biological and psychosocial characteristics of
adolescents.

The purpose of the study was to identify hormonal, an-
thropometric, and clinical factors associated with primary
dysmenorrhea among adolescent girls in the Turkistan region
and to assess the role of vitamin D deficiency in menstrual
pain. The hypothesis was that girls with primary dysmenor-
rhea would differ significantly from their peers in hormonal,
anthropometric, and clinical indicators, including having
lower vitamin D levels as a potential risk factor.

Materials and methods

The study was conducted from January to May 2025 at
the outpatient clinical diagnostic department of Turkistan
Regional Perinatal Centre No. 3. It included 183 adoles-
cent girls aged 12—19 years from Turkistan and the sur-
rounding villages of Shornak, Ikan, and Shaga (Sauran
district), selected by stratified random sampling based on
residence, physical activity, dietary patterns, and vitamin
supplementation. Inclusion criteria were age 12—19 years,
absence of severe chronic somatic disease, ability to provide
informed consent, and survey participation. Exclusion cri-
teria included pregnancy, hormonal medication use within
the previous six months, secondary dysmenorrhea, and
confirmed gynaecological disease. None of the participants
used tobacco.

The study was approved by the local ethics committee of
Turkistan Regional Hospital. Written informed consent was
obtained from participants and, for those under 18 years,
their legal representatives. The study complied with the Dec-
laration of Helsinki. Participants were divided according to
the presence of primary dysmenorrhea symptoms: the main
group included 105 girls with menstrual pain, while the con-
trol group included 78 girls without pain. Pain intensity was
assessed using a visual analogue scale and a 0—10 menstrual
pain scale. Secondary dysmenorrhea was excluded through
gynaecological examination and pelvic ultrasound.

The examination consisted of three stages. The first
stage (20—30 minutes) included medical history and a ques-
tionnaire covering age at menarche, menstrual regularity,
hereditary factors, physical activity, dietary patterns, and
vitamin supplementation. The second stage (15—20 minu-
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tes) included anthropometric assessment (height, body
mass) performed with certified instruments: medical scales
with an accuracy of 0.1 kg and a stadiometer with an accu-
racy of 0.5 cm and classified using international criteria:
< 19 kg/m? — underweight, 19—25 kg/m? — normal range,
> 25 kg/m? — overweight.

The third stage included clinical and laboratory eva-
luation. Fasting venous blood samples were collected
in the morning and analysed within 2 hours. Serum fol-
licle-stimulating hormone, luteinizing hormone, prolac-
tin, thyroid-stimulating hormone, and 25(OH) vitamin D
were measured by ELISA using certified ABC Diagnos-
tics test systems. Vitamin D status was classified as defi-
cient (< 20 ng/mL), insufficient (20—30 ng/mL), or normal
(> 30 ng/mL) [32]. Chronic conditions, including endemic
goitre, pyelonephritis, vitiligo, arthritis, hepatic echinococ-
cosis, and congenital heart defects, were identified using
questionnaires and medical records. Hirsutism was assessed
using the Ferriman-Gallwey scale.

Statistical analysis was performed using SPSS v.26.0.
Data normality was assessed with the Kolmogorov-Smir-
nov test. Student’s t-test was used for continuous variables,
while Pearson’s x* test with Yates correction and Fisher’s
exact test were used for categorical variables. Statistical
significance was set at p < 0.05. Results were interpreted
considering study limitations, particularly the January-May
data collection period, which coincides with low solar ex-
posure in the region.

Results

The mean age of all participants was 16.42 £ 1.93 years
(Table 1). Analysis of age distribution across subgroups in-
dicated that the mean age in the dysmenorrhea group was
16.51 £ 1.99 years, whereas in the group without dysmenor-
rhea it was 16.28 & 1.84 years. According to Student’s t-test,
the difference was statistically non-significant (p = 0.421),
permitting both groups to be regarded as age-comparable
cohorts.

No significant differences were found between girls with
and without dysmenorrhea in pubertal development markers.
Mean age at menarche was 13.18 * 1.43 versus 12.92 £ 1.38
years (p = 0.222), thelarche 12.19 £ 2.45 versus 11.58 + 2.08
years (p = 0.076), pubic hair development 13.05 £ 3.21 versus
13.19 + 2.44 years (p = 0.739), and axillary hair development
13.05 = 4.34 versus 13.45 £ 3.35 years (p = 0.497). Overall,
pubertal development in the study population was within
generally recognized age ranges, with no significant asso-
ciation between these markers and menstrual pain. Mean
BMI was also comparable between groups (21.55 = 3.91
vs. 21.30 £ 0.84 kg/m?; p = 0.640), despite a wide range of
15.24—38.01 kg/m>.

Endocrine parameters showed no significant differences.
FSH levels were 5.59 + 2.58 versus 6.12 = 2.36 mIU/mL
(p = 0.157), LH 8.95 &+ 7.30 versus 8.86 £ 5.41 mIU/mL
(p = 0.924), and prolactin 17.23 = 10.74 versus
17.75 £ 5.97 ng/mL (p = 0.703) in the dysmenorrhea and
control groups, respectively. TSH was slightly higher in girls

Table 1. Characteristics of study participants by groups

e Dysme(:o=rr1herS group Non-dysr?:r;o;g)\ea group p-value
Mean age, years 16.51 £1.99 16.28 + 1.84 0.421
Age at menarche, years 13.18 +1.43 12.92 +1.38 0.222
Age at thelarche, years 1219+ 2.45 11.58 + 2.08 0.076
Age at appearance of pubic hair, years 13.05 + 3.21 13.19+2.44 0.739
Age at appearance of axillary hair, years 13.05 +4.34 13.45 £ 3.35 0.497
Body mass index, kg/m? 21.55 + 3.91 21.30 £ 2.84 0.640
FSH level, mlU/mL 5.59 +2.58 6.12 £ 2.36 0.157
LH level, mlU/mL 8.95 +7.30 8.86 + 5.41 0.924
Prolactin level, ng/mL 17.23 +10.74 17.75 +5.97 0.703
TSH level, mIU/L 2.29 +1.03 2.06 + 0.90 0.124
Vitamin D level, ng/mL 15.68 + 3.31 22.25+2.74 0.000

Notes: values are presented as mean * standard deviation; p-values were obtained using Student’s t-test; the only
statistically significant difference between the groups is the vitamin D level (p < 0.001), indicating an association
between vitamin D deficiency and the presence of dysmenorrhea; the remaining parameters, including age and
hormonal indicators, demonstrated no significant differences, confirming group comparability with respect to
principal characteristics. Source: systematised data obtained by the author through comparative analysis of
hormonal, somatic, and biochemical profiles in adolescents with and without primary dysmenorrhea.

Table 2. Serum 25(OH) vitamin D levels in girls with and without dysmenorrhea, ng/mL

Mean 25(OH) vitamin D

Group level Range of values p-value
With dysmenorrhea (n = 105) 15.68 + 3.31 8.3-22.7 < 0.001
Without dysmenorrhea (n = 78) 22.25+2.74 17.6-28.4 < 0.001
Total sample (n = 183) 18.56 + 4.27 8.3-28.4 -

Source: compiled by the author on the basis of original study data.

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

Tom 22, N2 6, 2026




[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

with dysmenorrhea (2.29 + 1.03 vs. 2.06 + 0.90 mIU/L),
but the difference was not significant (p = 0.124). Vitamin D
was the only parameter showing a significant between-group
difference. Mean 25(OH)D was substantially lower in
girls with dysmenorrhea than in controls (15.68 £ 3.31 vs.
22.25 £ 2.74 ng/mL; p < 0.001). Levels ranged from 8.3 to
28.4 ng/mL, indicating widespread vitamin D deficiency or
insufficiency, particularly among girls with menstrual pain.
These findings demonstrate a strong association between
hypovitaminosis D and primary dysmenorrhea (Table 2).

Most clinical and hormonal parameters, including pu-
bertal development, BMI, and reproductive hormones,
did not differ significantly between girls with and without
dysmenorrhea. Vitamin D was the only significant excep-
tion, with lower levels in the dysmenorrhea group. The
prevalence of comorbid conditions and hirsutism was sub-
sequently compared using cross-tabulation and chi-square
analysis. Among girls with dysmenorrhea, 21.9 % had at
least one chronic condition potentially affecting repro-
ductive health, including endemic goitre, pyelonephritis,
vitiligo, arthritis, hepatic echinococcosis, or congenital
heart defects. The corresponding rate in the control group
was 24.4 %. No significant between-group difference was
observed (x* = 1.155; df = 3; p = 0.764), indicating no as-
sociation between these chronic conditions and primary
dysmenorrhea. Hirsutism was present in 27.6 % of girls
with dysmenorrhea and 28.2 % of controls, with an overall
prevalence of 27.9 %. The difference was not statistically
significant (x> = 0.008; df = 1; p = 0.930), suggesting that
hirsutism was not associated with primary dysmenorrhea in
this population (Table 3).

Hirsutism was similarly prevalent among girls with and
without dysmenorrhea (27.6 vs. 28.2 %) and was not signifi-
cantly associated with the condition (x> = 0.008; p = 0.930).
Continuity correction, likelihood ratio, and Fisher’s exact
test confirmed the absence of an association. In contrast,
menstrual irregularity was strongly associated with primary
dysmenorrhea. Irregular cycles were reported in 82.9 % of
girls with dysmenorrhea compared with 19.2 % of controls

(x> = 73.439; p < 0.001). These findings were consistent
across additional statistical tests, indicating that menstru-
al regularity may be an important clinical factor in dysme-
norrhea. A significant association was also observed between
dysmenorrhea and TSH status (x> = 4.927; p = 0.026), with
elevated TSH more common among affected girls. This sug-
gests that thyroid function and menstrual regularity may
warrant assessment in adolescents with primary dysmenor-
rhea [33, 34].

BMI categories (< 19, 19—25, and > 25 kg/m?) did not
differ significantly between groups (x> = 3.253; p = 0.197).
Among girls with dysmenorrhea, 23.8 % had BMI < 19 kg/m?,
63.8 % had normal BMI, and 12.4 % had BMI > 25 kg/m?,
compared with 17.9, 75.6, and 6.4 %, respectively, among
controls. Vitamin D status showed the strongest association
with dysmenorrhea. The chi-square analysis demonstrated a
highly significant difference between groups (x> = 155.542;
p < 0.001), with vitamin D deficiency (< 20 ng/mL) and
insufficiency (< 30 ng/mL) highly prevalent, particularly
among girls with dysmenorrhea. Given vitamin D’s role in
inflammatory, immune, and hormonal processes, assessment
and correction of hypovitaminosis D may be relevant in ado-
lescents with menstrual pain [35].

Girls with vitamin D deficiency and dysmenorrhea fre-
quently reported fatigue, musculoskeletal pain, irritability,
and poor concentration, particularly during the premenstrual
and menstrual periods. Those with elevated TSH repor-
ted symptoms compatible with hypothyroidism, including
excessive sleepiness, fatigue, weight gain, cold extremities,
and irritability. Menstrual irregularities were also common,
with many affected girls reporting irregular cycles and pain
predominantly during the first 1—2 days of menstruation.
Overall, significant between-group differences were identi-
fied primarily for vitamin D status, menstrual regularity, and
TSH-related findings, whereas age, BMI, pubertal develop-
ment, FSH, LH, prolactin, chronic diseases, and hirsutism
showed no significant associations. Thus, the study hypothe-
sis was only partially confirmed. The findings suggest that
low vitamin D levels, menstrual irregularity, and possible

Table 3. Distribution of participants by dysmenorrhea status and number of chronic diseases

Number of chronic diseases
Dysmenorrhea

0 1 2 3 Total
Present, abs. 82 7 11 5 105
% within dysmenorrhea 78.1 6.7 10.5 4.8 100
% within category “Number of diseases” 58.2 63.6 47.8 62.5 57.4
% of total 44.8 3.8 6.0 2.7 57.4
Absent, abs. 59 4 12 3 78
% within dysmenorrhea 75.6 5.1 15.4 3.8 100
% within category “Number of diseases” 41.8 36.4 52.2 37.5 42.6
% of total 32.2 2.2 6.6 1.6 42.6
Total, abs. 141 11 23 8 183
% within dysmenorrhea 77.0 6.0 12.6 4.4 100
% within category “Number of diseases” 100 100 100 100 100
% of total 77.0 6.0 12.6 4.4 100

Notes: x* = 1.117; df = 3; p = 0.764. Source: compiled by the author based on systematised study data.
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subclinical thyroid dysfunction may be relevant factors in
primary dysmenorrhea and should be considered during early
assessment and management.

Discussion

Most somatic, pubertal, and endocrine parameters were
not significantly associated with primary dysmenorrhea,
consistent with previous studies. F.G. Demirkan et al. [38],
M.M. Alhakeem et al. [39], and M. Moosazadeh et al. [40]
found no significant differences in age at menarche between
girls with and without dysmenorrhea. BMI was also com-
parable between groups, contrasting with studies suggesting
that low BMI increases dysmenorrhea risk [41]. However,
a systematic review and meta-analysis by L. Wu et al. [42]
found no significant association between BMI and primary
dysmenorrhea across individuals aged 12—45 years. Simi-
larly, FSH, LH, prolactin, and TSH levels did not differ
significantly between groups, consistent with findings by
V.0O. Dynnik et al. [43], although transient LH elevations
may influence pain severity in some patients.

Vitamin D was the only parameter showing a significant
between-group difference. Girls with dysmenorrhea had a
mean level of 15.68 ng/mL, indicating deficiency. Similar
findings were reported by A. Matsas et al. [44] and F. Abdi
et al. [45], who suggested that vitamin D may influence pros-
taglandin metabolism, inflammation, and muscle relaxation.
Supporting its potential therapeutic relevance, a meta-ana-
lysis of 11 randomized controlled trials by K.C. Lin et al.
[46] (approximately 687 participants) found that vitamin D
supplementation significantly reduced menstrual pain (mean
difference —1.64 points; 95% CI —2.27 to —1.00; p < 0.001),
with moderate-quality evidence for primary dysmenorrhea.

No significant association was found between dysmenor-
rhea and chronic somatic diseases, including endemic goitre,
pyelonephritis, or congenital heart defects. These conditions
may contribute indirectly but do not appear to be specific
predictors of menstrual pain [47]. R. Li et al. [48] reported
a 41 % increased long-term risk of chronic pain among in-
dividuals with dysmenorrhea, supporting possible roles for
central sensitization and functional mechanisms. Hirsutism
was also not significantly associated with dysmenorrhea, sug-
gesting limited involvement of androgen-related factors. Al-
though D. Shah et al. [49] reported more frequent ovulatory
disturbances in girls with hirsutism, this did not translate into
an increased risk of dysmenorrhea. The hypothesis was only
partially confirmed. The strongest association was observed
between primary dysmenorrhea and low serum 25(OH)D
levels, while other hormonal, anthropometric, pubertal, and
somatic parameters showed no significant differences. How-
ever, this association does not establish causality; vitamin D
deficiency may be a risk factor rather than a direct cause,
and prospective interventional studies are needed to clarify
this relationship.

Despite high solar exposure in the Turkistan region, con-
cealing clothing may limit vitamin D synthesis. Therefore,
population-level screening for vitamin D deficiency among
adolescents may be warranted regardless of season. J.S. Lenz
et al. [50] similarly found substantial vitamin D deficiency
among adolescents in Palestine, despite high solar exposure,
with deficiency associated with fatigue, low physical acti-

vity, and musculoskeletal pain. Comparable findings were
observed in the present study, particularly among girls with
primary dysmenorrhea. Elevated TSH levels in a substantial
proportion of girls with dysmenorrhea may indicate subcli-
nical thyroid dysfunction, which could influence ovarian and
endometrial function [51]. Thyroid abnormalities may also
affect prostaglandin-mediated pathways involved in men-
strual pain. S. Penumalla and R. Kandimalla [52] reported
that TSH levels > 4 mIU/mL were associated with increased
menstrual irregularities (approximately 55 %; p < 0.05), sug-
gesting a possible role of even mild thyroid dysfunction in
cycle regulation.

No significant association was found between BMI and
dysmenorrhea. Although low BMI has been linked to hy-
poestrogenism and increased prostaglandin production,
while high BMI may be associated with hyperandrogenism,
these relationships were not observed in the present popula-
tion [53]. E.C. Jusuf et al. [54] reported that low BMI was
associated with increased urinary PGF,a and dysmenorrhea
(OR = 4.78; p < 0.001), whereas high BMI was not associ-
ated with the condition. The high prevalence of vitamin D
insufficiency among girls with dysmenorrhea may indicate
a role in prostaglandin regulation. Vitamin D can inhibit
cyclooxygenase-2 (COX-2), an enzyme involved in pro-in-
flammatory prostaglandin synthesis. A systematic review of
seven randomized controlled trials by I.W. Zhou et al. [55]
found that vitamin D supplementation significantly reduced
menstrual pain (mean difference —1.12 points; 95% CI —2.16
to —0.07), although substantial heterogeneity was observed
(I* = 81 %). High-dose supplementation was also associated
with reduced need for NSAIDs.

Overall, these findings support a multifactorial model of
primary dysmenorrhea. The lack of significant differences in
most anthropometric and hormonal parameters shifts atten-
tion toward micronutrient status, thyroid function, menstrual
regularity, neuroendocrine mechanisms, and individual dif-
ferences in pain perception. The associations with vitamin D,
thyroid function, and cycle irregularity further support the
interaction of inflammatory, metabolic, and neuroendocrine
factors in primary dysmenorrhea.

Conclusions

The research study therefore made it possible to conclude
that the majority of somatic, pubertal and endocrine markers
are not associated with primary dysmenorrhea in adolescents
of the Turkistan region. More specifically, there were no
statistically significant differences, in particular, in age of
menarche, BMI, and serum levels of FSH, LH, prolactin,
TSH between those with and without dysmenorrhea. The
findings therefore help to indicate the lack of association
between dysmenorrhea and commonly evaluated hormonal
and somatic markers, suggesting the lack of their use for the
evaluation for risk of the development of the condition. The
sole marker that exhibited a high level of significance was the
vitamin D level. In patients with dysmenorrhea, the average
level of 25(OH)D was significantly (15.68 ng/mL) deficient.
These findings support the potential role of hypovitaminosis
D as a factor that increases susceptibility to pain (through the
effect on the synthesis of prostaglandins and myometrium
tone).
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These findings indicate the relative independence of
dysmenorrhea as a clinical entity not directly determined
by the presence of concomitant pathology. Limitations of
the study included lack of interventional study since there
was no vitamin D correction, it is a cross-sectional study,
there was no cause and effect, small sample size. Prospective
developments for future studies include: vitamin D supple-
mentation effectiveness, genetic polymorphisms for vitamin
D metabolism and pain, micronutrient indicators in clinical
practice in order to assist adolescent with chronic menstrual
pain in clinical practice.
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PoAb ropMOHAOABHUX | AemorpadiyHux dakTopis
Y PO3BUTKY AUCMEHOPET B MOAOAMX XXIHOK

Pestome. Akmyaavnicme. TlepBunna nucMeHopes Mae 6araTtodak-
TOPHY €TiOJIOTil0, 1110 BKJIIOYAE 3amajibHi, XapuoBi, FOPMOHAJIbHI,
COMAaTHYHi, ICUXOEMOLIiliHI Ta TeHEeTUYHI cKJanoBi. Mema: Bu-
3HAYUTU TOPMOHAJIbHI, aHTPOTIOMETPUYHI ¥ KJTiHIYHI XapaKTepu-
CTUKM TIEPBUHHOI IUCMeHOpel cepen OiBYaT-IimIiTKiB TypkecTtaH-
cbkoi obnacti (Kazaxcran). Mamepiaau ma memodu. Y niepior i3
ciuHs 10 TpaBHs 2025 poky 6ys10 o6¢cTexxeHo 183 miBYUMHM-ITiUTIT-
ka: y 105 cnioctepiranvcs KJIiHIYHI TPOSIBU TUCMEHOPET, TOMi SIK
78 yBIMIILIM O KOHTPOJILHOI TPYIH 6e3 CKapr Ha MEHCTPYaJTbHUMA
Oinb. Pezyasmamu. [1opiBHSIBHUIT aHAI3 TTOKA3aB, 1110 MiX ABOMa
rpyrnaMu He OyJI0 CTaTUCTUYHO 3HAuyLUMX BiIMiHHOCTEH 3a BiKOM,
cTaIisiMU ITyOepTaTHOTO PO3BUTKY, iHAEKCOM MacH Tijia, piBHSIMU
(bOIIIKYJIOCTUMYJIIOI0YOTO Ta JIIOTEIHI3yI04OTO TOPMOHIB, TIPO-
JIAKTUHY ¥ TUPEOTPOITHOTO TOPMOHY, a TAKOX 3a MOLIUPEHICTIO
XPOHIYHUX COMAaTMYHUX 3aXBOPIOBAaHb i YaCTOTOIO TipCyTU3MY.
BonHovac enMHUM TTOKa3HUKOM, 3a SIKUM BUSIBJIEHO CTATUCTUYHO
BipoTigHi BiIMiHHOCTI, OYB piBeHb BiTaMmiHy D: y rpymi gucMeHo-
pei BiH ctraHoBUB 15,68 * 3,31 Hr/mJ1, y 310pOBUX POBECHUILIb —

22,25 + 2,74 ur/ma (p < 0,001). CykymHicTh OTPUMaHUX TaHUX
CBiIUYMTD NP0 BUPAXKEHUN i CTATUCTUYHO IMiATBEPIKEHUI 3B’SI-
30K MiX 3HMKEHHSIM KOHLIEHTpallil BiTaMiHy D Ta po3BUTKOM
MEPBUHHOI TMCMEHOpEi B MiIITKOBOMY Billi, 1110 1a€ 3MOT'Y PO3-
JISIOATH TinoBiTamMiHO3 D sIK moTeHUiiHUIT GioMapKep pU3UKY
MEHCTPYaJbHOIO 0OJIIO I OCHOBY IJisl pO3p00eHHs mpodinak-
TUYHUX i TepaneBTUYHUX cTpaTeriii. Bucnoeku. TakuM 4YMHOM,
OLTBIIICTD KJTACMYHUX COMAaTUYHUX Ta TOPMOHAIBHUX (DAKTOPIB HEe
MaJIi CTATUCTUYHO BipOTiIHOTO BIIMBY Ha HAsIBHICTb MEHCTPY-
aJIbHOTO 0O0JII0, TOMI SIK 3HVXKEHMI piBeHb BiTaMiHy D BusBuUBCS
MOTEHUIHO 3HAaYyMM GioMapkepoM MEPBUHHOI AUCMEHOPEI.
IIpakTyHa LiHHICTh OTPUMAHMX PE3YJIbTATIB MOJISTAE Y BUKO-
pUCTaHHi piBHA BiTaMiHy D sIK mocTymHOrO it iH(pOpPMaTUBHOTO
MMIXOMy 10 PAaHHbOTO BUSIBJICHHS Ta MPOMiTaKTUKY IUCMEHOpPeT
B 1iBYAT-TiAJTITKIB.

Kiro4oBi ¢j10Ba: nepBrHHa 1MCcMeHOpPEST; €HIOKPUHHA PETYIISLIIS;
MEHCTPYaJIbHUM LUKJI; MiIJTITKOBUH BiK; nediuut Bitaminy D,
00JIbOBUIA CUHIPOM; PEIIPOAYKTUBHE 30POB’sI
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Effects of calcitonin and infrared laser therapy
on serum markers of bone remodeling
and inflammation following experimental
bone defect in rats

Abstract. Background. Optimization of reparative osteogenesis following traumatic bone injury remains an im-
portant challenge in regenerative medicine and experimental orthopedics, particularly in the context of osteoporosis
and impaired bone healing. Serum markers of bone formation, bone resorption, and inflammation are widely used
to evaluate the course of bone repair and the efficacy of therapeutic interventions. Therefore, the search for novel
approaches capable of modulating reparative processes in bone tissue is of considerable scientific and clinical
interest. Among such approaches, calcitonin administration and infrared laser irradiation have shown potential
osteoprotective and immunomodulatory properties. The purpose of the study was to evaluate changes in serum
markers of bone remodeling and inflammation following experimental bone injury in rats and to assess the effects
of calcitonin and infrared laser irradiation on these parameters. Materials and methods. Reparative osteogenesis
was investigated in an in vivo experiment involving 30 Wistar rats with standardized traumatic defects created
in the mid-diaphyseal region of the tibia under general anesthesia. The animals were randomly assigned fto five
groups (n = 6 per group): group 1 — intact animals; group 2 — untreated rats with traumatic bone injury (control);
group 3 — animals subjected to local infrared laser irradiation immediately after injury; group 4 — rats treated
with calcitonin; and group 5 — animals receiving combined treatment with calcitonin and infrared laser irradiation.
Serum concentrations of calcium and inorganic phosphate, alkaline phosphatase activity, and deoxypyridinoline
(DPD) levels were determined as markers of bone tissue remodeling. Serum levels of interleukin-18 (IL-18) and
IL-10 were assessed as indicators of the systemic inflammatory response associated with experimental bone injury.
Measurements were performed on postoperative days 7 and 28. Results. Therapeutic interventions promoted the
restoration of serum inorganic phosphate concentrations toward control values, with the most pronounced effect
observed following combined treatment with calcitonin and laser irradiation. Similar changes were detected for
serum calcium concentrations, which approached the levels observed in intact animals, particularly in the com-
bination therapy group. Infrared laser irradiation alone and in combination with calcitonin significantly increased
alkaline phosphatase activity on postoperative day 7 and decreased its activity by day 28 compared to untreated
animals, indicating enhanced osteoblastic activity and accelerated bone matrix formation during the early stages
of reparative osteogenesis. Furthermore, calcitonin administration and laser irradiation significantly reduced serum
DPD concentrations by postoperative day 28, whereas their combined application normalized DPD levels to those
observed in intact animals, suggesting attenuation of bone resorption processes. A marked increase in IL-10 con-
centration was detected on postoperative day 7 in the treatment groups, reaching values 2.4-fold higher than those
in untreated animals, which may reflect activation of anti-inflammatory mechanisms involved in tissue repair. By
postoperative day 28, IL-10 concentrations had declined and approached control values, indicating resolution of
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the inflammatory response. Overall, the combined use of calcitonin and infrared laser irradiation demonstrated the
most favorable effects on both bone remodeling and inflammatory markers. Conclusions. Calcitonin administration,
infrared laser irradiation, and particularly their combined application exert beneficial effects on reparative osteo-
genesis and modulate the systemic inflammatory response following experimental bone injury in rats. Combined
therapy was associated with the most pronounced normalization of mineral metabolism parameters, suppression
of osteoresorption markers, and restoration of cytokine balance, suggesting its potential as a promising strategy

for enhancing bone repair.

Keywords: calcitonin; bone defect; reparative osteogenesis; bone remodeling; infrared laser irradiation; alkaline
phosphatase; deoxypyridinoline; interleukins; inflammation; bone regeneration

Introduction

Reparative osteogenesis is a complex multistage process
aimed at restoring the anatomical integrity and functional
properties of bone tissue following injury. Despite con-
siderable advances in modern traumatology and ortho-
pedics, optimizing the healing of bone defects remains an
important clinical challenge, particularly under conditions
of impaired bone metabolism, such as osteoporosis [1, 2].
Moreover, given the increasing incidence of severe muscu-
loskeletal injuries, including those associated with military
conflicts, the search for effective strategies to enhance bone
regeneration has become increasingly relevant. Recent re-
search has focused on identifying factors capable of modu-
lating reparative osteogenesis and improving the outcomes
of bone healing.

In this regard, both pharmacological agents targeting the
cellular mechanisms of bone remodeling and biophysical
approaches designed to stimulate tissue regeneration have
attracted considerable attention [3, 4]. Assessing the effi-
cacy of such interventions requires the use of informative
biomarkers that reflect the dynamic balance between bone
formation and bone resorption. One of the approaches used
to monitor reparative osteogenesis involves the assessment of
biochemical markers of bone remodeling.

Serum concentrations of calcium and inorganic phos-
phate, as well as alkaline phosphatase (ALP) activity, are
considered indicators of mineral metabolism and osteoblastic
function. In contrast, deoxypyridinoline (DPD), a degra-
dation product of type I collagen, is recognized as a highly
specific marker of osteoclast-mediated bone resorption [5—
7]. The combined evaluation of these parameters provides
valuable information regarding the balance between bone
formation and osteoresorption and allows monitoring of the
effectiveness of therapeutic interventions in experimental
models of bone injury [8]. In addition to bone remodeling,
the inflammatory response plays a crucial role in the regu-
lation of bone repair. Traumatic bone injury triggers a local
inflammatory reaction that is essential for initiating regene-
rative processes; however, excessive or prolonged immune
activation may adversely affect fracture healing.

Previous studies have demonstrated that fractures can
induce systemic immunological alterations accompanied
by disturbances in the balance between pro-inflammatory
and anti-inflammatory cytokines [9, 10]. In this context,
the assessment of interleukin- 10 (IL-1f3), a key mediator of
inflammation, and interleukin-10 (IL-10), which contributes
to the limitation of excessive inflammatory responses and
the restoration of tissue homeostasis, may provide important
insights into the systemic response to bone injury. Among

the potential strategies for modulating reparative osteoge-
nesis, calcitonin and low-level infrared laser irradiation have
attracted particular interest.

Calcitonin is a hormone with well-established antire-
sorptive properties, exerting its effects primarily through the
inhibition of osteoclast activity and the reduction of bone
resorption. In turn, low-level laser irradiation has been pro-
posed as a promising biophysical modality capable of stimu-
lating cellular metabolism, improving local microcirculation,
and promoting regenerative processes in damaged tissues
[3]. Although both interventions have been reported to exert
beneficial effects on bone healing, their combined impact
on bone remodeling markers and systemic inflammatory
responses under conditions of experimental bone defects
remains insufficiently investigated.

The purpose of the present study was to evaluate changes
in serum markers of bone remodeling and systemic inflam-
matory response in rats with an experimental tibial bone
defect and to determine the effects of calcitonin, infrared
laser irradiation, and their combination on these parameters.

Materials and methods
Experimental animals and ethical compliance
The study was conducted on 30 sexually mature male
Wistar rats. The animals were maintained under standard
vivarium conditions with free access to food and water and
under a natural light/dark cycle. All experimental procedures
were performed in accordance with the European Conven-
tion for the Protection of Vertebrate Animals Used for Ex-
perimental and Other Scientific Purposes (Strasbourg, 1986),
the Law of Ukraine No. 3447-1V of February 21, 2006 “On
the Protection of Animals from Cruel Treatment”, and gene-
rally accepted principles of bioethics for laboratory animal
research.

Experimental bone defect model

Following ketamine anesthesia, a traumatic defect was
created in the middle third of the tibial diaphysis. The defect
was produced using a pediatric dental bur by performing a
standardized transcortical injury to the bone tissue under
aseptic conditions. Euthanasia was carried out under general
thiopental anesthesia in accordance with accepted require-
ments for the humane treatment of laboratory animals.

Experimental design

The animals were randomly assigned to five experimental
groups, with six rats in each group. Group 1 included in-
tact, sham-operated animals without bone defect induction.
Group 2 served as the untreated traumatic bone injury con-
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Figure 1. Effects of calcitonin, infrared laser, and their combination on bone healing
after traumatic tibial defect in rats

trol group and included rats with a tibial bone defect that did
not receive any therapeutic intervention. Group 3 included
rats with traumatic bone injury that received local infrared
laser irradiation immediately after defect induction. Group
4 included rats with traumatic bone injury treated with sub-
cutaneous calcitonin administration. Group 5 included rats
with traumatic bone injury that received combined therapy
consisting of calcitonin administration and local infrared
laser irradiation of the defect area.

Therapeutic interventions

Local infrared laser irradiation was performed using a
“Lika-Therapist M” device (Photonica Plus LLC, Ukraine)
at a wavelength of 810 nm. Laser treatment was applied im-
mediately after induction of the traumatic bone defect and
then every seven days throughout the experimental period.
The duration of each irradiation session was 3 minutes. Cal-
citonin (Miacalcic, Novartis) was administered subcuta-
neously at a dose of 5 IU/kg body weight every three days
throughout the experimental period, starting from the first
day after surgery.

Assessment of bone remodeling
and inflammatory markers

To evaluate bone remodeling processes, serum concen-
trations of calcium (Ca?") and inorganic phosphate (Pi),
alkaline phosphatase (ALP) activity, and deoxypyridinoline
(DPD) concentration were measured. Calcium and inor-
ganic phosphate were assessed as indicators of mineral me-
tabolism, ALP activity was used as a marker of osteoblastic
activity and bone formation, and DPD was evaluated as a
marker of osteoclast-mediated bone resorption. To assess the

systemic immune response, serum levels of interleukin-1[3
(IL-1B) and interleukin-10 (IL-10) were determined. IL-1f3
was considered a key pro-inflammatory cytokine, where-
as IL-10 was regarded as an important anti-inflammatory
mediator involved in the maintenance of tissue homeostasis
and regulation of bone regeneration [11, 12]. These para-
meters were assessed on days 1, 7, and 28 after bone defect
induction. Deoxypyridinoline (DPD) was determined by
an enzyme-linked immunosorbent assay using a commer-
cial ELISA kit (MBS263828, MyBioSource, USA). Serum
levels of IL-1f3 and IL-10 were measured using ELISA Kkits
BMS630 (Invitrogen, USA) and MBS9135769 (MyBio-
Source, USA), respectively. The concentrations of mineral
metabolism parameters and the activity of alkaline phospha-
tase were assessed using commercial diagnostic kits accord-
ing to the manufacturer’s instructions (Reagent, Ukraine).

Isolation and culture of peritoneal macrophages
Peritoneal macrophages were isolated on day 28 of the
experiment using a modified standard peritoneal lavage
protocol [13]. After euthanasia, the abdominal cavity was
aseptically washed with 8—10 mL of sterile ice-cold phos-
phate-buffered saline, pH 7.4. The resulting cell suspension
was centrifuged at 400 g for 10 minutes at 4 °C. The cell pellet
was resuspended in RPMI-1640 medium supplemented with
10% fetal bovine serum, 2 mM L-glutamine, and antibiotics,
including penicillin and streptomycin (RPMI-1640, FBS,
L-glutamine, penicillin, and streptomycin; Sigma-Aldrich).
Cell viability was assessed by trypan blue exclusion. Viable
cells were seeded into 24-well plates at a concentration of
1 % 10¢ cells/mL and incubated for 24 hours at 37 °C in a
humidified atmosphere containing 5% CO, to allow macro-
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phage adhesion. After incubation, culture supernatants were
collected, centrifuged at 1000 g for 10 minutes, and stored at
—80 °C until further analysis.

Statistical analysis was performed using Microsoft Excel
2013 (Microsoft Office, USA). Data distribution was eva-
luated using descriptive and variation statistics. When the
data followed a normal distribution, intergroup differences
were assessed using Student’s t-test with Bonferroni correc-
tion for multiple comparisons. The results are presented as
mean =+ standard error of the mean (M + SEM). Differences
were considered statistically significant at p < 0.05.

Results

Serum inorganic phosphate concentration in rats with a
postoperative transcortical tibial bone defect showed a slight
decrease on postoperative day 1, followed by a significant
increase on day 7, reaching values 21.5 % higher than those
in sham-operated control animals (Fig. 2A). Evaluation of
different therapeutic approaches demonstrated that calci-
tonin, both alone and in combination with laser irradiation,
was associated with a modest but statistically significant de-
crease in serum inorganic phosphate on postoperative day
7 compared with untreated rats with traumatic bone injury.
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Figure 2. Serum levels of inorganic phosphate (A), calcium (B), deoxypyridinoline (C), and alkaline phosphatase
activity (D) in rats with a transcortical femoral bone defect following therapeutic application of laser irradiation,
calcitonin, or their combination on postoperative days 7 and 28 (n = 6)

Notes (here and in Fig. 3): * — statistically significant differences compared with the control group (p < 0.05); * —
statistically significant differences compared with the “trauma, 7 day” group (p < 0.05); © — statistically significant
differences compared with the “trauma, 28 day” group (p < 0.05).
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In contrast, laser irradiation alone did not significantly af-
fect this parameter (Fig. 2A). By postoperative day 28, se-
rum inorganic phosphate in untreated injured rats remained
11.6 % higher than in the control group. Treatment with the
investigated therapeutic agents promoted normalization of
inorganic phosphate levels toward control values, with the
most pronounced effect observed following combined laser
irradiation and calcitonin administration (Fig. 2A).

Serum calcium concentration in rats with a postoperative
transcortical tibial bone defect showed a slight decrease on
postoperative day 1, paralleling the changes observed for
inorganic phosphate, followed by a marked increase on day 7.
At this time point, calcium levels were 19.5 % higher than
those in sham-operated control animals (Fig. 2B). Calcitonin
treatment resulted in a modest but statistically significant
reduction in serum calcium on postoperative day 7 com-
pared with untreated animals with traumatic bone injury,
whereas laser irradiation, either alone or in combination
with calcitonin, did not significantly affect serum calcium
levels at this time point (Fig. 2B). On postoperative day 28,
serum calcium in untreated injured rats remained elevated by
9 % compared with the control group. Administration of all
therapeutic interventions promoted normalization of serum
calcium toward control values, with the most pronounced
effect observed in the combined laser irradiation and calci-
tonin group, where serum calcium was significantly reduced
by 11.6 % compared with untreated injured animals (Fig. 2B).

Analysis of serum alkaline phosphatase (ALP) activi-
ty in rats with a postoperative transcortical tibial bone de-
fect revealed no significant changes on postoperative day 1.
However, by postoperative day 7, ALP activity increased
by 30.3 % compared with sham-operated control animals
(Fig. 2C). Notably, combined treatment with laser irradiation
and calcitonin further increased ALP activity by 12.3 % on
postoperative day 7 compared with the untreated bone-injury

group (Fig. 2C). This may indicate a pronounced stimu-
latory effect of the combined therapeutic approach on the
bone-forming component of bone tissue remodeling.

On postoperative day 28, serum ALP activity in untreated
injured rats remained elevated by 19.6 % compared with the
control group (Fig. 2C). Laser irradiation, either alone or in
combination with calcitonin, promoted normalization of se-
rum ALP activity by postoperative day 28 and significantly re-
duced ALP activity by 13.7 and 16.6 %, respectively, compared
with untreated injured rats (Fig. 2C). These findings suggest
that laser irradiation and its combination with calcitonin may
effectively modulate osteogenic processes, particularly by sup-
porting osteoblast proliferation and metabolic activity, as well
as the restoration of bone matrix at the site of injury.

The dynamics of serum inorganic phosphate and calcium
concentrations on postoperative days 7 and 28 showed a si-
milar pattern in rats with traumatic bone injury, with both
parameters increasing during the course of repair. This pat-
tern is consistent with the physiological sequence of resorp-
tion and subsequent remineralization occurring at local sites
of damaged bone tissue regeneration. The obtained results
are also in line with clinical observations, taking into account
interspecies differences in the intensity of bone metabolism
between humans and experimental animals [14, 15].

Considering that ALP catalyzes the hydrolysis of phos-
phorylated compounds, including pyrophosphate, one of
the major inhibitors of mineralization, and thereby increases
the local availability of inorganic phosphate required for the
formation of bone apatite, the marked increase in serum
ALP activity on postoperative day 7 followed by its gradu-
al decrease by day 28 in untreated injured rats may reflect
intensified osteoblast activation and enhanced bone matrix
formation at local sites of postoperative bone injury. Impor-
tantly, laser irradiation and its combination with calcitonin
significantly increased ALP activity on day 7 and reduced
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Figure 3. Serum levels of IL-1B (A) and IL-10 (B) in rats with a transcortical femoral bone defect following
therapeutic application of laser irradiation, calcitonin, or their combination on postoperative days 7 and 28
(n=6)
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its activity on day 28 compared with the untreated bone-in-
jury group, which is consistent with the observed changes
in serum calcium and inorganic phosphate concentrations
(Fig. 2A-C). Taken together, these findings indicate that the
therapeutic interventions, particularly combined laser irradi-
ation and calcitonin administration, may stimulate osteoblast
metabolism and bone matrix formation during postoperative
bone regeneration, in agreement with recent studies [16].

The dynamics of serum deoxypyridinoline (DPD), one of
the key specific markers of bone resorption and a biochemi-
cal indicator of type I collagen degradation in bone tissue,
demonstrated a 31.6 % increase as early as postoperative
day 1 after transcortical bone injury. By postoperative day 7,
DPD levels increased 2.06-fold compared with the control
group (Fig. 2D). Combined treatment with laser irradiation
and calcitonin markedly reduced serum DPD concentration
by 31.3 % compared with untreated injured rats (Fig. 2D).
On postoperative day 28, serum DPD levels in untreated
injured rats remained comparable to those observed on day
7, indicating ongoing intensive bone remodeling at the site
of injury. Treatment with either laser irradiation or calcitonin
significantly decreased serum DPD levels compared with
untreated injured rats on postoperative day 28, whereas their
combined application restored DPD concentrations to values
comparable with those of the control group (Fig. 2D).

Analysis of the pro-inflammatory cytokine IL-1f3 in the
serum of rats after transcortical tibial bone injury revealed an
89 % increase on postoperative day 1 and a 3.2-fold increase on
postoperative day 7 compared with the control group (Fig. 3A).
Combined treatment with laser irradiation and calcitonin sig-
nificantly reduced serum IL-1p levels by 27.3 % compared with
untreated rats with traumatic bone injury (Fig. 3A).

By postoperative day 28, serum IL-1f3 levels in untreated
injured rats returned to values comparable with those observed
in sham-operated control animals. At the same time, laser ir-
radiation alone and combined laser irradiation with calcitonin
induced a further significant decrease in IL-13 levels compared
with the untreated bone-injury group by 38.2 and 50.8 %, re-
spectively. Moreover, these therapeutic interventions reduced
IL-1p levels below those of the control group, bringing the
values closer to those characteristic of intact animals (Fig. 3A).

Serum levels of the major anti-inflammatory cytokine
1L.-10 did not show statistically significant changes on post-
operative day 1 after transcortical tibial bone injury compared

with control animals. However, by postoperative day 7, IL-10
levels were significantly increased, reaching values 2.4-fold
higher than those in the control group (Fig. 3B). This may
indicate activation of molecular recovery mechanisms fol-
lowing bone tissue injury.

Therapeutic laser irradiation, either alone or in combi-
nation with calcitonin, promoted an even more pronounced
increase in serum IL-10 concentration, by 15 and 21 %, re-
spectively, compared with untreated injured rats (Fig. 3B). On
postoperative day 28, serum IL-10 levels in untreated injured
rats remained elevated compared with the control group, ap-
proximately 1.5-fold. In contrast, in animals treated with laser
irradiation or combined laser irradiation and calcitonin, 1L-10
levels normalized and approached control values (Fig. 3B).

Bone tissue injury, including fractures, is known to be ac-
companied by the development of an inflammatory response
and activation of the immune system not only at the local injury
site but also at the systemic level, particularly through the in-
volvement of peripheral immune cells [17, 18]. The macrophage
arm of the immune system plays a key role in the regeneration
of damaged bone tissue by participating in complex regulatory
mechanisms of bone remodeling. Macrophages exert their ef-
fects through a broad spectrum of cytokine-mediated signaling,
influencing both the inflammatory phase and subsequent stages
of osteogenesis [9, 19]. In the present study, peritoneal macro-
phages also appeared to be involved in the regulatory processes
associated with bone regeneration after experimental transcor-
tical tibial bone injury in rats, despite their spatial distance from
the lesion site. Specifically, therapeutic laser irradiation and its
combination with calcitonin increased IL-1f secretion into the
culture medium of isolated peritoneal macrophages obtained
from injured rats on postoperative day 28 by 1.15- and 1.33-
fold, respectively, compared with the untreated bone-injury
group (Fig. 4A). A significant increase in 1L-10 secretion by
isolated peritoneal macrophages was also observed following
combined therapy, reaching a 1.21-fold increase compared with
untreated injured animals (Fig. 4B).

Discussion

The present study demonstrates that a postopera-
tive transcortical tibial bone defect induces not only local
bone damage but also a systemic metabolic and immune
response. This was reflected by changes in serum calcium
and inorganic phosphate concentrations, increased alkaline
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Figure 4. Levels of IL-1B (A) and IL-10 (B) in the culture medium of isolated peritoneal macrophages from rats
with a transcortical femoral bone defect following therapeutic application of laser irradiation, calcitonin,
or their combination on postoperative 28 day (n = 6)

Note: * — statistically significant differences compared with the control group (p < 0.05).
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phosphatase activity, elevated deoxypyridinoline levels, and
alterations in cytokine production. Taken together, these
findings indicate that bone repair is not limited to restoration
of the local matrix, but involves coordinated interaction be-
tween mineral metabolism, osteoblast-mediated bone forma-
tion, osteoclast-mediated resorption, and immune regulation
[5-8, 11, 12].

An important aspect of this response is the involvement
of the macrophage component of immunity. Previous studies
have shown that macrophage activity and inflammatory cy-
tokine expression change dynamically during fracture repair
and may influence the balance between inflammation and
regeneration [20]. In addition, experimental and mathe-
matical models of fracture healing emphasize that macro-
phage-mediated inflammation is not simply an early dama-
ging reaction, but a regulated process required for transition
from tissue clearance to repair [21]. This provides a useful
framework for interpreting the cytokine changes observed in
the present study.

The general sequence of inflammatory activation, repair,
and remodeling is schematically illustrated in Fig. 5, where
debris clearance, macrophage polarization, cytokine signa-
ling, mesenchymal cell activity, osteoblast differentiation,
and subsequent remodeling are presented as interconnected
stages of fracture healing [22]. In this context, the therapeutic
effect of laser irradiation and calcitonin should be considered
not as an isolated influence on one biochemical marker, but
as a modulation of the broader reparative program.

The changes in serum inorganic phosphate and cal-
cium followed a similar pattern. After a slight decrease on

postoperative day 1, both parameters increased on day 7
and remained moderately elevated on day 28 in untreated
injured rats. This likely reflects the transition from ear-
ly matrix degradation and mineral mobilization to active
remineralization within regenerating bone tissue. Similar
phase-dependent changes in bone turnover markers have
been reported during early fracture healing in clinical ob-
servations [14, 15, 23]. The normalization of calcium and
phosphate under therapeutic conditions, especially after
combined laser irradiation and calcitonin treatment, sug-
gests a more balanced course of mineral metabolism during
bone repair rather than simple suppression of metabolic
activity.

The cytokine profile also supports the concept of
phase-dependent regulation. The increase in IL-1f3 on post-
operative days 1 and 7 corresponds to the early inflammatory
phase, which is necessary for immune-cell recruitment, re-
moval of damaged tissue, and initiation of repair. However, if
this response is excessive or prolonged, IL-1 may contribute
to persistent inflammatory signaling, pain-related sensiti-
zation, osteoclast activation, and delayed transition toward
regeneration [24]. Therefore, the decrease in serum IL-1[3
by postoperative day 28 after laser irradiation and combined
therapy should not be interpreted as nonspecific immuno-
suppression, but rather as timely limitation of inflammation
and movement toward resolution. This interpretation is con-
sistent with the broader concept that inflammation and bone
repair are tightly connected processes, and that successful
regeneration requires not elimination of inflammation, but
its proper temporal regulation [25].
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Figure 5. Phases of inflammation, repair, and remodeling during bone fracture healing [22].
During the inflammatory phase, debris (D) activates the healing process by recruiting MO0 macrophages to the
injury site, where they subsequently polarize toward M1 or M2 phenotypes. Activated macrophages remove de-
bris and secrete pro- and anti-inflammatory cytokines, such as TNF-a (c1) and IL-10 (c2), which regulate inflam-
mation and cellular functions. During the repair phase, migrating mesenchymal stem cells (MSCs) increase IL-10
production, proliferate, and differentiate into osteoblasts (Cb). Mesenchymal and osteoblastic cells contribute to
the formation of cartilaginous callus that bridges the fracture gap. During the remodeling phase, osteoblasts and
osteoclasts continuously deposit and resorb bone tissue until the fracture is fully healed
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The IL-10 response complements this pattern. Its ele-
vation on day 7 indicates activation of anti-inflammatory
and pro-reparative mechanisms after bone injury. In the
laser-treated and combined-treatment groups, IL-10 sub-
sequently approached control values by day 28, suggesting
resolution rather than persistence of systemic inflammation.
Thus, the most favorable effect of therapy was not maxi-
mal suppression of cytokine production, but restoration of
a proper temporal sequence: early controlled inflammation,
activation of anti-inflammatory regulation, and normaliza-
tion during the later remodeling phase.

The dynamics of alkaline phosphatase activity provide
additional evidence of the osteogenic component of the re-
sponse. ALP is directly involved in matrix mineralization by
hydrolyzing phosphorylated compounds, including pyro-
phosphate, and increasing the local availability of inorganic
phosphate required for hydroxyapatite formation [26]. In our
study, the increase in ALP activity on postoperative day 7,
particularly after combined laser and calcitonin treatment,
may reflect stimulation of osteoblast activity and early bone
matrix formation. Conversely, the reduction of ALP activity
by day 28 in the treated groups suggests that the peak phase
of osteogenic activation was followed by more timely nor-
malization of remodeling. This is important because pro-
longed elevation of ALP may indicate persistent or incom-
plete remodeling, whereas its gradual reduction together with
normalization of calcium and phosphate points to a more
coordinated reparative process.

The behavior of deoxypyridinoline further supports this
interpretation. DPD remained elevated in untreated injured
rats, indicating sustained degradation of type I collagen and
prolonged osteoclast-mediated resorption. Such persistence
of resorptive activity is expected during bone repair, since
damaged matrix must be removed before mature bone struc-
ture can be restored. However, excessive or prolonged resorp-
tion may delay regeneration and maintain a metabolically
unstable repair environment. The decrease in DPD after
laser irradiation, calcitonin administration, and especially
their combined use indicates attenuation of excessive osteo-
resorption.

From a therapeutic perspective, the combined use of
infrared laser irradiation and calcitonin appears especially
meaningful. Laser irradiation may support osteogenic and
immunomodulatory components of repair, including cel-
lular metabolism and regenerative activity within the injury
zone [27]. Calcitonin, in turn, probably contributed main-
ly through restriction of osteoclast-mediated bone resorp-
tion [28]. Their combined application therefore appears to
act in a complementary manner: laser irradiation supports
bone-forming and regulatory processes, whereas calcitonin
limits excessive osteoresorption.

The results obtained from isolated peritoneal macro-
phages on postoperative day 28 are particularly interesting.
At first glance, increased I1L-1f3 secretion by macrophages
after laser irradiation and combined therapy may seem in-
consistent with the reduced serum IL-1f3 levels observed
at the same time point. However, these two findings likely
describe different biological levels. Serum IL-18 reflects the
current systemic inflammatory state in vivo, whereas cytokine
secretion by isolated macrophages ex vivo reflects their func-

tional readiness and previous systemic programming after
bone injury. Therefore, peritoneal macrophages may not be
maintaining pathological systemic inflammation, but may
retain an increased capacity to respond to regulatory signals
during late remodeling.

The simultaneous increase in I1L-1f and IL-10 secre-
tion by peritoneal macrophages, especially after combined
therapy, may indicate not a purely pro-inflammatory shift,
but a more plastic and regulated macrophage state. IL-1f3
may reflect preserved participation of macrophages in remo-
deling-related signaling, whereas 1L-10 may limit excessive
inflammation and support a reparative phenotype. Such a
dual response is consistent with the modern understanding
of macrophages as highly plastic cells involved not only in
inflammation, but also in tissue clearance, angiogenesis,
remodeling, and repair [29].

Thus, the therapeutic effects of laser irradiation and cal-
citonin were not limited to isolated changes in individual
markers. Rather, they involved a coordinated rearrangement
of the “resorption — bone formation — inflammation —
resolution” axis. Their combined application produced the
most balanced profile: normalization of calcium and phos-
phate, modulation of ALP activity, reduction of DPD, limi-
tation of serum IL-1[, normalization of 1L.-10, and preser-
vation of macrophage functional plasticity.

Therefore, combined infrared laser irradiation and calci-
tonin administration may be considered a promising thera-
peutic approach for modulating reparative osteogenesis. Its
advantage lies in the simultaneous influence on bone matrix
formation, osteoresorption, mineral metabolism, and sys-
temic immune regulation. The observed activity of peritoneal
macrophages further supports the view that bone repair is
coordinated not only locally, but also through broader inter-
organ immune-metabolic communication. Future studies
should clarify the phenotype of these macrophages using
markers of M1/M2 polarization, iNOS/Argl, CD86/CD206
expression, NF-kB/NLRP3 signaling, and correlate these
findings with local histological and morphometric features
of bone regeneration.

Conclusions

The in vivo study showed that calcitonin, infrared laser
irradiation, and their combination differently modulated
reparative osteogenesis after a transcortical tibial bone defect
in rats. All therapeutic interventions tended to normalize se-
rum inorganic phosphate and calcium levels, with the most
consistent effect observed after combined laser irradiation
and calcitonin administration. Laser irradiation, particularly
in combination with calcitonin, increased alkaline phospha-
tase activity on postoperative day 7 and reduced it by day 28,
suggesting a phase-dependent modulation of osteoblast-re-
lated bone matrix formation. Calcitonin and laser irradiation
reduced serum deoxypyridinoline levels on postoperative day
28, while their combined application restored DPD values
close to the control level, indicating attenuation of excessive
bone resorption. Changes in IL-18 and IL-10 suggest that
the investigated therapeutic factors also influenced the sys-
temic inflammatory response, supporting a transition from
early inflammation toward resolution during later stages of
repair.
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Overall, combined infrared laser irradiation and calci-
tonin demonstrated the most balanced profile, affecting
mineral metabolism, bone formation, osteoresorption, and
cytokine regulation. These findings support the potential of
this combined approach as a modulatory strategy for bone
repair, although further morphological and functional vali-
dation is required.
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BnAMB KOABLUUTOHIHY T iIHOPAYEPBOHOIrO ACG3E€PHOro ONPOMIHEHHS HO CUPOBATKOBI MApPKepU
PEeMOAEAIOBAHHS KICTKOBOT TKOIHWUHU M 30NAAEHHS Y LY PIB 30 YMOB €KCNepUMEHTAOAbLHOIo AedekTy KiCTKU

Pesiome. Axkmyaavricme. OniTrMmizaliis pernapaTMBHOIO OCTEOTEHESY
ITiCJISE TPABMAaTUYHOTO YITKOKEHHS KiCTOK 3aTMIIAETHCS BASKJIMBUM
3aBJAHHSM PEreHepaTHBHOI MEAUIIMHU i1 eKCTIEPUMEHTAIbHOI Op-
Torneii, 0cOOJIMBO B YMOBaxX OCTEONOPO3Y i MOPYILEHb 3POILEHHS.
CupoBaTKoBi MapKepu (popMyBaHHsI, pe30pOIlil Ta 3amajleHHs Ki-
CTKOBOI TKAHWHHU IIMPOKO BUKOPUCTOBYIOTH JIJISI OLIIHKY Tepebiry
pernapaTUBHUX MPOLIECiB i eDEeKTUBHOCTI TeparneBTUYHUX BTPYYaHb.
Tomy ToITyK HOBUX ITiIXOMIB 10 MOTYJTFOBAHHSI peITapaTUBHUX ITPO-
1IeCiB y KiCTKOBilf TKAHMHI CTAHOBUTH 3HAUHUI HAYKOBU 1 KITiHIU-
Huii intepec. Cepen TaKMX METOMIB 3aCTOCYBaHHSI KaJIbLIUTOHIHY i
iH(payepBOHOTO JIa3epHOTO OIMPOMIHEHHS Ma€ MMOTEHIIIMHMIT OC-
TEOTIPOTEKTOPHUI Ta iIMyHOMOIY/TIOIOUNIA BIUTUB. Mema: OTliIHUTHA
3MiHU CMPOBAaTKOBMX MapKepiB peMOJIEIIOBaHHST KiCTKOBOI TKAHWHU
Ta 3aMmaJieHHs TCIsT eKCIePUMEHTaIbHOTO YIIKOIKEHHST KiCTOK
IIIypiB, a TAKOX BU3HAYUTH BIUIUB KAJIBLIUTOHIHY I iH()pauepBOHOTO
JIa3ePHOTO ONPOMIHEHHSI Ha 11i MoKa3HUKW. Mamepiaau ma memoou.
PemapatuBHUiT ocTeOreHe3 TOCTiIKYBaIN B eKCIIEPUMEHTI in Vivo Ha
30 mrypax tiHii Wistar, sIKiM TTiI1 3araJTbHOIO aHECTE3i€I0 CTBOPIOBAIM
TpaBMaTUYHi AeeKTH B CepeHill TpeTUHi miadiza BeJTUMKOTOMiJIKO-
BOI KiCTKM. BUITagKoB1MM YMHOM iX pO3MOMLIMIN Ha IT SITh TPYII (T10
6 y KOXHil1): 1-111a — iHTaKTHI TBApUHM; 2-ra — HEJIIKOBaHI IIypu
3 TpPaBMAaTUYHUM YILKOIKEHHSIM KiCTKU (KOHTPOJIb); 3-Ts1 — TBapU-
HMU, SIKIM OfIpa3y ITiCJIs TPaBMU ITPOBOIWIIN JIOKAJTbHE OTTPOMIHEHHST
iH(bpauepBOHUM JIa3epOM; 4-Ta — IILYPH, SIKi OTPUMYBAIN KaJIbII-
TOHiH; 5-Ta — TBapUHU, Y SIKMX 3aCTOCOBYBAJIM KOMOiHALIil0 Kajlb-
LIMTOHIHY 1 iH(bpauepBOHOTO JIa3ePHOTO OMPOMiHEeHHST. Bu3HaueHO
CHPOBATKOBI KOHIIEHTpAIIil KaJIbLIilo Ta HeopraHiYHoro (ocdary, ak-
TUBHICTb JIYXKHOI (hocaTasu i piBeHb Ae30KcumipuanHojiny (DPD)
SIK MapKepiB peMOJIeTIOBaHHSI KiCTKOBOI TKaHUHU. PiBHI iHTEpI1eii-
kiny (IL) 1B ta IL-10 y cupoBaTiii KpoBi OIiHIOBAJIN SIK TTIOKA3HUKU
CHCTEMHOI 3amajabHOI BilMOBIi, TOB’SI3aHOI 3 EKCIIEPUMEHTATLHUM
KICTKOBUM YIIKOIKEHHSIM. LoCITiIKeHHSI TIPOBOAMIN Ha 7-My Ta
28-my moOy icsist onepattii. Pesyasmamu. TepareBTUUHI BTpyYaHHS
CMPYSUIY BiTHOBJIEHHIO CHPOBATKOBOI KOHIIEHTpAllii HEOPraHiYHOTrO
docdary o piBHIB, OIM3BKUX 10 KOHTPOJIBHUX, IIPUUOMY HAMOLTBIII
BUpPAKEHUI e(PeKT CITOCTepiraan mpyu KOMOIHOBAHOMY 3aCTOCYBaHHi

KaJIbLIUTOHIHY Ta JIa3epHOTO orpoMiHeHHs. [1o1ibHi 3MiHYM BUSIBIEHO
I0J0 KOHUEHTpALlil KaJbllito B CUPOBATLi KPOBi, sIKa HaOIM>KaIacst
IO TIOKA3HMKIB iHTAKTHUX TBAPWH, OCOOJIMBO B TPYITi KOMOIHOBaHOI
Tepartii. [HdpayepBoHe Ja3epHe OMPOMiHEHHS SIK CAMOCTIHO, TaK i
B KOMOiHallil 3 KAJIbLIUTOHIHOM BipOTiTHO IMTiIBULLLYBAJIO aKTUBHICTb
JIy>kHOI (pochaTazu Ha 7-My HOOY Ta 3HIKYBaAJIO — Ha 28-My 100y
MOPIBHSIHO 3 HEJIIKOBAaHUMHU TBapMHAMM, 1110 CBiTYMTh ITPO MOCH-
JIEHHST aKTUBHOCTI OCTe001acTiB Ta MpUcKopeHe (hopMyBaHHSI KicT-
KOBOTO MaTpUKCYy Ha paHHIX eTarax pernapaTuBHOTO OCTEOTeHe3y.
Kpim Toro, 3actocyBaHHs KaJabILIMTOHiHY I Ja36pHOTO ONTPOMiHEHHSI
BipOTiIHO 3HMXKYBaJIO KoHLeHTpalito DPD y cupoBarui KpoBi Ha
28-My 100y, Tomi K iX KOMOIHOBaHEe 3aCTOCYBaHHSI HOpPMaJli3yBajlo
piBeHb DPD 1m0 moka3HuKiB iHTAaKTHUX TBApWH, 1110 IEMOHCTPYE
TIPUTHIYEHHSI ITPOLIECiB KiCTKOBOI pe3opouii. Ha 7-My 100y B rpymax
JTIKYBaHHS BUSIBJICHO BUpaXKeHe 3pocTaHHsT KoHueHTpaii IL-10, ska
TepeBUILlyBaja MapamMeTpy HeJliKoBaHMX TBAapYH Y 2,4 pa3a, 1110 MOXe
BiZloOpaXkaTW aKTUBALIIIO MMPOTU3ANATbHUX MEXAHI3MIB, 3aTy4eHUX
1o perapatii TKaunH. Ha 28-my mo0Oy piBenb IL-10 3HIKYBaBCs Ta
HaOJIMKaBCsT 10 KOHTPOJbHUX 3HAYEHb, 110 CBITYMIIO MPO 3aBep-
LIeHHSI 3aMaibHOI BiAMOBii. 3araloM KOMOiHOBaHE 3aCTOCYBaHHSI
KaJIbLIUTOHIHY ¥ iH(pauYepBOHOTO JIa36pHOTO OIPOMIHEHHS IIPO-
JIEMOHCTPYBAJIO HAMOLIBII CIPUSTAVBUI BIUIUB SIK HA MOKA3HUKU
pEMOJIETIOBaHHSI KiCTKOBOI TKAHUHU, TaK i HA MapKepH 3araJleHHSI.
Bucnoexu. 3actocyBaHHS KaIbLIUTOHIHY, iH(ppauepBOHOTO JT1a3epHO-
T'O OIPOMiHEHHSI Ta, 0COOJIMBO, iX KOMOiHALIl YUHUTH CIIPUSITIUBUIA
BIUIMB Ha perapaTUBHUI OCTEOTeHe3 i MOIYJIIOE CUCTEMHY 3arlaibHy
BIMOBIIb ITiC/ISI €KCITIEPUMEHTATBHOTO YIITKOMKEHHSI KiCTOK Y IITypiB.
Komb6iHoBaHa Tepariist xapaKTepu3yBajiacsl HailbiIbIl BUPpasKeHOIO
HOpMaJi3alli€lo MOKa3HUKiB MiHEPAJIbHOTO OOMiHY, MPUTHIYEHHSIM
MapKepiB 0CTeope30pO1Iii Ta BiTHOBIEHHSIM LIUTOKIHOBOTO OaIaHCy,
10 CBiMUMTB PO ii MOTEHL1Iia SIK MepCIeKTUBHOI CTpaTerii MOCUIIEH-
HS perapallii KiCTKOBOI TKaHWHM.

Kimo4goBi c1oBa: xanbuuroHiH; nedeKT KiCTKU; pernapaTuBHuUii
OCTEOreHe3; peMOJIeTIOBaHHS KiCTKOBO1 TKAHMHU; iH(DpauepBoHe
Jla3epHe ONMPOMiHEHHS; JIyxKHa (hocdarasza; 1e30KCUTTIPUAMHOIIH;
IHTepJIeUKiHU, 3aITaJIeHHsI; peTeHepallist KiCTKU
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Application of dapagliflozin in the treatment
of diabetic myopathy:
morphological aspects of risks and benefits

Abstract. Background. Given the frequent association of diabetes mellitus with diabetic myopathy and sarcopenia,
the effects of antidiabetic therapies on skeletal muscle structure and function remain clinically relevant. Considering
concerns that sodium-glucose cotransporter 2 inhibitors may promote muscle atrophy through catabolic mechanisms,
this study purposed to elucidate the advantages and disadvantages of using dapagliflozin monotherapy and in com-
bination treatment of streptozotocin-induced diabetes mellitus (STZ-DM) via a morphological study of the masseter
muscles. Materials and methods. Seventy-one male Wistar rats (180-200 g) were divided into three groups: 1 — con-
trol, 2 — with STZ-DM, and 3 — STZ-DM receiving treatment. The treatment group included the following subgroups:
3a — insulin glargine/lixisenatide; 3b — dapagliflozin monotherapy; 3c — combined therapy with insulin glargine/
lixisenatide and dapagliflozin. Tissue sampling was performed on days 28 and 56 of the experiment in untreated
animals and on days 14 and 42 in treated groups. Results. Dapagliflozin monotherapy markedly improved the mor-
phological state of the masseter muscle, including under prolonged administration. Muscle recovery was associated
with improved microcirculation, reflected by reduced vascular impairment and increased capillary density, alongside
intracellular and extracellular regenerative changes. However, despite these beneficial effects, muscle fiber area at
day 56 remained lower in the dapagliflozin group than in the combined-treatment group, although differences from
insulin-based monotherapy were not statistically significant. Ultrastructural analysis also demonstrated reduced myo-
fibrillar volume density after dapagliflozin monotherapy. Conclusions. Dapagliflozin promotes regenerative processes
in diabetic skeletal muscle and improves glycemic control without inducing sarcopenia. Nevertheless, monotherapy
appears insufficient for complete muscle recovery in prolonged diabetes, whereas combined insulin-dapagliflozin
treatment provides superior regenerative and restorative outcomes in the masseter muscle.

Keywords: diabetes mellitus; streptozotocin-induced diabetes mellitus; myopathy; hemomicrocirculatory bed;
chronic immobilization stress; dapagliflozin; skeletal muscle

Infroduction SGLT2i is mediated by inhibiting glucose reabsorption in the

Diabetes mellitus (DM) remains the leading endocrine
disease worldwide due to the continuous increase in its
prevalence, high incidence of complications, disability, and
mortality [1—3]. DM is a risk factor for muscle mass loss
and sarcopenia, as well as a predictor for the development
of diabetic myopathy [4—6]. Therefore, the search for novel
antihyperglycemic drugs that maintain target glucose and
glycosylated hemoglobin levels throughout the day and con-
tribute to the prevention of DM complications is a subject of
ongoing scientific research.

Currently, sodium-glucose cotransporter 2 inhibitors
(SGLT2i), including dapagliflozin, are among the newest
antihyperglycemic agents. The primary antidiabetic effect of

proximal convoluted tubules of the nephron [7, 8]. Various
randomized clinical trials have demonstrated the cardiopro-
tective and renoprotective properties of SGLT2 inhibitors
[7, 9—11]. Furthermore, SGLT2i reduces body weight and
fat mass through increased energy expenditure via the acti-
vation of the adenosine monophosphate-activated protein
kinase (AMPK) pathway and alterations in adiponectin and
leptin expression. It also mitigates inflammation and insulin
resistance by activating M2 macrophages [12].

At the same time, their effect on skeletal muscles remains
controversial. A number of studies report a potentially adverse
effect, whereas other investigations indicate no changes or
even a positive impact. This issue is of particular importance
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not only given the widespread clinical use of SGLT2 inhibi-
tors but also due to the pivotal role of skeletal muscle in the
regulation of energy metabolism. Muscle tissue accounts for
substantial energy expenditure during physical activity and
significantly influences the basal metabolic rate. Increased
glucosuria combined with a decrease in blood glucose con-
centration can lead to an insufficient supply of glucose to
skeletal muscles, which, in turn, promotes the activation of
muscle proteolysis processes [13, 14]. Moreover, SGLT2i
causes a reduction in insulin levels and elevated glucagon
levels, which restricts the entry of glucose and amino acids
into the liver and muscles, triggering gluconeogenesis, glyco-
genolysis, and accelerating protein breakdown in muscles [15].
Consequently, skeletal muscle amino acids can be utilized as
primary substrates for hepatic gluconeogenesis and the for-
mation of new glucose molecules [16, 17]. This mechanism is
considered the main process responsible for muscle wasting
and sarcopenia during SGLT2i therapy [18, 19].

A clinical case has been described involving a 69-year-old
patient who developed muscle weakness and pain after one
year of therapy with the SGLT?2 inhibitor empagliflozin. Fol-
lowing discontinuation of the drug, the patient’s condition
improved. Based on the examination, a diagnosis of secon-
dary drug-induced myopathy associated with empagliflozin
use was established [20]. However, not all studies demon-
strate a negative impact of SGLT2i on muscle mass and the
development of sarcopenia; some studies showed no effect
on skeletal muscles [8, 21], while others indicated a positive
effect [14, 22, 23].

Given that the literature regarding the effects of SGLT2i
on skeletal muscles is quite contradictory, this study purposed
to elucidate the advantages and disadvantages of using da-
pagliflozin as monotherapy and in combination treatment
of streptozotocin-induced diabetes mellitus (STZ-DM) via
a morphological study of the masseter muscles.

Materials and methods

The study was conducted on 71 sexually mature male white
laboratory rats (body weight 180—200 g), divided into 3 groups:
group 1 — control (10 animals, 5 for each observation period);
group 2 — with STZ-DM (14 animals, 7 for each observation
period); group 3 — with STZ-DM receiving treatment (42
rats, 7 in each group for each observation period). STZ-DM
was modelled by a single intraperitoneal injection of strepto-
zotocin (24). In group 3, group 3a received daily subcutane-
ous injections of insulin glargine and lixisenatide at a dose of
0.5—1.0 U/kg body weight/day in the morning, 60 minutes
before feeding (pre-diluted: 1 mL of the drug to 20 mL of
saline); group 3b received dapagliflozin at a dose of 0.2 mg/kg
body weight/day in the morning, 30 minutes before feeding;
group 3c received subcutaneous injections of insulin glargine
and lixisenatide at a dose of 0.5—1 U/kg body weight/day in
the morning, and dapagliflozin at a dose of 0.1 mg/kg body
weight/day in the evening. Tissue sampling in groups 1 and
2 was performed on days 28 and 56 of the experiment, and in
group 3 on days 14 and 42 of treatment.

To eliminate the influence of circadian rhythms and bio-
logical activity on rat metabolism, material sampling was
carried out in the morning before feeding. For daily blood
glucose measurement under vivarium conditions, we used a

portable glucometer Accu-Chek Active by Roche Diagnos-
tics (Germany) with a standard set of test strips, using a drop
of blood obtained from the rat’s tail vein via superficial inci-
sions in the tail region in the morning fasting state. Animal
studies were performed in certified laboratories: the Educa-
tional and Scientific Laboratory of Morphological Analysis
at the Center of Bioelementology of the Ivano-Frankivsk
National Medical University. The experiments on rats were
conducted in compliance with all ethical guidelines [25].

Histological (hematoxylin and eosin, Masson’s tri-
chrome, Hart-Van Gieson staining), histochemical (Shaba-
dash method for glycogen inclusion detection), electron
microscopic, biochemical, and statistical research methods
were utilized.

For morphometric analysis, photographs of histological
sections were used (the field of view of a Leica DM 750 light
microscope was photographed using a digital CCD camera
with a resolution of 1200 X 1600 and saved in JPG format).
Morphometry was performed using ImagelJ software version
1.47t. The following parameters were measured on transverse
histological sections: the area of muscle fibers (MF), the
area of arterioles, capillaries, and their walls, followed by the
determination of the Vogenvort index (VI) according to the
formula [26]. The density of the capillary bed was determined
by counting the number of capillaries in an area of 0.1 mm?
of the transverse section of the masseter muscle.

On digitized electron micrographs, measurements of the
volume density of myofibrils, mitochondria, and the sarco-
plasmic reticulum were performed. A universal measuring
millimeter grid with a test line length of 1 mm was used for
measurements, and the volume density of the studied struc-
tures was calculated using the formula [27]: Vi = (Pi / Pt) X
x 100, where Vi is the volume density of the object under
study, Pi is the number of points inside the object under
study, and Pt is the total number of points in the test system.

Computer data processing was performed using the statis-
tical software package StatSoft Inc; Tulsa, OK, USA; Statis-
tica 12. The sample parameters presented hereinafter in the
tables and text are designated as follows: mean = SE, and
p < 0.05 — achieved level of statistical significance.

Results

Our studies showed that the use of dapagliflozin both as
monotherapy and in combination with insulin significantly
improved the glycemic profile of diabetic rats at all observa-
tion periods. Notably, in group 3c, glucose and HbAlc levels
were closest to the control values at all stages of the study.

The histoarchitecture of the masseter muscle at both days
28 and 56 of the experiment significantly improved in all
subgroups of group 3; however, the most intensive restoration
of glycogen inclusions in the MFs was observed in groups 3a
and 3c (Fig. 1f, j). In group 3b, which received dapagliflozin
monotherapy, the content of glycogen inclusions in the MFs
was heterogeneous at all observation periods (Fig. 1h), yet it
was more intense compared to the untreated diabetic group
(Fig. 1d). In all subgroups of group 3, the masseter muscle
restored its normal histological structure (Fig. le, g, i). Nota-
bly, a substantial number of myosatellite cells were visualized
in the endomysium of group 3c (Fig. 1i), indicating enhanced
muscle regenerative activity.
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Figure 1. Remodeling of the masseter muscles during STZ-DM and treatment on the 56" day of the experiment.
The picture shows the histological structure of the masseter muscle in the normal state (a, b). Muscle damage,
fibrosis, vascular congestion (c), and glycogen depletion during SIDM (d). Regeneration of muscle tissue with
persistent edema (e) and glycogen accumulation in the masseter muscle (f) in r treated with insulin. Recovery
of the histo-angio-architectonics of the masseter muscle (g) and uneven distribution of glycogen granules in the
masseter muscle (h) of rats treated with dapagliflozin. Increased number of myosatellocytes (i) and uniform distri-
bution of glycogen granules (j) in the MFs of rats receiving combination therapy. Staining: H & E (a, g, i), Masson’s
trichrome (c, e), Shabadash’s (b, d, f, h, j). Magnification: x 200 (c, e, g, i), *x 400 (a, b, d, f, h, j)
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In group 2 rats on day 56 of the experiment, the masseter
muscle demonstrated foci of fibrosis and engorgement of all
microvessels due to erythrocyte sludging and microthrombi
(Fig. 2c). Severe microcirculation and blood supply disorders
in the masseter muscle were confirmed morphometrically: a
significant increase in the VI (Fig. 2a, b) of arterioles and ca-
pillaries was observed, indicating their low patency, alongside
a reduction in capillary density per 0.1 mm? of the masseter
muscle cross-section (Fig. 2¢). Hyperglycemia, metabolic
alterations, and microcirculatory disorders in group 2 rats
resulted in masseter muscle atrophy, which was particularly
pronounced on day 56 of the experiment (Fig. 2d).

In group 3 rats, compared to group 2, the patency of
arterioles and capillaries significantly improved, which was
particularly indicative on day 56 of the study (Fig. 2a, b). It is
worth noting that the VI in the examined vessels of group 3¢
did not differ statistically significantly from the control values
at all stages of the study. Under these conditions, an increase
in capillary density per 0.1 mm? area was observed on day 56
of the experiment across the different subgroups of group
3, showing a 1.6 to 1.8-fold increase compared to group 2
(Fig. 2¢). Improved microcirculation and normalization of
the glycemic profile led to an increased MF area in group 3
rats on both days 28 and 56 of the experiment compared to
group 2 (Fig. 2d). However, in group 3b, these parameters
remained the lowest among all the treated groups (Fig. 2d).

Investigating the masseter muscle at the ultrastructural
level, we noted both intracellular and extracellular processes
of MF regeneration compared to group 2 rats (Fig. 3). In

group 3a, the restoration of the ultrastructural organization
of mitochondria and myofibrils, structural elements of the
granular and sarcoplasmic reticulum, and the accumulation
of glycogen granules in the sarcoplasm between myofibrils
were observed (Fig. 3b). Individual mitochondria exhibited
a cleared matrix and disorganized cristae. According to
the morphometric study data, the volume density of mito-
chondria and myofibrils was statistically significantly lower
compared to the control (Table 1). However, compared to
group 2, the volume density of mitochondria, myofibrils,
and the sarcoplasmic reticulum increased, with the volume
density of the latter approaching control values at diffe-
rent observation periods (Table 1). These changes occurred
against the background of a partial restoration of the paten-
cy and ultrastructure of the microcirculatory bed vessels. At
the same time, it should be noted that erythrocyte adhesion
and phenomena of microclasmatosis were observed in the
capillaries (Fig. 3b).

In group 3b of rats, which received dapagliflozin mono-
therapy, we noted both intracellular regenerative processes
characterized by the appearance of young mitochondria
and glycogen granules between myofibrils (Fig. 3¢) and
extracellular regenerative processes, manifested as the dif-
ferentiation of myosatellite cells into MFs (Fig. 3d). Along-
side these findings, MFs and myosatellite cells showing
signs of destructive damage were visualized: destruction of
mitochondrial cristae, lysis of individual sarcomeres within
myofibrils, the appearance of small and large vacuoles, and
dilation of the sarcoplasmic reticulum cisterns (Fig. 3d).

56 day

a 28 day

56 day

o 28 day

o 28 day

0 28 day

56 day

56 day

B Group 1 M Group 2

W Group 3a

M Group 3b M Group 3c |

Figure 2. Increase in the VI in arterioles (a) and capillaries (b) under different treatment methods involving the
use of dapagliflozin. Preservation of capillary density per 0.1 mm? of the masseter muscle in treated group 3 (c).
Restoration of muscle fiber area with the use of various antidiabetic drugs (d)

Notes (here and in Table 1): * — statistically significant difference compared to group 1 (p < 0.05); * — statistically

significant difference compared to group 2 (p < 0.05).
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Figure 3. Ultrastructural remodeling of the masseter muscle on day 56 of the experiment. Pronounced lysis of
myofibrils and destruction of mitochondria in group 2 rats (a). Preservation of MF ultrastructure and phenomena
of microclasmatosis in the masseter muscle of group 3a (b). Phenomena of ferroptosis (c) and vacuolar degene-
ration of muscle fibers and a myosatellite cell (d) in group 3b. Differentiation of a myosatellite cell into a myoblast
(e) and restoration of capillary ultrastructure (f) in group 3c. Electron micrographs, magnification: a—e) x6,400;
f) x8,000. Designations: 1 — myofibril lysis; 2 — mitochondrial fragmentation; 3 — mitochondrial degeneration;
4 — young mitochondria; 5 — normal mitochondrion; 6 — myosatellite cell nucleus; 7 — myoblast nucleus; 8 —
endothelial cell nucleus; 9 — microclasmatosis; 10 — MF’s nucleus; 11 — glycogen granules; 12 — myofibrils

Ultrastructural morphometric analysis revealed a decrease
in the volume density of myofibrils on day 56 of the study
compared to control values and group 3c. However, these
values were statistically significantly higher than those in
group 2 animals and did not differ statistically from group
3a, while the volume density of sarcoplasmic reticulum
structures did not significantly differ from the control va-
lues (Table 1).

The best indicators of masseter muscle ultrastructural
regeneration were demonstrated by group 3c of rats, which
received the combination treatment. The MFs exhibited a
normal ultrastructure and did not differ from the control
group of animals. Young and mature mitochondria, gly-

cogen granules, and structural components of the Golgi
complex and rough endoplasmic reticulum were visualized
in the sarcoplasm. The volume density of mitochondria,
myofibrils, and the sarcoplasmic reticulum did not dif-
fer statistically significantly from the control parameters
(Table 1). Moreover, a substantial number of myosatellite
cells undergoing differentiation into myotubes and myo-
fibers were recorded between the MFs (Fig. 3¢). These
ultrastructural changes occurred against the backdrop of
the restoration of the microcirculatory bed, particularly
transendothelial exchange, as indicated by a significant
number of micropinocytotic vesicles in the cytoplasm of
endothelial cells (Fig. 3f).
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Table 1. Volume density of mitochondria (M), MFs, and sarcoplasmic reticulum (SR)
in the masseter muscle (mean x SE, %)

e M MFs SR

1 16.01 £ 0.19 56.62 + 0.47 4.09 + 0.04
2 27.26 = 0.53* 54.02 + 0.46 4.15+0.20

Day 28 3a 17.81 £ 0.34* 55.49 + 0.46 3.99 + 0.04
3b 16.17 £ 0.19* 54.90 + 0.39 4.19 +0.20
3c 15.72 £ 0.17* 56.31 = 0.48 4.13 £0.06
1 15.77 £ 0.21 56.47 = 0.34 4.05 +0.05
2 10.47 + 0.43 34.41 £1.20* 1.81 £ 0.08*

Day 56 3a 15.24 + 0.44** 49.34 + 1.81* 3.62 £ 0.16*
3b 16.09 + 0.22 47.79 = 1.69* 416 +£0.18*
3c 15.92 + 0.17 56.49 = 0.41* 4.03 + 0.04*

Discussion rator-activated receptor-gamma coactivator-1a, regulating

Skeletal muscles play a key role in the regulation of glu-
cose homeostasis, as they provide insulin-mediated uptake
and subsequent metabolism of glucose [5, 28]. Given that
diabetes mellitus is frequently associated with the develop-
ment of myopathy and sarcopenia, which manifest as a re-
duction in muscle mass and strength, studying the impact of
various antidiabetic drugs on the structure and functional
state of skeletal muscles is of particular importance [6, 29,
30]. Because SGLT?2 inhibitors induce catabolic changes by
inhibiting glucose reabsorption in the proximal renal tubules,
concerns have been raised regarding their potential contribu-
tion to the development of muscle atrophy or sarcopenia [31].
For instance, in clinical observations, the use of luseogliflo-
zin was associated with a significant decrease in the skeletal
muscle mass index in patients with DM [16]. Concurrently,
other representatives of this class, notably tofogliflozin and
dapagliflozin, demonstrated improved glycemic control and
body weight reduction without a substantial decrease in mus-
cle mass in diabetic patients [32].

According to our study data, dapagliflozin monotherapy
significantly improved the morphological state of the masseter
muscle, even during long-term use (42 days). First and fore-
most, the positive effect of dapagliflozin was manifested by a
reduction in glucose and glycated hemoglobin levels, which
did not differ statistically significantly from group 3a rats and
were 1.5—2 times lower than the parameters of untreated
diabetic rats. However, carbohydrate metabolism parame-
ters remained higher than those of the control and group 3c.
Morphologically, intracellular and extracellular regenerative
processes were observed in the masseter muscle against the
background of microcirculation restoration (decreased VI and
increased capillary density). A characteristic feature of the
former was the regeneration and appearance of young mito-
chondria in the MF sarcoplasm. Moreover, on day 56 of the
experiment, the volume density of mitochondria in the MFs
of diabetic rats receiving only dapagliflozin was the highest
among all treatment groups and did not differ statistically
significantly from the control and group 3c. Other researchers
have experimentally proven that SGLT?2i ensures the preser-
vation of healthy mitochondria through various mechanisms,
including reducing the production of reactive oxygen species,
enhancing mitochondrial biogenesis via peroxisome prolife-

mitophagy, mitochondrial fusion and fission, reducing mi-
tochondrial caspase release, and regulating mitochondrial
membrane potential [33, 34]. B. Radlinger et al. showed that
empagliflozin administration for 10 weeks positively affects
the size and morphology of mitochondria in the skeletal mus-
cles of C57BIl/6 mice [34]. Empagliflozin demonstrated the
ability to modulate the mitochondrial apparatus of skeletal
muscles regardless of dietary patterns, which was manifes-
ted by changes in their morphology and biogenesis. These
changes were confirmed by an increase in citrate synthase
activity (a marker of oxidative metabolism and mitochondrial
density), as well as increased expression of Pgcl/alpha and
its related regulators of mitochondrial biogenesis, Nrfl and
Tfam; activation of the PGC-1a-NRF1-TFAM signalling
pathway promotes enhanced replication of mitochondrial
DNA, transcription of respiratory chain genes, and renewal of
the mitochondrial pool in skeletal musculature. Moreover, re-
searchers demonstrated at the ultrastructural level that under
the influence of empagliflozin, skeletal muscle mitochondria
acquire larger sizes and a more rounded shape compared to
the control. Other investigators have reported a beneficial
effect of empagliflozin on mitochondrial morphology and
oxidative phosphorylation processes — specifically in the
myocardium — that is independent of body weight changes,
as well as an improvement in skeletal muscle mitochondrial
function in experimental models of heart failure [35—37].
Thus, SGLT2i improves the energy substrate of skeletal mus-
cles by restoring mitochondrial morphology, which was also
demonstrated in our studies using dapagliflozin.

Literature data point to an important role of the mito-
chondrial network in skeletal muscle regeneration processes
and satellite cell functioning [38—40]. During myoblast dif-
ferentiation and muscle tissue repair, a significant enhance-
ment of mitochondrial biogenesis and enzymatic activity is
observed [41]. Accordingly, mitochondrial dysfunction is
associated with an impaired regenerative potential of skele-
tal muscles [41]. Here, we would like to emphasize the fact
that, according to our study data at both the histological and
ultrastructural levels, a significant number of myosatellite
cells were visualized in the endomysium of groups 3b and 3¢
rats treated with dapagliflozin — especially in group 3c. This
indicates a high regenerative potential in these groups, which
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is supported by morphometric and ultrastructural data. Spe-
cifically, in group3c, which received combination treatment,
the MF area did not differ statistically significantly from
control values at all study periods, and at the ultrastructural
level, we noted enhanced differentiation of myoblasts into
MFs. Despite this positive treatment effect, in group 3b (da-
pagliflozin monotherapy), the MF area on day 56 was the
lowest among all treated groups, although it did not differ
statistically significantly from group 3a. Furthermore, a de-
crease in the volume density of myofibrils was noted at the
ultrastructural level in this group; however, it should be noted
that these parameters did not differ statistically significantly
from group 3a (animals receiving insulin via the drug soli-
qua). Thus, combination treatment (insulin + dapagliflozin)
is optimal for the complete restoration of skeletal muscles in
STZ-DM. According to scientists, SGLT2i improves insulin
sensitivity, increases glucose uptake by skeletal muscles [42],
and reduces insulin resistance in skeletal muscles [43].

Conclusions

Based on the results of our study, it can be concluded
that dapagliflozin promotes both intracellular and extra-
cellular MF regeneration processes in the masseter muscle
of diabetic rats. Dapagliflozin monotherapy significantly
improved glycemic control in STZ-DM; however, it is insuf-
ficient for complete muscle restoration in long-term diabetes,
although it does not lead to the development of sarcopenia.
Combination therapy (insulin + dapagliflozin) is optimal for
maximizing the restorative and regenerative potential of the
masseter muscle.
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FabpeH-Cunnep A.-H., XKypakiscbka O.41.

IBAHO-DPAHKIBCHKY HALIOHAABHW MEeANYHWV YHiBepcuTeT MO3 YikpaiHu, M. IBaHO-PpaHKiBCbK, YkpQiHQ

30CTOCYBAHHSA AQNArAiPAO3NHY NPU AIKYBOHHI Ai06eTUYHOT MionaTii:
MOPPOAOriYHI ACneKT PU3MKiIB i nepesar

Pe3iome. Akmyaavnicms. 3 orysny Ha 4acTuil 3B 130K LyKpO-
BOro miabety i miabeTMYHOI MioIaTii Ta capKOMeHil BUBUCHHS
BIUIMBY aHTUIAiaO0ETUYHMX MperapaTiB Ha CTPYKTYpPY i (PyHKIIiIO
CKEJIETHUX M’s13iB Ma€ BaxJIMBe KJIiHiYHe 3HaYeHHs. BpaxoBytouu
MoOOBAaHHS IIIOJ0 3AaTHOCTI iHTIOITOPIB HATPIli-TIIOKO3HOTO
KOTpaHCIIOpTepa 2 CIPUYMHSITU M’ SI30BY aTpodilo yepe3 KaTa-
00JIiuHiI MexaHi3MU, Memoro OyJI0 OLIHUTU MepeBaru i oome-
JKEHHSI MOHOTepaltii 1anariichI03MHOM i KOMOiHOBAHOTO JIiKY-
BaHHS CTPENTO30TOLMH-iHAyKOBaHoTO miadety (CLII) muisixom
MOPdOIIOTIYHOTO aHai3y XyBaJlbHOTO M’si3a. Mamepiaau ma
memodu. Y nocliKeHHI BUKopuctaHo 71 mypa-camus JiHii
Bicrap (180—200 r), po3nonijieHUX Ha TPU TPynu: 1 — KOHTPOJIb-
Hy, 2 — rpyny HenikoBanoro CLI/, 3 — rpymny Tepamii CLIJ.
I'pyna 3 BriroUasa HAaCTYIHI miArpynu: 3a — iHCYJiH IyIapriH/
JikceHaTun, 36 — gamnaraicpao3uH, 3B — KOMOiHOBaHa Teparrist
iHCYJIIHOM TJIapriHOM/JIiIKCeHATUIOM i ganariidiao3uHoM. 3abip
MaTepiany 3miiicHIOBaIM Ha 28-My i 56-Ty 100y eKCIIEpUMEHTY
B HEJIIKOBAaHUX TBApMWH Ta Ha 14-Ty i1 42-Ty — B TepaneBTUIHUX
rpynax. Pesyssmamu. MoHoTeparisi nanariicio3MHOM CYTTEBO
noJjinuryBasa MOphOJIOriYHUI CTaH KyBaJIbHOTO M’s13a, Y TOMY

YUCJIi TIPU TPUBAJIOMY 3acTocyBaHHi. [l03UTUBHI 3MiHU CyNIpOBO-
IKYBaJIMCS BiTHOBJICHHSIM MiKPOIMPKYJISLIi, 301TbIIEHHSIM KaITi-
JISIPHOT IIUTBHOCTI ¥ aKTUBALII€I0 BHYTPIIIIHBO- i TO3aKTITUHHUX
pereHepaTopHUX npoueciB. OnHaK, He3BaXxaluu Ha i edekTu,
TJI01a M’SI30BUX BOJIOKOH Ha 56-Ty o0y Mpu BUKOPUCTAaHHI
nmanarai¢po3uHy 3aJuIanacs MEeHIIO, HiX y TpyIli KOMOiHO-
BAHOTIO JIiKyBaHHSI, X0Ua BiIMiHHOCTI Bil MOHOTEpaIlii iHCyJTiHOM
He OYJIM CTaTUCTUYHO 3HAYYIIMMU. YJIbTPACTPYKTYPHUI aHai3
TaKOX TPOAEMOHCTPYBAB 3HMXEHHSI 00’€MHOI 1ITBHOCTI Mio-
Gi6pun micaa MoHOTepartii ganariigiao3nHoM. Bucnosxu. Takum
YUHOM, Aanarii(ao3uH CIIPUSE pereHepaTOPHUM Mpoliecam y
CKEJICTHUX M’s13aX MiaOeTUIHUX IIYPiB i MOMIMIIYE TIiKeMidHUIA
KOHTPOJIb 0e3 o3Hak capkorneHii. [IpoTe MoHOTeparist € Heno-
CTaTHBOIO IS TIOBHOTO CTPYKTYPHOTO BiIIHOBJIEHHST M’s13a MPU
TpuBajoMy AiabeTi, Tomi sIK KoMOiHOBaHa Teparis (iHCyaiH +
nanariiio3uH) 3abe3nedye OUTbII BUPaXXeHi pereHepaTopHi Ta
MopdoJoTiuHi eeKTH y KyBaTbHOMY M’sI3i.

KirouoBi citoBa: uykposuii qiaGeT; cTpenTo30TOUMH-I1HIyKOBa-
HUIi niabeT; MiomaTisl; FeMOMIKPOLIMPKYJISITOPHE PYCJIO; XPOHiu-
HUI iMMOOLTI3alliiHUIA CTpec; nanartidIo3nH; CKeJIeTHI M 31
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Approach to evaluation of sex hormones,
pro-inflammatory cytokines,
and oxidative stress biomarkers in female infertility

Abstract. Background. A combination of sex hormones, pro-inflammatory cytokines and oxidative stress mar-
kers is associated with female infertility, affect reproductive function and is responsible for poor fertility outcomes.
The purpose was to evaluate a broad spectrum of sex hormones, pro-inflammatory cytokines and oxidative stress
markers in women with infertility and to relate them to the pathogenetic mechanisms of the disease, as well as
clinical outcomes. Materials and methods. A case-control study was conducted between March 2015 and Feb-
ruary 2016 in 140 women (95 infertile, 45 controls). We took 5 mL of blood, separated the serum and stored it at
—20 °C. Sex hormones (follicle-stimulating hormone, luteinizing hormone, estrogen, progesterone, prolactin) and
cytokines (interleukin-6, tumor necrosis factor-alpha, interleukin-1 beta) were measured with ELISA kits (BioTechne,
USA). Oxidative stress indices, such as malondialdehyde, superoxide dismutase, glutathione peroxidase and total
antioxidant capacity, were evaluated by conventional spectrophotometric and colorimetric techniques. Results.
There was no significant difference in age, body mass index or smoking status (P > 0.05) indicating baseline com-
parability. Infertile women showed a high level of hormonal imbalance, having more follicle-stimulating hormone,
luteinizing hormone, and prolactin, and less estrogen and progesterone (P < 0.01). The levels of pro-inflammatory
cytokines (interleukin-6, tumor necrosis factor-alpha, interleukin-1 beta) and malondialdehyde increased significantly
(P < 0.001), whereas the levels of antioxidant markers (superoxide dismutase, glutathione peroxidase and total
antioxidant capacity) decreased. There were significant correlations among hormones, cytokines and oxidative
stress markers showing a strong interaction between endocrine dysfunction and inflammation and oxidative stress
in infertility. Conclusions. Hormonal imbalance, elevated inflammatory cytokines and oxidative stress are found in
female infertility. These alterations reflect the multi-faceted roles of endocrine, inflammatory and antioxidant deficits,
and indicate they may be diagnostic and therapeutic targets.

Keywords: follicle-stimulating hormone; luteinizing hormone; prolactin; female infertility; interleukin-6; tumor
necrosis factor-alpha; interleukin-1 beta; oxidative stress; antioxidant biomarkers

Introduction

Female infertility is a complex condition affecting many
women of childbearing age and is a major health issue [1]. It is
commonly defined as the inability to conceive after 12 months
of unprotected, unplanned intercourse and may arise from
a range of factors including hormonal dysfunction, ovarian
dysfunction, tubal dysfunction, uterine dysfunction and auto-
immune dysfunction. Despite advances in fertility treatment,
many cases of infertility remain unexplained and there is a
need to understand the mechanisms involved and to identify
reliable biomarkers for early detection and treatment [2, 3].

Fertility in women is regulated by the endocrine sys-
tem through the actions of the hypothalamic-pituitary-go-
nadal (HPG) axis. Follicle-stimulating hormone (FSH),
luteinizing hormone (LH), estrogen, progesterone, and
prolactin play a critical role in the development of follicles,
ovulation, endometrial receptivity, and early pregnancy [5].
Alterations in the hormonal milieu can result in anovula-
tion, luteal-phase dysfunction, and implantation failure.
For example, increased levels of gonadotropins can be a
sign of reduced ovarian reserve, while changes in estrogen
and progesterone levels reflect ovarian and endometrial
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dysfunction. Moreover, hyperprolactinemia has been iden-
tified as an important factor that impairs the secretion of
gonadotropin-releasing hormone (GnRH) and therefore
disturbs ovulation [5].

In recent years, the focus of female infertility has gradu-
ally been shifting to the immune system. Cytokines such as
interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a),
and interleukin-1 beta (IL-1f3) play an important role in im-
mune regulation and are also essential for various aspects of
normal reproductive function including ovulation, fertiliza-
tion, and implantation [6]. However, a change in the expres-
sion of these cytokines may lead to a condition of low-grade
systemic inflammation which interferes with the reproductive
processes. Dysregulated folliculogenesis, low oocyte quality,
endometrial receptivity abnormality, and reduced likelihood
of successful implantation have been attributed to increased
levels of pro-inflammatory cytokines [9]. This dual action of
cytokines highlights why there should be a balance in the use
of pro-inflammatory and anti-inflammatory signals in the
reproductive environment [7, 8].

Female infertility is also attributed to oxidative stress.
This implies an imbalance in the production of ROS and
the antioxidant system. Even though ROS are needed to
maintain normal cellular functions and reproductive acti-
vities, excessive production of ROS could lead to oxidative
injuries to lipid, proteins and DNA [9, 10]. This may impair
development, fertilizability, and maturation of the oocyte.
The ability to counter oxidative stress is reflected in markers
of lipid peroxidation and oxidative damage (e.g., malondi-
aldehyde (MDA)) and the ability to counter oxidative stress
(e.g., superoxide dismutase (SOD), glutathione peroxidase
(GPx) and total antioxidant capacity (TAC)). Damage and
infertility are also aggravated by a weakened antioxidant sys-
tem in women who are infertile [11].

Most importantly, it has been demonstrated that there is
a significant cross-talk between the functions of hormone,
immune reactions and oxidative condition of female fertility.
Immune functioning and oxidative stress can be affected by
endocrine dysfunction and vice versa, chronic inflammation
and oxidative stress can change hormonal homeostasis [12].
This complex interplay of biological systems supports the
complexity of infertility and the need to assess the biomarkers
as a whole rather than individually. Rather, a multi-biomar-
ker approach may better reflect the underlying physiopatho-
logical processes [12].

Hence, the current study seeks to conduct a comprehen-
sive evaluation of sex hormones, pro-inflammatory cytokines
and oxidative stress markers in infertile women and fertile
women. Through the integration of hormonal, inflammatory
and oxidative biomarkers, this study purposed to understand
the interplay of biological factors involved in female inferti-
lity and to explore the possibility of biomarker profiles that
may improve diagnostic accuracy and guide future therapeu-
tic interventions.

Materials and methods

This case-control study was performed from March
3, 2025, to February 10, 2026, in Al-Nasiriyah Maternity
and Children Hospitals and private gynecological clinics,
Nasiriyah, Iraq. A total of 140 women participated in the

study, including 95 women with infertility (patient group)
and 45 healthy fertile women (control group). Women with
infertility were defined as per clinical definitions as the fai-
lure to fall pregnant after 12 months of unprotected regular
sexual intercourse, and diagnosis was confirmed by spe-
cialist gynecologists through clinical and laboratory tests.
Participants were excluded if they had chronic systemic
diseases, endometriosis, thyroid disease, or were on hor-
monal treatment.

Participants gave their informed consent before blood
samples were collected, and the study was performed
according to the Declaration of Helsinki. Venous blood
(5 mL) was obtained from the participants in a sterile
manner. The blood was then aliquoted into two tubes: an
EDTA tube for blood indices and a plain tube for serum.
The plain tube samples were left to clot at room tem-
perature, then centrifuged at 3000 rpm for 10 minutes to
separate serum, which was then aliquoted and stored at
—20 °C until required.

Sex hormones such as FSH, LH, estrogen (E2), pro-
gesterone and prolactin were quantified in serum using
commercially available enzyme-linked immunosorbent
assay (ELISA) kits (BioTechne, USA) following the
manufacturer’s guidelines. Serum levels of pro-inflamma-
tory cytokines such as interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-a) and IL-1f were also measured by
ELISA Kkits from the same supplier. Biomarkers of oxida-
tive stress were evaluated by determining malondialdehyde
(MDA) using the thiobarbituric acid reactive substances
(TBARS) assay, and antioxidant enzymes such as superoxi-
de dismutase (SOD) and GPx were measured by conven-
tional spectrophotometric methods. TAC was measured by
a colorimetric method.

We used the Statistical Package for the Social Scien-
ces (SPSS), version 26 (IBM Corp., Armonk, NY, USA)
for statistical analysis. The results were presented as
mean * standard deviation (SD). Independent samples
t-test was used to test differences in means between two
groups, while Pearson correlation coefficient was used to
investigate the association between hormones, cytokines
and levels of oxidative stress. P-value less than 0.05 was
taken as statistically significant.

The study was reviewed and approved by the institutional
ethics committee. Participants were informed of the study
and gave written informed consent. And patient information
was kept confidential.

Results
Sociodemographic and clinical characteristics
of infertile women and healthy controls

The results in Table 1 showed no significant differences
in age (29.8 = 5.6 vs. 28.9 £ 5.1 years, P = 0.312) and body
mass index (27.6 £ 4.3 vs. 26.9 + 3.8 kg/m?, P = 0.278)
between infertile women and controls, suggesting that the
two groups were well matched. There were also no statis-
tically significant differences in smoking (18.9 vs. 15.5 %,
P = 0.612). Infertile women had a mean duration of infer-
tility of 4.2 + 2.1 years, with a higher proportion of women
having primary infertility (64.2 %) than secondary inferti-
lity (35.8 %). However, infertile women had a significantly
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higher rate of irregular menstrual cycles than controls (54.7
vs. 13.3 %, P < 0.001), suggesting that infertility may be
linked to menstrual irregularity.

Comparison of sex hormone levels between
infertile women and healthy controls

In Table 2, the results show significant hormonal
changes in infertile women. Levels of FSH and LH
were significantly elevated in infertile women (8.9 + 3.1
vs. 6.7 + 2.4 mIU/mL, P = 0.002; 9.8 + 3.6 vs.
6.9 £ 2.7 mIU/mL, P < 0.001, respectively). In contrast,
estrogen and progesterone levels were significantly reduced
in the infertile group (78.5 £ 22.3 vs. 96.4 &+ 25.1 pg/mL,
P=0.004;4.2% 1.8 vs. 6.1 £2.0 ng/mL, P<0.001, respec-
tively). Prolactin levels were also significantly elevated in in-
fertile women (19.6 = 7.5 vs. 14.2 = 5.3 ng/mL, P =0.001),
suggesting a general hormonal imbalance associated with
infertility.

Comparison of pro-inflammatory cytokine levels
between infertile women and healthy controls
The results showed that there was a great increase in
pro-inflammatory cytokines in infertile women relative to
controls. Serum IL-6 levels were markedly higher in the
infertile group (7.8 = 2.6 vs. 4.9 + 1.8 pg/mL, P < 0.001),
accompanied by a significant increase in TNF-a levels
(18.2 = 5.4 vs. 12.6 + 4.1 pg/mL, P < 0.001). In the same
manner, the levels of IL-18 were found to be very high in
infertile women as opposed to the controls (5.6 £ 1.9 vs.
3.8+ 1.3 pg/mL, P <0.001). These results indicate a robust
inflammatory disease associated with infertility of females

Comparison of oxidative stress biomarkers
between infertile women and healthy controls

The researchers discovered that there was a significant
disruption in parameters of oxidative stress among infertile
women. The infertile women were found to have much higher
level of MDA (3.9 & 1.1 vs. 2.6 = 0.9 nmol/mL, P < 0.001)
implying increased lipid peroxidation. In contrast, anti-
oxidant parameters were markedly reduced, with signifi-
cantly lower levels of SOD (1.8 £ 0.6 vs. 2.5 £ 0.7 U/mL,
P <0.001), GPx (42.3+10.5vs. 55.7+ 12.2 U/L, P <0.001),
and TAC (0.82 = 0.21 vs. 1.15 =+ 0.25 mmol/L, P < 0.001)
in infertile women. These results indicate a state of severe
oxidative stress with a decline in antioxidant capacity in in-
fertility as shown in Table 4.

Correlation between hormonal, inflammatory,
and oxidative stress biomarkers in infertile women
The correlation analysis in Table 5 revealed substantial
correlations between hormonal, inflammatory, and oxida-
tive stress parameters in infertile women. There was a mo-
derate positive association between LH and IL-6 (r = 0.41,
P < 0.001), as well as between LH and TNF-a (r = 0.36,
P = 0.002), suggesting a possible association between go-
nadotropin levels and inflammation. There was also a pos-
itive correlation between prolactin and TNF-a (r = 0.31,
P = 0.006). On the other hand, estrogen was inversely cor-
related with MDA (r = —0.33, P = 0.004), implying that
estrogen may have an antioxidant effect. Likewise, pro-
gesterone levels showed a negative correlation with 1L-1f3

Table 3. Systemic inflammatory markers
in assessment of study groups (pg/mL)

(Table 3). :
. . . Parameter Imfrgl; COEtzgl P-value
Table 1. Comparison of baseline demographic (n = 95) (n = 45)
variables and reproductive health indicators between IL-6 78+26 49+18
study groups
-~ —— TNF-a 182+54 | 126+4.1 | <0.001
. nfertile ontro
Variable (n=95) | (n=45) | Pvale IL-1B 56+19 | 38+13
Age (years) 298256 | 28.9+5.1 0.312 Table 4. Assessment of lipid peroxidation and
BMI (kg/m?) 276+43 | 26.9+3.8 0.278 antioxidant defense status in study groups
Duration of infertility Infertile Control
(years) 42+21 Parameter (n = 95) (n = 45) P-value
Primary infertility 61 (64.2) N/A N/A MDA (nmol/mL) 39+11 | 26+09
Secondary infertility 34 (35.8) SOD (U/mL) 1.8+0.6 25+0.7 0.001
<VU.
Smoking 18 (18.9) 7 (15.5) 0.612 GPx (U/L) 423+10.5 | 55.7 +12.2
Irregular menstrual cycle | 52 (54.7) 6 (13.3) <0.001 TAC (mmol/L) 0.82+0.21 | 1.15+£0.25

Note: data are presented as mean £ SD or n (%).

Table 2. Assessment of reproductive hormonal
profiles across study groups

Table 5. Assessment of interrelationships among sex
hormones, cytokines, and oxidative stress parameters

; Variables r-value P-value

Rajanotar ::f:rgg (?noﬂgl) Rl LH vs. IL-6 0.41 <0.001

FSH (mIU/mL) 8.9+3.1 6.7+24 0.002 LH vs. TNF-a 0.36 0.002
LH (mIU/mL) 9.8+36 6.9+27 <0.001 Estrogen vs. MDA -0.33 0.004
Estrogen (pg/mL) 785+22.3 | 96.4 251 0.004 Progesterone vs. IL-1P -0.29 0.008
Progesterone (ng/mL) 42+18 6.1+20 < 0.001 Prolactin vs. TNF-a 0.31 0.006
Prolactin (ng/mL) 19.6+75 | 14253 0.001 TAC vs. IL-6 -0.38 0.001
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(r=-0.29, P = 0.008) and TAC was negatively correlated
with IL-6 (r = —0.38, P =0.001). These data suggest a mul-
tifaceted role of endocrine, inflammatory and oxidative stress
markers in infertility.

Discussion

In the current study, infertile women and controls
showed no significant differentiation in baseline parame-
ters such as age and BMI, suggesting a suitable matching
of the two groups and a reduction in possible confounding
factors. This supports the observed biochemical differen-
ces and implies that the observed changes are more likely
due to infertility-related factors, rather than age and BMI
differences.

Infertile women exhibited a marked hormonal dysfunc-
tion with elevated levels of FSH, LH and prolactin, and de-
creased levels of estrogen and progesterone. These findings
are consistent with other studies of HPG axis malfunction in
infertile women, even in other disorders where anovulation
and ovarian dysfunction occur [14, 15]. Increased FSH and
LH could be compensatory to reduced ovarian reserve or
follicular growth, but reduced estrogen and progesterone
levels indicate a lack of follicular growth and sufficient luteal
phase activity. Similarly, high prolactin levels have also been
documented to inhibit the release of GnRH and subsequent
ovulation and infertility [16]. However, other researchers
have not revealed any significant difference in prolactin levels
between infertile and fertile women [17] which may be ex-
plained by the differences in sample sizes, diagnosis criterion
or occurrence of certain infertility subtypes.

The study also showed significantly higher concentrations
of pro-inflammatory cytokines, such as IL-6, TNF-a and
IL-1p in infertile women compared to fertile women. This
observation is consistent with emerging evidence of a low-
grade inflammatory state in infertility [ 18, 19]. Cytokines like
1L-6 and TNF-a are critical for ovulation and implantation
but their over-expression has been shown to impact endome-
trial receptivity and embryo implantation [20, 21]. Increased
IL-1p has also been associated with dysregulated follicular
environment and compromised oocyte quality. On the other
hand, other studies have reported no increase in inflamma-
tory cytokines in some infertile women [22], which may be
due to differences in the cause of infertility (tubal infertility
versus hormonal infertility), sensitivity of the assay, and time
of sample collection [22].

Biomarkers of oxidative stress were highly dysregulated
in infertile women, with elevated MDA and reduced levels
of antioxidants, such as SOD, GPx and TAC. This evidence
confirms the involvement of oxidative stress in infertility,
with the induction of lipid peroxidation, cell damage and
defective oocyte maturation [23, 24]. Higher MDA levels
are indicative of lipid peroxidation due to increased ROS
production. Decreased antioxidant enzymes also contribute
to the oxidative damage, resulting in impaired ovarian and
endometrial functions. These findings are in line with reports
of a substantial link between oxidative stress and infertility
[25]. On the other hand, other studies have demonstrated
only minor to non-significant changes in oxidative stress
[26], which may reflect variation in environmental factors,
dietary antioxidant levels or laboratory methods.

The correlation analysis in the present study further sup-
ports the interaction between the hormonal, inflammato-
ry and oxidative stress pathways. The positive association
between LH and pro-inflammatory cytokines implies that
inflammation can affect gonadotropin levels, possibly via
cytokine-induced dysfunction of the HPG axis. Inverse re-
lationships between estrogen and oxidative stress indicators,
like MDA, further point to the antioxidant effects of estro-
gen, which has been reported to suppress ROS formation and
boost cellular antioxidant activity [27]. Likewise, the negative
correlation between TAC and IL-6 highlights the reciprocal
relationship between oxidative stress and inflammation, as
oxidative stress can trigger inflammation and vice versa [28].
Our results align with the integrated models of infertility that
stress the interaction between the endocrine, immune and
oxidative systems [29, 30].

While the study has several strengths, there are limita-
tions. Our study has a moderate sample size and a cross-sec-
tional design, which precludes causal inferences. Further-
more, hormone levels may be affected by the phase of the
menstrual cycle, which should be considered in future re-
search. The differences in the current results and some of
the previous ones could also be attributed to some popula-
tion-specific factors like genetic variations, environmental
and lifestyle factors.

Conclusions

The present paper proposes that female infertility is con-
nected with a multifactorial interplay of hormone changes,
systemic inflammation and oxidative stress. The collective
evaluation of these markers gives a more comprehensive
opinion of infertility and could be used to develop improved
approaches to diagnostic and treatment.
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KoMnAeKCHA OLiHKO CTATEBMX FOPMOHIB, MPO3ANAAbHUX LIUTOKIiHIB
Ta 6ioMapKepiB OKCUAATUBHOIO CTPECY MPu XXIHOYOMY Ge3nAipAi

Pestome. Axmyaavnicms. KoMGiHOBaHMIA BIUIMB CTATEBUX TOPMO-
HiB, TpoO3amnajbHUX LMTOKIHIB i MapKepiB OKCUIATUBHOTO CTPECY
TICHO MOB’SI3aHM i3 XKiIHOUMM O€3IUTIASIM, BUSHAYAE PETIPOIAYK-
TUBHY (DYHKIIiIO0 Ta OOYMOBJIIOE HETATUBHI pe3yIbTaT (DepTUILHO-
CTi. Mema: BU3HAYNTU B3aEMO3B’SI30K CTaTeBUX TOPMOHIB, ITpo3a-
MaJbHUX [IMTOKIHIB i MapKepiB OKCUIATUBHOTO CTPECY Y XKiHOK i3
OE3ILTiISIM Ta CIIBBIIHECTH iX i3 MTATOTeHETUYHUMM MeXaHi3MaM1
3aXBOPIOBAHHS, a TAKOX KIIIHIYHUMU pe3yiabTatamMmu. Mamepiaiu
ma memodu. [1poBeneHO TOCTIIXKEHHS TUITY «BUMAI0K — KOH-
TpoJib» y Tiepion 3 6epesns 2015 poky o mororo 2016 poky 3a
yuacTio 140 xiHoxk (95 — i3 6e3rutigasiM, 45 — KOHTPOJIbHOI Ipy-
mu). 3xailficHIOBaIM 3a0ip 5 MJI KPOBi, BiTOKPEMITIOBATIM CUPOBATKY
Ta 30epiranu ii npu Temiepatypi —20 °C. PiBHi cTaTeBUX TOPMOHIB
(honiky10CTUMYITIOIOU UL, JIIOTETHI3YIOUMil TOPMOH, €CTPOTEH,
MPOTEeCTEPOH, TMPOJIAKTUH) Ta IIUTOKIiHIB (IHTepJIeiKiH-6, dhak-
TOp HEKpOo3y MyXJINHU anbda, iHTepselikiH-1 0eTa) BU3HAYAIN 32
nornomorolo HabopiB ELISA (BioTechne, CIIIA). Inaekcu okcu-
JNATUBHOIO CTPECy, sIK-OT MAJIOHOBUIA iabIeril, CynepoKCcul-
NMCMYTa3a, [JIyTaTioHTepoKcuIasa it 3arajibHa aHTUOKCUIaHTHA
€MHICTb, OLIIHIOBAIM 3 BUKOPUCTAHHIM 3BUYAHMX CTIEKTPO(DO-
TOMETPUYHUX i KOJIOPUMETPUYHUX METOiB. Pe3yrbmamu. He Bu-
SIBJICHO BipOTiHOI Pi3HUII 3a IMOKa3HUKAMM BiKy OOCTEXKEHUX,
iHIEKCOM Macu Tijia uu ctatycoM KypiHHs (P > 0,05), mo Bkasye

Ha TMOPiBHSIHHICTh BUXiITHUX JaHUX. be3rTiaHi KiHK1 1eMOH-
CTpYBaJiM BUCOKUI piBEHb TOPMOHAIBLHOIO NucOagaHcy 3 Mil-
BUILIEHUM YMIiCTOM (DOTiKYJTOCTUMYITIOIOUOTO, JIOTEIHI3yI0u0ro
TOPMOHY ¥ MPOJIAKTUHY i 3HMKEHUM — eCTPOTEHIB Ta MporecTe-
pony (P < 0,01). KoHueHTpallii mpo3anajJbHUX LHUTOKiHIB (iHTe-
pJieiikiH-6, (hakTOp HEKPO3Y MyXJIMHU ab(da, iHTepIeiiKiH-1 6eTa)
i MaJloHOBOTO mianbaerimy BiporigHo 36imbumumcs (P < 0,001),
TOJi SIK aHTUOKCUIAHTHUX MapKepiB (CyNmepoKCUIIMCMYTa3a,
[JIyTaTiOHIIepOKCcHIa3a i 3arajibHa aHTUOKCUIAHTHA EMHICTh) —
3HM3WIMCcs. CriocTepiraaucs BiporiaHi KOpeJsiiiii Mizk TOpMOHaMH,
IIMTOKIHAMM 1 MapKepaMl OKCHIATUBHOTO CTPECY, IO CBITYUTD
PO CWJIbHY B3aEMO/II0 MiXX eHIOKPUHHOIO TUC(HYHKIIEIO Ta 3a-
MajJeHHSIM i OKCUJATUBHUM CTPECOM IMpu Oe3rutiani. Bucnosxu.
T'opMmoHanbHuMii nucbanaHc, MiABUILEHUN piBeHb 3aNaJbHUX LU~
TOKiHIB Ta OKCUIATUBHUI CTpeC BUSIBIISIOTH TIPU XXKiHOUOMY Oe3-
rigai. Lli 3MiHu BigoOpaxkaroTh OaraTorpaHHy pojib € HIOKPUHHUIX
MOpYIlIeHb, 3aMaJIbHUX MPOIECIB i aHTUOKCUIAHTHOTO AeDiluTy
Ta BKa3ylOTh HA MOXJIMBICTb X BUKOPUCTAHHSI SIK 1iarHOCTUYHUX
i TepaneBTUYHUX MillIeHEei.

KirouoBi ci10Ba: (ouikyaocTumy io0dnii FOpMOH; JIIOTETHI3YIO-
Y1l FOPMOH; ITPOJIAKTUH, XiHOYe Oe3IUIinas; iIHTepIeiiKiH-6; dhak-
TOp HEKPO3Y IMyXJIMHHU alib(a; iHTepieiiKiH-1 6eTa; OKCUIaTUBHUIA
CTpec; aHTUOKCUAAHTHI OioMapKepu
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OcoO6AUBOCTI METOAB pe3eKLin
TO PEKOHCTPYKLiN BePXHiX AUXAAbHUX LUASXIB
npu IHBA3IT B HUX MICLLeBO NOLUMPEHUX
3AOSKICHUX MYXAUH WWUTONOAIOHOT 30A03U

Pe3stome. AkTyanbHicTb. ®aKkTop ekCTpaTUpeoigHOro MoLLIMPEHHsI MiCLIEBUX 3/T0SIKICHUX MyX/INH LATOMOZIGHOT
3anosu (LL|3) 3 iHBa3i€ro y BEPXHI AnXasibHi LLISXU CYTTEBO MNOripLLye eheKTUBHICTb KOMIMIEKCHOro NiKyBaHHs. Ha
CbOrofHi He BU3HA4YeHI HiTKi MoKa3aHHS Ta rnpoTuoKkasaHHs o 3aCTOCyBaHHS METOLIB Pe3eKUivi | PEKOHCTPYKUI
AnxanbHUX LUMISIXIB 3aJ1€XKHO Bif sloKanidalii Ta NoLLUMpPEHHS iHBa3Ii, a TakoxX CTyreHs Mopghosnori4Hoi aughepeHLia-
yii nyxmvHn. MeTa: Bu3Ha4YuTy onTuMasibHi MeTOAM PE3EKUIV | PEKOHCTPYKLiVi BEPXHIX ANXASIbHUX LUJISXIB 3a51EXKHO
Big nokanizauii Ta noLuMpeHHs MyXmHHOI iHBa3ii 3rosikicHnx myxnmH LL3 vi mopgposnoridHoi guehbepeHyiadlii myxmmH
4714 noninweHHs ebeKTUBHOCTI JiKyBaHHS nayieHTis. Matepiann ta metoaun. Y LleHTpi eHQOKpUHHOI Xipyprii
JHinporneTpoBcbKoi 06.1acHOI KiiHIYHOI rlikapHi imeHi 1.1. MeuyHukoBa 66 XBOpUM i3 MiCLieBO MOLLMPEHMU 3T105IKiC-
HUMM [YyXSIMHaMU LMTOMNOLKIOHOI 3851031 3 NIapUHIroTpaxeasbHor iHBasieto npoBeaeHO KOMIIIEKCHE paauKasibHe
TiKYBaHHS i3 BUKOHAHHSIM PO3LUMPEHNX TUPEOIAEKTOMIV Ta 3aCTOCYBaHHAM PI3HUX METOAIB pe3eKLii BepXHIX
AnxanbHuX WsaxiB: 24 nayieHTam i3 no4aTKOBOK IHBa3i€t0 BUKOHAHO «IOJIHHS» MyX/MHN 3i CTIHKU AUXaribHuX
Lusxis, 21 — BIKOHYACTI pe3eKLii 3 eTarnHow nN1acTUKOK ANXabHUX LUAAXIB, 8 — KAMHOMOAIOHI pe3ekyii, 11 —
LMPKYIIAPHI pe3eKyii anxanbHUX LSXIB 3 O4HOMOMEHTHOIO M1aCTUKO, 2 — TOTallbHi TapUHIreKToMii. Pesyneratu.
BusHa4eHo riepesaru Ta HELOJIKU KOXHOIoO 3 MeToAiB pe3eKuii BepXHIX anxanbHuX Luisxis. [poBeneHo aHasia
crneynehidHNX YCKaaHEHb, a TaKOX pe3yrbTaTiB JliKyBaHHS, MOKa3HWKIB MICLUeBOIro peymanByBaHHS Ta maTUpIiYHOI
BWXXMBAHOCTI. 3anpornoHoBaHO criocobu rnosinLIEHHs KOXHOIo 3 BUKOPUCTaHNX METOLIB Pe3eKLii Ta PeKOHCTPYKLi
BEPXHIX AnxasibHUX LUAXIiB. Ha nigcrasi oTpyuMaHux gaHux BU3HA4YEeHO HiTKi MOKa3aHHS Vi MPpOTUNOKa3aHHs 4/18
KOXHOI0 3 JOCTIfXXYBaHNX METOLIB 3a51€XXHO Bif sloKanidayii Ta MNoLLUMPEeHHs iHBag3ii, a TakoxX Big CTyrneHs ange-
pexyiayii nyxnvHu. BUCHOBKKU. MeTof «roniHHs» MyXJIMHW MOXe 6yTn PEKOMEHLOBAHWM JINLLE MPY N0HaTKOBIM
iHBasii BucokogmehepeHyivioBaHnx nyxivH. KnmHonogioHa pe3exkuyisi Mae cyTTeBi 0OMEXEHHS Mpy 3Ha4YHOMY pO3MIpi
MyX/IMHWY Ta HU3bKOMY Vi CEpEAHbOMY CTyreHsIX ii MopghornoridHoi augheperuiadii. Mpy noumpeHivi iHBasii, oco6mBo
3 YPaXKeHHsIM ropTaHi, Ans nyxavH 6yaAb-sKoro CTyneHs augepeHuyiaLii BIKoH4Yacta pe3eKuis BEPXHIX AnXarbHUX
LUISXIB € eQEKTUBHILLION 3a LMPKYIISIPHY PEe3EKUito.

Knto4oBi cnoBa: as1osikicHi myxmmHu LMTONOZIGHOT 3a51031; eKCTPaTUPEeOifHe MOLLMPEHHS; NapuHroTpaxeasbHa
IHBa3isi; BEPXHI AnXalibHi LLIIAXW, PE3EKLisl Ta PEKOHCTPYKLIA AnXallbHNUX LUTISAXIB

Bctyn

ExcrpaTupeoinHe mommpeHHs 3710SKiCHUX IMyXJINH I~
TonoaioHoi 3ano3u (3I1113) € cyrTeBUM (haKTOPOM, SIKMIt
noripirye eeKTUBHICTD JIiKyBaHHs XxBopux. Haituacrimie
inBazis 3I1LL3 BinOyBaeTbcsl Y BepXHi AUXaTbHI HMUISIXA
(BILL) [1—3]. Onni 3 mepiux Kiacudikairiii iHBasii Tpaxei,
nonaHi y 1993 poui D.H. Shin et al. ta J.C. McCaffrey,

I'PYHTYBAJIMCS Ha CTYII€HI IIPOPOCTAHHS Y CTIHKY Tpaxei —
BiIl ITOYAaTKOBOI iHBa3ii MOBEPXHEBOIO aABEHTUIIIMTHOIO
1apy 1o MIOBHOTO YpaxKeHHsI CTIHKM MYXJIMHOIO 3 ii Mpo-
POCTaHHSIM Y TIPOCBIT Tpaxei. ABTOpU 3aIlIPOIIOHYBAIM Me-
TOAMKY MTOBEPXHEBOTO «TOJIIHHS» MYyXJIMHU (shaving) mpu
MovaTKoBili ii iHBa3ii y ctinky B/ILL 6e3 nmopyiieHHs rep-
MeTUYHOCTi. Taka orepallist BiIpi3HSIETHCS MaJIOI0 TPaB-
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MaTUYHICTIO, ajie He € paguKaiabHoIo [4, 5]. ¥V 2005 poi
H. Dralle Ta M. Brauckhoff npencraBuim knacudgikariiio,
sIKa OXOIUTIOBAJIA IIiCTh TUITIB iHBa3il myxiuH y BJILI — Bix
YPaKEeHHSI JIMIIIE aIBEHTUILIIITHOI OO0JIOHKM Tpaxei, 3a SIKOro
PEKOMEHITYBaJIu «TOJiHHSI» TTyXJIUHU, 10 TOIIUPEHHS MyX-
JIMTHHOTO TIPOLIeCY Ha CTPaBOXi i repeaxpe0ToBy (daciiio,
1110 TTIOTpeOyBaio TOTAJIbHOI JJapMHIEKTOMIi Ta Tpaxeoda-
puHrocroMii. [1py 1bOMy He BpaxOBYBaJIMCSI IPOTSKHICTD
iHBa3i1 3a JOBXUHOIO Tpaxei, KiTbKIiCTh ypaXKeHUX ITiBKiJICIb
Ta UUPKYJISIPHE MOLIMPEHHS MyXJIMHU HABKOJIO Tpaxei, 1110
Ma€ BaxKJIMBe 3HAYEHHS 17151 BUOOpY METOay pe3eKiiii [6, 7].

Mu BUKOpPHCTOBYBaIM CydacHy Kiacudikaliito iHBasii
nyxjguH y B amoHchkux aBTopiB (2022), sika Bpaxo-
BYE TIOIIIMPEHHSI TOBHOI MyXJIMHHOI iHBa3i1 y ctinku BT
3a JIOBXMHOIO Ta o KoJjy Tpaxei: Tr0 — menie Hix 20 %
o kojy; Trla — 20—40 % 1o Koty Ta MeHIIe HiX 4 cM 3a
noBxuHomw; Trlb — 20—40 % no xoay Ta moHaza 4 cM 3a
noBxuHow; Tr2a — 40—80 % 1o Koty Ta MeHIIe HixX 4 cM
3a noBXHHOI0; Tr2b — 40—80 % 1o KoJjy Ta moHam 4 cM 3a
noBxuHow; Tr3a — 80—100 % 1o Koy Ta MeHIIe HixX 4 cM
3a nopxuHow; Tr3b — 80—100 % mo Koy Ta Gijblie Hix
4 cM 3a JOBXUHOIO [8].

3arajioM BU3HAYA€ETHCSI 3 OCHOBHUX TUIIM PE3eKIIii
Tpaxei 3aJIeXKHO BiJl CTYMEHsI Ta MOIIMPEHOCTI iHBa3il: «ro-
JIIHHSI» TIYXJIMHU, BiKOHYACTa pe3eKllis Ta UMPKYJIsipHa
pesexilist. KoxxHuii criocié Mae cBoi MeBHi epeBaru Ta He-
nojiku. [1pu moyarkosiii iHBa3ii IyXJIMHU B aABEHTULIIN-
HUIi map Tpaxei 0e3 MPOPOCTaHHS y CIU30BY O0OJIOHKY, 3a
YMOBU BUCOKOTO CTYIIeHs audepeHIlialil MyxXJInH, Oilb-
1IiCTh aBTOPiB pEKOMEHIYIOTh METOIMKY shaving — rocrpe
«TOJIIHHST» TTyXJIMHU 3i 30epexkeHHsIM repMmeTuaHocTi B,
3a3Buyaii MONIMPEHICTh TAKMX MTOYATKOBUX iHBa3i 110 KOy
Ta 3a TOBXHMHOIO Oysia HeBenukoio [3, 9, 10]. Cepen nmepesar
1IOTO METOJY BiI3HAYAETHCSI Majia TPaBMAaTUYHICTh OTie-
pauii Ta Maiixke BIICYTHI NepionepauiifHi yckiaaHeHHs,
1110 Iy>K€ aKTyaJbHO Y BUIAAKaX MALiEHTIB MOXWJIOTO BiKY
3 TSKKOX KOMOPOigHOIO MaTosioriero. ['oJJoBHUIM Heao ik
LIbOTO METOLy — HEMOXJIUMBICTh BIIEBHEHOTO PAIUKATbHOTO
BUIAJIEHHS MyXJIMHU. 3 iHIIOTO OOKY, TicisionepaliiiHa
Teparis pagioaKTUBHUM MOIOM J03BOJISIE TPUMATHU IOKa3-
HUKW II’ITUPIYHOI BIDKMBAHOCTI Ha PiBHI TPYII MAlli€HTIB,
SIKUM TIPOBOAMJINCH OiIbII paauKalbHi METOAM PE3EKIIil.
ABTOpPH BiI3HAYalOTh BipOTiIHE IMOTipIIeHHS ITOKA3HUKIB
BIDKMBAHOCTI, OCOOJTMBO BiITaJIeHNX, CaMe 3a PaXyHOK Mic-
1IeBOro peluauByBaHHs [11—13].

BikoHuyacTa pesexilisi — 1ie OKpyIjieHe abo MpsSIMOKYTHE
BUJQJIEHHS CTIHKM Tpaxei CyMiCHO 3 ITyXJIMHHOIO iHBa3i€lo y
MeKax 300POBMX TKAaHMH i3 3aMillIeHHSIM 00KOBOTO Ie(heKTy
BJILI mkipHUM KJanTeM Ta HaKJaZaHHSIM TPaxeoCTOMU,
sIKa OTHOYACHO a00 MOeTaIrtHO 3aKpUBAETHCS 3 (DOpMyBaH-
HSIM TIpUPOIHOI AuxanbHOl TpyOoku [12, 14, 15]. ABTOpH
Bi/l3HAYal0Th MaJUii BiICOTOK MiCLIEBOTO pelUANBYBaHHS
Ta 700pi BiflajaeHi pe3yJibTaTy JIiKyBaHHsI TTPU BUKOHAHHI
BIKOHYACTHX pe3eKlliii 3 popmyBaHHSIM cTOM [16—20].

Tperiit Tum pesexuii B11 BBaxkaeThcst HAMOLIBII pamgy-
KaJIbHUM Ta PEKOMEHIYEThCS Y BUMAIKaxX BEJIMKUX iHBa3ii
3a Tunom Tr2—3, 0ocoOMBO SIKILO iHBA3is MOIIMPUIIACS Ha
BCe KOJIO Tpaxei Ta ypaxkeHa 3aJHs1 MeMOpaHO3Ha YyacThHa
Tpaxei. OCHOBHa IepeBara 1ibOro METo1y — OJHOYacHe
GopMyBaHHS TUXAJIBHUX IUISIXiB 0€3 HEOOXiTHOCTI eTaITHUX

orepalliif s 3aKpUTTS TpaxeocToMilt. ['0J10BHMIT HETOTIK
MOJIATAE Y BEJIMKIl YacTIli YCKJIaJaHEeHb, 10 SKUX TTPU3BO-
IUTb HECIIPOMOXKHICTh aHacTomo3y. Lleit MmeTon pe3exirii
BJI1LI 3a6e3neuye noOpi BimmaaeHi pe3yabTaT JIiKyBaHHS
XBOPMX Ta MaJIMii BIICOTOK MiCLIEBOTI'O PELIUIMBYBaHHS, ajle
Mae qyxe 6arato repiornepauiiHuX yCKJIaaHeHb. 3a JaHUMU
iTalificbKMX aBTOPiB, YCKIaAHEHHSI, OB’ s13aHi 3 Mpobiema-
MU aHACTOMO3Y, BUSIBJISLIUCS TpuOn3Ho y 70 % BUTIAJKIB,
110 TTPU3BEJIO 10 HEOOXiMHOCTI HaKJIalaHHS TPaXeOCTOMU Y
30 % mauieHTiB, a repiornepariitHa JIeTaJbHICTh CTAHOBMIIA
1o 10 % [21].

Ha croroaHi 4iTko He BU3HAYEHi OKa3aHHS Ta IIPOTU-
MTOKa3aHHS 10 3aCTOCYBaHHS KOHKPETHUX METO/IIB pe3eKIIil
Ta peKoHcTpyKilii B 3aexxHo Bif CTyneHs i MOIIMpeHo-
CTi MyXJIMHHOI iHBa3ii Ta cTymeHs: MOp(OJIOTivYHOI T epeH-
LiaLii myXJauHU.

MeTta: BU3HAYUTH ONTUMAaJIbHI METOAM pe3eKllii Ta pe-
koHcTpykKiii BJILL 3amexHo Bin joKasizallii Ta mommpeHo-
cti myxyimHHoOI iHBasii 31113 i MmopdosoriuHoi audepeH-
Liawii MyXJIvH 1T TiIBUIIeHHS e(PEeKTUBHOCTI JTiKyBaHHS
TMAaLiEHTIB.

Martepiaau Ta meToaun

V nepion 3 2004 no 2023 poky B LleHTpi eHIOKpUHHOL
Xipyprii JIHinporeTpoBCchbKOi 001acHOI KITIHIYHOI JIiKapHi
iMm. I.1. MeunukoBa nposikoBaHo 2300 xBopux Ha 3IT1113.
Vci naiieHTn oTpruMaii KOMIUICKCHE JIiIKyBaHHS i3 3aCTO-
CYBaHHSIM aJ1" FOBaHTHOI TPOMEHEBOI a00 XiMioITpoMeHeBOT
Teparlii 3aJIe>KHO Bill MOP(OJIOTiYHOTO TUITY MYXJIUHH.

[1pu moyaTKoBiil iHBa3il MyXJIUHU y TIOBEPXHEBUIA afl-
BEHTULIMHMI 11ap Tpaxei Ta OesKUX BUMAIKaX IePCHEI0-
NIOHOTO Biiy ropTaHi y 24 naiiieHTiB TpOBOMBCS METO]
«roJIiHHS» (shaving) myxnuHu. I'ocTpuM cnocoboM, CKajlb-
meyieM, BUCIKaBCsl TOBEPXHEBUH 11ap TUXaTbHUX HUISIXIB 3
YaCTKOIO XPsIIiB MiBKiJelb Tpaxei ado MepcHeno1ioHOro
XpsIIIa Ta eJIeKTPOKOATYJISIIEI0 3aIUIIIEHOI TOBEPXHi 3 3a-
acoM 10 KOJIy Juist 30ibllieHHsT pagukaiizmy. [lepeBaxk-
HO TaKi iHBa3ii He MepeBuIlyBaJu 1 ¢cM B MAaKCUMaJbHOMY
niamMeTpi, HaOIBIINI po3Mip TTOBEPXHEBOI IMOYATKOBOI
iHBazii B Halliil mpakTuui 0yB 3 miBKiibLs Tpaxei. ETanu
oIIepallil «TOJIiHHS» ITiCJII PO3IIMPEHOI TUPEOieKTOMIl IIpKu
Bi3yaJtizallii iHBa3ii HaBegeHO Ha puc. 1. 30Hy iHBa3ii rocTpo
BUCiKaJIu, MiCJIsI YOTO eJIEKTPOKOATYIITOPOM 00pOOIISIIN
11apu Tpaxei MiJ 30HOI0 BUCIYeHHSI Ta HABKOJIO HEl.

Mu He cnocTepiraju XKOIHOI0 BUMNAAKY YCKIJIaIHEHb,
MOB’sI3aHUX 3 TAKUM BUIOM pe3ekiii. Husbka TpaBmaTny-
HICTh TAKOI'0 BUIY Pe3€KIllil BaxKJIMBa JJIsl Malli€HTIB MO-
XUJIOTO BiKYy 3 KOMOPOIiZHOIO IMaTOJIOTi€0. 3 iHIIOro OOKY,
00poOKa 30HU «TOJTIHHS» Ta HABKOJIO HEl eJIEKTPOKOAaryJIsi -
TOPOM JAa€ HaMil0 Ha 3HUILEHHS MiKPOCKOITIYHUX 3aJIUIIKIB
MyXJIMHU Y Oibi Timbokux mapax B, oco6auBo K110
BpaXxOBYBaTX MOXKJIMBICTb MOAAJIBIIIO] pagioiioaTepartii aJst
IMyXJIMH BUCOKOI nudepenmianii [17, 18, 22].

ITouatkoBa iHBa3zist y moBepxHeBuii map B no3BoJisie
TIPOBOIWTU MaJIOTpaBMaTUYHIi OIlepallil MeTOIOM <«TOJIiHHS»
MyXJIMHU, aJle TTOIIMPEHHs MyXJIMHU yepe3 yci mapu B
IMOTpeOdye GBI paguKalbHUX METOMIIB pe3ekilii. Maiixe
yci Bunaaku noBHux iHBaziit B/ Mu miarHocTyBaiu Ha
JoornepaliiiHoMy eTalli 3a JOIOMOrow0 ToMorpadii Ta ¢i-
opoTtpaxeockorrii [17, 22, 25].
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PucyHok 1. OnepauiviHi nons nauieHTkn @., 64 poku, nicns TMpeoifeKTomii 3 iHBa3iero naninspHoro paky
y noBepxHeBuU LUAap Tpaxei Ta cTaH nicas «roniHHs» i enekTpokoarynsayii iHeasii (BkazaHo 3aTucka4yamm)

HactynHum MeTonoM, sIK1ii My 3aCTOCOBYBaIM Y Malli-
€HTIB 3 iHBazi€w ycix mapis B/ 3 Bea1ukum nommpeH-
HsIM, OyJia BikoHyacTa pesexitist BILL 3 3aminieHHsIM Buna-
JICHNX OOKOBMX CTiHOK Tpaxel Ta IIepCHEIIOAiOHOT0 XpsIIa.

Kuiniyauii Bunanok nauientku I1., 52 poku, 3 nari-
JISPHUM pakoM 1uronoaioHoi 3anosu 11 cranii, T, N, M, 3
TMOBHOIO iHBA3I€0 Bill APYroro 10 MIOCTOTO MiBKiIbIIS Tpaxel
Ta 3/4 110 KoJ1y 000X OOKOBUX CTiHOK, 3 TOMOTPaMOIO, BUIa-
JIEHUM MaKpoTpernapaToM Ta eTariaMy orepallii, MogaHui
Ha puc. 2. Y nauieHTK1 cpopMoBaHa CTilika TpaxeocToma
i yac omepallii, moKa3aHMi ii CTaH y BiggajJeHOMY IIepioi.

TpaxeocToma y 1ii€i MaiieHTKX Oya TIaCTUYHO 3aKpUTa
MiCIIEeBUMU IIKipHUMU KJIANTIMU y nBa etanu. [lepiium
eTarioM TIicjisl paniolioarepartii, Ha 45-Ty 100y Micis paau-
KaJIbHOI oIlepallii MpoBeleHe YaCTKOBE 3aKPUTTSI CTOMU, a
11 Yepe3 MicsIIb — IMOBHE 3aKPUTTS CTOMU 3 (hOpMYBaHHSIM
LMIUPOKUX AUXATBHUX IUISIXiB U1 MIPUPOJIHOTO AUXAHHS

(puc. 3).

Taxky pe3exilito MOXJIMBO MPOBECTU MPU OyIb-SIKUX iH-
Ba3isIX, 3a BUHITKOM BUITAIKiB TOBHOTO ypaxkeHHst BT
10 KOJTy.

Bixonuacrti pe3exirii 3 popMyBaHHSIM CTiMKMX CTOM Pi3-
HUX PO3MipiB 3aJIe3KHO Bill MOIIMPEHHSs iHBa3ii MpoBeAeHi
21 mamieHTy. Y OiIbIIOCTI BUIIAAKiB CIIOCTepirajaach Imyx-
JINHHA iHBa3isl Ta nedeKT MepeHLOO0KOBOT CTIHKU ITiCIIst
il BUmajeHHs 3 OMHOTO OOKY, ajie Y YOTUPbhOX BUITagKaX
BiKOHYACTOI pe3eKIlil mepeaHboi Ta 000X OOKOBUX CTIHOK
Tpaxei (hopMyBaIuch OOKOBi CTiHKM IIKipHUMK T-110/110-
HUMHU KJIaNTSIMU 3 000X OOKiB.

KnuHonoaioHi pe3ekilii mpoBOAMINCH 8 TalliEHTaM Y
pa3i MOBHUX iHBa3ili yCixX 1IapiB MepenHboi Ta OOKOBUX CTi-
HoK Tpaxei. [IporunokazaHHsMu OyJv: MOIIUPEHHST iHBa3i1
Ha Oiblle HiX ABa MiBKiJIbLIS Ta OiJIbIIIE TTOJOBUHU IO KOTY
Tpaxei, ypaxXeHHs 3aJHbOI MeMOpPaHO3HOI CTIHKM Tpaxel
abo0 ypaxkeHHS Ta BiCYTHICTb MEPIIOTO MiBKiJbLIS Tpaxel
Ta KiJIbIIEBOI 3B’SI3KM (3 ypaXyBaHHSIM CKJIaTHOCTI SIKiCHOTO

PucyHok 2. lNauieHTka I1., 52 poku, ToMorpama ta eranv po3LLUNpeHOi TUPEeOoiAeKTOMIi 3 BIKOHYacTor pe3eKuyiecto

Tpaxei i popmyBaHHAM CTIiNIKOI TpaxeocToMu B onepaviiHoMy Ta BigaaneHoMy nepiogax
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PucyHok 3. @otorpadpii nauieHTku 1., 52 poku, aBa eTanu NOBHOro 3aKPUTTS BEJINKOI TpaxeocToMu
3 hopmyBaHHSAM ANXaJIbHUX LUJISAXIB

YIIUBaHHS Oe(PeKTy 10 MepPCHEeNOMiOHOro XpsIia TopTaHi)
[18, 22, 28].

V nBoX BUITaAKax HUPKYJISIPHUX PE3eKIIil CIIOCTepi-
rajioch ypaxkeHHs 6 TiBKiJelb Tpaxei 3 CyTTEBUM HATSITOM
30HM aHACTOMO3Yy. MU 101aTKOBO pO3CiKaau HIKHIO TPYITY
M’SI3iB, SIKi BiIXOOWJIM Bif Min’ I3MKOBOI KiCTKU ITiI HEIO,
1110 HE3HAYHO 301UJIBIINIO PYXOMICTh Ta TPOXU OITYCTUJIO
JIApUHTOTpaxeaTbHUI KOMIUIEKC 31 3HUXKESHHSIM HaTITy Y

30Hi aHacTOMO3Y. [{eKiJIbKOM XBOPUM Y ITiCIISIOIIe palliifHo-
My Tepioni Ha 5—6 AHIB MU OISITaIv MOJAEPHI30BaHU KOMip
Ilan1ia 3 mpuBomoM Ta ¢ikcali€o Mmadopiaas 10 TPYIUHH,
TaKOX MallieHTaM 3a00pOHSIIN 110 MOXJIMBOCTI KalllJisi-
1. [lpuknan HUpKyJasIpHOI pe3eKlii Tpaxei 3 MepBUHHUM
YIIMBAaHHSIM aHACTOMO3Y «KiHellb y KiHellb» CITOCOOOM Ha-
KJ1aJlaHHs 11IBiB Ha 30epeKeHi YaCTUHU KiJIbLIEBUX 3B’SI30K
noKa3aHuii Ha puc. 4.

PucyHok 4. ®otorpadpii onepauiiHnx nosis eTany UMpKynspHoi pe3ekuii Tpaxei
Ta HaK/1aAEeHoro nNepBUHHOro aHaCToMo3y «KiHelb Y KiHeLb»

PucyHok 5. ®@oTtorpadpii onepayifiHoro rnossi 3 TeCToM rnepeBipKu repmMeTUuYHOCTi aHacTOMO3y Tpaxei,
BifCYTHIiCTb BUXoay 6ynb6alloK rnoBiTpsi NPy MIAHATTI TUCKY Y ANXallbHOMY KOHTYpi
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17151 KOHTPOJTIO TEPMETUYHOCTI HAKJIaIEHOTO KJIMHOTIO-
NiOHOTrO ab0 LMPKYJISIPHOTO aHACTOMO3Y MU 3alIPOTOHYBa-
JIM BJIACHY METOIMKY, 3TiIHO 3 KOO B OIlepalliiiHy paHy 3a-
JMBaBcs Bi3ioNoTiYHUI pO3YMH TaK, 100 piHA MOBHICTIO
MOKpUBaja Tpaxelo, aHeCTe310J10T TUCIOKYBaB iHTyOaLiiiHY
TPYOKY MaHXXETOIO BUILIE 30HU YIIUTOTO neheKTy, MaHXe-
Ty pO3/AyBaB 10 YMOB MOBHOI I'épMETUYHOCTI Ta MiaHiMaB
HapKO3HO-AMXaJbHUM arapaToM TUCK Yy 3aKpUTOMY JIU-
xanbHOMY KOHTYpi (PEEP (ITTKB) — no3uTuBHMi TUCK B
Kinui Buauxy (Bim anri. Positive End-Expiratory Pressure)
Ha piBeHb 10 15 ¢cM BOTHOTO CTOBITYMKA. 3a BilICYTHOCTI
JIETEHeBUX 3aXBOPIOBaHb TaKUIi piBEeHb TUCKY OyB Oe3reu-
HUM. Y pa3i HeIOCTaTHbOI TePMETUYHOCTI aHACTOMO3Y ab0
IIIBiB MPU YIIMBAaHHI KJIMHOIOAIOHOTO Oe(eKTy CIocTepi-
raJIiv BuXif OyIp0aIIoK IoBiTps. BusiBneny 30Hy 101aTKOBO
YKPITUTIOBAJIM IIIBAMU, TTiCJISI YOTO MTOBTOPHO KOHTPOJIIOBAIU
TePMETUYHICTh IIUISIXOM ITiABUIIEHHS TUCKY. ['epMeTnuHmiA
aHACTOMO3 3a TaKOTO PiBHSI TUCKY TOBITPSI HE TIPOITYCKaB,
1110 TToKa3aHo Ha puc. 5 [17].

PesyAbTaTU

[ BU3HaYeHHS €(beKTUBHOCTI Ta MOPiBHSIHHS Pi3HUX
meToniB pesekiiit BJILL Mmu peectpyBanu came MiclieBi pe-
LUIVBY 3aXBOPIOBAHHS Ta MOKA3HUKM I ITUPIYHOI BUXKM-
BAHOCTI. ¥ TpyMi pe3eKiliii METO0OM «TOJIiHHSI» TTyXJIMHU
(24 BumaaKu) MiclieBi peLIMIMBY TPATUISIIMCS B IECTU BU-
mankax (25,0 %), moKa3HUK I’ ATUPIYHOI BUDKMBAHOCTI CTa-
HoBuB 83,3 %. [1pu pomy 3 17 BUNAIKiB ITyXJIMH BUCOKOI
nrdepeHianii peuauBy OyJIM BChOIO B IBOX BUITaIKaX
(11,8 %), BuxuBanicTs cTaHoBUIa 94,1 %.

V Bunmagkax cepeaHix Ta HU3bKUX AvepeHIialiiil pe-
3yJIbTATH OYJIM 3HAYHO TipIIMMU, 3 TBOX BUMAIKIB MEIYJIsIP-
HUX paKkiB y OJHOTO XBOPOI'O MiCLEBUI pelIUaVB TPaBCs
Ha 1mocTuii Micsib (50 %), BukuBaHicTh ctaHoBma 50,0 %.
3 n’SITH BUTIAAKiB HU3bKOAU(EPEHIIHOBAaHUX PaKiB Y TPHOX
crnoctepiraBcs Mmicuesuit peuuaus (60,0 %) 3i MBUIKOIO
reHepalizalli€lo 3aXBOPIOBAHHS Y ABOX MAIli€HTIB, SIKi MMO-
MepJIM BITPOAOBXK POKY CITOCTEPEXKEHHSI, BUXKMBAHICTh CTa-
Hosua 60,0 %.

CreundiyHUX yCKJIaaHEHb, TTOB’13aHUX 0€3M0CEePEIHbO
3i CITOCcOOOM pe3eKIlii Tpaxei, M1 He CIIOCTepirajiu, BiIco-
TOK crielu(iyHUX YCKJIaIHEHb Yy BUTJISIII Mape3y ropraHi
Ta MiCAI0IepalliiHOrO TilIOTUPEO3y 3aJUIlIaBCs Maiike Ha
piBHi CTaHAapTHUX TUpeoineKkToMilt 06e3 iHBasiit y B/, a
came OfHOOIUHI mape3u ropTaHi Oyau 3agikcoBaHi y IBOX
mamieHTiB (8,3 %), a CTiiKuii TiomapaTupeo3 — B OJTHOTO
xBoporo (4,2 %).

Takum 4ymHOM, METON «TOJIiHHSI» MyXJIMHU IIpH ii I10-
yaTkoBoi iHBasii y Bl MOXX11MBO peKOMEHIYBaTh XBOPUM
3 paKkaMu TUJIBKM BUCOKOI AucepeHIialii, I MyXJIuH ce-
peaHbOI Ta HU3bKOI qudepeHIialii HeoOXiTHe ITpoBeAeHHS
Oi7IbII paauKaabHUX MeTodiB pe3ekiiii BIIII.

3 21 xBoporo, SIKUM BUKOHAHO BIKOHYACTi pe3eKIil
BJIILI, micuieBi petiuanBy BUHUKIN y 4 Butiankax (19,0 %).
IIpoTsiroM I’ ITUPIYHOTO MEePioAy CIIOCTEPEKEHHS TTOMEPIIN
4 xBOpUX, 1110 Bignosigano BrkuBaHocTi 81,0 %. 3 14 maui-
€HTIB 3 paKOM BUCOKOI nudepeHiriaiii MiclieBi pelluaIuBU
criocTepiraiancs B ABoX Bumaakax (14,3 %), monpu moBTOpHi
XipypriyHi BTpy4aHHs IIOMEPJY ABi 0COOM (BUKMBaHiCTh
85,7 %). Cepen TpboX IMALIEHTIB 3 IMMyXJIMHAMU CepeIHbOT

mudepeHialii (MenyIsIpHIN pak) MiCLIEeBUI peIIUINB Bil-
3HA4YaBCs B OTHOTO XBOPOTO, MPOBENeHA JAPUHICKTOMIs 3i
CTIKOIO TPaXeOCTOMOIO, BUXKMBaHicTh craHoBuIa 100 %.
Y 4oTUpBHOX Malli€HTIB OyJIX MyXJIMHU HU3bKOI nudepeH-
1iallii, y OMHOro XBOPOro Ha aHAIUIaCTUYHUI paK BIIPOIOBXK
OITHOTO MICSIIS CITOCTePEXKEHHS Bil3HAUaBCS MiCIIeBUI pe-
LMIUB 3i LIBUIKUM MPOTPECYBAHHSIM Ta CMEPTIO (BUKMBa-
Hictb 50,0 %).

HasiBHiCTh cTOMU Ta BiAKPUTOTO BEeACHHS 30HU PEKOH-
crpykuii BJII no3BoJisie MOBHICTIO KOHTPOIIOBATU PO3-
XOIKEHHST 00 HECTIPOMOXKHICTh I1IBiB 30HU PEKOHCTPYK-
1i1 AMXaJIbHUX IUISIXiB Ta YHUKHYTH PO3BUTKY CEPHO3HUX
YCKJIaJIHEHb, TTOB’SI3aHUX 3 eM(}i3eMO0 Ta MeIiaCTUHITOM,
SIKi criocTepiranucs Npu MepBUHHUX aHACTOMO3ax.

[lapesu roprati, BpaxoByIlOUM pe3eKilii 00KOBUX Ta 3a-
JIHiX CTiHOK Tpaxei, Tparuisuincs y 23,8 %, oqHak BXe Mpu
3aKPUTTi CTOMM Ha APYTUI Ta TPETiii MiCsIIIi CITIOCTEPEeXKEeHHST
PYXOMICTh TOJIOCOBMX CKJIAJIOK TTOJIITIITYBajach, a MPOCBIT
ropraHi OyB 1OCTaTHil 1jisd BiibHOro auxaHHs. [liciasone-
paLiiiHui CTIMKWI TilmoIrapaTupeo3 Big3HavyaBCs Y IBOX
xBopux (9,5 %), aje BiH He OyB ITOB’sI3aHUIA 3i CTOCOOOM
pesexuii BJILLL.

Cepen 8 XxBopuX, SIKMM IIPOBEIeHI KJIIMHOIOMIOHI pe3eK-
1Ii1 Tpaxei, MiCIIeBi peLIMAMBY Bid3HA4YaaMCs B ABOX BUIIAI -
Kax (25,0 %), m’aTupiuHa BUXKMBaHICTh cTaHOBMIA 62,5 %.
Cepel YOTMPHOX MALliEHTIB 3 paKaMU BUCOKOI qudepeHIIi-
amii MiclueBi pemuauBY He criocTepiranucsa. Cepen Tpbox
MAalieHTIB 3 MyXJIMHAMM CepelIHbOl audepeHuiarii Miciie-
BMI1 peuauB OyB y omHOTo XBoporo (33,3 %), BUKUBaHICTh
craHoBwia 76,6 %.

V Bunankax KJIMHOIMOAIOHUX pe3eKilili 0OMHOOIYHMIA ma-
pe3 ropTaHi crioctepirasest y onHoro nanienTa (12,5 %).

Cepen 11 mauieHTiB 3 UMPKYJISIPHUMM PE3CKLisIMU Ta
TMEPBUHHUMHU aHACTOMO3aMM Tpaxei «KiHellb y KiHellb»
MicCLIeBi peuMANBU CIIOCTEPIraJucs y YoTUPbOX XBOPUX
(36,4 %), m’aTupiuyHa BUXKUBaHICTh cTaHOBUIA 72,7 %. 3
CceMU XBOpUX Ha BUCOKOAU(EpeH1ilioBaHUIT paK Miclie-
BUi1 peliuanB OYB y IBOX MalieHTiB (28,6 %), BUXKMBAHICTh
craHoBuia 85,7 %. 3 IBOX XBOPUX 3 IMTyXJIMHAMM CEPETHBOT
nudepeHitialii y onHoro 6ys peruaus (50,0 %) 3 netaiib-
HUM HactiakoM (BrxkuBaHicTb 50,0 %). 3 IBOX XBOpPUX Ha
MyXJIMHU HU3BKOI TudepeHIiiallii y OJHOTo CTaBcs Miclie-
Buit peruaus (50,0 %). Y 4oTUpbHOX XBOPUX CIIOCTEpira-
JINCh YCKJIATHEHHS, TIOB’s13aHi 3 HECIIPOMOXHICTIO 30HU
aHacToMo3y (ImimmkipHa emdizemMa 3 03HaKaMu IIBUIKO
MPOTPECYI0UOro MENiaCTUHITY).

3arajioM LUPKYJSIpHA Pe3eKllisi YOTUPbOX Ta Oijbliie
TMiBKiJIEIb Tpaxel 3 IeBHUM HATSTOM 30HM aHACTOMO3Y TTPO-
BOIMJIACH Y IIECTH TALIIEHTIB, Y TPhOX 3 HUX CITOCTepiraaach
HeCIpPOMOXHicTh aHacToMo3y (50,0 %). Takum urMHOM,
CTIOCTEPIraeThCs YiTKa KOpeJIsiisl 30iIbIIIEHHST BUMIAAKIB
HECIIPOMOKHOCTI aHACTOMO3Y 3i 30iJbIIEHHSIM KiJIbKOCTi
BUIAJIEHUX MiBKiJIe1b Tpaxei Ta HATSTy Yy 30Hi aHaCTOMO3Y.

Y mauieHTiB 3 UMPKYISIPHOIO PE3eKIli€l0 YOTUPHOX i
OinbllIe MiBKiJIeIb Tpaxel Ta 3 KIIMHOMOMIOHOIO Pe3eKIli€r0
TPbOX IiBKiJIellb, OKPiM MEPBUHHOIO yIIIMBaHHS Acdek-
Ty, IS 3amo0iraHHs yCKIaaHEHHSM, OB’ I3aHUM 3 He-
CIIPOMOXKHICTIO aHACTOMO3Y, MU 3aJIUIIaIN TTPeBEHTUB-
HY MiKpOTpaxeocToMy HIK4Ye Bifl 30HU yiuuBaHHS. [1pu
YCITIIITHOMY 3arO€HHI aHACTOMO3Y KaHIOJII 3a0upaiacs 3i
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skl

3HATTSIM OOKOBMX IIIBiB, MIKpOCTOMAa CaMOCTIiTHO 3aTsITy-
BaJlacsi BTOpDUHHUM HATSITOM, 0€3 [TOBTOPHOTO XipypriyHOro
BTpy4yaHHs1. BoHa He B 3M03i BUKJTIOUUTU BUHUKHEHHSI He-
CMPOMOKHOCTI 30HU YIIIMBAaHHSI, ajie BUKJIIOUA€ PO3BUTOK
HeOe3MevyHNX YCKIaIHEHb, OB’ I3aHUX 3 HECITPOMOXHICTIO
aHACTOMO3Yy.

3arasiom 3 19 nauieHTiB, AKUM NMPOBECH] KITMHOMOAIOHI
Ta MUPKYJSIPHI pe3eKlil Tpaxei, y 5 Oyau HakiIameHi Ipe-
BEHTUBHI MiKpOTPaxeOCTOMH Y BUIAAKaX BEJIMKOI0 HATSTY
Y 30Hi aHAaCTOMO3Y a00 YIIUTTS KJIMHOIIOAIOHOTO e(eKTy.
SIKIII0 TIpeBEHTUBHI MiKPOTPaXeOCTOMM 3arol0BaIMCh BTO-
PMHHUM HaTSITOM ITiCJIsI IeKaHYJIsI1ii XBOpUX Oe3 MOBTOPHUX
XipypriYHMUX BTpy4aHb, TO TPAXEOCTOMH, SIKi Oy/IM HaKJIaIe-
Hi JUTd JiIKyBaHHS YCKJIaHEHb, TOBOAWIOCH 3aKPUBATH 3a
JIOTIOMOTOI0 €TaIHOI orepallii, BUCIYEHHSI Ta HaKJIaJaHHS
BTOPUHHUX IIIBiB.

3 orisiny Ha MOBHY LUMPKYJSPHY PE3EKIIiI0 AUXaTIbHUX
LIJISIXiB TP LIbOMY BUIi BTpYYaHHSI, MU CIIOCTepiraau Hai-
BUIILY YAaCTOTY Mape3iB TOpTaHi cepell yCix METOMiB pe3eK-
wii — y 5 i3 11 xBopux (45,5 %), npruuomMy y ABOX i3 HUX
nape3u 0ynu 1BooiuHuMHU. Llum nauieHTam Oynau 3acToco-
BaHi IPEBEHTUBHI MiKpPOTPaXeOCTOMMU i, TIOIIPU ABOOIYHE
ypaxkeHHsI, TPOCBITY TOpTaHi OyJ10 JOCTaTHHO JIS1 BiJIbHOIO
IUXaHHS Ta IeKaHYJISIII ITiC/Is 3aTOEHHS aHAaCTOMO3y. Xo4a
nicasionepauiiHui rinonapaTupeos He € MaTOTHOMOHIY-
HUM YCKJIAAHEHHSIM, SIK€ 3aJIeXKUTh Bill METOLY pe3eKIil
B, y rpyni HUpKyIIpHUX pe3eKlliil CIIoCTepiraBcsl BU-
MMaIoK CTiliKoro rinormaparupeosy (9,1 %).

st aHamizy Ta MopiBHIHHS €(PEKTUBHOCTI BUKOPHU -
CTaHHS pi3HUX MeToaiB pe3dekiii BJILL mu po3podbunu ta-
OJIMIIIO 3 aHAJi30M OCHOBHUX CHelU(piYHUX YCKIaTHEHb,
xapakTtepHux st pezexitii BLLL. TTpoBeneHo aHani3 nape-
3iB TOpTaHi, Iic/sonepaniifHoro rinonapaTupeosy, yckiaau-
HEHb, MOB’SI3aHUX 3 HECTIPOMOXHICTIO aHaCTOMO3Y, Billco-
TKa HeOOXiTHOCTI HaKJIalaHHS TPaXeOCTOMU Ta MOKa3HUKIB
MiCLIEBUX PELIMAUBIB i I’ ITUPIYHOI BUKMBAHOCTI (Tab. 1).

TTokazHUKM YacTOTH TicJsionepaliifHOTO TirnomnapaTu-
peo3y Iic/isa BAKOPUCTaHHS pi3HUX MeTodiB pe3exitii BJILLI
CYTTEBO He BinpizHsuiucs. Lle ycknmamgHeHHsT Oyio0 MoB’si-
3aHO 3 MPOPOCTAHHSAM MYXJIMHU HE Y NIUXaJIbHI LUISIXU, a B
iHIII CTPYKTYypH Ta opranu mwui. [1pu MamoTpaBMaTUYHUX
MeTOoAaX «TOJIiHHSI» Ta KJIMHOIOMIOHI pe3eKkllii Bia3Ha-
Ya€ETHCSI CYTTEBO MEHIIMI BiACOTOK ITape3iB ropTaHi, 110
MOB’S13aHO 3 BTPYYaHHSIM TTepeBaxkHO Ha MepeTHLOOOKOBUX
CTiHKax Tpaxei, 03 30H1 MPOXOIKEHHS TOBOPOTHOIO HEP-
Ba. Ilim yac MoOpiBHSIHHS Pe3eKIliil, 1110 BUKOHYIOTHCS MPU
3HAYHMX iHBa3isIX i MOTPEOYIOTh BiKOHYACTUX a00 LIMPKY-
JISPHUX pe3eKIlii, BUSBJICHO 3HAYHE 301IbIIEHHS YaCTOTH
nape3iB TopTaHi Mpy UUPKYISIPHUX PE3EKIIisIX TIOPiBHSIHO
3 BikoHuacTuMu — 3 23,8 10 45,5 %. OgHak cTaTUCTUY-

HO Pi3HMIIS HEBIpOTigHA 3a paxyHOK HEBEJIMKOI KiIbKOCTi
criocrepexeHb (p = 0,23). Lle 1isikoM 3aKOHOMIpHO, amxe
IpY LUPKYJSIPHINA pe3eKllil Tpaxei BeJIUKOIO IIPOTKHICTIO
3a1iI0I0THCST 30HU TTPOXOKEHHS TTOBOPOTHUX HEPBIB.
3arajoM peuuauBu ab0 MPOJOHTAllil 3aXBOPIOBAHHS Y
niarpyni xgopux 3 inBazissmu y BJILL, sskum Oynu nposeneHi
YMOBHO paauKajbHi orepalii (66 maiieHTiB), CTAHOBUIN
37,9 % (25 oci6). HaiimeHIIMii BiICOTOK MiCLEBUX pPELIM-
nuBiB (19,0 %) 6yB npu BiKkOHUACTUX pe3eKiisx. Lle moxHa
MOSICHUTH BiICYTHICTIO 0OMeXeHb 3 BuciueHHs BikHa BT
y MeXax 3M0pOBUX TKaHWH. Po3pobiieHy HaMKu MeTOmu-
Ky MOXKJIMBO BBaxKaTW HaWOLIbII paauKalbHOIO, 1110 JyXe
BaKJIMBO TIPY BEJIMKUX iHBA3isIX Ta IMMyXJIMHAX CepeIHbOI Ta
HU3bKOI TUdepeHIialtii.
k1o MicLeBi peuMAUBY MPU BiKOHYACTUX PE3EKIIi-
X y pa3i MyXJIMH BUCOKOI audepeHuiamnii oymu y 14,3 %
Mali€HTiB, TO He Habarato OiJblie ix Oy/I0 MpH MyXJIMHAX
cepenHbol Ta HU3bKOI audepeHiiianii, a came 28,6 %. [Tpu
«TOJIIHHI» Ta KJIMHOMOMIOHI pe3eKlil MiclieBi peluauBU
crioctepiraimucs y 25,0 % mnauieHTiB. SIKII0o py MyXJIMHAX
BUCOKOI qudepeHLialii ueil moka3HUK CTAHOBUB BChOTO
9,5 %, TO TIpW MyXJIMHAX CepeIHbOI Ta HU3BKOI AU epeH-
Liawii uei MmokKasHMUK CyTTEBO MOTIPLIMBCS Ta OyB 3HAUYHO
OiMBIIMM, HiX IPU BiKOHYACTIi pe3ekiii (54,5 %).
Haii6inpimunii Bincorok micueux peuuausis (36,4 %)
crocTepiraBcs Mpu UMPKYJISIpHi pe3ekilii Tpaxei, y BU-
Mmagkax pakiB BUCOKOI gudepeHiianii BiH OyB OiIbIInii,
HIX TIpX yciX iHIIMX MeTonax, Ta cTaHoBMB 28,6 %, a mpu
IMyXJIMHAX CepeIHbOI Ta HU3bKOI audepeHianii — 50,0 %.
Ha nHaiy nymKy, 1ie TaKoX TOB’si3aHO 3 Oa’kaHHSM 3a-
JIMIIUTU OiIbIILY YacTKY 3M0POBOI AUXaJbHOI TPYOKU IS
(opmyBaHHSI aHacTOMO3y 0e3 HATSTy, 110 MPU3BOIUTD 10
HEJIO0CTATHBOTO BIACTYMY Bill MyXJMHHOI iHBa3ii Ta 3HU-
XKEHHS pamuKanizMy ormepaiii. [TokasHUKY T’ ITHpiYHOL
BMXXKMBAHOCTI OyJI HAWBULLIMMMU TTPU METO/Ii «TOJIIHHS» TTyX-
nmHu (83,3 %). Lle nmoB’s13aH0 3 TUM, 1O B OUIBIIOCTI LIMX
BUIAJKIB CITIOCTEPIraJiCcsl HEBEJMKiI MEPBUHHI ITyXJIUHU 3
MOYaTKOBUM €KCTPATUPEOiTHUM MOLIUPEHHIM MePBUHHOT
myxauHA. HaBImaku, py BIKOHYACTHUX Pe3eKILisIX IepeBax-
HO CIlocTepirajaucs MoIIMpeHi iHBa3ii MpOTIroM Tpaxei.
[Noka3HuK T’ ITUPIYHOI BUSKMBAHOCTI 3aJIMIIABCS Ha piBHI
81,0 %, 1110 CBITYUTH PO PAAMKAJIi3M LILOTO METO/Y.
Merton BiKOHYACTOI pe3eKllii IToKa3aB ce0e SIK HallOUIbIIT
0e3revyHMii B TUIaHI PO3BUTKY Cepilo3HUX crienu@iuHuX
YCKJIaIHEHb (Mape3 ropTaHi, HECIIPOMOXKHICTh aHACTOMO3Y
a0o0 ymuToro nedekTy Tpaxei) MOpiBHIHO 3 HTUPKYISIPHUMU
Ta KJIMHOIOAIOHUMM pe3eKIiaMu. €NMHUI HEOJIK [IbOTO
METO.y IIOJISITaB Y HEOOXiMHOCTI XKUTTS IaIlli€HTa IesIKUIA
Yyac 3 TPaxeoCcTOMOIO Ta TTOBTOPHOI HETPAaBMAaTUYHOI OIle-
parii oy ii 3aKpuTTS.

Ta6smuys 1. lNMoka3Huku crneynhivyHNX YCKIagHeHb, MiCLLeBUX PeynanBIB Ta M ITUPIYHOT BUXXUBaHOCTI
npwu pisHnx meropax pesekyii BALL, n (%)

MeToa pesekuii I'Iipnﬂunepauiv'muﬁ Hapes_ HecnpomoxHictb | Tum4acoBi Micuesi ﬂ’ﬂrupit!ua
rinonapartupeos roprasi aHacTomo3y TPaxeocTOMM peunaneu BWXUBaHICTb
«[oniHHga» nyxnuHu, n = 24 1(4,2) 2 (8,3) - - 6 (25,0) 20 (83,3)
BikoHuacra pesekis, n = 21 2(9,5) 5(23,8) - 21 (100) 4(19,0) 17 (81,0)
KnuHonogi6Ha pesekuis, n =8 1(12,5) 1(12,5) (12,5) 2 (25,0) 2 (25,0) 5 (62,5)
LnpkynsipHa pesexuis, n = 11 1(9,1) 5 (45,5) 4 (36,4 8(72,7) 4 (36,4) 8(72,7)
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O6roBopeHHs

Mu BU3HAUYMIM MMOKA3aHHS Ta MPOTUITIOKA3AHHS [T
KoxxHoro metony pe3ekuii BIIII. ITpu movyaTKoBiii iHBa3ii
Yy aABEHTUILIITHUI 1Iap Tpaxei Ta MepCHENOMiOHUI BimIia
ropTaHi IMyXJIMH BUCOKOI n1epeH1iallii MU peKOMEHIyEMO
MIPOBOIUTHU PE3eKIlii METOIOM «TOJIiHHSI».

IIpu myxanHax cepeaHbOol Ta HU3bKOI AudepeHIialtii,
HaBiTh ITOYATKOBOI iHBa3ii y aIBeHTULIIMHMI I1ap Tpaxei,
MU PEKOMEHIYEMO BUKOPHUCTOBYBATHU OiJbII paauKaibHi
metonu pesexiii B I[TpoTtunokaszaHHaIM A0 pe3eKliii
METOJIOM «TOJIIHHST» OyJIM HaBiTh MiHIMaJIbHO BiIMeKoBa-
Hi, aJie MoBHi iHBa3ii myxiuH B yci mapu B Oyab-skux
nudepeHIiaiiii Ta ypaxkeHHs OyIb-sKO MyXJIMHOI 3a-
JHbOI MEMOPAHO3HOI CTIHKM Tpaxei MNPy BeJIMKUX iHBa3igxX
10 KOJTy.

be3nepeuHnM mokazaHHSIM [JIsI 3aCTOCYBaHHS KJIU-
HOMOAIOHMX METOMIB pe3eKllii M1 BBaXKaEMO BiIMeXKOBaHi
MOBHI iHBa3ii ycix mapiB crinku B/LI nyxnnHamu Buco-
Koi nudepeHialiii 3 MoIMpeHHsIM He OiJibllle HiX Ha JBa
HamiBKiJIbLs Ta 3/4 1o KoJjy Tpaxei. AHaJIOoriuHi iHBa3ii myx-
JIMH CepellHbOi Ta HU3bKOI AudepeHIiallii, BpaxoByHOUun
3HayHe MOTipIIeHHS MOKa3HUKIB MiCLIEBOTO PELIUIUBY-
BaHHSI Ta BUXMBAHOCTI, MM PEKOMEHAYEMO BUAAISATH i3
3aCTOCYBaHHSIM OiJIbIII pauKaJIbHUX METOMIIB pe3eKllii.

Taxox npoTunokazaHHsM ISl IPOBEACHHS KJIMHOIIO-
nioHux pesekitiit B € ypaxeHHS i BiICyTHICTb TepIiioi
KiJIbLIEBOI 3B’S13KM i MiBKiJIbLIS Tpaxei, OCKiIbKY 0 MepCHEeIo-
NIOHOTO Xpsillla TOPTaHi CKJIaIHO FepMETUYHO Ta SIKiCHO ITifl-
LIUTH Kpai necheKTy Tpaxei A1sl yIIMBaHHS SIK KJIMHOMOMIOHO-
ro medexTy, Tak i aHaCTOMO3Y MPH LUPKYJISIPHUX PE3CKITisIX.

Ta6nnys 2. lNMoka3aHHA Ta NPOTUNOKA3aHHS AJ11 BUKOHAHHS KOXHOIo
3 gocnigxeHux merogis pesekyii BALI

Metopn pe3sekuii Moka3aHus

lpoTUnoka3anus

«[OniHHG»
MyXnuHm, n = 24

MoyaTKoBi BiAMEX0BaHI iHBa3ii MyX/MH BUCOKOT AudepeHLiallii B
AIBEHTULIHWIA Wap Tpaxei Ta nepcHenomibHNiA BiAAiN ropTaHi

IHBa3ii B yci wapwy BALL, noyatkosi iHBa3ii nyxnnH
CepeaHbOi Ta HU3bKOI AndbepeHuialii, iHBasis y
3a[HI0 MeMOPaHO3HY CTIHKY Tpaxei

BikoHyacta

pesekuia, n =21 nepcHenomibHNIA BigaiN ropTaHi

IHBagii B yci wapwu BALW 6ynb-skoi audepeHuiadii Ta
MOLUKMPEHOCTI, 30Kpema 3 NOLIMPEHHAM Ha | niBKinbLe Ta

[TowmpeHHs iHBagii Ha NMOBHE KOO Tpaxei

lMoyaTtkoBi, BiIMeXO0BaHi iHBa3ii NyxnnH cepefHbOI Ta HU3bKOT

[TolwmpeHHs iHBa3ii Ha GinbLLe HiX 2 NiBKinbLA

pesekuig, n =11

KnuHonopi6Ha AndhepeHuiauii B aBeHTULINHNIA Wwap Tpaxei; iHBasis B yci Wwapn | Ta 3/4 no kony Tpaxei, iHBasisi B yCi Lapu NyXauH

pesekuis, n =8 NyXJIMH BUCOKOI AncpepeHrLiavii Ha 2 niBKinbLA Ta MeHwwe 3/4 CepesHbOi Ta HU3bKOI AnchepeHLialii, BifCyTHICTb
Kona Tpaxei | KinbLIEBOT 3B’A3KM

LinpKynApHa MolmpeHHs iHBa3ii Ha NOBHE KONO AMUXaNbHNUX LUASAXIB (Npu [TolumpeHHs iHBagii Ha BinbLue HiX 4 NiBKinbLS,

iHBa3ii y BisibLUe HiXX 4 MiBKiNbLsA Tpaxei — NpeBeHTUBHA
MiKpOTpaxeocToma), NOLMPEHHS iHBagii Ha 4 MiBKiNbLA | MeHLUe

0c061BO 6€3 NPEBEHTUBHOI MIKPOTPAXEOCTOMM,
BiAICYTHICTb | KiNbLEBOI 3B’A3KU

Tabnunys 3. MokasaHHA A0 NpoBeAeHHs NeBHoro metoay pe3ekuivi B/JLL 3anexHo Bifj CTyneHs1 NoLwnpeHocCTi
iHBagsii Ta ctyneHs audpepeHyialii nyxamHu

. o [uchepeHuiavis «[oniHHS» Knunonopi6na BikoHyacTa .
Thn ingash NYXJUHK NyXJUHUA pe3ekuis pesekuis Lupkynapta pe3exuia
) Bucoka + - - -
[ToyaTkoBa, BigMeX0BaHa
iHBa3is B aABEHTULLIIHWIA LWap + (SIKLLO ~ + (Ko
BLL CepefHs Ta HU3bka - 36epexeHa | KinbLieBa 3B’A3Ka -
| KinbLieBa 3B’A3Ka) |  Pe3eKTOBaHa)
. Bucoka - + - -
< 2 niBkinbug, < 3/4 no kony
CepeaHs Ta HU3bkKa - - + A60 +
+5
< 2 nigkinbug, > 3/4 no Kony byab-sika - - + 0C06/11BO NPY NOBHIN
iHBa3ii no kony
2-4 nikinbug, < 3/4 no Kony bynb-ska - - + Abo +
+
2-4 nikinbug, > 3/4 no Kony bynb-ska - - + 0C06/11BO NPY NOBHIN
iHBasii no Kony
> 4 nigkineup, < 3/4 no kony bynb-sika - - + -
+,
. BUKITHO4HO MPK NOBHii
> 4 niBkineub, > 3/4 no kony bynb-ska + iHBa3il o Koy,
MiKPOTpaxeocToma
[lopatkoBa iHBa3is +
y | KinbLeBy 3B'A3ky o By/b-Aka _ _ . BUKJII04HO MU NOBHii
Ta NiBKinbLe, NepcHenoAibHuNiA iHBagii no kony,
XpsiLL 3 iX pe3ekLieto MiKpOTpaxeocToma
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skl

HailiepekTUBHIIINM METOIOM MM BBaXKa€EMO BiKOH-
yacty pesekuito B/IL. Lleit meTon po3risimaemMo sIK Haii-
OUIBII pagvKadbHUI. €IMHUM NPOTUIIOKA3AHHSIM IJIS
BUKOPUCTAHHS IIbOTO METOJY € TIOBHE MyXJIMHHE YpaXKeH-
Hsa BJIII mo Koy, 110 TpamisiETbCS AyXKe PilKo. 3acTo-
CYBaHHSI 1IbOTO METOIY MOXJIMBE MpPU OYAb-sIKUX nude-
peHIialisIX Ta NOIMPEHOCTI MyXJIMHHOI iHBa3ii, a TaKOX
ypaxkeHHi ITIepCHEIONi0OHOTO BiIaily TOpTaHi, ajie CyTTE-
BUM HENOJIIKOM € T€, 110 XBOPUIA 3MYIIIEHUI TTeBHUI Yac
JKUTHU 3 TPAXeOCTOMOIO. 3 iHIIIOTO OOKY, IIPU IIbOMY METOIi
BUKJTIOYABCS PO3BUTOK CEPIO3HUX YCKIaTHEeHb (emMdize-
Ma, MeIiaCTUHIT), SIKi MOXYTb IIPU3BECTH 10 MOBTOPHUX
orepaliil Ta TpaxeocToMilt y pasi iHIIUX paauKaJIbHUX
METO/iB pe3eKIliii.

ITpoTtumnokaszaHHAM 10 MPOBEIEHHS LUPKYJIIPHOI
pe3eKllii, 3 Orjsiay Ha CYyTTEBE 30i/JbIIEHHS] YaCTOTU He-
CIIPOMOXHOCTI aHACTOMO3Yy 3 PO3BUTKOM HeOe3INeYHUX
yeknamgHeHb (50,0 %), O6yna BenvKa iHBa3ist — MOHA 40-
TUPM MiBKiabls Tpaxei. Po3pobieHi HaMu MoKa3aHHS Ta
MPOTUTIOKA3aHHS JJIs POBEIEHHS TIEBHOTO TUITY PEe3eKITil
B nonaHi y TabJ. 2.

Hamu po3po6aeHo tabauiio, y AKiii HaBeaeHO METOIN
pe3eKllii 3a71eXKHO BiJl CTyIeHs noirpeHHst inBazii y B 1L
Ta cTyneHs audepeHuianii myxauHu (tad. 3).

BMCHOBKMU

MeToa «roiHHSI» MyXJUHU MOXe OYTU peKOMEHI0-
BaHUI1 JIMIIIe MPU MMOYATKOBIil iHBa3ii BUCOKOaUMEpEeH-
HilioBaHux MyxyiuH. KimmHomomiOHa pe3exilis Ma€ CyTTEBI
OOMEXXEeHHSI TTPU 3HAYHII MOIMPEHOCTi iHBa3il Ta HU3bKO-
My i1 cepenHbOMY CTYIEeHsIX nudepeHuianii myxauH. [1pu
BEJIMKiil TTOIMpPeHiii iHBa3ii, 0cOOJUBO 3 YpaXkeHHSIM rop-
TaHi, y pa3i NyXJuH OyIb-sIKOTOo CTyIeHs audepeHiianii
e¢(eKTUBHIIIIOIO TTOPIBHSIHO 3 LIUPKYJISIPHOIO PE3eKILEI0 €
BiKoHuacTa pesekuis BLI.

KondaikT inTepeciB. ABTOp 3asIBJISIE PO BiICYTHICTh
KOHDIIIKTY iHTepeciB Ta BlIacHOI (DiHaHCOBOI 3alliKaBIeHO-
CTi TIpY TATOTOBILI JAHOI CTATTi.

Indopmanis npo dinancyBannsa. lle mocaimkeHHs He
OTPUMAJIO JKOTHOTO CITEeLiaIbHOTO (PiHAHCYBaHHS Bill KO-
HOI Iep>KaBHOI, KOMEPIIIHOT Y HEKOMEPIIiITHOT OpraHi3allii.
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Features of upper airway resection and reconstruction methods in cases of invasion
by locally advanced malignant thyroid tumors

Abstract. Background. Extrathyroidal spread of locally advanced
malignant thyroid tumors with invasion into the upper respiratory
tract significantly reduces the effectiveness of multimodal treatment.
Clear indications and contraindications for using airway resection
and reconstruction methods have not been established and may de-
pend on the location and extent of invasion, as well as the degree of
tumor differentiation. Aim of the study was to determine the optimal
methods of upper airway resection and reconstruction according to
the location and extent of tumor invasion from malignant thyroid
neoplasms and their morphological differentiation in order to im-
prove treatment outcomes. Materials and methods. At the Center
for Endocrine Surgery of the Mechnikov Dnipropetrovsk Regional
Clinical Hospital, 66 patients with locally advanced malignant thy-
roid tumors involving laryngotracheal invasion underwent com-
prehensive treatment, which included clinically radical extended
thyroidectomy combined with different upper airway resection tech-
niques: 24 patients with early invasion underwent tumor “shaving”
from the airway wall; 21 had window resections with staged airway
reconstruction; 8 underwent wedge resections; 11 had circumferen-

tial airway resections with immediate reconstruction; 2 underwent
total laryngectomy. Results. Advantages and disadvantages of each
upper airway resection method were identified. The study analyzed
procedure-specific complications, treatment outcomes, local re-
currence rates, and 5-year survival. Methods for improving each
resection and reconstruction technique were proposed. Based on the
findings, clear indications and contraindications were established
for each method depending on the location and extent of invasion
and, where relevant, the degree of tumor differentiation. Conclusions.
Tumor “shaving” may be recommended only for early invasion by
highly differentiated tumors. Wedge resection has significant lim-
itations in cases of large tumor size and tumors with low or interme-
diate morphological differentiation. In cases of extensive invasion,
especially involving laryngeal structures, window resection of the
upper airway appears more effective than circumferential resection
for tumors of any differentiation grade.

Keywords: malignant thyroid tumors; extrathyroidal spread; la-
ryngotracheal invasion; upper respiratory tract; airway resection
and reconstruction
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NoBHOreHOMHe AOCAIAXXEHHS acoLiauin
npv TMpeoiAnTi XawmmoTo

Pe3tome. Meta gocnipxeHHs — BUSBUTY HOBI FEHETUYHI JTOKYCH, acouivioBaHi 3 Tupeoigntom Xarummoto (TX),
LLISIXOM MPOBELAEHHS 3arasibHoreHOMHOIro acouiaTuBHOro aHasiady 1a BUSHaYUTU iX MOXnBe ¢hyHKUIOHalbHe
3Ha4YeHHs y natoreHesi 3axsoptoBaHHsi. Matepiann Ta metogu. [lpoBe[eHO 3arasibHOreHOMHWU acoliaTUBHWUM
aHarnia 3a an3aniHoM «BUNagoK — KOHTPO/Ib», 40 AKOro yBiviLum 200 nayieHTiB i3 KiiHIYHO nigTBepaxeHum TX 1a
600 0ci6 KOHTPO/ILHOI rpynn 6e3 3axBoproBaHb LMTOMORIOHOI 3ano3u. [iarHo3 TX Bepuikysanu 3a HasiBHICTIO
AHTUTUPEOI[HNX aHTUTINT Ta XapaKTepHOK Y/IbTPa3ByKOBOK KapTuHO. layieHTiB i3 LykpoBuM giabeTom 1-ro
TUIMy BUKITIOYaIM A1 3anobiraHHsi Kpoc-(heHOTUNOBOMY nepekpuTTio. CTaTUCTUYHWUI aHasi3 BUKOHyBanu i3 3a-
CcTOCYBaHHSIM JI0ricTU4HOI perpecii DipTa nicns cTaH[apTHOro KOHTPOJIHO SIKOCTI FeHETUYHUX JaHuX. sl OLiHKu
pesynetaris BukopuctoByBanu Manhattan Plot, QQ Plot Ta aHania kaHAM[ATHUX JTOKYCIB, LLO [JOCAITIN MOpory
CyrecTuBHoOI cTatucTuyHoi 3HadyyocTi (—log,,(P) > 4,5). Peaynbratn. AHania BUsiBUB CiM OJHOHYKI€OTULHNX
rnoniMopiamis, acouyivioaHux i3 TX, nokanizoBaHux no6:m3sy reHis TMEM215, EDIL3, NR5A2, PRR16, AGMO,
ADAMTSL1 ta GLRA1. HavibinbLu BupaxeHwi curHasn acoyialii oTpyumaHo ans BapiaHTa rs77684994 nobnnsy
reHa TMEM215 (—log,,(P) = 4,804). AHaniz QQ Plot (A = 0,912) He BusiBUB CyTTEBOI reHOMHOI iHGhnALiT, Lo rig-
TBEPAKYE 8[EKBATHICTb CTATUCTUYHOI MOZEsi Ta BUCOKY BIPOrifHICTb OTPUMAaHUX pe3yrbTatiB. DYHKLIOHanbHWI
aHaris 3acBigymB, LU0 [feHTUDIKOBaHI reHu 6epyTb y4acTb y MpoLecax peMO[EtoBaHHs o3akliTuHHOroO MaTpuKcy,
aHrioreHesy, perynayii ninigHoro Metaboniamy, KIiTMHHOIo TPaHCMOPTY, OPraHesIsPHOro CTpecy Ta rfiko3uoBaH-
HS1, O BKa3ye Ha iX rnoTeHUiviHy posb y hopMyBaHHI JI0KaribHOI BPasinBOCTI TUPEOIAHOI TKAHNHN [O PO3BUTKY
3axBoproBaHHs1. BUCHOBKW. 3arasibHOreHOMHWI acoliaTuBHWMV aHasi3 fO3BOUB [eHTUIKYBaTV HOBI KaHAVAATHI
reHeTUYHi JIOKycu, MOTeHLiVIHO 3ay4eHi 4o po3suTky TX. OTpumaHi pe3ynbTaTi PO3LLUMPIOIOTEL CyYacHi ysIB/IEHHS
PO MONEKYIIAPHI MeXaHi3Mn 3axXBOPIOBaHHS Ta CBig4aTh, L0 Mopss i3 KINacu4HUMMU iMyHOreHETUHHUMU YUHHUKA-
MU BaXXJIMBY POJib MOXYTb BigirpaBatu JIOKaslbHi MeXaHiamMu perynsayii CTRYKTYpu v ¢oyHKUIT TMPeoigHOI TKaHWHU.
lNoparnbLua yHKUiOHanbHa Banigalis BUSBIEHUX JIOKYCIB | He3anexHa perikayisi pe3yrnbTaTiB y OifibLumX BubipKax
€ NepcrneKTUBHUMM HarnpsiMamu MoAasbLUNX LOCIIKEHb.

Knto4oBi cnoBa: asroimMyHHi 3axBoproBaHHs LLIMTOMNOZIGHOI 3a51034; TUPEOiAHAa TKaHUHA, LMTOMNOLI6HA 3a103a;
TMpeoianT XalummoTo, reHeTUYHI JIOKYCu; reHeTu4Ha cxurbHicTs; GWAS, ogHoHykneotugHwuvi nonimopghiam; SNP,
TMEMZ215, EDIL3, NR5A2

Bctyn

ABTOIMYHHI 3aXBOpIOBaHHS IIMTOIIOAIOHOI 3a1031
(A31113), nacamnepen xBopoba ['peiiBca Ta TUpeoinuT Xa-
mmmoTo (TX), € omHUME 3 HAWMOIMPEHIIINX aBTOIMyHHMX
MaTOJIOTIi JIIDIWHU Ta MAIOTh YiTKO BUPaXXEHY FeHETUYHY
ckianoBy [1, 2]. daHi gociimkeHb Yy MOHO3UTOTHUX OJIM3-
HIOKIB cBimuaTh, 110 cxoxictb A3IL3 nepepuiiye 50 %, 1o

BKa3ye Ha BarOMHUi1 BHECOK CITaIKOBUX (DaKTOPiB y (popmy-
BaHHS pU3NKY BUHUKHEHHS 3aXBOpIOBaHHS [3].

TX € HaliyacTilow NPpUIYUHOIO TIEPBUHHOIO TiMOTH-
peo3y B perioHax CBiTy 3 JOCTaTHIM MOTHMUM 3a0e3IedyeH-
HsM. [lompu cyTTeBUMit Tporpec y BUBYEHHI MaTOreHe-
TUYHUX MeXaHi3MiB aBToiMyHHOro ypaxeHHs 1113, 6arato
aCIeKTiB PO3BUTKY 3aXBOPIOBAHHS 3/TMILAIOTHCSI HEIOCTAT-
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HBO 3’sgcoBaHnMH [4]. HakomuyeHi HayKoBi HaHi cBigJ4aTh
PO BaroMy poJib FreHETUYHOI CXMJIBHOCTI Y (hOpMyBaHHi
TX, omHak BigoMi reHeTUYHi (haKTOpU MOSICHIOIOTH JIMIIIEe
YaCTUHY CIAJKOBOI0 PU3UKY 3aXBOPIOBaHHS [5, 6].

TX € xracuuHuM G6araToakTOPHUM 3aXBOPIOBAHHSIM,
1110 PO3BUBAETHCSI BHACIIAOK CKJIAHOI B3aEMO/Iii TEHETUY -
HOI CXWJILHOCTI Ta TpUIepiB HABKOJMIIIHBOTO CEPEIOBUILIA
|7]. docaimKkeHHS TOBOISITH, 110 TeHETUYIHI (PaKTOPU € BU-
3HaYaJIbHUMU Y PO3BUTKY 3aXBOpIoBaHHS [8, 9].

Oco0auBHil iHTEpeC M0 TeHETUYHUX OOoCHimkeHb TX
3YMOBJICHUI TUM, 1110 CaMa FeHETUYHA CXUJIbHICTb PO3TJIsi-
NAETHCS SIK OAMH i3 MOTYKHUX, MPOBiTHUX (haKTOPIB, IKUI
BU3HAYa€ iHAMBIAyaJIbHUI PU3UK 3aXBOpIOBaHHS. Binomo,
1110 POAMYi MEPIIOro CTyMeHsI CIOPiMHEHOCTi Malli€HTIB 3
TX MaroTh 3HAYHO BUIILY YACTOTY TUPEOITHOI aBTOIMYyHHOI
MaTOJIOTi1 MOPIBHSIHO i3 3arajbHOIO MOIMYJISILIEI0, a pe3yJib-
TaTU OJM3HIOKOBUX AOCJIIXKEHb CBiI4aTh MPO CYTTEBUM
BHECOK CITaJIKOBUX YMHHUKIB y (POpMYyBaHHsI aBTOIMYHHOI
Bimnosini [10].

OcTaHHIMHM pOKaMU ITMPOKOTeHOMHI acOLliaTUBHI 10-
caimkeHHs (genome-wide association studies, GWAS) cranu
OJIHUM i3 KJIIOYOBUX IHCTPYMEHTIB /IJI51 BUSIBJIEHHS] TEHETUY -
HUX BapiaHTiB, aCOLIIHOBAHMX i3 PO3BUTKOM aBTOIMYHHUX
3axBopioBatb 11[3. 3aBnsgku BpoBaIKeHHIO BUCOKOIIPO-
MYKTUBHUX TEXHOJIOTiil TeHOTUITYBaHHS Ta BUKOPUCTAHHSI
BEJIMKUX 0i00aHKiB OyJ10 iTeHTU(hIKOBAaHO HU3KY JIOKYCIB,
acoliiioBaHUX i3 MOPYIIEHHSIM iIMyHHOI TOJIEPAaHTHOCTI,
perynsuietro T-KIiTUHHOI Binnosini Ta po3utkom A3IIL3
[11, 12].

[Tepuri nocaiakeHHs acolialiii Ha piBHi BCbOTO TeHOMY
(GWAS) nipu A3II3 ganu 3Mory ineHTU(hiKyBaTU HU3KY
JIOKYCiB, MOB’sI3aHUX $IK i3 ciMeitHUMM (hopMamMu 3aXBO-
pIOBaHHS, TakK i 3i cmopagMyHUMU BUITaAKaMU. Y TeHOM-
HOMY IOCTiIKEHHi 56 6GaraTonokojiHHUX poauH i3 A3II13
(354 ocobu) Oys10 BUSIBJIEHO IIIiCTh JIOKYCIB i3 BipOTiZHUM
3B’s13K0M i3 xBopoboro. ITomanpur Benuki GWAS npu XI'
BUSIBUIU U MiATBEpAUIM acoliallii B 30Hi TOJJOBHOIO KOMIT-
nekcy ricrocymicHocti (MHC), a Takox y renax TSHR,
CTLA4, FCRL3. JonaTkoBO omMcaHO HOBI JIOKYCH, 30-
kpema ainsgHka RNASET2-FGFRIOP-CCR6 na 6q27 ta
iHTepreHHuit perion Ha 4pl4. g TX, 3a pe3ynabTaTamu
aHasi3y «BUMAaI0K — KOHTPOJIb», 0yJI0 MOKAa3aHO acolliallilo
3 monimopgdizmoM y mokyci VAV3 [12, 13].

ITonpu Te, mo GWAS no3Bonuiu ineHTUDiKyBaTH
SNP (ogHOHYKJIEOTUAHUI MoJdiMOpdi3M), sIKi 3yMOBJIIO-
10Th CXUJbHICTh 10 A3IIL3, pyHKIIiOHANBHE 3HAUEHHST LINX
FeHETUYHMX BapiaHTIB 3aIMILIAEThCI HEBiToMuUM [14].

I'eHeTnyHi HOCTIKEHHS TO3BOJISIIOTH MiATBEPINUTH POJIb
SIK 3aTaJIbHOIMYHHMX MEeXaHi3MiB aBTOIMYHITETY, TaK i crie-
U (piYHUX TUPEOITHNX aHTUTEHIB, 30KpeMa pelenTopa TH-
peorporHoro ropMony (TSHR) ta TupeoinHoi nepokcunasu
(TPO), sKi € KJ1I0YOBUMU MillIeHSIMU aBTOIMYHHOI BiIlIOBiIi
npu 3axBoproBaHHax L3 [15, 16].

CyKyMHICTbh 1IMX POOIT NMEPEKOHINUBO AEMOHCTPYE, 1110
aBTOiMYyHHI 3axBoproBaHH 1113 € mojireHHUMU 3aXBOPIO-
BaHHSIMU 3 yYacTIO SIK KJJACUUHMX iMYHOPETYJISITOPHUX
LIUISIXiB (AaHTUTEHIIPEe3eHTAallisl, KOCTUMYJISILisT T-KJIiThH,
B-xsituHHMI iMyHiTeT), TaK i OUIbII crienu@iuyHUX TUpEe-
oinnux mexaHi3miB (TSHR, TPO). BonHouac kiacuuHuit
GWAS-minxin oomexyeTbes BusHadyeHHsIM SN P-acorrianiit

Ha piBHIi JIOKYCY, TOMi SIK (PyHKIIiIOHAJbHUII BHECOK KOH-
KPETHUX TeHiB i MeXaHi3MiB 3aJIUIIAETHCS HEOUEBUIHUM
yepe3 miibHy LD-cTpyKTypy Ta HagBHICTb MHOXMHHUX
KaHIMIATHUX TEHIB y MeXax ofHoro perioHy. Lle cTBoproe
(yHKITiOHATIBHY ITPOTaJIMHY MiXK CTATUCTUYHOIO acolliallielo
Ta GiojoriyHoI0 iHTEpIpeTattieto [17].

3HayHa YacTMHA FeHETUYHUX JeTePMiHAHT aBTOIMyHHUX
3axBoproBaHb 1113 3anuniaeThest HeBiTOMOIO, a pe3yJibTaTH,
OTpPUMaHi B pi3HMX €THIYHUX Ipyrax, He 3aBXIU MOXYTh
OyTu 6e3mocepeaHbO eKCTPAIOJbOBAHI Ha iHII TTOITYJISIIII.
Tomy 0co0MBOI yBaru i akTyaJabHOCTI HAOYJIO JOCITIIKEHHS
Te€HEeTUYHOI apXiTeKTYpU aBTOIMyHHOTO TUPEOIAUTY B yKpa-
iHChKi momyssiii. OTXe, aHaJli3 TeHETUYHUX BapiaHTIiB y
MeKax HalliOHaJIbHUX KOTOPT JO3BOJISIE HE JIUILIE YTOYHUTU
POJIb BiTOMMX IreHiB-KaHINIATIB, a 1 BUSIBUTU HOBI JIOKYCH,
SIKi TIOTEHLIMHO 3aJly4eHi 0 TaTOreHe3y 3aXBOPIOBaHHSI
[4]. OTpuMaHi pe3yIbTaTH MOXYTb CIPUSTU MOTJIUOIEHHIO
po3yMmiHHs MexaHi3MiB A3II[3, ymocKoHaJeHHIO MiIXOIiB
o crpaTudikallii pu3uky i popMyBaHHS MiAIPYHTS IS
MOAAIBIIIOTO PO3BUTKY MEPCOHAI30BAaHOT MEUIIHU B €H-
TMIOKPUHOJIOTII i He Tibku [15].

[IpoTe cama 1o cobi reHeTUYHA CXUJIBHICTh HE € J10-
CTaTHBOIO JJISI PO3BUTKY 3aXBOPIOBAHHS, 1110 CBiTYUTH TIPO
CKJIaJHY B3a€EMOIiI0 CITAAKOBUX YMHHUKIB i3 pi3HOMAHIT-
HUMU eK30TeHHUMM Ta EHIOTeHHUMMU (pakTopaMu, 30KpemMa
iH(eKLiIMU, CTPECOM, TOPMOHAJIbHUMU 3MiHAMU Ta iHILIM -
MU Tpurepamu [18].

JlocigkeHHsI TeHeTUYHOI cKJ1amoBoi TX 103BoJisie He
TUIBKY iZeHTU(DIKYBaTH JJOKYCHU PU3UKY, a i Kpalle 3po-
3yMiTH 0iOJIOTiYHiI MeXaHi3MU, 110 JieXaTh B OCHOBI MTOPY-
ILIEHHS IMYHOJIOTIYHOI TOJIEpaHTHOCTI o aHTureHiB 1113.
Taxki nociimkeHHs MOXYTh c(hOpMYBaTU MiATPYHTS TSI
PO3pOOKM IepCoHaTi30BaHUX MiAXOIiB 10 MPOTrHO3yBaHHSI
pu3uKy po3BUTKY TX, paHHBOI HiaTHOCTUKM Ta IOIIYKY
MOTEHIIHHUX TepareBTUIHNUX MillIeHE.

Merto10 nocaizKeHHs 0y10 BUBUEHHS TEHETUUHUX YUH-
HUKIB CXUIbHOCTI 10 TX 1UISIXOM MPOBEIEHHS ITMPOKOTE-
HOMHOTIO aHaJli3y y BUOiplli yKpaiHChKOI IMOMYJISLIii Ta igeH-
TH(iKallisg reHeTUYHUX BapiaHTIB, ITOTEHIIIMHO OB’ I3aHNX
i3 pM3UKOM 3aXBOPIOBAHHSI.

Marepiaau Ta metoamn

JI1st mocimKeHHsI TeHeTUIHOI apXitekTypu TX Oyio
BUKOPUCTAHO PO3MIMPEHi MaHi Koroptu npoekty T1D
Exomes in Ukraine (TIDExUA). ¥ pamkax 11boro aHaiisy
OyJsi0 cdhopMoBaHO BUOIpKY opMaTy «BUMATOK — KOH-
TPOJIb», 00 Kol yBiinuin 200 mamieHTiB i3 KJIiHIYHO ITi/-
TBepIKeHUM AiarHo3oM TX (BepudikoBaHNM 3a HASIBHICTIO
AHTUTHUPEOITHUX AaHTUTIJI Ta XapaKTEPHOIO YJIBTPa3BYKOBOIO
KapTUHOIO, i3 BUKJIIOYEHHSIM MAIli€HTIB i3 KOMOPOimHUM
LIYKpPOBMM fiabeToM 1-To TUITy 11 YHUKHEHHS Kpoc-(de-
HOTUIIOBOTO NepeKpuTTs1). Cepen 00CTeXXEeHUX MepeBakKaln
XiHKK — 193 oco6u (96,50 %), Toni SIK 40JI0BiKiB OyJI0 7
(3,50 %). Bik marieHTiB BapiroBaB Bix 18 mo 62 pokiB, cepen-
Hil1 Bik ctaHoBuB 33,80 * 8,49 poky. Jlo KOHTPOIBHOI TPy
yBiitum 600 oci6, sKi He Majiu B aHaMHe3i 3aXBOPIOBaHb
113 ta xmacudikyBaau cebe SIK LiJIKOM 310pPOBi.

30ip KJIiHIYHOTO MaTepiany Ta (POpMyBaHHSI KOTOPTH
3AilicHIOBaINCS B Mexax (a3u 1 3araJbHOHAIiOHAJIBLHOTO
npoexkty TIDExUA. 306ip necKpUnTUBHUX Ta KIIHIYHUX
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PucyHok 1. Manhattan Plot

03HaK Yy TOYKaX PeKpyTyBaHHS 3[iliCHIOBABCS 3 BUKOPHC-
TaHHSIM YHi(piKOBaHUX ONMUTYBAJbHUKIB Ta MEIMUYHUX KapT
MaIieHTiB, SIKi 3aITOBHIOBAJIMCS HABUCHUMU METUIHUMU
npauiBHUKamMu. OTpuMaHi BimomMocTi BepudikyBaiaucs Ta
BHOCHJIMCSL 1O CIelliajli3oBaHOl 3aXUIIEHOI eJIeKTPOHHOI
6a3u nanux Ha ruiargopmi REDCap (145 indopmartiiitHux
MOJIiB).

bazoBuit Habip TeHOTUITOBAHUX HAHUX CKJIAJaBCS 3
563 229 BapianTiB (Illumina Global Screening Array). Bin-
noBigHo 1o HactaHOB STREGA, 3 MeTor0 3a6e31meueHHST
BUCOKOI SIKOCTi TaHMX TIepel iMITyTalli€lo O0yJI0 3aCTOCOBa~
HO cyBopi moporu ¢inbrparii: Call rate > 0,98, piBHOBara
Xapni — Baiin6epra p > 10~° ta yactota MiHOPHOTO ayest
(MAF) > 0,05. IMicns npoueaypu (asyBaHHS Ta iMmyTallii
3 BUKOprCcTaHHIM pedepercHoi maHeai TOPMed ta 3acto-
cyBaHHs dinbTpa sikocti immyTaitii (INFO score > 0,8) mist
dinaapHOoro GWAS-aHani3y 0ys10 BiniOpaHO BUCOKOSIKICHI
OIHOHYKJIEOTUIHI nojiiMopdizmMu (SNP).

AHaJi3 acouiaiiii IpoOBOAMBCS 3 BUKOPUCTAHHSIM Iaii-
rutaitny nf-gwas (Bepcist 1.0.11). 151 mogonaHHsT nucba-
JIAHCY KJIaciB, BpaxyBaHHSI MPUXOBaHOI CTPYKTYpHU CIIO-
PiTHEHOCTI Ta YHUKHEHHS ITOITYJISIiiHOI cTpaTudikamii
JI0 KOBapiaT MojeJli OyJid BKJIIOYEHI BiK, CTaTh Ta TOJIOBHI
kommoHeHT (PCA). Mu 3acTtocyBaiu IBOXETalTHUM Me-
TOJ TiIOpUIHOI JIOTICTUYHOI perpecii, iMIIeMeHTOBaHU It
y mporpamMmHoMy 3abe3neueHHi Regenie (v3.4.27), BUKO-

QQ Plot

* Pvalue
95% CI

<U+2013> log;o(P), observed

<U+2013> logyo(P), null

PucyHok 2. QQ Plot

puctoByioun perpecito Mipra (Firth logistic regression) sik
000B’SI3KOBUI Pe3epBHMIT METOI TECTYBAHHSI [IJIsI MApKeEPiB,
110 IeMOHCTPYBaIU AUcOaJIaHC alelliB.

PesyAbTaTH

Bisyajizaliist 3araJbHOre HOMHUX Pe3yJIbTaTiB 3MiCHIO-
BaJiacsl 3a jonomMoroto rpagika ManxerreHa (Manhattan
Plot), 3reHepoBaHOr0 B paMKax BUKOPUCTAHOIO OioiH(op-
MaTUYHOro mnaitriainy (puc. 1). Ha mpomy rpacdiky mo oci
abcuuc mapkepu (SNP) posramioBaHi BiIlmoBigHO A0 iXHiX
(i3MYHMX KOOpAMHAT Ha XpOMOCOMaX, a Mo OCi OpArHAT
BimoOpakaeThbCsl Bil’eMHUI 1€CITKOBUIM Jorapu@M iXHbOTO
piBHs 3Hauywocti (—log,,(P)). Takuit minxin 1o3Bossie vit-
KO imeHTu(iKyBaTH MiKW acollialliii — reHOMHi perioHu, y
SIKMX TTOTIMOPDi3MU IEMOHCTPYIOTh HAWBUIILY CTATUCTUYHY
3HAYYIICTh 3B’SI3KY 3 aBTOIMYHHUM TUPEOIIUTOM, TOJIAI0YN
BCTaHOBJICHMIA TTOPIT CyTeCTUBHOI 3HAYYIIIOCTI.

JIJTsT OLIHKMA CUCTEMHOTO 3CYBY, TPUXOBAHOI MTOMYJIsI-
LifiHO1 cTpaTudikallii Ta MepeBipKU 3arajabHOI aAeKBaTHOCTI
3aCTOCOBAHOI JIOTICTUYHOI MOJIeJIi OyJI0 oOyn10BaHO rpadik
kBaHTUIb-KBaHTWIb (QQ Plot) (puc. 2). Leit rpadik mo-
PiBHIOE po3MoAil (aKTUIHO OTPUMAHUX B €KCIIEPUMEHTI
P-3HaueHb 3 TEOPETUUYHUM PiBHOMiPHUM PO3MOIIJIOM, IO
OYiKYETHCS 32 HYJILOBOI TIOTe3! (BiICYTHOCTI FTEHETUYHUX
acoliartiit).

Anazniz QQ Plot minTBepauB BinxuieHHs KpUBOI Bif Ii-
aroHaJli BUKJIIOYHO Y 30Hi BUCOKOI 3HAUyIIOCTi (TTpaBuii
BEPXHill KyT), 110 CBiTYUTH MPO HASIBHICTb CIIpaBXHiX Oi-
OJIOTIYHUX CUTHAaJIB acoliiauii. BomHoyac ocHOBHUIT Ma-
CHMB TOYOK II[IJIbHO TIPUJISITAB 10 JdiaroHalli (0O4iKyBaHOTO
poO3Moily) 3 He3HAYHUM KOHCEPBAaTUBHUM 3CYBOM Yy OiK
nedusuii (A= 0,912). Takuii pe3yabTaT MiATBEPIKYE MOBHY
BiJICYTHICTb FT€HOMHOI iH}JIs1Ii1 Ta BKa3ye Ha MTOMipHO KOH-
CEpBAaTUBHUI XapaKTep 3aCTOCOBAHOI CTATUCTUYHOI MOJIEJi.
Ile € ouikyBaHMM e(PeKTOM IMPU BUKOPUCTAHHI perpecii
®dipra (Firth regression) Ha BUGipKax MMOMipHOTO PO3Mipy
Ta CBiMYUTHL MPO HAMIWHUI KOHTPOJb Hal piBHEM XMOHO-
no3uTtuBHUX pe3yabratiB (Type I error).

3a pe3yjabTaTaMM aHaji3y OyJ0 ineHTUdiKOBaHO 1Tyl
npoBinHux SNP, sIKi momojaay mopir CyreCTUBHOI 3Havy-
wocti (—log,,(P) > 4,5) Ta popmMyIoTb CHUCOK KaHAUIATHUX
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Tabnmys 1. KangugarHi SNP i3 HavicunbHilunmMy curHanamm acouiadii 3 TX 3a pesynbtatramm GWAS
(3Ha4eHHs —log, (P) > 4,5)

Variant ID Ref Allele ifl‘;gl‘i: Nearest Gene —10g,,(P) B
9:32742904 1s77684994 c T TMEM215 4,8041 | —2,24500
5:83931397 156890964 G A EDIL3 474649 | 0,636683
1:199458065 rs10800629 A G NR5A2 472412 | 0,682234
5:120301542 rs17146396 A G PRR16 471877 | 1,01967
7:15164002 (52908331 G A AGMO 4,68142 | 0,812655
9:18308843 15138628034 G A ADAMTSLA 4,67699 | —3,74521
5:151822128 rs10066206 A G GLRA1 4,63946 | 152804
18:79780870 (54798915 C A CTDP1 4,63683 | 0,719904
21:42652250 152269124 c G PDE9A 4,60642 | —0,70692
8:11365774 rs77843000 T c SLC35G5 459239 | 4,83115
19:57911476 rs11673140 c A AC010326.2 ZNF417 | 4,55555 | 1,22706
18:78080414 rs113766774 G A GALR1 453174 | 1,31653
17:55342354 rs10515098 c G HLF 45053 | 0,601558

Mpumitkn: B — KoedpiLieHT noricTu4HoOI perpecii, pospaxoBaHuii Ans anens egpekty; P — P-3HayeHHs1 acouiayii.

JIOKYCiB IJIs1 TIOJaJIbIIOI He3aldexKHOol perutikallii. ¥ xomi
JKOPCTKOTO KOHTPOJIIO SIKOCTi BapiaHTU 3 YJIbTPAaHU3bKOIO
yactoTolo MiHopHoro anens (MAF < 0,05), axi Moriu re-
HepyBaTH MaTeMaTU4Hi apTedakTy Ta HeOiOIOTiTHI Bear-
YMHMU BiTHOIIEHHS IIaHCiB y BUOIipIIi JaHOTO po3Mipy, OyiIu
BindinbTpoBaHi 3 ¢iHambHOTO Habopy. JdeTanbHa xapak-
TepUCTUKA HANOUIBII CTATUCTUYHO 3HAUYIIMX BapiaHTiB
HaBezieHa B Ta0. 1.

HaiinortyxHimmuii curHan acottialiii 3aikcoBaHo 1151
BapiaHTa 1577684994, KapTOBaHOr0 Ha XPOMOCOMi 9 oGN3y
rena TMEM215 (—log,,(P) = 4,804; § = —2,245). 1o ’srip-
KUY HaOUTbLI CTATUCTUYHO 3HAYYILMX JIOKYCIB TAKOX YBIlLLI-
i Mapkepu 1s6890964 (ren EDIL3, —log,(P) = 4,746),
rs10800629 (ren NR5A2, —log,,P = 4,724), rs17146396
(rer PRR16, —log,,(P) = 4,718) ta rs2908331 (ren AGMO,
—log,,(P) = 4,681).

O6roBopeHHs

OCKiIbKY y HaIllOMY JAU3aiiHi JOCiIKEeHHS TOTYXHi
KJIaCUYHi iMyHOTe€HEeTUYHI e(eKTH Oy LiecIpsIMOBAHO
MPOKOHTPOJbOBAHI CTATUCTUYHO, BUSIBJICHI KaHAWAATHI
JIOKYCHU PO3KPUBAIOTh HOBI, «IlepudepudHi» MexaHi3MU
BpPa3JIMBOCTI TUPEOinHOI TKaHUHU. [neHTndikoBaHi moJi-
Mop(}izMu MOXXHA 3rpynyBaTv 3a TAKUMU (PYHKIiIOHATb-
HUMM HaTpSIMKaMU.

1. Peryasinisi TKAHUHHOTO PeMOJIE/IIOBAHHS, Oap’epHUX
¢ynkuiii Ta anriorene3y. OnvH i3 HAWCUIBHIIINX TIPOPU3M-
KOBUX cUTHaJIiB BusiBiieHo y reHi EDIL3 (rs6890964). Lleit
TeH KOoJye OiJIOK, 110 Bilirpae KPUTUYHY POJIb Y KIIITUHHII
anresii Ta anrioreHesi. EDIL3 akTuBye curHaabHUIA IIJISIX
Rapl (uepes B3aemomito 3 C3G Tta RaplA), 1o Moaymioe
MPOHUKHICTh MiKPOCYAUH Ta CTUMYJIIOE TPAHCEHIOTEJTi-
aJlbHY Mirpailito JiMdouuTiB i MakpodariB y rnmapeHximy
3ao3u. binbire Toro, nucperymnsuis EDIL3 cripusie hpopmy-
BaHHIO MiKpOcepeloBHUIlla iMyHHOTO BUKJIIOUEHHST (immune
exclusion), 1110 Moxke OyTH JIAHKOIO TIEPEXOTy Bill XpOHIYHO-
0 3aIajeHHs IIPY aBTOIMyHHOMY TUPEOIIUTI IO MaJIirHiza-

uii. HatoMicTh 3axucHuit e(eKT Moxe OyTU MOB’sI3aHUIA 3
reHaMu Ha KitanT ADAMTSLI, poauHa sikux opraHizo-
BY€E MiKpOo(DiOpUIsIpHY MepexKy MO3aKJIiTUHHOTO MaTPUKCY
(ECM), cTabini3yioun apXiTeKTOHIKY TKAHMHU Ta CTBOPIO-
toun (iznuHuMii 6ap’ep npoTu iHGiIbTpAaLIii.

2. Metaboaiuni Ta Jimigni musaxu. BusBieHo criiiki
acoriartii 3 reHoM NRS5A2 (rs10800629) — kpuTuIHUM
TpaHcKpunuiitHuM ¢pakTopoM. NR5A2 BUKOHYE MOABiiHY
(dbyHK11it0: BiH perytoe MeTaboJ1i3M Ta go3piBaHHs T-KJTi-
TUH, a TAKOX i€ SIK MOTY>KHUI HETraTUBHUI PEryasiTop
3arajeHHs B emiTeiaiIbHUX KIiTUHAaX. 3HUXKXEHHS Moro
aKTUBHOCTI 371aTHE iHAYKyBaTU 0a30BUIi TIpe3analbHUi
CTaH, POOJISYN TUPEOLIUTH BPA3IUBUMHU 10 aBTOIMyHHMX
tpurepiB. JlonatkoBo BunijieHo reH AGMO (rs2908331) —
KJIIOUYOBUI (hepMeHT MeTab01i3My edipHUX JimimiB (anKin-
riiteponiB). Auchynkiis AGMO panukaibHO BIUIMBAE Ha
MoJisipu3ailito MakpodariB Ta CTUMYJIIOE TiMEePIPOAYKILitO
MIpo3aIaJIbHUX HUTOKIHIB, IO MiAKPECIIOE MAJIOBUBYECHUIA
3B’S130K MK MOPYILIEHHSIM MiCLIEBOTO JIiMiTHOTO TOMEOCTa3y
Ta aKTUBALIi€I0 3aMaJieHHS Y TUPEOIIUTaX.

3. Cucremu KJIITHHHOTO TPAHCIIOPTY, OPraHeJISIPHUIA CTpec
Ta BUKUBaHHA. BrCOKy BiporigHicTh acoluialii mponeMoH-
cTpyBaB BapiaHT rs77684994 mo6m3y TMEM215, 110 Komye
TpaHCMeMOpaHHUM 610K, SIKMI BU3HAYa€ CTiHKiCTb KJli-
TUHHOT MEMOpPaHU 10 IUTOTOKCUYHOTO aroITo3y I yac
iMmynnoi ataku. I'en PRR16 (rs17146396) dyHKuioHye K
CTUMYJISATOP TPAHCIISALIL Ta PEryIsITOP MiTOXOHApPiaJbHOI
MacH He3aJiexkKHO Bin KiacuyHoro nistxy mTOR, 1o moxke
CBiTUUTU PO POJIb EHEPTETUYHOIO CTPECY KJIITUH y I1aTo-
reHesi AIT. Okpemuii iHTepec CTaHOBJISATH 1e(hEeKTU TeHiB
POAVHU TpaHCIOPTEPiB HyKyIeoTuaHUX 1yKpiB (SLC35).
IlopymenHs ixHpoi ¢pyHKIIII B artapaTi ['o1bmKi Ipu3BOIUTh
J10 aOepaHTHOTO IIIKO3WIOBAHHS KJIIOUYOBUX O1JIKiB-Millle-
Hell (TaKuXx SIK TUPEOIJIO0YJ/IiH Ta TUPeOoinHa MePOKCHIa3a).
HernpaBuiabHO 3ropHYTi BYIJIEBOJHI JIaHIIOTH (DOPMYIOTh
HEOEITiTOIH, SIKi iTIeHTUDiKYIOThCSI iIMyHHOIO CUCTEMOIO SIK
Yy>KOPIiIHI, 3aIyCKar04Y1 KacKaj IPOMyKIlii aBTOAHTUTIIL.
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skl

3HaiiieHi IOKYCH T103BOJISIIOTh TIPUITYCTUTH, 110 32 Me-
>KaMM OCHOBHOTO Je(PeKTy CUCTEeMHOI iMyHHOI TOJIepaHT-
HOCTI iCHYIOTb KPUTHUYHI JIOKAJIbHI (paKTOpU BPa3IMBOCTI
camoi THpeoinHOo1 TKaHWHU (ii MaTpUKCy, BacKy/sipu3allii,
JIiMiAHOro MeTaboJi3My Ta MeXaHi3MiB TJIiIKO3MJIIOBAHHSI),
SIKi BU3HAYaOTh MaHidecTalliio KJIiHIYHOTO aBTOIMyHHOTO
TupeoinuTy. Ilomanplii qocaiakeHHs i3 3aCTOCYBaHHSIM
aHari3y KinbKicHuX o3HaK ekcrpecii (eQTL) ta meTonin
MPOCTOPOBOI TPAHCKPUINITOMIKH JO3BOJISITh OCTATOUHO BaJTi-
yBaTH (PYHKILIOHATBHY POJIb LIMX KAHAMIATHUX BapiaHTIB.

BMcCHOBKMU

ITpoBeaeHmit 3araJbHOTEHOMHMI acOLiaTUBHUIA aHA-
i3 BusgsBuB HU3Ky SNP, acomniitoBanux i3 TX, sKi mo-
CSITJIM TIOPOTY CYTeCTMBHOI CTATUCTUYHOI 3HAYYIIOCTI
(—log,(P) > 4,5). HaiiGinpil BUupaxeHi curHaau Oyiau
OTpUMaHi 17151 TOKyciB moonu3y reHiB TMEM215, EDIL3,
NR5A2, PRR16, AGMO, ADAMTSLI ta GLRAL.

Ananiz QQ Plot (A = 0,912) niaTBepaAUB BiACYTHICTh
CYTTEBOI TeHOMHOI iH(MJIALIiT Ta 3aCBiTYNB ageKBaTHICTh
3aCTOCOBAHOI CTaTUCTUYHOI MO, 1110 CBIIYMTD PO Ha-
IiMHICTh OTPUMAaHUX PE3YIbTaTIB.

ImenTudikoBaHi reHM IMOB’sI3aHi 3 PETYJISLIEI0 peMoze-
JIIOBaHHSI MO3aKJIITUHHOTO MaTPUKCY, 6ap’epHOI (pyHKILi1
TKAHWH, aHTiOTeHe3y, JIilliTHOro MeTabo01i3My, KIIITHHHOTO
TPaHCHOPTY, OPTaHEISIPHOIO CTPECy Ta MPOLECiB IIiKO3M-
JIIOBAHHSI, 110 PO3IIUPIOE CyYacCHi YSIBICHHS TIPO MOJIEKY-
JISIpHI MeXaHi3M1 po3BUTKY TX.

OtpuMaHi pe3yabTaTu CBiIYaTh, 10 TEHETUYHA CXUJIb-
HicTh 10 TX BU3HAYAETHCSI HE JIUIIE KIACUYHUMU iIMyHO-
TeHETUYHUMU MeXaHi3MaMHU, a i JIOKaIbHUMU OCOOJIM-
BOCTSIMU TUPEOITHOI TKAHUHU, SIKi MOXYTb MO (IiKyBaTH
PO3BUTOK 3aXBOPIOBAHHS.

Bussneni kaHauaaTHi JIOKycH OTPeOYIOTh ITONAIBIION
yHKIIOHATEHOT Baslifallii Ta He3aIeXXHOT perutikallii y 6iib-
IIMX BUOIpKax IJIs MiOTBEPIKEeHHS iX poJii B maToreHesi TX.

Konduikr inTepeciB. ABTOpU 3asIB/ISIIOTH IIPO BiZICYTHICTh
OyIb-sIKUX KOHMJIIKTIB iHTepeciB Ta BIacHUX (hiHAHCOBUX
iHTepeciB, sIKi MOIJIM O BIUIMHYTU Ha pe3yJbTaTh ado iHTep-
MpeTallilo MaTepiajliB PyKOITUCY.

Indopmauia npo dinancyBanns. Lle nocimkeHHs He OTpu-
MaJio LIJIbOBOTO TPaHTY Bil >KOAHOI (DiHAHCOBOI YCTAHOBU
Jep>KaBHOTO, KOMEPIIiHOTO Y1 HEKOMEPIIIITHOTO CEKTOPIB.

3acrepexeHHs. ABTOPM ITiATBEPAXYIOTh, 1110 MOIJISIIN,
BUCJIOBJICHI B 11ili CTATTi, € IXHIMU BJJACHUMU ¥ He BimoOpa-

Ernuni HopMu. Y nocimkeHHi Opaiu ydacTb JIIOIU; 10To
OyJIO CXBaJICHO MiCLIEBUM KOMITETOM 3 MUTaHb OiOCTUKM.
Vci nmauieHTH HagaaM NUChbMOBY iH(OPMOBaHY 3rody Ha
Y4acThb y JOCHiIKeHHi. JocmimKeHHS TIPOBOIMIOCS Bil-
noBinHo no I'enbciHchkoi nexnapaitii. EkcnepumMenTu Ha
TBapUHAX Yy MeXax 11bOT0 AOC/iKEHHsI He IIPOBOAMIIUCS.
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Genome-wide association study in Hashimoto’s thyroiditis

Abstract. Background. The purpose of the study was to identify
new genetic loci associated with Hashimoto’s thyroiditis (HT) by
performing genome-wide association analysis and to determine
their possible functional significance in the pathogenesis of the
disease. Materials and methods. A genome-wide association study
was performed using a case-control design, which included 200 pa-
tients with clinically confirmed HT and 600 control subjects without
thyroid diseases. The diagnosis of HT was verified by the presence
of antithyroid antibodies and a characteristic ultrasound pattern.
Patients with type 1 diabetes were excluded to prevent cross-phe-
notypic overlap. Statistical analysis was performed using Firth lo-
gistic regression after standard quality control of genetic data. To
evaluate the results, Manhattan plot, QQ plot, and candidate loci
analysis that reached the threshold of suggestive statistical signi-
ficance (—log,,(P) > 4.5) were used. Results. The analysis revealed
seven single-nucleotide polymorphisms associated with HT, lo-
calized near the TMEM215, EDIL3, NR5A2, PRR16, AGMO,
ADAMTSLI and GLRAI genes. The most pronounced association
signal was obtained for the rs77684994 variant near the TMEM215
gene (—log,(P) = 4.804). QQ plot analysis (A = 0.912) did not re-

veal significant genomic inflation, which confirms the adequacy of
the statistical model and the high reliability of the obtained results.
Functional analysis showed that the identified genes are involved in
the processes of extracellular matrix remodeling, angiogenesis, regu-
lation of lipid metabolism, cellular transport, organellar stress and
glycosylation, which indicates their potential role in the formation
of local vulnerability of thyroid tissue to the development of the di-
sease. Conclusions. Genome-wide association analysis has identified
new candidate genetic loci potentially involved in the development
of HT. The results obtained expand the current understanding of the
molecular mechanisms of the disease and indicate that, along with
classical immunogenetic factors, local mechanisms of regulation
of the thyroid tissue structure and function may play an important
role. Functional validation of the identified loci and independent
replication of the results in larger samples are promising areas of
further research.

Keywords: autoimmune thyroid diseases; thyroid tissue; thyroid
gland; Hashimoto’s thyroiditis; genetic loci; genetic predisposi-
tion; GWAS; single-nucleotide polymorphism; SNP; TMEM215;
EDIL3; NR5A2
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CeprieHko B.O., louko M.€., OaiviHnk A.FO., CeprieHko O.O.

AHT «/\bBIBCbKW HALIOHAABHUN MEANYHN YHIBEPCUTET iMeHi AQHUAQ [QAMLIEKOro», M. /\bBIB, YKPQIHO

PecBepaTpoA i cepLeBO-CYAUHHI 30XBOPIOBAHHS
npu LyKpoBsomy aiaberi 2-ro tuny
(HOPATUBHUMN OTASIA)

Pestome. lMaToreHes cepueBo-cyamHHuUX 3axsoptoBarb (CC3) npu yykposomy giabeTi (L) 2-ro Tuny 3Ha4-
HOK Mipoto 6a3yeTbes Ha gucbanaHci y (hyHKLIOHyBaHHI B3aemMo3B’3aHoi oci «okeugatusHuii ctpec (OC) —
XPOHi4He 3ananeHHs1 Hn3bKoi iHTeHcusHocTi (X3HI)». CuHepreTnydHuii nigxig y perynsayii OC ta X3HI npy L4/
2-ro Tvrny 3a [OroMorow BTOPUHHUX METabOsITIB POCIMHHOIrO MOXO4XEHHSA AEMOHCTPYE CyTTEBI nepesaru
Hag TpaguuiiHuMu XiMiHHO CUHTEe30BaHUMU JiKapCbkuMu 3acobamu. bioakTuBHI Crioslyku, SK-OT MOJligheHonu,
peanisyoTe 6araTtopiBHeBuy perynsaTopHu rnoTeHuyias 3aBasku CUHepriyHoMmy BrivBy. Pecsepatpon, rpu-
POLHWYI 071iGheHOI1, BUKITMKAE 3HaYHy 3aLiKaBleHICTb 3aBASIKU CBOIV PI3HOMIaHOBIVM GiONIOrYHIVi aKTUBHOCTI,
LL{O OXOMJIto€e NpoTU3anarsbHi, aHTMOKCUAAHTHI, repornpoOTEKTOPHI Ta HU3KY IHLUMX BlacTnBocTen. Pecsepatporn
MOAYIOE KPUTUYHI CUrHasIbHI LLMISXU, SK-OT akTusawis cuptyiny 1, Lo cnpuse nocnabneHHro OC, X3HI, pery-
nayii anontosy Ta cTUMynoBaHHo astogarii. B ornsagi y3aranbHeHo cyqacHi gaHi LWo[0 MOIEKYIISPHUX Mexa-
HIi3MIB, TepaneBTUYHOI e(heKTUBHOCTI Ta Npointo 6e3neku pecsepatposy rnpu L 2-ro tuny, 3 aKUeHToOM Ha
peaynbTatv 4OCTAXEHb, MPOBEAEHNX B OCTaHHI poKW. [JOKIIHIYHI JOCTIAXEHHS] MPOAeMOHCTPYBam noTeHuyiasn
pecsepartpony npu U 2-ro tuny, CC3 Ta HeBposoridyHux 3axBoproBaHHsX. Llevi ornsg nigkpecoe Tepane-
BTUYHY YHIBepcasibHICTb pecBepaTtposly i BOQHOYac 3ak/vKae 4O peTesibHOI hapMaKOKIHETUHYHOI onTumidadii,
cTaHaapTU30BaHUX MPOTOKOSIB 4O3YBaHHS Ta MacLLuTabHUX paHgoMI30BaHNX KOHTPOIbOBaHUX AOCIOXeHb A1
nigTBepaXeHHs1 e(hbeKTUBHOCTI Ta 6e3NeKkn BUKoOpuUcTaHHs1 pecsepatpony npu LU 2-ro tuny. OcHoBHa meTta
ornagy nondrae B aHaniai 3Ha4eHHs pecsepatpony y nikysaHHi CC3 y xBopux Ha L 2-ro tuny. OKpim boro,
PO3rNsA[aroTbCA aKTyasbHi TeHAEHUII Ta OKPec/IioiTbCA NepCreKkTUBHI HarnpsaMku i MarbyTHIX JOCTAXEHb
y yivi cgpepi. MoLuyk nposoamscs B Scopus, Science Direct (Big Elsevier) i PubMed, Bkto4HO 3 6a3amu gaHux
Medline. BukopucTaHi K/10H0BI c/ioBa «pecBepaTposi», «UyKpoBui giabet 2-ro tuny», «CepLeBo-CYyANHHI
3axXBOPIOBaHHs». [N1s1 BUSB/IEHHS pe3y/bTatiB AOCIAXEHb, SKi He BAANIOCA 3HaWTU Mlig Yac OHaviH-noLLyKY,
BUKOPUCTOBYBABCS PYYHWMV MOLLYK 6i6iorpagii nyonikayiv.

Knto4oBi cnoBa: pecseparpors; uykposuii giabet 2-ro Tury; CepLeBO-CyANHHI 3aXBOPOBaHHS; Ornisg fitepatypu

Bctyn

IlaToreHnes cepueBo-cynuHHUX 3axBopioBaHb (CC3)
npu nykposomy miadeti (LIJ1) 2-ro Tumy 3HaYHOIO MipOIO
0asyeTbcsl Ha nucbanaHci y GyHKIIOHYBaHHI B3a€EMO-
3B’s13aH01 oci «okcumatuBHuit ctpec (OC) — XpoHiU-
He 3amajieHHs] Hu3bKoi iHTeHcuBHOCTI (X3HI)» [1, 2].
XpoHivyHa rinepriikeMisa omIHOYaCHO aKTUBYE AeKiabKa
B3a€EMOIIOB’I3aHUX MaTO(]i310JIOTIYHUX IUISXiB, 30KpeMa
MOJi0JIOBUI Ta T€KCO3aMiHOBUI IIJISIXU, CUTHAJbHUN
nursix nporeinkinasu C (protein kinase C, PKC) ta Bich

KiHeBux nmpoaykriB raikyBanHs (KIIT)/peuenTtopis
KiHIeBuX nmpoaykTiB riaikyBanHs (pKIIT) [3, 4]. Li
MOPYIIEHHSI BUKJIMKAIOTh MiTOXOHIpialbHY NTUCHYHK-
11il0, CTpec eHaoriazMaTuyHoro petukyiaymy (EP) ta
emnireHeTUYHe TepenporpaMyBaHHs, 1110 B CYKYITHOCTI
NpU3BOIUTEL A0 akTuBallii mpoueciB OC Ta 3amaabHUX
Kackanis [1, 5].

Y cyyacHiii KJiHiuHi KiabeToorii OCHOBHUMM JIiKap-
cbkumu 3acobamu (J13), cipsimoBaHuMu Ha nogoaaHHsg OC
ta peryisinito X3HI, 3anuiamTbes XiMiyHO CMHTE30BaHi

© «MixHapogHuit eHoKpuHonoriuHmii XypHan» / «International Journal of Endocrinology» («MiZnarodnij endokrinologicnij zurnal»), 2026

© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2026

[lna kopecnongenuii: Cepriexko BikTopia OnekcaHppiBHa, AOKTOp MeAMYHMX Hayk, npodecop, kadeapa eHaoKpuHonorii, npopeKkTop 3 HaykoBoi po6oti, IHT «/TbBiBCbKMI HaLiOHaNbHWiA MeguyHIi
yHiBepcuTeT imeHi [laHuna fanuubkoro», Byn. Mekapcbka, 69, M. JIbgig, 79010, Ykpaita; e-mail: serhiyenkov@gmail.com; Ten.: +380 (98) 746-33-15
For correspondence: Victoria Serhiyenko, MD, DS, PhD, Professor, Department of Endocrinology, Vice-Rector for Science, Danylo Halytsky Lviv National Medical University, Pekarska st., 69, Lviv, 79010,

Ukraine; e-mail: serhiyenkov@gmail.com; phone: +380 (98) 746-33-15
Full list of authors information is available at the end of the article.

110 MKHOPOAHUIA EHAOKPUHOAOTIHHIIA XKYPHAA, ISSN 2224-0721 (print), ISSN 2307-1427 (online)

Tom 22, N2 6, 2026



[ d

Oraga / Review

JI3 3aBoaxu criennigHOCTI iX il Ta oNTUMi30BaHUM (ap-
MaKOKiHETHYHHUM XapaKTepUCTUKAM [6].

Cunepretnunuii minxin y perymsauii OC ta X3HI mpu
LI 2-ro Turty 3a 1OIoMOrow BTOpPUHHKUX METabOoJIiTiB poc-
JIMHHOTO TTOXOJ/I>)KEHHS JIEMOHCTPYE CYTTEBI MepeBaru Haj
TpaAULIHHUMU XiMiYHO CUHTE30BaHWMM JIiIKAPCHbKUMU 3a-
cobamu. Ha BinMiHy Bix ocTaHHIX, SIKi 3a3BHMYail BILJIMBaA-
IOTh Ha KOHKPETHUI1 MOJICKYJIIPHUI MeXaHi3M, 0i0aKTUBHI
CITOJIYKH, SIK-OT MoJjiipeHoNIM, (PIaBOHOINN, TEPIIEHOIIN
Ta ajJKajJoinM, peali3yloTh 0araTopiBHEBUIA pPeTyIITOPHUI
MOTeHIIiaj] 3aBOSIKI CHHEPTiYHOMY BILIUBY |7].

PecBeparpos, npuponHuii nojideHos, BUKJIMKA€E 3HaU-
Hy 3alliKaBJICHICTh 3aBIsSIKU CBOIli pi3HOIJIAHOBII Oiosoriu-
Hilf aKTUBHOCTI, 110 OXOILTIOE MPOTU3ANaIbHI, aHTUOKCH -
NAHTHI, TePONMPOTEKTOPHI Ta HU3KY IHIIUX BJIACTUBOCTEH
[8]. dokniHiyHi JOCTiIKEHHST TTPOJEMOHCTPYBAJIX TTOTEH-
mian pecBeparpoiy B aikyBaHHi LI/ 2-ro tury, CC3, oHKO-
JIOTIYHMX Ta HEBPOJIOTIYHMX 3aXBOPIOBaHb [4].

V 1boMy orjisni y3araJbHeHO Cy4yacHi TaHi 11010 MO-
JIEKYJISIPHUX MeXaHi3MiB, TepalleBTUYHOI e(DeKTUBHOCTI Ta
npodinto 6e3neku pecseparposry npu LI 2-ro tuny, niade-
tnuHuX CC3, 3 HaroJlocom Ha AOCIIIKEHHSIX, TPOBEAEHUX
3a ocTaHHi poku. OKpiM 1IbOTO, PO3IJISIAIOTHCS aKTyaJlbHi
TEeHACHIIii Ta OKPECIIOIOThCS IePCIEKTUBHI HATTPSIMKU IS
MalOyTHIX TOCIIIKEHb Y Lili cdepi.

1. OkcunaTuBHMi cTpec i XpOHiYHe 3anajieHHs] HU3bKO1
iHTEHCHBHOCTI B maToreHe3i cepieBo-CyIMHHUX 3aXBOPIOBAHb
NpH IYKPOBOMY jiadeTi 2-10 THITY

OmHi€l0 3 MPOBIAHUX MPUYNH MOIIKOIKEHHST CYIUH
npu LI 2-ro TuIy € rinepnponykiliss akTUBHUX (HOPM
kucHio (ADK), 1110 iHILII0ETHCS i TOCUITIOETHCS BHACTIIOK
XpOHiuHoOI rinepriikemii. KpiM Toro, akTuBalliss Kjacuu-
HUX IUISIXiB 0OMiHY TJIIOKO3M (30KpeMa, MOJIioJI0BOTO,
rekco3zamiHoBoro nuisixis, PKC, dopmysannst KINT') npu-
3BOIUTD 10 TTOCHJICHHST OKCUIATUBHOTO TOIIKOIKEHHS
[9, 10].

30LIbIIeHHS TeHepallii BUIbHUX paauKalliB BHACTITOK
aKTHUBAIlii TTPOLECiB TIiKOJIi3y PO3TJISIIAETHCS SIK ONUH i3
NMpoBigHUX (GakTopiB po3BUTKY Aiabetuynux CC3 [11,
12]. dificHO, € YMCJIeHHI maHi, SKi BUSIBWIN iHIYKOBaHi
akTuBaliero OC MOMKOMXKEHHS MPU eKCIIepUMEHTAab-
HoMY niabeTi [13].

MiTtoxoHmpii BinirpatroTh KJIOUOBY POJIb y MpOLIeCi KJTi-
TUHHOI 3aru0eti, 110 MOB’I3aHO SK i3 TeHepalli€lo BiIbHUX
panuKaiiB, Tak i 3 aKTUBALIi€I0 MEBHUX CUTHAJBbHUX IS~
XiB Ta mopyieHHsIM (pyHkuioHanbHoro ctany EP [14, 15].
3MiHM B MITOXOHIIPisIX, OIOCEPEAKOBaHI TilePriIiKeMi€lo,
BKJIIOUAIOTh BUBIJIbHEHHS 1uToXpomy C, akTHBallil0 Kac-
ma3u-3 (caspase-3, CASP3) [16].

HanmipHe HagxomKeHHSs TJII0KO3M BUKJIMKAE aKTHBa-
11i10 TPAaHCHOPTY €JEKTPOHIB IO IMXaJIbHOMY JIAHIIIOTY, 1110
MPU3BOIUTD M0 3HUKEHHSI MEMOPAHHOTO MTOTEHIIIATY Mi-
TOXOHJpill Ta npurHiyeHHs yrBopeHHss AT®. [TopyieHHs
(YHKIIIOHAIBHO-CTPYKTYPHOTO CTaHY MITOXOHIPIiil CIIPUSIE
nucbasaHcy HeHpoTpodivyHOT NiATPUMKU, IO CYITPOBO-
IKYETHCS 3MEHILIEHHSIM BMicTy HelipoTpodiny-3 (Neuro-
trophin-3, NT-3) i ¢akropa pocty HepsiB [17, 18]. Inmi
opraHenu, sK-oT anapat 'oapmki Ta EP, TakoxX MOXyTh
OyTU BaxKJIMBUM JKepeJIOM BUTbHUX panukaiiB. Lle, y cBoro

4yepry, CIIpUYMHSIE HE JIUIe PO3BUTOK aIlorTo3y, ajie i 3a-
rubens KITHH Yepe3 aBTodaronuTos. HificHo, HiTpo3a-
TUBHUI CTpeC y IMIOEIHAHHI 3 TileprIiKeMi€lo CIIPUINHSIE
akTuBaliio moii(AJP-pubosa)-morimepasu. Lle, y cBoto
4yepry, NpU3BOAUTD 10 MOPYILIEHHS (PYHKIIIOHYBaHHS ab0
HaBiTb 3arudei kiituH [ 19, 20].

AKTUBALliSI KJIACUYHUX LUISIXiB OOMiHY TJIIOKO3U MPU
LJI (rmomionoBoro, PKC, curHaapHOro IIjIsxy IpoOTeiH-
KiHa3u, 1110 aKTUBYEThCSI MiTOreHamMu (mitogen-activated
protein kinase, MAPK)) i 36inbmenns yrBopennss KIIT'
371aTHi O0e3mocepeIHbO ab0 OIMOCepeaKOBAHO iHilliloBa-
TU i NOCUJIIOBATH MPOAYKYBaHHS MeaiaTOpiB 3amanieH-
Hs1, po3BuTokK X3HI [12, 21]. 30kpema, HAKOTIMYEHHS
KIIT B 6inkax i ninigax CTUMYJIO€ CUHTE3 MeIiaTopiB
3arajJieHHs Ta aKTHBaIlilo ssaepHOro akTopa Kamma-0i
(Nuclear factor kappa-B, NF-kB) — noTyxxHoro iHIyK-
Topa Ipo3anaibHuX mnpouecis [22, 23]. KIII' BiuBaioTh
Ha pKIII', mpucyTHi Ha MikporJii i Makpodarax, 110 cy-
IIPOBOJIXYETHCSI CTUMYJISLIIEIO TPOAYKYBaHHS LIUTOKIHIB
(inrepuerikinip (IJI) 1, IJ1-6, IJI-17, ¢pakTopa HeEKpoO3y
nyxauHu (OHII-a)), MOHOLIMTapHOTO XeMoaTpaKTaHT-
Horo mporeiny-1 (monocyte-chemoattractant protein-1,
MCP-1), C-peaktuBHoro 6inka (CPb) ta xeMoKiHiB
[24—26]. Ctumynsuig pKIIT', BHACTIIOK aKTUBALIT I~
xy NF-«kB, MoXxe BUKIIMKATH KacKaj 3araJbHUX peaKIliii.
NF-kB, sk ¢akTop TpaHCKpUIILii, aKTUBYE €KCIIPECiio
TeHIB IIpo3alajbHUX LIUTOKIHIB, a TAKOX BiAITOBimae 3a
iHaykuiro anmonTosy kiituH. Ctumynsuis NF-kB Takox
IIPUTHIYYE €KCIpPeCcilo aHTUOKCUAAHTHUX I'eHIB i TaKMM
YUHOM OTIOCEPEIKOBAHO TOCa0JII0€ BPOIKEHUI aHTH -
OKCHUIAHTHUI 3axuct [27—-29].

XpoHiyHa rinepriikemMisi Ta akTUBaLlisl Tpo3anaaibHUX
MPOLECIB MO3HAYAIOTHCS HA CTPYKTYPHUX XapaKTePUCTUKAX
TJIiIKOBAaHUX OiJIKiB, 3MiHIOIOUM IX aHTUTEHHI BJIACTUBOCTI.
Lle cnipusie ix iHdinbTpallii MOHOLIMUTAMU, Makpodaramu,
HelTpodizaMu, a TAKOX aKTUBAIlil IJTiaJbHUX KJIITUH Hep-
BOBOI cucTeMU. IMyHHI KJIIITUHHU, Yy CBOIO YepTy, IIPOIYKY-
I0Th LIMTOKIHU, SIKi TPU3BOJSATH A0 MOAATBIIOTO MOLIKO-
TKeHHSI MeMOpPaH KJIITHH, 1110 CYTTPOBOIXKYETHCS HAOPSIKOM
i akTMBalli€to 3anajbHuX npoiecis [30—32].

lNmepakTBOBaHI MOHOIUTH i KIIITUHU iMyHHOI CHC-
TeMU XapaKTepU3YIOThCS «3JI0SIKiCHUM» MO3UTUBHUM
3BOPOTHUM 3B’SI3KOM y Mpolecax 30iabIIeHHS CUHTE3Y
MeiaTopiB 3aMajeHHs i TAKUM YMHOM MOTEHIIII0I0Th Op-
raHiyHi 3minu [33]. KpiM Toro, akTuBalisi Heiipo3amnaib-
HUX MPOLECIiB MPU3BOAUTH 10 TOIIKOIXEHHS CTPYKTYDP
TKaHWH YHACJIiIOK anonro3y, innykoBaHoro MAPK [34,
35]. ®HII-a TakoxX cIpuse eKCIpecii MoJIeKyJ aaresii
KJIITUH, SIKi 30aTHi 3MEHIIyBaTH MBUIKICTh nepdy3ii KpoBi
[36]. Timokcis Ta imewmis mpu LI moripimyioTs mepeoir
Helpo3amaabHUX MNPOILECIB IUISIXOM BUPOOJEHHS iHIY-
1uobenbHoI cuHTa3u okcuay a3oty (Inducible nitric oxide
synthase, iNOS), a TaKoX NpOAYKYBaHHSI OKCHUIY a30Ty
(Nitric oxide, NO) [37]. OTxe, akTUBallisl 3aMajJbHOTO
Kackamy, 3pOCTaHHSI aKTUBHOCTI Mpo3anajlbHUX LIUTOKIHIB
1 IU3PETyJIsisi HepOiMyHHUX IIJISIXiB CPUSIIOTH MOIIKO-
IKEHHSIM (DYHKIIOHAJIbHOI Ta CTPYKTYPHOI opraHizarii
HEPBOBOI TKAHWHMU, 1110 CYTTPOBOIKYETHCSI PO3BUTKOM JIi-
a0eTUYHUX CYIMHHUX YCKJIaIHEHb, a TAKOX Aia0eTUUYHUX
HeMpomariii.
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2. XimMiYHO CHHTE30BaHi JIKAPCHKi 32ac00d, CIPIMOBAHI HA
MO/I0JIAHHS OKCHJIATUBHOTO CTPECY TAa PEryJsiil0 XPOHIYHOTO
3anajieHHs] HU3bKO1 iHTEeHCUBHOCTI

o 4oTUpbOX BCTaHOBJICHUX KiaciB Takux JI3 Hae-
»KaTbh: aKTUBATOPM TpaHCKpMIILiiiHOro ¢pakropa Nuclear
factor erythroid 2 like 2 (Nrf2), sKi 3HIKYIOTb OKHUCHIO-
BaJibHi MOIIKOMXEHHS 32 PaXyHOK MOCUJEHHS aHTU-
OKCHUIIAHTHOTO 3aXUCTYy; iHTiOiTOpM HATPili-TII0KO3HOIO
koTpaHcroptepa-2 (Sodium-glucose cotransporter 2 inhib-
itors, iISGLT2) i aroHicTH pelenTopiB IJIIOKaroHOIMOAiOHO-
ro mentuny-1 (Glucagon-like peptide-1 receptor agonists,
GLP-1RAs), o 3a6e3neuyiors KoHTpoab OC, nos’s3a-
HOTO 3 MeTabOIYHUMU TIPOIIecaMu, yepe3 6araToCTOpOH-
Hi MexaHi3Mu; iHTibiTopu KcaHTUHOKcUaa3u (Xanthine
oxidase, X0O), gxi 60e3mocepeaTHbO OJOKYIOTh 3amajabHi
KacKaau, oB’sg3aHi 3 MetadborizmMmoMm mypuny |38, 39]. Li
JI3 3a0e3meuyioTh TepaneBTUYHUN e(eKT, LiJIeCIIpsIMOBa-
HO BIUIMBAIOTh HA KJIFOYOBI MOJIEKYJIIPHI MeXaHi3Mu, 110
JiexkaTh B OCHOBiI PO3BUTKY XPOHIYHUX YCKJIaAHEHb MPU
LJI 2-ro tumy. I[1pu ubomy npemnapaTtu kitacy GLP-1RAs
MaloTh YHiKaJbHi BJIACTUBOCTI, SIKi CIIPUSIOTh 3aXUCTY
KMIIKOBO-CyaIMHHOI oci [40, 41].

Nrf2 peatizye cBoi mpoTH3anaibHi BIaCTUBOCTI IIJISIXOM
B3aemonii 3 NF-kB, a Takox 6e3rnocepeaHbo MPUTHIYYE
TPaHCKPUIILIiIO TaKKUX LIUTOKIHIB, sk [JI-13 i 1IJI-18 [42].
3aBasiku cBoiil 3maTHoOCTI 3HMxXKyBatu OC i peryiaioBaTu
3anaybHi Tiporiecu Nrf2 po3risima€Thes K MepCreKTUBHA
TeparneBTUYHa MillleHb ISl JIKyBaHHS CYAMHHUX YCKJIa-
HeHb, MmoB’s13aHux i3 L1 2-ro tuny. Cepen CMHTETUYHUX
aroHictiB Nrf2 Ha 0cOOJIMBY yBary 3aciiyroBye 0apIoKcoO-
JIOH, 1110 aKTUBYE 1Ieii IUISIX yepe3 iHrioyBaHHs Oiika Keapl
(Kelch-like ECH-associated protein 1) [43]. Takuii mexa-
Hi3M cOpsIMOBaHUil Ha akTuBalilo Nrf2, akuii peryiatoe
AHTUOKCUIAHTHUI 3aXMCT OpraHizMy. ¥ @iziolorigHux
ymoBax Keapl 3B’s13ye Ta cripusie aerpananii Nrf2, oqHak
npu oro iHrioyBanHi BHacainok OC abo BIJIUBY MaluxX
MoJieKysn Nrf2 HaKOIMMYYETHCSI, TTIEPEMILIIYETHCS 0 sIIpa
KIJIITUHU Ta aKTUBYE €KCIIPECil0 LIUTONPOTEKTOPHUX I'e-
HiB [44]. BogHouac pe3ysbTaTi TOCTiIKEHb CBiIYaTh, 110
BUKOPUCTaHHS 0apJ0KCOJIOHY MOXKe MiABUIIYBATH PU3UK
PO3BUTKY PaHHBOTO TTepeBaHTaXKEHHS PiTWHOIO Y MAIliEHTIB
i3 hakTOpaMu pU3KKY CepLEeBOi HeaoCTaTHOCTI [45].

IuridiTopu SGLT2 neMOHCTPYIOTh 3HAYHUI Tepame-
BTUYHWI MOTEHIIIaJ ¥ JIIKyBaHHI IIYKPOBOTO HiabeTy 2-ro
Tuny. BonHoyac HeoOXigHO BpaxoBYyBaTH ixHiil podiib
0e3mneKu, 30KpeMa KJIiHiYHO BaXKJIMBi PU3UKH, 1110 MOXYThb
CynpoBOIXKyBaTH 3acTocyBaHHs 1ux JI3. Cepen HallGiIbIn
MHOIINPEHNX MOOIYHMX e(DEeKTiB 3a3HAYAIOTh Mia0e TUIHUI
KEeTOoalna03, a TAaKOX iH(eKIIii ceyocTaTeBOi CUCTEMU.
Oxpemi npeacTaBHUKY 11i€l rpynu JI3 xapaKTepu3yoThCs
cnieliniyHUMY pU3UKAMU: HAMPUKJIIaI, aanariidpao3uH
aCOLIiIOIOTh i3 IMiIABUILEHOI0 HMOBIPHICTIO PO3BUTKY paKy
CEYOBOT0 MiXypa, TOAi SIK KaHATTi(hJI03MH MOXE CYIpPOBO-
JKYBaTHCS 30UIBIIEHHSM PU3UKY aMIyTaliil abo repeso-
MiB KiHLIIBOK [6, 46].

GLP-1RAS MOXyTb BUKJIMKATH TUMYACOBI IIUTYHKO-
BO-KMIIIKOBIi po3j1aau, 30KpeMa HyIOoTy Ta Aiapelo, a TaKoX
peaxilii B 30Hi iH’€KIIiii, SK-OT JIOKaJIbHE MOIpa3HEeHHs Ta
YTBOPEHHS BY3/1UKiB. Takox iCHye puU3UK Oilblll cepiio3-
HUX yCKJIaJHEeHb, 30KpeMa IMaHKpeaTuTy. BukopucraHHs

GLP-1RAs minBuiye pu3uKy y Malli€HTIB i3 HUPKOBOIO
HEAOCTaTHICTIO UM TEPMiHAIBHOIO CTAi€l0 1IbOTO 3aXBO-
PIOBaHHS, 1O MiNTBEPIXKYETHCS BiIMOBITHUMU KIIiHIYHUMU
CIIOCTEPEXKEHHSAMH [6].

InrioiTopu XO, 30Kkpema ajaoInypuHoO, 3apeKOMEHIY-
BaJii cebe SIK Ai€Bi mpoTu3araibHi 3acoou. [lepopanbHuii
MPUIIOM aJIONTyPUHOJY CIIPHUSIE 3HUKEHHIO PiBHS 3aMaIbHUX
LIUTOKIHIB LIJISIXOM TPUTHIYEHHS (hepMEeHTIiB KCAaHTUHOKCH -
JIOpenyKTa3HOI CUCTEeMU, 30KpeMa KCAaHTUMHOKCHUIA3U Ta
KcaHTuHIerinporeHasu. Lli mpemapaTtu mposiBISIIOTH 3aXKC-
HUii epekT npu aiabeTuyuHili XBopoOi HUPOK, 110 TOJOB-
HMM YMHOM TMOSICHIOETBLCS IXHBOIO 3MaTHICTIO 3MEHIITyBaTH
3allayibHi peakiiii B opraHi3Mi. 3aBIsIKM LIbOMY iHTiOiTOpK
XO MOXyYTb OyTH TEepCIIEeKTUBHUMU Y JIIKYBaHHI pi3HOMa-
HITHMX yCKJIamHEHb, moB’s13aHux i3 LI/l 2-ro Tumy. OgHak
HeOoOXiTHO BpaxOBYBAaTH PU3UK PO3BUTKY CUHIPOMY Tirep-
YYTJAUBOCTI IO aJIOMYPUHOIY. X0ua 151 HebaxkaHa peakilist
TPATUISIETBCS PiIKO, BOHA MOXe OYTU HeOEe3MEeYHOIO st
JKUTTS, 10 TTOTpeOy€e peTeIbHOro KOHTPOJIIO i Yac Tepartii
(4, 47].

3. CuHepreTnyHmii miaxia 10 peryisuii OKCHAATHBHOTO
ctpecy Ta X3HI 3a 10nomMoroi BTOPUHHMX MeTA0OMITIB poc-
JINHHOTO MOXO/PKEHHS

BTtopuHHI MeTaboJIiTU POCIMHHOTO TTOXOJXKEHHS
31aTHI MOJYJIOBATU KJIIOUOBI CUTHAJIbHI IIUISIXU, 30KpeMa
AM®-akTBOBaHy npoteinkinazy (AMP-activated protein
kinase, AMPK)/cupryin 1 (sirtuin, SIRT1), Nrf2 ra NF-«xB,
110 OOYMOBJIIOE iX BUpaXkeHi aHTMOKCUIAHTHI I IPOTH -
3arajibHi BJaCTUBOCTI 3 OMTHOYACHO HU3bKUM TOKCUYHUM
npodinem. KpiM Toro, cyyacHi 1OCHIiIKEeHHS MTiATBEPIXKY-
I0Tb 37IaTHICTh OKPEMUX MTPUPOTHUX CITOJYK B3aEMOJIISITA 3
eMireHeTUYHUMHU PETYISTOPHUMU MeXaHi3MaMM, 30KpeMa
3MIiHIOBaTHU eKCIIPECiio TeHiB Ta 30epiraTu ix 3aXucHi (yHK-
uii [48, 49]. 3aBasgKu 11bOMY 6araToliIbOBOMY MeXaHi3-
MY Oii pOCIMHHI MeTaOOJIiTH MOXYTh OiIBII KOMIUIEKCHO
BIUIMBATH Ha naTodiziojoriyHi mpoiecu, 30KpemMa moB’si-
3aHi 3 CyIMHHUMU ycKiIagHeHHsamu rpu L1 2-ro tumy. Lle
CTBOPIOE MEPCHEKTUBHI MOXJIUBOCTI IS pO3POOKU BU-
CcoKOoe(EeKTUBHUX i BogHOYAC O0€3MeYHUX TepareBTUYHUX
crpateriii [4, 50]. OmHak momajblile KIiHiYHe 3aCTOCYBaHHS
TaKMX PEYOBUH IMOB’sI3aHe 3 HU3KOI0 BUKJIUKIB, CEpel SIKUX
3HIKEeHa 0i0IOCTYMHICTh, BapiaTUBHICTh TepalleBTUIHOI
e(beKTUBHOCTI Ta iHAWBiAyaabHi 0COOJMBOCTI OpTaHiZMy
nauieHTiB. Lli acnekTu noTpeOyoTh MOAAIBIIIOT0 BUBYEHHST
i BIOCKOHAJIEHHSI 7151 3a0e3IeYeHHSI ONTUMAaJIbHOI peasti3a-
11ii TepareBTUYHOro MOTEeHIliaJly BTOPUHHUX METa0OIiTiB
POCIMHHOTO MTOXOMKEHHS Y KIIiHIYHIN pakTuli [4].

3.1. Ioxidenomm

[MonideHonu € kaacom GiONOTIYHO aKTUBHUX CITOJYK,
10 XapaKTepU3YIOThCS HASIBHICTIO MHOXUHHUX (DEHOJTbHUX
KiTBLIEBUX CTPYKTYpP. BOoHM BHCTYIIaI0Th HAMMOIIMPEHIIIN -
MU aHTUOKCHAAHTAaMU B pallioHi JIOOMHU U MiCTITbCS y
BEJIMKIN KiTbKOCTI y (ppyKTax, OBOYaX, a TAKOXK IIPOIYKTaX,
BUTOTOBJIEHUX Ha X OCHOBI, IK-0T Haroi [51]. Lli BropuHHi
MeTa0OJIITH MOAUISIOThCS Ha (DeHOJIbHI KUCIIOTH, (h1aBOHO-
imy Ta HedIaBOHOINM 3aJIeKHO Bif iX XiMiuHOI OymoBH [52].
dnaBoHOInM, X0U i HaJIeXaTh 10 MiAKIIACY MOJi(heHOiB, BU-
IJISTIOTh OKPEMO Yepe3 ix 3HaUHy TepareBTUIHY IiHHICTb,
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0CO0JIMBO Y KOHTEKCTI JTiKyBaHHS HiaOe TUIHUX YCKIaTHEHb
[4]. IonidpeHoNMM MMPOKO BiZoMi CBOIMU aHTUOKCUIAHTHU-
MU, aHTUOAKTepiaTbHUMU, MPOTU3ANATIBHUMU, TIPOTUPA-
KOBMMMU Ta TIPOTUIa0E TUIHUMU BIACTUBOCTSIMU. 3aBISIKU
LM OCOOJMBOCTSM IOJIi(PeHOIN BBaXAIOTHCS MePCHeK-
TUBHUMM 3aco0aMu ISl Teparlii yCKJIaaHeHb, OB’ I3aHUX
i3 LIJ1 2-ro Tumy [51].

Pecepatpoin (3,5,4 -TpurinpoKcucTUiIb0eH) — IIe TI0-
JideHoIbHA CIToJTyKa HedIaBOHOITHOTO MOXOIKEHHSI, STKa
MICTUTBCS MEPEBAXHO Y 36PHOBUX KYJIbTypax, MpyKTax,
oBoYax, 0000BMX Ta HATIOSIX POCUHHOTO MOXOIKEHHS [53,
54]. PecBepaTpoJi, BinoMui 3aBasIKH CBOIM Pi3HOMaHITHUM
OioJsioriyHUM i (hapMaKkoJIOTIYHUM BJIACTUBOCTSIM, BUSIBIISIE
e(eKTUBHICTb y 00pPOTHOI 3 OKMPIHHSAM, a TAKOX MPOTHU/Iia-
OETUYHY, TPOTUPAKOBY, TPOTU3ATIATIbHY, AHTUOKCUJAHTHY
Ta KapaionpoTekTtopHy Aii [53]. CydacHi HayKOBi TOCIi-
JKEHHSI MiATBEPIXYIOTh, 110 3aCTOCYBaHHS PECBEpaTpOy
SIK TiETUYHOI 100aBKU MOXe OyTH e(DEeKTUBHUM 3aCO00M
npodinaktuku LIJI 2-ro Tumy, a TakoX CIpUSITU 3MEHIIIEH-
HIO pU3UKiB, moB’s13aHux i3 CC3 [54].

3axucHi eeKTU pecBepaTpoily 0OYMOBIICHI 3MaTHICTIO
peTyJIIoBaTH Pi3HOMAHITHI CUTHAJIbHI MeXaHi3MU. Y KOH-
TEKCTi aHTMOKCUIAHTHOI JIi1 pecBepaTpoJi 6e31ocepeIHbO
HEeUTpasli3y€e BUIbHI paaluKalu Ta CIPUSE aKTUBALIil IUISIXY
SIRT1/forkhead transcription factor O (FOXO), sikuii mo-
CUWJTIOE EKCIIPEeCilo aHTUOKCUIAHTHUX IreHiB [55]. BonHouac
pecBeparpou inrioye NADPH-okcunasu 2 i 4 (NADPH
oxidase, NOX2/4), smeHmytouun yrBopeHHst ADK, a Ta-
KOX BIUIMBA€ Ha aKTUBHICTh Cu-Zn-CylepoKCUIIUCMyTa3
(Cu-Zn-COJM) uepes usix AMPK. Kpim toro, pecBepa-
TpoJ1 cTUuMYITHO€ HutsiX Nrf2, 110 pu3BOAUTb 10 iHAYKIIIi aH-
TUOKCUIAHTHUX (DEPMEHTIB, SIK-OT TeMoKcureHasa- 1 (heme
oxygenase-1, HO-1) [56]. 3aBasiku LM MeXaHi3MaM pecBe-
patpos e(heKTUBHO 3HUXKYE OKMCHIOBAJIbHI MOIIKOIKEH-
Hs1, CTIPUYMHEHI TinepriikeMieto [53]. ¥V npoueci mporusa-
nanbHoI Aii pecBepaTpo, yepe3 AMPK-3anexHe cipusiHHs
TpaHciokalii 6iika Nrf2 10 sapa KIIiTUHA, 3MEHIIYE CUHTE3
Mpo3anajbHUX LIUTOKIiHIB i 3a0e31euye MoTyKHY B3aEMOIII0
MiX aHTUOKCUIAHTHUMU 1 MPOTU3AMAIBHUMU eheKTaMU
[53]. Takoxk pecBepaTpoJi MPUTHIUYE aKTUBALIIO IILISIXY
NF-«B, 1o mormomara€e 3MeHIINTHA BUBLIBHEHHS MEIiaTOPiB
3arnajeHHs i mom’sikiye nepedir X3HI npu giabeTuaHmMx
XPOHIYHUX YCKJIATHEHHX [57].

3.1.1. MoaekyasipHi MexaHi3Mu Jii pecBepaTpoy

PecBepaTpost BIUTMBA€E Ha IMUPOKUI CITIEKTP KIIITHHHUX
CUTHAJIbHUX LUISIXiB, (pi3i0JOriYHUX MPOLIECIB i IEMOHCTPYE
BUpaXXeHy MPOTU3aNaJbHy Ta aHTUOKCUIAHTHY aKTUBHICTb.
KitrouoBUM MexaHi3MOM, 1110 OOTPYHTOBYE 11i e(DeKTH, €
SIRTs, ponyHa HiKOTMHAMiTAAeHIHAMHYKIIEOTUA- (nicotin-
amide adenine dinucleotide, NAD™")-3anexxHux geaueruias,
1110 Hajexars 10 kiacy 111 ricronoBux neanerwias (Histone
deacetylases, HDACs). CuptyiHu peryioTb KIITUHHUN
MeTaboJi3M, 3ananeHHs, pernapauito JJHK ta mpouecu cra-
piHHS opraHizMy [58].

3.1.1.1. AKTuBalig CUpTYiHIiB

V ccasuiB 6inku rpynu SIRTs mpencrasieHi ciMmoma
i3odopmamu (SIRT1-SIRT7) [59]. 3rinHO 3 cyyacHUMM
HaykoBuMU gaHuMu, 6iaku SIRT1, SIRT6 i SIRT7 no-

KaJIi3yIoThCA B Anpi Ta ssaepui, Toai sk SIRT2 mepeBaxHo
3HaxoauThest y uuroriasmi, a SIRT3, SIRT4 ta SIRTS
byHKUiOHYIOTh Y MiToXOHIpisx [60]. KoxHa i3 i3odhopm
SIRTs, ocob6muBo SIRT1 9K Ki1oyoBa 0i0JIOTIYHO aKTUB-
Ha MoJIeKyJia, Bifirpa€e BaxJIMBY POJb Yy PEryJjsilil pi3HUX
rmaTodi3ioJoTiYHUX MPOLIECiB Ta 3aXBOPIOBAHb i 3AiHCHIOE
CHUCTEMHUI BIIMB Ha opraHi3m [8, 60]. JlocaiakeHHs mo-
Ka3yIloTh, 110 3HMXKEHHS aKTUBHOCTI OiKiB SIRTSs acomi-
JOETHCS 31 CKOPOUEHHSIM TpUBAJOCTi XKUTTA. Lli mpoTeinn
KPUTUYHO 3aJy4YeHi 10 MeXaHi3MiB BIUIUBY TaKuX (DaKTO-
piB, sIK OOMEeXEHHsI KaJlopiltHOCTi Ta (hi3uYHa aKTUBHICTb,
yepe3 aKTHUBallilo CrielMiuYHUMU CTUMYJIsITopaMu [8].
PecBepaTpos € onHUM i3 HAUMOTYXXHIIINUX MOJiDEeHOb-
Hux aktuBatopiB SIRTs y nocnimkeHHsx in vitro. BiH 31a-
TeH MOMIYJTIOBATH YMCJICHHI BaXXJIWBi CUTHAJIbHI MUISIXU
yepes aktuBamio SIRTs, ocobnuBo SIRT1. Ctumynsiis
SIRT1 3a mOImoMoro pecBepaTpolly CIPUsE MOTIMIIEHHIO
MiTOXOHIpiasibHOTrO OioreHe3y, 3HMKeHHI0 OC Tta X3HI
3a y4yacTi curHaiapHoro nuisixy AMPK Tta y-kKoakTuBa-
Topa-la-pelenTtopa, 0 aKTUBYETHCS TIPOJTihepaTopom
nepokcucoM (peroxisome proliferator-activated receptor
gamma coactivator 1 alpha (PGC-1a)) [61].

PecBeparpoJt TakoxX BUSIBIISIE TTPOTU3ATIAIbHI BIACTUBO-
CTi, 3MIICHIOE ITealleTMITIOBAaHHS CYOOIMHULI p65 hakTopa
tpanckpuniii NF-«B, 1110 6;10kye #ioro TpaHCKpUIIiiiHy
AKTUBHICTb [62, 63]. OKpiM LIbOTO, BiH PETYIIIOE B3aEMOIIIO
Mixk curHanpHuMH nuisxamu SIRT1 i kpionipuny (NLR
family pyrin domain containing 3, NLRP3), 3ano6irae
dopMyBaHHIO Ta akTUBalii iHpaamacoMm [64]. PecBepa-
TpoJ BrimBae Ha nuisix SIRT1/miteHs panamilMHy ccaBlliB
(Mechanistic target of rapamycin kinase, mTOR), ripurHiuye
aktuBHicTE MTOR, 110, y CBOIO Yepry, akTUBYE MPOIIEC aB-
todarii. Lle cnpusie epeKTUBHOMY BUIAJEHHIO ITOLIKOIXKEe-
HUX OpTaHes Ta OLIKIB i MATPUMYE KIIITUHHUI TOMeoCcTa3
[65]. Yepes misix cupTyin/FOXO pecBepaTpost CTUMYITIOE
ITiIBUILIEHHS €KCIIpecii aHTMOKCUIAHTHUX (DePMEHTIB, SIK-
ot Cu-Zn-CO]l i karanasa, 110 CIPUSIE 3HUXKEHHIO PiBHSI
OC Ta 3axuiae KJIiTUHM BiJ TTOIIKOMKEHb. TaKM UMHOM,
pecBepaTpoJ BUCTYTIAE SIK KJTIOYOBA CUTHAJIbHA MOJIEKYJIa,
siKa CYTTEBO BILJIMBAE Ha €KCIIPECiio Ta aKTUBHICTb BCiX i30-
¢opm SIRTs i nleMOHCTpy€E 3HAYHMI TTOTEHITiaa Y KOHTEKCTi
peryJisiiii KITMHHUX (YyHKIN Ta TPOLIECiB XXKUTTE3a0e3I1e-
yeHHs [8].

SIRT1 Bimirpae BaxJIuBY poJib y peryJsiilii 0OMiHy pe-
YOBUH i € MOTEHLIHOIO MILLIEHHIO B JIIKyBaHHI Pi3HUX 3a-
XBOpIOBaHb [67]. PecBepaTrpos MoXe aKTUBYBATH Ta MiIBU-
myBaTu peryisiiito NAD'-3anexHoi SIRT1 i Tum camum
MOJIINIIYy€E mepebir abo croBiIbHIOE po3BUTOK LI 2-TO
tuny, CC3, OHKOJOTIYHUX Ta iHIIUX 3aXBOPIOBaHb [68,
69]. SIRT1 Bimirpae BupimanbHy poJib y perysiiii 0araTbox
KJIFOUOBHUX OLJIKIB, 1110 BIUIMBAIOTh HA METa00Ii3M TJIFOKO3H,
30Kkpema TpaHckpunuiitHoro gakropa FOXOI1, ennore-
nianbHOI cuHTasu NO (endothelial nitric oxide synthase,
eNOS), peuenTopiB akTuBallii mposidepallii mepokcucom
(peroxisome-proliferating-activated receptor, PPAR) a/y ta
PGC-1a [70].

[MopymenHst oominy pedoBuH 1nipu LIJI 2-ro tTumy moxe
CMPUYMHSTU 3HMXXEHHS aKTUBHOCTI Ta ekcrpecii SIRT1,
ToMi sIK mocwieHe auetuwinoBaHHsg FOXO1 ninBuiilye piBeHb
[JIIOKO3M B KPOBI i1 vivo TIicIsl aKTUBAllil Lboro Oinka. Y pe-
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3yJIbTATI 1Ie MOKe ITOIJIMOIIOBATH iHCYIIHOPE3UCTEHTHICTh
(IP) [71]. docnimkeHHs MOKa3yoTh, 110 HokaayH FOXO1
B >KMPOBili TKAaHUHI CIIPUsIE TMOJIMIISHHIO YYTIUBOCTI 1O
iHcyminy [5]. TakuMm YMHOM, pecBepaTposI 31aTeH MPUTHi-
yyBaTu ekcrnpecito FOXO1 uepes aktupauito SIRTI, 110, y
CBOIO Yepry, IMOJIIIIYE YyTIUBICTb 10 iHCYJIiHY Ta CIIPUSIE
HopMaJti3allii piBHSI TJTF0KO31 B KpoBi [72]. PecBeparpout Ta-
KOX peryioe nuix pocharummutiHo3nTo-3-KiHa3u (phos-
phatidylinositol 3-kinase, PI3K)/nporeinkinasu B (pro-
tein kinase B, AKT), aktuBye SIRT1, 3HMXy€e aKTUBHICTh
i ekcripecito FOXO1 Ta 610Kye fioro nedochopuiitoBaHHS
[73]. Kpim Toro, pecBepaTtpos Moxe KOHKYPEHTHO iHTi0y-
BaTtu pocdomiectepasy 4 (phosphodiesterase 4, PDE4), o
30iJIbIIIYE PiBeHb LMKIIIYHOTO afeHo3MHMOoHOobochaty (Cy-
clic adenosine monophosphate, cAMP). [1pu mpomy mpo-
TeinkiHaza A (Protein kinase A, PKA) akTuBye 6i10K, SKUit
B3aEMOJi€ 3 eJeMeHTOM BiamnoBini CAMP (cAMP response
element-binding protein, CREB), ctumyioe ekcnpeciio
PGC-1. e, y cBolo yepry, Npu3BOAUTh 10 3HMUKEHHS iH-
TeHcuBHOCTI mipoueciB OC [73].

AxtuBaiist SIRT1 npurHiuye eKcripecito BHyTPillIHbO-
KIiTMHHOTO Oinka-1 (uncoupling protein-1, UCP-1), mo
OAATKOBO MPU3BOAUTD 10 30UTBIIEHHS CeKpellii iHCYJTiHY
Ta nojinieHHs ctany 1P [74]. [IpogeMoHCcTpoBaHO, 1110
pecBepaTpoJl CIIpUsieE CeKpellii iHCYTiHY HUISIXOM iHTiOyBaH-
Hs1 AT®-onocepenkoBaHoro K*-kanany (ATP-mediated
K*channel, KATP) i BonsT-onocepenkoBanoro K -kanairy
(volt-mediated K*channel, KV) y kiaiTuHHii1 MmeMOpaHi.
Kpim toro, mokaszano, mo SIRT1 mocuiioe cexpeliro iH-
cyJliHy nuisixom 3HmKeHHs piBHs UCP2 y B-kiitnHax oc-
TpiBLiB [74].

3.1.1.2. AHTHOKCHM/IAHTHI BJACTHBOCTI

PecBeparpos BUSIBIISIE aHTUOKCUIIAHTHY [Iit0 3a AOTIO-
MOTOIO Pi3HOMAHITHUX MeXaHi3MiB: 1) MOrIMHAE BilbHI
panukanu; 2) smeHiye yrBopeHHst ADK; 3) aktuBye BU-
pOOJIEHHSI €HIOTEHHUX aHTUOKCUJIAHTHUX (hepMEHTIB; 4)
CIIpUsSIE €KCIIpecii aHTUOKCUIAHTHUX MOJIEKYJ 3a JOMO-
MOTOI0 Pi3HUX CUTHAJILHUX IIJISIXiB; 5) iHIYKYy€E aBTO(dariio
[8, 73].

PecBeparpoi 6epe yaacts y momymoBanHi OC yepes ak-
TUBALIiIO CUTHATBHUX 1LIsIXiB p62-Keap1/Nrf2 [75] ta AKT/
MAPK/Nrf2 [76]. CrienmciuHi mepeBaru pecBepaTpory
BKJIIOYAIOTh PETYJISILII0 eKCIpecil TeHiB aHTUOKCUIAHTIB,
saKk-0T Cu-Zn-CO/I-1 i katanasa, mocuaeHHs pyHKIIiI aH-
TUOKCUIIAHTHUX (PEPMEHTIB, SIK-OT TJIyTaTiOHIIEpOKCHIa3a
i HO-1 [76], a TakOoX iHriOyBaHHS MPOOKCUAAHTIB, HAITPH -
xiag CASP3 [8]. BaximBo 3a3Ha4YnTH, IO CUTHAJIBHUNA
msix SIRTI-NRF1/NRF2, iMmoBipHO, € KJIIFOUOBUM MeXa-
Hi3MOM, SIK1I OIOCePeaKOBYE 3aXMCHY Iil0 pecBEpPaTPOILy
npotu BBy OC [8].

PecBeparpos1 1eMOHCTpPY€E 3MaTHICTh 10 3HUXXEHHS
OC, mo crnpusie Tepallii cepleBO-CyIMHHNX YCKIaIHEHb,
noB’a3aHux i3 L1 2-ro Tumy, yepe3 HU3KY MOJIEKYISIPHUX
MexaHi3MiB. EHpoTenianbHi KINITUHY, KIHTUHY TIaTKUX M-
3iB CynMH Ta Makpodaru BifirparoTh KJIOYOBY POJIb y Mil-
TpUMMaHHi TOMeocTa3y CyIMHHOTO MiKpocepenoBuiua [77].
eNOS 3abe3neuye 3aXUCT 3a3HAYEHUX KJIITUH Bill pPO3BUTKY
aTepocKiepo3y 3aBasaKu mpoayKyBaHHio NO. Pecseparpon
CIIpUSIE MATPUMaHHIO (PYHKIIOHAJIBHOI aKTUBHOCTI €HII0-

TeJIiI0 IIJISIXOM CTUMYJIIOBaHHS OiomocTymHocTi NO uepe3
akTuBalio curHaabHux 1uisixiB SIRT1 a6o AMPK B eH-
noreniouuTax [78]. KpiMm Toro, pecBeparposi BBaxKaeThCs
aKTMBATOPOM TpaHcKpunuiitHux ¢axkropiB Kriippel-like
factor 2 (KLF2) ta Kriippel-like factor 4 (KLF4), sixi mone-
JIIOIOTh €KCIIPECito reHiB, BinmopiganbHux 3a cuHTe3 eNOS,
1110 CBiTYUTH MPO MOTEHIIia] pecBepaTpoIy B CTUMY/IIOBAaHHI
excrpecii eNOS 3a paxyHok aktusaiii KLF2/4 [8]. do-
JIATKOBO 3a3HAYEHO, 1110 PeCBEPaTpOJ MOXKE MiITPUMyBaTH
BupoOseHHs1 NO KIIITMHAMU MIaaKuX M’I3iB CyAUH, CIIPU-
S10YM 3aItobiraHHIo aTepockiepody ta inmmx CC3 [78]. ¥
paMKax JoCIiIKeHb Ha MOJIeJIi 1iabeTUYHOI KapaioMionaTii
pecBepaTpoIT BUSBIISIE 30aTHICTD 10 3HMKeHHss OC vepe3
0JIOKYBaHHSI aKTUBHOCTI €KCTPALIETIONISIPHOT CUTHAJ-pe-
ryaboBaHoi KiHa3m (extracellular signal-regulated kinase,
ERK) [54]. ¥ mocninHuIbKiit Moxeni aiabety 1-ro tuiy
Ha Mu1Iax OyJo BCTAHOBJIEHO, 1110 PECBEPATPOJI PETryIIIOe
aKTUBHICTh TpaHCKpuUILiiiHoTO hakTopa Nrf2, crnipusie
3HMKeHHI0 piBHS OC Ta 3a6e3reuye 3axucT Miokapaa [79].
3arajiom aHTHOKCHUAAHTHA Jisl pecBepaTpoy K IoJride-
HOJIBHOTO CIOJYYHOTO areHTa Billirpa€ MpoBiaHY POJib Y
ioro 3axucHuX MexaHizmax npu CC3 y mauieHTiB i3 LIJ
2-To THITY.

3.1.1.3. Moayasuis nuiSXiB 3anajeHHs

PecBeparpoit 3niiicHIOE TpOoTU3aIaabHYy il Yepe3 HU3KY
CUTHAJIbHUX IUISAXiB, Cepell IKUX IMPOBiTHA POJIb HAEKUTh
MPUTHIYEHHIO LUISIXY apaximoHoBoi Kuciaotu (arachidonic
acid, AA) [80]. Bin 3matHuMi1 BUOipKOBO 3HIKYBAaTU aKTHB-
HicTh nMKIookcureHasu-1 (Cyclooxygenase-1, COX-1),
a TaKoX Oe3rnocepeqHbO MPUTrHidvyBaTh aKTUBHICTE COX-2.
e cripusie 3MEeHIIIEHHIO CUHTE3Y MPOCTarJIaHAnHIB (Pros-
taglandins, PG), sx-or PGD2, PGE2 i PGI2, uepe3 uuisixu
ERK1/2 i PI3K/AKT [81]. Okpim 11b0T0, pecBepaTpost iH-
rioye aktusaitito NF-«xB 3a noromororo pizHux MexaHi3MiB
[80], 3oxpema nursixom aktuBauii SIRT1, 3HMKeHHS BUPO-
onennst @HIT-a i 6okyBaHHS (ochoprTIoBaHHS GiIKiB
p65 Ta inridiropa NF-kB (Inhibitor of NF-kB, IkB) [82].
Y Mmexxax MAPK-1isixy pecBepaTposi 3MEHIIIY€E 3arajibHy
peaxitito, npurHiyye aktuBauito ERKs i p38 MAPK-nuisixis
[83]. OTxe, pecBepaTpolI pearizye NpoTU3anaabHUi ePeKT
yepe3 pisHOMaHiTHI MeXaHi3MU, 30KpeMa 4epe3 aKTUBALIilo
musixiB AA, NF-«B ta MAPK [§].

PecBeparpos BUSIBIISIE 3aXUCHI BJIACTUBOCTI MPOTH Cep-
1IEBO-CYIMHHMX YCKJIaIHEHb, TOB’13aHuX i3 L11 2-ro tumy,
3aBISKM 3MATHOCTI 3MEHIIyBaTH 3amalibHi rpoiiecu. Bera-
HOBJIEHO, 1110 BiH MOX€e MPUTHiYyBaTH aKTUBHICTb CUTHAJIb-
Horo nursixy NF-xB, uuMm crpusie 3MeHIIIEHHIO PO3BUTKY
CC3 [57]. 3aranpHoBinomo, mo NF-kB crumymmoe akTiBa-
1Ii10 YMCIEHHUX Mpo3anajlbHuX (akTopiB, sk-oT IJI-13 Ta
DHII-a. PecBepaTpo: 3maTeH 3HWXYBATH aKTUBHICTh LIMX
3anajbHuX pakTopiB, iHmykoBaHux NF-«B, y Takuii criocio
nposiBisie mpotusananbHuil epext pu CC3 y xBopux Ha
LT 2-ro tumy [84]. JocnimkeHHs IeMOHCTPYIOTb 3MaTHICTh
pecBeparpoiy akTuByBaTu ekcripecito KLLF2 ta BomHouac
MPUTHIYYBaTU BUPOOJICHHS 3aMaJbHUX MOJIEKYJ, 30KpeMa
1JI-1B3, mixkniTuHHOI Montekyau aaresii-1 (Intercellular ad-
hesion molecule-1, ICAM-1), Mmosiekyiu aaresii CyTMHHOTO
ennoredito 1 (Vascular cell adhesion molecule 1, VCAM-1)
i ®HII-a B enporenionurax [85]. EngorenianbHi KIITUHA
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Ta Makpodaru € KJIfoU0OBUMHU KOMIIOHEHTAMU CYJAUHHOTO
romeocrasy, i pecBepaTpoJl TAaKOX BILUIMBAE HA (PYHKIIiO-
HyBaHHs MakpodariB, cripaBiisie aHTU3anaabHy Oiro. Kpim
TOTO, BiH 3aXMIIIA€ KAPAiOMIOLIUTH Ta CIIPUSIE BiITHOBICHHIO
MOIIKO/IXK€HOI0 MioKap/a IUISIXOM iHTiOyBaHHS eKCIIpecii
MPHK i 6inka indmamacomu NLRP3 Ta CASPI, a takox
yepe3 3HUXKEHHSI CUHTE3y 3alajlbHUX LIUTOKIHIB, SK-OT
UI-1B81 IJI-18 [86].

Byno BcTaHOBJIEHO, 110 pecBepaTposI 3HUKYE PiBEHb
BUCOKOpYyxJIMBoro Oinka rpymnu Bl (high mobility group
box 1, HMGB-1) y niabeTnuyHuX MUIIIEii, a TAKOX CYTTEBO
3anobirae po3BUTKY (ibpo3y Miokapaa Ta X3HI y nux Mo-
neneii. CurHanpHnii nuisx HMGB-1, axuit acolitoeTbest
i3 3aMaJIbHOIO peaklilielo Ta po3BUTKOM (ibpo3y Miokapna,
OyB imeHTU(IKOBAaHMI SIK KITIOYOBMIA ITATOTCHETUIHUIA Me-
xaHi3M. OTXe, pecBepaTpoj Ma€ MOTEHIIiaJl MOIITIIeHHS
CTaHy IpU OiabeTUYHIM KapaioMionaTii 3a paxXyHOK iHTi0Oy-
BaHHS aKTUBHOCTI curHayibHoro missxy HMGB-1 [57].

3.1.1.4. AkruBanis AMPK

AMPK BUKOHYE (DYHKIIiIO «€HEPIEeTUYHOTO JaTYNKa» Y
perynanii MmetabomizMy eHeprii [87]. PecBepatpoi 3maTteH
aktuByBaTu AMPK Ta BrituBatu Ha ctaH 6inkiB FOXO1
i PGC-1a [88]. AMPK mnigBuiye piBenb NAD* nuissxom
CTUMYJISIIIT OTO CUHTE3Y, 1110, Y CBOIO UepTry, aKTUBYE
SIRT1 Tta HU3KY noB’sg3aHux 3 HUM dakTopiB [87]. Kpim
Toro, AMPK Moxxe cripusatu excripecii HikoTuHaMin-goc-
dopubosunaTpancdepasu (nicotinamide phosphoribos-
yltransferase, NAMPT), kinogoBoro ¢epMeHTy OioCHUH-
Te3y NAD®, o onocepenKoBaHO ITOCHITIOE AaKTUBHICTD
SIRTI [89]. OnHouacHO pecBepaTpoJ 30aTeH aKTUBYBATH
SIRT1, saxwuii, 3i cBoro 60Ky, momatkoBo aktTuBye AMPK
Ta nevyiHnkoBy KiHa3y B1 (liver kinase B1, LKB1) [90]. Ta-
KOX BCTaHOBJIEHO, 1110 PECBEPaTPOJI MOXKe CTUMYJIOBATH
AMPK i SIRT1 muisixom inrioyBanHsi aktuBHocTi PDE
[73]. € mani mpo Te, 10 aKTUBALIisSI CUTHAJIBHOTO IILISIXY
PDE-cAMP-AMPK-SIRT1 i3 3acTocyBaHHSIM pecBepa-
TPOJIy MOXe CTaTU MEePCIEKTUBHUM METOIOM JIiKyBaHHS
I 2-ro Tumy [91].

3.1.1.5. BnimB Ha CTaH iHCYTiIHOPe3UCTEHTHOCTI

PecBepaTpon Moxe crnpusty nojainmeHHo [P yepes
akTuBallito curHaiabHoro uuisixy AMPK [92]. JocnimkeHHst
MoKasaju, 1110 pecBepaTposi 3AaTHUI MiICUTIOBATH Mepe-
Jayy CUTHaJIiB iHCYJIiHY HaBiTh Ha eTami (pochopuIroBaH-
Hs1 cyOcTpara iHcyaiHoBoro perentopa 1 (insulin receptor
substrate 1, IRS1) [92]. HakonuyeHo Bce Giibliie 10Ka3iB,
mo aktuBanist SIRT1 cripusie mominimeHHIO YyTIMBOCTI 10
iHCYJTIHY B IEYiHIIi Ta KUPOBili TKAHWHI, a TAKOX BILIMBAE
Ha 3HuxeHHs [P [93]. Okpim 1iboro, pecBepaTpoli 3axXulliae
(YHKIIIOHYBaHHST MiTOXOHIPi# i mominnye [Py mumeit i3
OXMPIHHSIM 3aBASKM MiABuUIleHHIO akTUBHOCTI PGC-1a
[73]. IlepenbayaeThbest, MO MeXaHi3M il pecBepaTpoIy B
KOHTeKCTi nmoineHHs [P Mmoxe OyTy MoB’si3aHuii TAKOX i3
MIPUTHIYeHHSIM TPaHCKPUIILIi IpoTeiH-Tupo3uHdocdaTazn
1B (Protein tyrosine phosphatase 1B, PTP1B) [94]. Leii
(epMEeHT € HEraTUBHUM PETYJIITOPOM i Bifirpa€ KIIOUOBY
pOJIb y CUTHAJIBHOMY HUISXY iHCYTiHY [95]. PesynbraTu aHa-
JIi3y JIiTepaTypy 1IOA0 OLIiHKY BIUIMBY peCBepaTpo.Iy Ha pi-
BEHb [VIFOKO3M B KPOBi Ta mostinireHHs ctany 1P mokazamm,

10 pecBepaTpOJI MOXKE 3HAYHO 3HU3UTH PiBEHb TTIOKO3U B
KpoBi mauieHTiB 3 LI/ 2-ro TUmy i MOJIMIIUTY YYTJIUBICTh
Io iHcyminy [57].

3.1.1.6. BruiuB Ha MeTa00.1i3M LIIOKO3U

Binomo, mo TpaHcmopTtep rioko3u 4 (solute car-
rier family 2, facilitated glucose transporter member 4,
GLUT4) Bimirpae KJ1o4oBy poJib Y IIOTJIMHAHHI TJIIOKO31
KJTITUHAMU CKEJIETHUX M’s13iB. 30ibIICHHS TTOTJIMHAHHS
TJIIOKO3U, CIIPUYMHEHE pecBepaTpoJIOM, TAKOX TOJOB-
HUM YMHOM 3aJIEXKUTh Bill CTUMYJISILIII eKCITpecii Ta TpaHc-
noxkanii GLUT4, a tpancnokauiss GLUT4 B ocHOBHOMY
cnipuunHeHa TpaHciokauiero GLUT4 y xkxupoBux i m’s1-
30BMX KJIITMHAX i3 BHYTPIIIHBOKJITUHHOI Ha KJIiTUHHY
MeMOpany [94]. JlochigkeHHs moKa3aiu, 1110 Yy MUIIENR
db/db (knacuyna moxens IP y muieit i3 giaberom 2-ro
TUIY), SKUX TOAYBaJU pecBepaTPOJIOM, CIIOCTepiraaoch
3HaYHe 3pOCTaHHsI MOTJIMHAHHS IToKo3u i piBHsg GLUT4
[57]. IloBigmomsiiocs, 110 pecBepaTpos y MOENHAHHI 3
IHCYJIIHOM MOXe MoJinmuTh TpaHciaokauiio GLUT4, a
OTXe, 3aCBOEHHS IIIOKO3U y LIypiB 3 AiaGeToM Oiblie,
HIX IpU BUKOPUCTAHHI OKpeMO pecBepaTpoiry adbo iH-
cyniny [54]. PecBepaTtpoun cripusie 30inbieHHI0 pocdo-
puntoBaHHs1 AMPK 3aBnsiku akTuBailii abo B3aeMoii 3
PELEnTOpPOM eCTPOTEHY, 110 A0AATKOBO MOCUJIIOE eKCIpe-
cito Ta TpaHcaokauito GLUT4 i BiiMBae Ha mpoliec mo-
[JIMHAHHS TII0KO3M KJIITHHAMU ITOCMYTOBaHUX MS13iB [ 54,
94]. OxpiM 11bOTO, pecBePaTPOJI MOJIMIIYE MOTTUHAHHS
TJIFOKO3W B TTIOCMYTOBaHUX M’SI30BUX KIIITUHAX IUISIXOM
MOJYJISILIT akTUBHOCTI nmpoTreinkiHazu C-0 (protein kinase
C-0, PKC-0) abo yepe3 akTuBallil0 CUTHAJBHOTO IIUISIXY
PI3K-Akt [73, 96].

3.1.1.7. Inaykuis aBrodarii

PecBeparpoJt mposiBiIsie 30aTHICTh 3MEHIIYBaTH OKUCHE
MoIIKoIKeHHs nuissxoMm AMPK-3anexHoro iHrioyBaHHs
mTOR, a Takox BrmmBae Ha peryysiiro OC i iHIyKIifo
aBTodarii 3aBasiku AMPK-onocepeakoBaHiit akTuBailii
(akropa tpanckpumniiii EB (transcription factor EB, TFEB).
Lle cripusie hopMyBaHHIO Ta 3IUTTIO aBTO(Aarocom i3 Jizo-
COMaMH i IIPU3BOAUTH IO YTBOPEHHS aBTOMariyHMX JIi30-
coM [97]. Kpim TOTO, pecBepaTposi MPUTrHiuye aKTUBHICTh
ingaamacomu NLRP3 i ctumymioe excrpecito curHaib-
Horo uisixy AMPK-SIRT1. Lle, y cBoto uepry, 3HUXKYE
piBeHb KJIIOYOBUX OiKiB curHajabHoro nuisixy MAPK, 1o
B pe3yJIbTaTi aKTUBYE Tipoliecu aBTodarii. OTXKe, iHAYKILis
aBTodarii Imia BILIMBOM peCBepaTpoly BUBHAYAETHCS SIK
OCHOBHUI1 MeXaHi3M 1OT0 3aXUCHOI il Mix yac MeTabostiv-
HoOTO cTpecy [54].

3.1.1.8. Perynsuis Jinigaoro ooMiny

PecBepatpoi Binirpae BaxXauBy poJib y METa00Ii3Mi JIi-
ITiIiB IIJISIXOM IPUTHIYEHHS €KCIIPeCii TeHiB, OB SI3aHMX i3
JIIMOTeHEe30M de novo Ta IeTOHYBaHHSM JiNiaiB. 30Kkpema,
pecBepaTpoJi BILUIUBAE HA TIPOLIECU HAKOTIMYEHHS JIiMiliB
y TIeUiHIi IUISIXOM 3MiHUM eKCIIpecii TeHiB, OB’ sI3aHuX i3
CHUHTE30M i TPaHCTIOPTOM XUPHUX KuciaoT [99]. Kpim Toro,
pecBepaTpoJ MOXe MTOCWJIMTUA MITOXOH/IpiallbHE OKMCHEHHSI
Ta 3MEHIIIUTH HAKOTIMYEHHS JIIMTiIiB Y TIOCMYTOBaHMX M’s13aX
[100]. PecBepaTrpon takox aktuBye PGC-1a uepe3 cur-
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HaapHui mssx AMPK-SIRT1 i nomatkoBo aktuBye PPAR
[99]. [MoBigomMasIETCS, 1110, OKPIM TMEYiHKHA Ta MOCMYTO-
BaHUX M’SI3iB, peCcBepaTpOJI TAKOX ITOJIIIIIYE METa00Ii3M
6isoi )xnpoBoi TKaHWHU [54, 101].

BucHoBkuU

PecBepaTtpos € penpe3eHTaTUBHUM 0i10aKTUBHUM IPO-
NYKTOM, SIKUH JIEMOHCTPYE OaraTorpaHHy 3axuMCHY [il0
11010 Pi3HMX 3aXBOPIOBaHb, 30KpeMa CeplieBO-CYAUHHHUX.
Moro TepaneBTUUHUII MOTEHLia]l OCOGIMBO MOMITHUIL
y 60poTh0i 3 MiaOeTUUHUMM YCKIIATHEHHSIMU 3aBOSIKU
CKJIaJlTHOMY MeXaHi3My aii. 3riiHo 3 cy4aCHUMMU AOCIi-
TKEHHSIMU, peCBEpaTPOJI BILIMBAE HA OPraHi3M Yepe3 Me-
XaHi3MU aHTUOKCUIAHTHOTO 3aXUCTY, TPOTU3AIAJIbHY Ail0,
HiATPUMKY [3-KJIITHH ITiIILTYHKOBOI 3371031, ONITUMi3allio
pOOOTU MITOXOHIPii, peryasiito JinigHOro oOMiHYy Ta
cTUMYyJI0BaHHs aBTodarii. Llsg crosyka mposiBisie aHTU-
OKCHIAaHTHI, IIPOTU3allajibHi Ta aHTUIJIIKEMiuHi edeK-
TH, SIKi B CYKYIHOCTI MOJIETIIYIOTh Iepeodir niadeTUIHUX
YCKJIagHEeHb. 3aBOsSIKM BIUIMBY Ha Pi3Hi CUTHAJIbHI IIJISIXU,
3okpema SIRT1 i AMPK, pecBepaTpo 3maTeH MoJIininy-
Batu ctaH npu LIJI 2-ro Tumy ta komopoimnux CC3. Ta-
KHMM YMHOM, BKJIIOUEHHSI pecBepaTpo.Iy 10 pallioHy MOXHa
PO3IIsiAaTH SIK MePCHeKTUBHUIA MIAXi 10 TOBFOTPUBAJIOTO
koHTpojto LI 2-ro tuny. OnHak i1oro BUKOPUCTaHHIO B
KJIiHIYHIN MpaKTUlli 3aBaXaloTh HU3bKa 0i0AOCTYIHICTD i
Io303ajiexxHi pu3uku. HasgBHI maHi miaTBepaKyoTh 6e3-
MEeYHICTh 3aCTOCYBAHHS PECBEPATPOJIY B MOMIPHUX J03aX
(< 2 T/nenp), MpoTe MUTAHHS TPUBAJIOI OE3IMEKHN Ta PO3-
pPOOKM OTNTUMI30BAaHUX CUCTEM JOCTAaBKHU 3aJUIIAETHCS
Binkputum (4, 8, 54|. 171 yCIiIIIHOTO 3aCTOCYBaHHSI He-
00XinHi moganbii MoaudiKalii CTpyKTYpU pecBepaTpo-
JIy Ta CTBOPEHHS JiKapChbKUX (POPM i3 KOHTPOJIHLOBAHUM
BUBiUIBHEHHSIM. BapTo 3a3HaunTH, 1110, MOTIPU MO3UTUBHI
e(eKTU MepopaibHOTO 3aCTOCYBAaHHSI pecBepaTpoy Ha
peryisuito npoueciB OC ta X3HI npu LI 2-ro Tumy, Kji-
HiYHE BUKOPUCTAHHS MOTPeOye NOMAaTKOBUX MTOCTIIKEHb
y paMKax MaclITaOHUX KOHTPOJbOBAHUX BUIIPOOYBaHb.
Tomy ns peanizaliii TeparieBTUMHOTO MOTEHIIialy pecBe-
paTpoJy HEOOXiHO YCYHYTH Gap’epy MixX TOKJIiHIYHUMU
pe3yJbTaTaMu i TpaKTUYHUM 3aCTOCYBAaHHSIM Yepe3 Mpo-
BEJICHHSI PETeJIbHUX KJIIHIYHUX AOCHIIXEHb i pO3POOKY
iHHOBaLiTHUX JIiIKapChbKUX (POPM.

Konduikr intepeciB. ABTOpU 3asIBJISIIOTH ITPO BiZICYTHICTh
KOHGMIIIKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi IPpM MiATOTOBIIi JaHOI CTATTi.

Indopmauis npo dinancyBannsa. CtarTsl MiATOTOBIEHA
B paMKax OromkeTHoro ¢iHancyBaHHa MOH Ykpainu 3a
TJIAaHOM HayKOBO-A0CinHOI podoTu «ETiosorisi, maTtoreHes,
JIIKyBaHHSI Ta MpodilaKThKa 3aXBOPIOBaHb CEPLIEBO-CYIUH-
HOI, IMXaJIbHOI, €HIOKPMHHOI Ta TPABHOI CUCTEM Yy BiliChKO-
BUX i HUBUIbHUX» Kadeapu enpokpuHoJorii JJHIT «JIbBiB-
CbKMI HalliOHAJTbHUI MEIWYHUI yHiBEpCUTET iMeHi JlaHuna
Tanuiubkoro» (Homep nepxpeectpatii 0125U000933).

Buecok aBropiB. CeprieHko B.O. — KoHuernist Ta 11-
3aliH, HaIMMCaHHs TeKCTy, peaaryBaHHs; ['oriko M.€. — KoH-
LIETILIisI, HAMMCAHHSI TeKCTy, penaryBaHHst; OniiiHuk A.FO. —
aHaJi3 Jitepatypu, peaaryBaHHs; Ceprienko O.0. — aHai3
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Resveratrol and cardiovascular disease in type 2 diabetes mellitus
(narrative review)

Abstract. The pathogenesis of cardiovascular diseases (CVD) in
type 2 diabetes mellitus (T2DM) largely stems from an imbalance in
the functioning of the interconnected axis “oxidative stress (OS) —
low-grade chronic inflammation (LGCI)”. A synergistic approach
to the regulation of OS and LGCI in T2DM using secondary meta-
bolites of plant origin demonstrates significant advantages over tra-
ditional chemically synthesized drugs. Bioactive compounds, such
as polyphenols, realize a multilevel regulatory potential due to syn-
ergistic effects. Resveratrol, a natural polyphenol, is of considerable
interest due to its diverse biological activity, which includes anti-
inflammatory, antioxidant, and geroprotective activity and several
other properties. Resveratrol modulates critical signaling pathways,
such as sirtuin 1 activation, which contributes to the attenuation
of OS, LGCI, regulation of apoptosis, and stimulation of auto-
phagy. The review summarizes the current data on the molecular
mechanisms, therapeutic efficacy, and safety profile of resveratrol
in T2DM, with an emphasis on the results of studies conducted in

recent years. Preclinical studies have demonstrated the potential of
resveratrol in T2DM, CVD, and neurological diseases. This review
emphasizes the therapeutic versatility of resveratrol and at the same
time calls for careful pharmacokinetic optimization, standardized
dosing protocols, and large-scale randomized controlled trials to
confirm the efficacy and safety of resveratrol in T2DM. The main
objective of the review is to analyze the importance of resveratrol in
the treatment of CVD in patients T2DM. In addition, current trends
are discussed, and promising areas for future research in this area
are outlined. The search was conducted in Scopus, ScienceDirect
(from Elsevier), and PubMed, including MEDLINE databases. The
keywords used were “resveratrol”, “type 2 diabetes mellitus”, “car-
diovascular disease”. To identify research results that could not be
found during the online search, a manual search of the bibliography
of publications was used.

Keywords: resveratrol; type 2 diabetes mellitus; cardiovascular
diseases; narrative review
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Molecular and clinical aspects
of the development of male infertility
in diabetes mellitus
(literature review)

Abstract. Diabetes mellitus is one of the most common chronic diseases and is a significant factor adversely affec-
ting male reproductive health. Experimental and clinical data accumulated in recent years indicate a significant role
for metabolic disorders in the development of spermatogenesis disorders, hormonal imbalance and reduced fertility
in men with diabetes mellitus. The aim of this review was to summarise current knowledge regarding the molecular
mechanisms of diabetes-associated damage to the male reproductive system. A search for scientific publications
was conducted in the Scopus, Web of Science Core Collection, PubMed/MEDLINE, Embase, Cochrane Library
and Global Health databases for the period 2007-2025. A combination of keywords relating to diabetes mellitus,
male infertility, spermatogenesis, oxidative stress, hypogonadism, Leydig and Sertoli cell function, as well as key
molecular signalling pathways and epigenetic mechanisms was used to select the literature. The analysis included
systematic reviews, meta-analyses, clinical and experimental studies. A review of the literature has shown that
reproductive dysfunction in diabetes mellitus has a multifactorial nature and is associated with the development of
oxidative stress, chronic inflammation, dysregulation of intracellular signalling pathways, activation of the advanced
glycation end-products and their receptors (AGE/RAGE) system, enhanced testicular cell apoptosis and epigenetic
changes. The NF-kB, Nrf2, PISK/Akt, AMPK and mTOR signalling pathways play a key role in these processes.
The combination of these abnormalities contributes to reduced steroidogenic activity of the testes, impaired sperm
parameters and the development of male infertility.

Keywords: diabetes mellitus; male infertility; reproductive function; spermatogenesis; oxidative stress; hypogo-
nadism; testosterone

At present, the protection of reproductive health is a
priority direction for the medical sector worldwide, in ac-
cordance with the WHO resolution [1, 2]. According to
statistical studies, approximately 20—25 % of all couples do
not achieve the desired pregnancy within one year, despite
having regular sexual intercourse and not using contracep-
tion [2]. Despite the desire to have a child, 3—4 % of all
couples remain infertile until the end of their reproductive
period. According to socio-scientific studies, the most com-
mon cause of infertility (39—40 % of cases) is female ferti-
lity disorders; male infertility is found in 20—30 % of cases;

combined female and male infertility occurs in 20—26 %,
and in 10—15 % of infertile couples, the cause of infertility
remains unidentified [3]. Other researchers report that in
40—50 % of infertile couples, childlessness is due to male
infertility [3, 4].

Diabetes mellitus (DM) is steadily increasing according
to updated data from the International Diabetes Federation.
According to the 11" edition of the International Diabe-
tes Federation (IDF) Diabetes Atlas, in 2024 there were
approximately 589 million adults aged 20—79 living with
diabetes worldwide, representing 11.1 % of the population
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in this age group. It is projected that by 2050, the num-
ber of people with the condition will rise to 852.5 million
(13.0 %). Approximately 252 million people are unaware of
their condition, and over 3.4 million deaths in 2024 were
linked to diabetes. Healthcare system expenditure on the
treatment and prevention of diabetes has exceeded 1 tril-
lion USD per year [5]. Statistical data also show diabetes
incidence increasing by 5—7 % annually worldwide and
doubling every 12—15 years, indicating a growing non-com-
municable epidemic [6].

The incidence of type 1 diabetes among children in
Ukraine is on the rise, as confirmed by the results of
national epidemiological surveys and data from inter-
national registries [7]. According to the Ukrainian Pub-
lic Health Centre, as of 2025, over 1.3 million people
with diabetes are officially registered in Ukraine, whilst
around 600,000 people may be unaware that they have
the condition [8].

A significant number of researchers point to an in-
crease in the number of male patients with diabetes mel-
litus of childbearing age, and the prevalence of diabetes is
closely linked to reduced fertility [3]. Currently, data from
epidemiological studies are cause for concern, indicating a
significant rise in diabetes among children and adolescents,
leading to prolonged exposure to hyperglycemia and long-
term complications [7, 8]. Researchers note that the early
onset of type 2 diabetes in young people is more unfavou-
rable, as it leads to a lower quality of life, as well as signifi-
cant loss of 3-cell function, and a substantial prevalence of
this disease (31 %) among those aged 10—19 years [9]. Such
epidemiological data indicate that diabetes often appears
before the desire to have children.

Diabetes mellitus can lead to male infertility, as various
authors have reported that this condition is associated with
erectile dysfunction, retrograde ejaculation or anejaculation,
and impaired spermatogenesis [10—12].

It is believed that the development of reproductive dis-
orders in diabetes mellitus is caused by the combined effects
of diabetic neuropathy, micro- and macroangiopathy, hor-
monal disturbances, oxidative stress and chronic low-grade
inflammation [13—15].

Men with diabetes are diagnosed with hypogonadism
more frequently than healthy men. It is worth noting that
in type 2 diabetes, hypogonadism is found in more than
50 % of male patients [16]. The latter is of a mixed type,
the pathogenetic mechanisms of which include compo-
nents of primary (a reduction in the number of Leydig
cells and their sensitivity to gonadotropin, ischemic tes-
ticular changes) and secondary (a reduction in luteinis-
ing hormone (LH) levels, increased aromatase activity)
hypogonadism [17]. The main causes of hypogonadism
in diabetes mellitus are disruption of the hypothalam-
ic-pituitary-testicular axis, development of testicular dys-
function, and an imbalance in the function of the anteri-
or pituitary regarding gonadotropin production [18]. In
diabetes mellitus, “classic” types of hypergonadotropic
and hypogonadotropic hypogonadism may also occur,
as well as androgen receptor resistance [16]. In diabetes
mellitus, hypogonadism arises against a background of
metabolic disorders; therefore, the main pathophysiologi-

cal mechanism underlying its development is a disruption
of the hypothalamic-pituitary-ovarian axis via a feedback
mechanism. Metabolic hypogonadism, unlike most or-
ganic forms of primary and secondary hypogonadism, is
considered a potentially reversible condition. Correction
of hyperglycemia, obesity and other metabolic disorders
may be accompanied by partial or complete restoration of
the function of the hypothalamic-pituitary-gonadal axis
[19]. The clinical manifestations of hypogonadism in men
with diabetes are often non-specific and may be masked
by symptoms of diabetes itself, obesity, metabolic syn-
drome or age-related changes. The most characteristic
manifestations are reduced libido, erectile dysfunction,
impaired fertility, increased fatigue, reduced vitality, irri-
tability, depressive disorders, impaired concentration and
cognitive function, sleep disturbances, hot flushes, gyne-
comastia, and a reduction in lean body mass and muscle
strength. Prolonged testosterone deficiency is associated
with a reduction in bone mineral density, the development
of osteopenia and osteoporosis, an increased risk of frac-
tures, as well as adverse metabolic changes, including the
development of metabolic syndrome [20—22].

Lower plasma testosterone increases the risk of most
symptoms [21, 22]. Men with hypogonadism often develop
many components of metabolic syndrome, such as obesity,
hypertension, dyslipidaemia, impaired glucose regulation
and insulin resistance [23]. Visceral obesity is typically as-
sociated with reduced testosterone levels [24]. Patients with
type 2 diabetes also frequently exhibit low testosterone levels
[25, 26], develop erectile dysfunction and reduced libido
[20—22].

Recent studies show that hyperglycemia causes not
only structural changes in spermatozoa but also epigene-
tic remodelling of germ cells. DNA methylation processes
are disrupted, and the expression of microRNAs and long
non-coding RNAs is altered, accompanied by impaired sper-
matogenesis, reduced sperm motility and increased sperm
DNA fragmentation. Epigenetic alterations can be passed
on to offspring and influence the metabolic programming of
subsequent generations [27].

It has been established that the accumulation of advanced
glycation end products (AGEs) and the activation of the
RAGE receptor are among the key mechanisms of testicular
damage in diabetes mellitus. AGEs induce the generation
of reactive oxygen species, activate NF-«B signalling, pro-
mote the release of pro-inflammatory cytokines, and trigger
apoptosis in Sertoli and Leydig cells. This is accompanied
by disruption of the blood-testis barrier and a reduction in
testosterone synthesis [26, 27].

Review and meta-analysis data indicate that diabe-
tes mellitus is associated with a statistically significant
but moderate deterioration in key ejaculate parameters,
specifically a reduction in ejaculate volume, sperm con-
centration and motility. At the same time, the average
values of these parameters in most cases remain within
the reference or borderline ranges, not typically reaching
severe infertility levels [28—30]. Type 1 diabetes mellitus
affects expression of genes involved in sperm DNA re-
pair, leading to a high rate of nuclear DNA fragmentation,
mitochondrial DNA deletion [31] with alterations in the
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mitochondrial respiratory chain and a subsequent reduc-
tion in sperm motility.

It was proved that serum insulin levels affect sperm plas-
ma membrane and acrosome [32, 33]. Therefore, during
insulin resistance or insulin deficiency, spermatogenesis is
altered, and changes are detected in testicular biopsies of
patients with diabetes [10]. Diabetes potentially causes male
infertility.

According to studies by R.A. Condorelli et al. [10, 30],
men of reproductive age with type 1 and type 2 diabetes
show a reduction in semen volume, sperm count and the
number of motile sperm compared with healthy men. In
patients with diabetes, a significant reduction in sperm
viability was observed due to destructive changes caused
by early and late apoptosis. According to a morpho-Kkinetic
study of sperm, patients with type 2 diabetes had a higher
percentage of sperm DNA fragmentation compared with
patients with type 1 diabetes and the control group. The
authors note that the observed changes in semen parame-
ters did not correlate with HbAlc levels, but were asso-
ciated with hormonal changes. Accordingly, luteinising
hormone (LH) concentrations were elevated in individuals
with type 2 diabetes compared with patients with type 1
diabetes and healthy controls, whereas serum testosterone
concentrations were reduced in the type 2 diabetes group
relative to the other groups. In contrast, follicle-stimulating
hormone (FSH) levels showed no significant differences
between diabetic patients and controls. The researchers
also detected leukocytes in the testicular rete, vas deferens
and ejaculate of men with diabetes, which were predomi-
nantly T-suppressor lymphocytes. The role of lymphocytes
in semen is not only antimicrobial; they are involved in the
apoptosis of immature or abnormal spermatozoa. The pre-
sence of these lymphocytes may improve sperm quality, as
T-suppressor cells prevent the activation of T-helper lym-
phocytes against antigen-presenting cells, thereby reduc-
ing the production of antisperm antibodies and potential
damage to spermatozoa. When examining oxidative stress
indices, the mitochondrial concentration of superoxide
anion was higher in patients with type 2 diabetes compared
to those with type 1 diabetes. The authors propose that the
reduced ejaculate volume observed in patients with type 1
diabetes results from impaired physiological contraction of
the epididymis associated with mitochondrial dysfunction,
which may further contribute to diminished sperm motility.
Such changes are associated with increased oxidative stress,
which may also alter other sperm parameters. In contrast,
patients with type 2 diabetes were characterised by an asep-
tic inflammatory state and an elevated concentration of
sperm leukocytes, which increases oxidative stress indices
and disrupts normal sperm parameters, DNA integrity and
sperm motility [10, 30, 34].

Diabetes mellitus and obesity are associated with exces-
sive production of reactive oxygen species (ROS), which are
considered to be one of the primary mechanisms of damage
to the male reproductive system. Elevated levels of ROS are
associated with reduced sperm concentration, motility and
morphological quality [35—38].

Sh. Abbasihormozi et al. [39] conducted a study exami-
ning the relationship between antioxidant defence, reactive

oxygen species, cortisol and testosterone levels, and sperm
motility in men with diabetes and obesity. They demonstra-
ted that all men with obesity and diabetes had elevated
levels of ROS in their semen. Hyperglycemia plays a key
role in the development of diabetes complications due to
excessive ROS production. The main source of endogenous
ROS in sperm samples from men with obesity and diabetes
is leukocytes, as well as impaired function of these cells.
Increased ROS levels lead to disruption of the antioxidant
defence system, resulting in the formation of free radicals,
which play a key role in the development of male infertility.
This study showed that the concentration of antioxidant
defence markers in the semen of subfertile and infertile men
with diabetes and obesity was lower than in the semen of
healthy men [38, 40].

Furthermore, high levels of ROS in the semen of obese
men cause damage to sperm DNA and, as a result, lead to
sperm apoptosis and DNA fragmentation. After conducting
a correlation analysis, the researchers found that almost all
parameters of the sperm morphokinetic study (with the ex-
ception of sperm motility) were associated with ROS levels.
Furthermore, men with diabetes and obesity were found to
have elevated cortisol levels, and it has been demonstrated
that, due to cross-links with the hypothalamic-pituitary-ad-
renal and hypothalamic-pituitary-ovarian axes, this leads to
reduced testosterone production and disruption of spermato-
genesis, and consequently to secondary hypogonadism and
infertility [18, 39, 41].

Recent years have growing interest in molecular mecha-
nisms underlying damage to the male reproductive sys-
tem in diabetes mellitus. Chronic hyperglycaemia triggers
multi-level pathophysiological processes, central to which
is oxidative stress arising from the excessive production of
reactive oxygen species and the depletion of antioxidant
systems. Against this background, persistent endothelial
and testicular dysfunction develops, along with the activa-
tion of pro-inflammatory signalling pathways (in particular
NF-«kB), disruption of insulin- and PI3K/Akt-dependent
intracellular signalling, induction of gonadal cell apoptosis,
and epigenetic modifications, which may affect the quality
of spermatogenesis and potentially have transgenerational
consequences. Together, these mechanisms are considered
to be the key pathophysiological basis for diabetes-associated
reduced male fertility [42, 43].

A major underlying mechanism involves the activation
of the transcription factor NF-«kB, which serves as a crucial
mediator of chronic inflammatory processes. Increased for-
mation of reactive oxygen species and advanced glycation end
products (AGEs) stimulates NF-kxB-mediated expression of
pro-inflammatory cytokines, particularly TNF-a, I1L-1f3,
and IL-6. This leads to damage to the blood-testis barrier,
dysfunction of Sertoli and Leydig cells, and impaired sper-
matogenesis [38—41].

An important component of antioxidant defence is the
Nrf2 (nuclear factor erythroid 2-related factor 2) signalling
pathway. Under physiological conditions, Nrf2 regulates the
expression of antioxidant enzymes, including superoxide
dismutase, catalase, heme oxygenase-1 and glutathione per-
oxidase. During prolonged hyperglycemia, Nrf2 activity is
suppressed, which is accompanied by the accumulation of
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reactive oxygen species and increased oxidative damage to
the spermatogenic epithelium [44].

The PI3K/Akt signalling cascade plays a key role in the
regulation of cellular metabolism. Under normal conditions,
it ensures the proliferation and survival of Leydig and Sertoli
cells, and supports steroidogenesis and spermatogenesis.
Disruption of insulin signalling in diabetes mellitus is accom-
panied by inhibition of PI3K/Akt-dependent mechanisms,
which contributes to the development of testicular cell apop-
tosis and reduced testosterone production [45].

Of particular interest is adenosine monophosphate-ac-
tivated protein kinase (AMPK), which is the primary cel-
lular sensor of energy homeostasis. In metabolic disorders,
AMPK activity is reduced, leading to impaired energy supply
to spermatogenesis and increased oxidative stress. Converse-
ly, AMPK activation demonstrates a protective effect on
testicular structure and function in experimental models of
diabetes [46].

Closely linked to AMPK is the mTOR (mammalian tar-
get of rapamycin) signalling pathway, which regulates cell
growth, protein synthesis and autophagy. Excessive activation
of mTOR against a background of insulin resistance and
metabolic stress may disrupt the differentiation processes of
the spermatogenic epithelium and contribute to the progres-
sion of reproductive disorders [47].

Galectin-3 (LGALS3) is a key mediator of chronic in-
flammation and fibrosis, the expression of which increases in
diabetes mellitus in both men and women. Current evidence
shows that elevated levels of galectin-3 are associated with
endothelial dysfunction, oxidative stress and the progression
of micro and macrovascular complications of diabetes, which
indirectly affects reproductive function through impaired
steroidogenesis, microcirculation and tissue fibrosis of the
reproductive organs. In men, this manifests as reduced func-
tion of Sertoli and Leydig cells and impaired spermatogene-
sis parameters, whereas in women, it manifests as impaired
folliculogenesis and ovarian function. Thus, galectin-3 is
considered a promising integrative biomarker of diabetes-as-
sociated reproductive dysfunction, reflecting a combination
of inflammation, fibrosis and metabolic stress [48—50].

One of the ultimate consequences of oxidative stress
is the initiation of the mitochondrial apoptotic pathway.
This process is characterised by enhanced expression of
the pro-apoptotic protein Bax together with reduced ex-
pression of the anti-apoptotic protein Bcl-2. Alterations
in the Bax/Bcl-2 balance promote cytochrome C release
from mitochondria, followed by activation of the caspase
cascade [51].

Caspase-9 and caspase-3 play an important role in the
development of apoptosis in spermatogenic cells. Caspase-9
is a key initiator of the mitochondrial pathway of apoptosis,
whilst caspase-3 mediates cell death through the degra-
dation of intracellular proteins and DNA fragmentation.
Increased activity of these enzymes has been repeatedly
demonstrated in experimental models of diabetic orcho-
pathy [52].

A promising area of research is the study of the role of
the nuclear receptor DAX-1 (dosage-sensitive sex reversal
adrenal hypoplasia congenita critical region on the X chro-
mosome gene 1). It has been established that insulin is capa-

ble of directly regulating DAX-1 expression in Leydig cells.
Impaired insulin signalling in diabetes mellitus is accompa-
nied by changes in the expression of steroidogenesis genes
and a reduction in testosterone production, which may be
mediated via DAX-1-dependent mechanisms [53].

The AGEs/RAGE system plays an important role in the
pathogenesis of diabetic testicular damage. The accumula-
tion of advanced glycation end-products and their interac-
tion with the RAGE receptor activate intracellular signalling
pathways of inflammation and oxidative stress, including
NF-kB-dependent mechanisms. Consequently, apoptosis
is enhanced, the function of Sertoli and Leydig cells is im-
paired, and sperm quality is reduced [54].

Epigenetic mechanisms regulating spermatogenesis are of
particular interest. It has been shown that in diabetes melli-
tus, the expression of a number of microRNAs involved in
controlling the proliferation, differentiation and apoptosis
of testicular cells is altered. In particular, miR-34c is in-
volved in the regulation of spermatogenesis and sperm matu-
ration, miR-21 is associated with inflammatory processes
and cell survival, and miR-146a is one of the key regulators
of the NF-xB-dependent inflammatory response. Abnormal
expression of these microRNAs is considered one of the
potential mechanisms underlying the development of male
infertility in diabetes mellitus [53—57].

Experimental studies modelling streptozotocin-induced
diabetes mellitus in rats have established a clear correlation
between changes in the testis and its blood supply and the
duration of the disease, as well as the progression of de-
structive changes in the convoluted seminiferous tubules,
dystrophy or disintegration of spermatids and spermatocytes,
stromal sclerosis, and disruption of the blood-testis barrier
[58—60]. Changes in the testes occur against a background
of remodelling of the gonadotropic endocrine cells of the
adenohypophysis and disruption of the pituitary-testicular
axis. Experimental diabetes mellitus causes acute aseptic de-
struction of the testes. Under such conditions, via a feedback
mechanism, the hormonal activity of the gonadotropic endo-
crine cells of the anterior pituitary is activated, manifesting
as the following morphological changes: light gonadotrophs
resemble castration cells in their ultrastructural organisation;
their nuclear-cytoplasmic index and the volumetric density
of secretory granules within them increase. Concurrently,
the functional overload of these cells ultimately leads to their
destructive changes [27].

In streptozotocin-induced diabetes, the body weight and
testicular weight of sexually mature rats are significantly re-
duced compared with control values. In the context of hyper-
glycemia, there is a reduction in blood levels of testosterone,
17-B-estradiol, progesterone and FSH. Such metabolic and
hormonal changes lead to alterations in testicular histomor-
phology: a reduction in the diameter of the seminiferous
tubules and the height of the spermatogenic epithelium, the
appearance of edema in the interstitial tissue, a reduction in
the sperm cell population and sperm motility with impaired
spermatogenesis, and destructive changes in Sertoli and Ley-
dig cells in diabetic rats [61, 62].

According to the scientific literature, diabetes mellitus
impairs spermatogenesis, reduces sperm count and motility,
and leads to a decrease in blood testosterone levels [10, 63,
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64]. Some researchers point to a reduction in the diameter
of the seminiferous tubules and thickening of their basal
membrane in diabetic animals [27, 61].

An experiment on mice revealed low testosterone le-
vels in experimental type 2 diabetes [65, 66]. The authors
demonstrated that insulin binds directly to insulin recep-
tors on the plasma membrane of Leydig cells and activates
various phospho-insulin receptors, leading to upregulation
of DAX-1 gene expression. Thus, insulin directly regulates
testicular steroidogenesis by inducing DAX-1. Further-
more, insulin injection significantly induced testicular
DAX-1 without a significant change in LH or FSH levels.
Similarly, the expression levels of steroidogenesis genes
were low, but, interestingly, DAX-1 levels were high in the
testes of mice fed a high-fat diet. These results represent
a novel mechanism by which spermatogenesis is influ-
enced via Leydig cells. Thus, insulin-mediated induction
of DAX-1 in testicular Leydig cells may be a key step in the
regulation of serum sex hormone levels in insulin-resistant
states [65].

The findings regarding the effect of ghrelin on the struc-
ture of the testes in rats with experimentally induced diabetes
are particularly interesting, as scientists have demonstrated
that this peptide hormone, which is produced by various
tissues, possesses antioxidant properties [67, 68]. Experi-
mental T2DM significantly reduces the body weight of rats
and the weight of their testes, lowers plasma levels of insu-
lin, FSH, LH and testosterone, as well as sperm count and
motility, and reduces the activity of glutathione peroxidase,
catalase and superoxide dismutase in the testes. At the same
time, serum glucose and malondialdehyde levels in the testes
increase significantly, alongside a deterioration in their his-
toarchitecture. Administration of ghrelin to diabetic rats led
to a significant restoration of antioxidant defence parameters
and testicular morphology. Thus, ghrelin has a potential pro-
tective role against pituitary dysfunction of the testes caused
by diabetes mellitus, which is associated with its antioxidant
properties and maintenance of glucose and insulin homeo-
stasis [69].

Clinical and experimental researches indicate that
metabolic changes in the testes in diabetes mellitus are
directly linked to increased production of ROS [67—70].
It is also known that trace elements such as selenium (Se),
zinc (Zn) and chromium (Cr) enhance fertility, promote
normal growth and act as potent antioxidants that naturally
reduce the retention of toxic metals in the body [71]. On the
60™ day of experimental diabetes development, massive
detachment of primary spermatocytes and spermatids was
observed in the testes of rats. The number of Leydig cells
was significantly reduced, whilst their histoultrastructure
remained normal. The concentrations of Se, Zn and Cr
in the testes of the studied rats with diabetes mellitus were
significantly lower than in the control group, whilst a signi-
ficant decrease in the activity of superoxide dismutase, glu-
tathione peroxidase, catalase and insulin in blood plasma
was observed. Alongside this, an increase in blood malon-
dialdehyde and glucose levels was observed. Taking into
account the results obtained, the authors concluded that in
insulin-dependent diabetes mellitus, changes in hormone
levels prevent the accumulation of certain trace elements

in both the testes and subcellular fractions, which in turn
leads to increased production of reactive oxygen species and
reduces the activity of enzymes in the antioxidant system
[70-72].

Conclusions

Thus, recent studies indicate that the development of
male infertility in diabetes mellitus is associated with the
complex interaction of the NF-«kB, Nrf2, PI3K/Akt, AMPK
and mTOR, activation of the AGEs/RAGE system, dysre-
gulation of apoptosis via Bax/Bcl-2 and caspases, as well as
epigenetic changes. Further investigation of these molecular
mechanisms opens up prospects for the development of new
approaches to the prevention and treatment of diabetes-as-
sociated male infertility.
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" IBQHO-PPAHKIBCHKA HALIIOHQABHINIA MEANYHII yHIBEDCUTET, M. IBAHO-OpaHKiBChK, YiKpaiHO

2 Kapnatchkm HALIOHAAbHMI yHiBepCuTeT iMeHi Bacuas CtepaHmka, M. IBaHO-OpaHKIBChK, YKpaiHa

MOAEKYASIPHO-KAIHIYHI ACMEKTU PO3BUTKY YOAOBIYOT 6GE3NAIAHOCTI NPU LLYKpOBOMY AiaberTi
(orAsiA AiTepartypm)

Pestome. LlykpoBuii miaGeT HaJIEXKHUTH 10 HAWITOIIMPEHIIINX XPO-
HIYHMX 3aXBOPIOBaHb i € BaXXJIMBUM YMHHUKOM, 110 HEIraTUBHO
BILIMBA€E Ha YOJIOBiUe PENPOAYKTUBHE 310poB’si. HakonuueHi 3a
OCTaHHi POKU €KCMEepUMEHTaJIbHI I KJIiHIYHi JaHi cBimyaTh Ipo
CYTTEBY pOJIb METAa0OIIYHUX TTOPYIIEeHb Y (hOpMYyBaHHI po3Jja-
NiB criepMaToreHe3y, TOpMOHAJIbHOTO HrcOaaHCy Ta 3HUXKEH-
Hs (DepPTUIILHOCTI y YOJOBIKiB i3 LYKpOoBUM AiabeToM. MeToro
LILOTO OIJIsIAy OyJIO y3arajlbHEHHSI CydacHUX BiIOMOCTEi 11100
MOJIEKYJIIPHUX MEXaHi3MiB iabeT-acolililoBaHOTO YIIIKOIKEHHS
YOJIOBiUOl PEMPOAYKTUBHOI cucTeMU. [ToIIyK HayKOBUX ITyOJTi-
Kaliii mpoBoauiu B 6a3ax gaHux Scopus, Web of Science Core
Collection, PubMed/MEDLINE, Embase, Cochrane Library ta
Global Health 3a nepion 2007—2025 poxis. [Liist Bindopy Jitepary-
PU BUKOPUCTOBYBaJIM KOMOiHALIil KIIIOYOBUX CJIiB, IO CTOCYBaJIM-
Cs1 IlYKPOBOTO IiabeTy, YOJI0BiY0i OE3IUIIAHOCTI, CliepMaTOTeHEe3Y,
OKCHIATUBHOTI'O CTPECY, TiMOroHaau3my, GyHKIiOHYBaHHS KJIITUH
Jleitnira ra CeproJii, a TAaKOX OCHOBHUX MOJIEKYJISIPHUX CUTHAJIb-

HUX LUISIXIB Ta eMireHeTHIYHMX MeXaHi3MiB. Jlo aHati3y BKIIIoYaau
cCUCTeMaTUYHi OTJISIAY, MeTaaHai3!, KJIiHIYHI i eKCIIepuMeH-
TaJIbHi JOCHiIKeHHs. Pe3ynbpratu aHai3y JiTepaTypu mokKasalu,
1110 TIOPYILIEHHST PENPOAYKTUBHOI (DYHKIIii MPU LIYKPOBOMY Mdia-
OeTi MaloTh 6araroaKTOpHUI XapakTep i MOB’s13aHi 3 PO3BUTKOM
OKCHIATMUBHOTO CTPECY, XPOHIYHOTO 3amajeHHsI, AUCPETYISIIEI0
BHYTPIIIHbOKJTITUHHMX CUTHAJbHUX KAaCKaiB, aKTUBALIi€I0 CHUC-
TeMM KiHIIEBUX IPOAYKTIB IJIiKyBaHHs Ta ix peuenrtopiB (AGE/
RAGE), nocuyieHHsIM anonTo3y KJIiTHH sieuka i ernireHeTHYHUMU
3MiHaMu. BaxJmmBYy poJib y 1IUX Mpoliecax BilirparoTh CUTHATbHI
uursixu NF-kB, Nrf2, PI3K/Akt, AMPK ta mTOR. CykynHictb
3a3HAYeHUX MOPYLIEHb MPU3BOAUTD 10 3HUKEHHSI CTEPOidOreH-
HOI aKTMBHOCTI CiM’SITHUKIB, TIOTipIIIEHHS TOKAa3HUKIB CIIEPMU Ta
PO3BUTKY YOJIOBIYO1 OE3ILTiAHOCTI.

KimouoBi cioBa: nykposuii niabeT; 4oaoBiya Ge3IUTIIHICTD; pe-
NPOAYKTUBHA (DYyHKLisI; ClIepMaTOreHe3; OKCUAATUBHUIA CTpec;
rinoOroHaau3M; TeCTOCTEPOH
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BYKOBUHCBHKN ASXKABHU MEANYHUL YHIBEOCUTET, M. YepHiBLji, YKpQiHa

MiDKANCUUNAIHOPHI aCcneKTy BUKAGACHHS
AE€PMATOBEHEPOAOTiI:
POAb EHAOKPUHOMNATIN Y NAOTOreHesi AepmMmarosis

Pestome. igsuLLieHHs piBHs MpoeciviHol NigroToBKu MeanyYHuX haxisLiB € MpiopUTeTHUM 3aBLAAHHSAM 3aK/a-
AiB BULLJOI MeaMYHOI 0CBITU. Baxxnnsum po3airioM rigrotoBky 3400yBa4viB MeagUYHOI OCBITU € BUBYEHHS acreKTiB
AepmatoBeHeporiorii. Ha cy4acHomy etani 3pocTae KiflbKiCTb nayieHTIB i3 XPOHIYHUMU fepMaTo3amu, Lo MaroThb
TSKKUV KITIHIYHWY repeoir, Lo 06rpyHTOBYE HEOOXIAHICTb 3’ ICyBaHHS UMOBIPHUX MaTOreHeTUYHUX YUHHUKIB KIoro
OBTSXKEHHS. 3rigHO 3 cy4acHUMU HayKoBUMU [OCTIKEHHSIMU, eHAOKpuHonNaTii BigirpatoTe Baromy, Hepigko go-
MiHyto4y posib y natoreHesi 6aratboX 3axBOproBaHb LLKIipU SIK IHGEKLIVIHOIro, Tak i HEeIHGEKLINHOro xapakTepy.
BopgHouac 6arato eHAOKPUHONATIV NPOSIBASETHCA CrIEUMDIHHUMUN Y HECTIeLMPIYHMY 3MiHAMM LLIKIPU, BUSIBITIEHHST
SIKUX 4acTO CrpUsie PaHHIV fgiarHoCTULi eHOOKPUHHMX MOPYLLEHb Y Takux rnayieHTiB. TakmuMm YuHOM, MK fepmMaTose-
HEPOorieto Ta eHAOKPUHOIONIEN € YACTIEHHI MDKANCUNIITIHAPHI 3B’ A3KN, 3HAHHS SIKUX € aKTyalslbHOK TEMOIO K /151
KNiHIYHOI NpaKTUKK, Tak i 41 negaroriyHoro rpouecy rig Yac rigrotoBku 34006yBadviB MeanyHoi ocBitv. Y cTatTi
PO3ITISIHYTO KITIHIYHI MPOsiBU €HAOKPUHONATIV Ha LLIKIPI, & TAKOX AaHi HayKoBUX [OCIIAXEHb i3 BUSHAYEHHS BI/INBY
EHOOKPUHHUX MOPYLLEHb Ha PO3BUTOK Ta Mepeodir 4epMarosiB, 30Kkpema pesysibtati BAacHUX JOCIiIKEHb CriB-
POOGITHVKIB Kaghenpy fepMaToBeHeposiorii ByKOBUHCbKOro AepXXaBHOro Meau4Horo YHIiBepCUTETY, MPUCBIYEHNX
BUBYEHHIO POJTi TMpeonarivi y naToreHes3i aneprogepmarosis Ta ByrpiB 3Bu4ariHmnx (akHe) y xutenis HYepHiselbkoi
obacti — 6ioreoxiMiHHOro perioHy 3 npupoaHUM AegiynTom viogy. HaseneHri peaynstatv OC/igKEHb BKa3yTb Ha
BaXX/MBICTb MDKAUCUMIIIHAPHOI criiBripali MiX epmMaTonioramMu Ta eHA0KPUHOIoramu, a TakoX HeoOXigHICTb BOJIO-
AIHHA ¢haxoBoro iHGhopMaLliEro MPo Posib eHAOKPUHOMNATIV Npu AepMmaTto3ax Ta 3MiHax LUKIpy | crin30Bux 060JTIOHOK
MeANYHUMMU haxiBLSIMU PIBHUX crieLiasibHOCTEN, 30KpeMa JlikapsiMv 3arasibHoi pakKTuKku — CIMENHOI MeauUmnHA,
cTomarosoramu, negiatpamu ToLyo. Bee e o6rpyHToBye aKTyasibHICTb BUBHEHHS POJTi eHAOKPUHONATIVI npu Aep-
maro3ax 1a MiXMpeaMeTHOI iHTerpawii Uux 3HaHb rpu BUKIaaaHHi EpMaTOBEHEPOIOrii Ta eHAOKPUHOONT K Ha
L0A[nNIoMHOMY eTarii nigroToBku 3400yBaqiB MEAMYHOI OCBITH, TaK i nig Yac nicrsaunioMHOro HaB4yaHHs Jlikapis Ha
ymkriax 6e3rnepepBHOro npogeciviHoro 3poCTaHHs, Lo B LiIoMy 3ab6e3re4nTs MigroToBKy BUCOKOKBAsIighikoBaHnx
KOMMETEHTHUX MEeANYHUX haxiBLiB, 30aTHUX CBOEYACHO BUSIBIISITU €HAOKPUHHI MOPYLLEHHS My EPMATONOMYHIV
narosorii Ta cnpusaTY NiABULLEHHIO SKOCTI HagaHHs1 Mean4HoI JOMOMOry HacesIeHHIo KpaiHu.

Kno4oBi cnoBa: gepmaroau; eHgokpuHonarii; Tupeonarii: 4epMaToBeHeposIorisi; eHAOKPUHOIIOrIS; OCBITHIV
rpowuec; MKANCUMNIIIHAPHICTb

3m0poB’s [1]. BaxkimuBuM acrieKToM HagaHHS HaceJIEHHIO

Bctyn

AKTyaJIbHUM 3aBAaHHSIM 3aKJlaJliB MEAUYHOI OCBi-
TU B yMOBax peopMyBaHHS MEIMWYHOI Trajy3i KpaiHU €
HiIBUIIEHHS SIKOCTi mNpodeciiHOTro HaBYaHHSI MeINd-
HMX (paxiBLiB IJIsI MiATOTOBKM BUCOKOKBaJi(hiKoBaHUX
KOHKYPEHTOCIIPOMOXXHUX JIiKapiB MPaKTUIHOI OXOPOHU

KBaTi(hiKOBaHOI MEIMYHOI TOIMTOMOTH € MiIXKIUCIUTUTiHAP-
HUI Miaxig 10 oOCTeXXeHHs I BeIeHHs IMalieHTiB |2, 3],
1110 TTOBUHHO BPaXOBYBATUCS i B OCBITHbOMY MPOILIECi TIPU
MiATOTOBLI MeAUMYHMX (paxiBLiB y 3aKkjagax MeIUYHOI
ocBitH [4].
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BaxynmBum eTamoM MiITOTOBKM MaMOYTHIX MeOM4-
HUX MpaliBHUKIB pi3HUX CelialbHOCTEN € BUBYEH-
HS aCIeKTiB IepMaTOBEHEPOJIOTii 3 OTJIsINy Ha 3HAYHY
MOIUPEHICTh iH(MEKIINHNX Ta HEiH(EKIiNHUX 3aXBO-
pioBaHb wIKipu [5, 6], a TaKOX Te, 110 IIKipHi 3MiHU
YacTo € MPOsIBAMU COMAaTUYHUX 3aXBOPIOBaHb, 30KpeMa
€HIOKPUHHOI MaToJOoTii, sIKi, y CBOIO 4epry, MOXYTh
OyTH BaXJIMBUMU MaTOT€eHETUYHUMU YMHHUKAMU BU-
HUKHEHHS Ta XpOHi3alii 1epMaTo3iB i OOTSIZKEHOTO 1X
nepebiry [7, 8].

OCHOBHQO YACTUHA

OcTaHHIMM poKaMM, 3TiIHO 3 KJIiHIYHUMU CIIOCTepe-
KEHHSIMU, PEECTPYETHCS 30iAbIIEHHS KiJIbKOCTI MalieH-
TiB 3 XpOHIYHUMU 3aXBOPIOBAHHSIMMU IIKipU Ta/9M TSKKAM
YCKJIaJHEHUM iX TepeOdiromM, 1110 HeraTUBHO BIUIMBA€E Ha
MCUXOEMOIIMHUI CTaH XBOPUX, 3HUXKYE SIKICTh 1X XXKUTTS,
npaue3aaTHICTb i ColliaIbHy aKTUBHICTb Ta OOTPYHTOBYE
HEOOXiIHICTh MPOBENEHHS KOMILJIEKCHOTO OOCTEXKEeHHS T1a-
LIEHTIB 1711 BU3HAYEHHSI MOXJIMBUX €TiONMAaTOreHETUUHUX
YMHHUKIB OOTSKEHOTO KJIiHIYHOTO Iepediry 3aXBoploBaHb
wikipu [9—11].

BignoBigHO 10 CydacHUX HAYKOBUX AOCJiIKE€Hb, OiJib-
IIIiCTh 3aXBOPIOBAHb i MATOJOTIYHUX 3MiH IIKipy MalOTh
MOJIIMAaTOTeHETUYHU A XapaKTep, MPU 1IbOMY €HIOKPUHHI
MOpyIIeHHs BilirpaloTh BaxJMBY, a HEPIIKO il IPOBiTHY
poOJIb y iX BUHUKHEHHI Ta nepebiry [12—14], mo Bu3Havae
TicHI MiXIpeaMeTHi iHTerpalliiiHi 3B’I3KM MiX nepma-
TOBEHEPOJIOTIE€I0 Ta EHIOKPUHOJIOTIEI0 Ta aKTyaJbHICTh
BUCBITJIEHHS 1IMX ACIEKTiB B OCBITHBOMY MpOIEeCi MpU
MiArOTOBILI 3100yBayiB MEAMYHOI OCBITU Pi3HOTO PiBHS
Ta daxy.

BaxiuBuUM acrnekToM BUKJIaJaHHS IepPMaTOBEHEPO-
JIOTii IJIsI TIiATOTOBKM BUCOKOKBaTi(PiKOBAHNX METUUYHNX
daxiBuiB K HA JOAUTUIOMHOMY, TaK i Ha MiCJASIAUTIIIOM-
HOMY eTallaX OCBITH € BUCBITJICHHSI ITill Yac JeKIIili, mpak-
TUYHUX i CEMiHAPCHhKUX 3aHSTh MIXKIUCUUIUIIHAPHUX
3B’sI3KiB MiXX 1€ pMaTOJIOTiYHOIO MATOJIOTI€I0 Ta eHIOKPU -
HomartissiMu. MiXnucuuruiiHapHU#I MiaXin T03BOJUTH Me-
IUYHUM paxiBLSIM y MallOYTHIM MpakKTUUYHIN AiSITIbHOCTI
HOJIIIIINATA PO3YMiHHS MeXaHi3MiB PO3BUTKY IIKipHUX
3aXBOPIOBaHb, 3a0€3MEYUTU BECh CMEKTP 1X TiarHOCTUKM
Ta Teparlii, 110 B LiJIOMY COPUSITAME MiABUILIEHHIO piBHSI
HaJaHHS HaceJeHHIO KpaiHM creniali3oBaHOi MEAUIHOT
JIOTIOMOTH.

Buknanaui kadenapu nepMaToBeHepoOIOTii HacaMIie-
pen aKIeHTYIOTh yBary 3100yBadiB OCBiTH, IO IIKipa
JacTo € «I3epKaJoM» BicllepaJbHOI ITAaTOJIOTii, 30KpeMa
eHIOKPUHHUX MopylieHb. OMHUMU 3 HAUTMOIIUPEHIITNX
3arajbHUX MIKIPHUX NPOSIBIiB MPU €HIOKPUHOIIATIsIX
€ Kcepo3 (CyxicThb) WKipu, rinepnirMeHTalii, 3MiHU
HIITiB i BOJIOCCS TOIIO, BOAHOYAC €HAOKPUHHI 3MiHU
4acTo € OJHUM i3 BarOMUX MeXaHi3MiB BUHUKHEHHS Ta
XpoHi3alii iHpeKUiiiHuX Ta HeiHGEeKIiMHUX 1epMaTo-
3iB [15—17]. Oco0n1uBO akTyaJbHUM IpU OOCTEXKEHHI
Malli€HTIB € ypaxyBaHHs perioHaJbHOI €eHIOKPUHHOI
MaToJIoTii, 30KpeMa BUCOKOI0 PU3UKY PO3BUTKY TUPE-
onariit y 6ioreoXiMiuHMX perioHax i3 npupogHuM nedi-
LIUTOM MOMy Ta ceJieHy, OMHUM 3 SIKUX € YepHiBelbKka
obmacTth [18].

3i 3mo0yBayaMM OCBIiTH OLIBII AETATbHO PO3TJISAIaIOTh-
Cs1 MOXJIMBI 3MiHU Ta 3aXBOPIOBAHHS LIKipU MPU KOH-
KPEeTHUX HO30JIOTiYHUX (hopMax eHaoKpuHomarii. Tak, y
BMIIAJIKy IIYKPOBOTO Aia0eTy IIKipHi MPOSIBU BKJIOYAIOTh
CYXiCTb i cBepOiX IIKipU, KAHIUI03 IIKIipU i CIM30BUX
000JI0HOK, OakTepialibHi iHdeKLii (homikymiTi, QypyH-
KYyJIb03, EKTMMa TOIII0), AiabeTUYHY AepMOMaTtito, Jinoiu-
HUI1 HeKpo0io3, JimomucTpodito micys iH’eKIil iHCYITiHY,
KUTbLIETIONiOHY TPaHyJbOMY, KCAHTOMHU TOIIO, PO3BUTKY
SIKUX CIIPUSIIOTH TTOPYIIEHHST MiKpPOLMPKYJIALii, ByTJIeBOI-
HOTO Ta iHIIUX BUIiB 00OMiHYy, ()OpMyBaHHSI BTOPUHHOTO
imyHoaediuuty touo [15, 19, 20]. OctaHHiMU pokamMu
IOCITIIKEeHHS BITYM3HIHUX i 3apyOi>KHUX aBTOPIB BKa3y-
I0Th Ha OOTSDKEHHSI KJIIHIYHOTO Mepediry HU3KM XpOHIYHUX
nepMaTto3siB (Tcopia3, akHe JOPOCIUX, aHAPOTeHEeTUYHA
aJIoIellisl TOIIO) Ha TJIi PO3BUTKY Y Malli€eHTiB MeTaboJIiu-
HOTO CUHIPOMY, SIKMIi, 30KpeMa, BKJIIOYAE OXUPIHHS Ta
IHCYJIIHOPE3UCTEeHTHICTh [21—24], pKu 1IbOMY BCTaHOB-
JIEHO B3aEMO3B 130K MiX HasIBHICTIO y MalliEHTIB MeTa-
0OJIIYHOTO CUHAPOMY Ta TSKKICTIO KJIIIHIYHOTO Iepediry
rcopiasy [13, 25, 26].

BaxxnuBy posib y minTpuMIli roMeocTa3y opraHizMy Ta
3a0e3IeuyeHHi HopMaJbHOTO (DYHKIIIOHYBaHHS BCiX opra-
HiB i cucTeM, 30KpeMa IIKipH, Bigirpae rimodizapHo-TH-
peoinHa cuctemMa, a y BUIAIKy TUpeonariii BAHUKAIOTh
pi3HOMaHIiTHI 3MiHU IIKipu Ta il moxinHux. Tak, nep-
MAaTOJIOTIYHUMHU MPOSIBAMU TilepTUPEO3y MOXYTh OyTHU:
MiIBUIIEHA MTJIMBICTh Ta BOJOTICTh MIKipH (Tinmepriapo3s),
epuTeMa I0JOHb, TinmeprnirMeHTallii, CTOHIIIEHHS BOJIOC-
cs Ta qudy3Ha ajomnelis BOJOCSHOI TiJSHKUA TOJ0BHU,
OHiXomucTpodii y BUTJISAI OHIX0Mi3UCYy Ta iHIIUX 3MiH
HIrThOBOI TJIACTUHKU, TIpeTudiajibHA MiKceaema TOIIO.
CTaH rinoTupeosy y NalieHTiB MOXe CYIPOBOIKYBATUCS
CYXICTIO Ta MapMypPOBICTIO IIKipH, MiKCeaeMaTO3HUMU
HabpsKaMu, BUNaAiHHSIM BoJjioccs Tolno. [IpuuynHoio
TaKUX 3MiH € IiICUJICHHS YU NPUTHIYeHHS OOMiHHUX
MpOo1EeCiB y IKipi Ta MIrMEHTOYTBOPEHHS, 3MiHU (DYHK-
1IiOHAJIbHOI aKTUBHOCTI 3aJ103 IIKipH, OPYIIEHHS POCTY
BoJioccs Tolo. HasiBHiCTh y TMallieHTiB aBTOIMYHHOTO
TUPEOIAUTY YacTO MOEAHYETHCS 3 BITUJIIro yepe3 3MiHU
IMyHHOI peaKTMBHOCTi OpTaHi3My Ta PO3BUTOK CHUCTEM-
HUX aBTOIMYHHUX TpotieciB [15, 27]. 3HaHHS 1epMaToJio-
riYHMUX O3HAK TUPEOMNaTiii JO3BOJISIE 1ePMAaTOBEHEPOJIOTY,
JIiKaplo 3arajbHOl NPakKTUKNU — CiMEWHOT MEAULIMHU,
neaiaTpy 4M iHuUM (axiBusgM 3amigo3pUTU HasIBHICTh
3MiH (DYHKIIOHAJIbHOI aKTUBHOCTI IIIMTOTIOAIOHOT 321031
1€ Ha PaHHIX CTadisX Ta HalpaBUTH MalliEHTa HA KOH-
CyJIbTAlIilO 10 €HIOKPUHOJIOTa.

Taxox mig yac miaroToBKu 3100yBaviB OCBITU Ha JIEK-
LiSIX Ta MPaKTUYHUX 3AHSTTIX BKA3YETHCS OOTSXKYBaJb-
HUIi BIJIMB TUPEOTATiii Ha KJIiHIYHWIA mepedir XpOHIYHUX
nepmaro3siB. Ockinbku YepHiBellbka 00JaCcTh € OJHUM i3
0iOreoXiMiYHUX PETioHiB i3 IPUPOIHUM AePIilIUTOM HOIy
i cesJieHy Ta BUCOKUM PU3UKOM PO3BUTKY TUpeorarTiii [18],
CHiBpOOITHUKM Kadeapu AepMaTOBeHepoIoTii bykoBuH-
CBhKOTO JIEPKaBHOTO MEIMYHOTO YHiBEpPCUTETY TPOBEHU
HAYKOBI JIOCJIIKEHHS 3 METOIO BUBYEHHS BIUIMBY MOPY-
eHb (QYHKIIOHAILHOTO CTaHy TinodizapHo-TUpeoiTHol
CUCTEMHU Ha Mmepedir HalOIbII MOIIMPEHUX XPOHIUHUX
3aXBOpIOBaHb IIKipU — ajJepTiYHUX JepMaTo3iB Ta BY-
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rpoBoi xBopobu (akHe). Ilig yac oOCTexXeHHs IMalli€HTIB
3MiHM (PYHKIIOHAJbHOTO CTaHY IIMTOMOIIOHOI 3a7103U
Oysio BUsIBIIeHO y 44—52 % mallieHTiB 3 pi3HUMU HO30JI0-
rivHuMu hopMaMu ajieproaepMaTo3iB (IepMaTUT ajepriv-
HU, IepMaTUT aTOIIYHUIA, ek3ema) Ta y 45 % mauieHTiB 3
aKHe, TIpY 1IbOMY BUSIBJIEHO iX B3a€MO3B’SI30K i3 TSIXKKICTIO
KJIiHIiYHOTO Tepebiry KipHOTO 3aXBOpHOBaHHS. 3a pe-
3yJIbTaTaMU MPOBEACHUX JOCITiIKEHb 3aXUILIEHO JOKTOP-
CbKY AMCEpTallilo Ha TeMY: « BITMB pUTMIYHOI AisSUTbHOCTI
IIUTONOMIOHOI 3271031 Ha MOKA3HUKU IIPO- i aHTUOKCHU-
MAaHTHOI CUCTEM KPOBi y XBOPUX Ha ajeproaepMaTo3n»
(denucenko O.1., 2007 p.) Ta KaHAUIATCHKY AUCEPTALIilO
Ha Temy: «KoMIuiekcHe JiKyBaHHSI XBOPUX Ha BYTPOBY
XBopoOy B iioponedinuTHoMy perioHi» (Kapsaibka FO.IT.,
2016 p.) [18, 28, 29]. Cxix 3a3HAYUTH, 110 pe3yJTbTaTH
HayKOBUX JOCIiIKEeHb CMiBpOOITHUKY Kadeapy aKTUBHO
BIIPOBAIXYIOTh B OCBiTHi1 IIpoliec 3i 3100yBayaMu OCBITU
Ta y MEIMYHY TTPAKTUKY, a TAKOX MPEACTABISIOTh HAYKOBI
IOpPOOKM Ha MiXKIUCUMILTIHAPHUX HAYKOBO-TIPAKTUUHUX
KOH(EepeHIIisX.

BonHouac 3m00yBayaM OCBiTM HAroJOLIYEThCS Ha poJIi
IHIIMX TTOPYIIIEHb TOPMOHAJIBHOTO CTaTyCy B OpraHi3Mi,
30KpeMa: CTaH TillepaHIpOreHii € OMHi€I0 3 TOJIOBHUX MaTO-
TeHEeTUYHMX JJAaHOK PO3BUTKY aKHe, Ce00opel, aHApOreHeTI-
Hoi (hopMU aJioTellil UM ripcyTu3My; rinepKOpTUIIM3M MPO-
SIBJIIETBHCSI CTEPOIAHUMU aKHe, MypPIypOBUMM CMyTraMu Ta
aTrpoi€lo LIKipK; IIPU TIIIOeCTPOreHii y MalliEHTOK MOXYTh
BUHUKATH CYXiCTb i TPilLIMHU Ha cTOMax (KepaToaepMist Kili-
MakTepuyHa XacTxay3eHa), poxKeBi Byrpu (po3aliea) TOIIo;
TiMOKOPTUIIM3M YaCTO CYIPOBOIKYETHCSI CYXiCTIO IIKipH,
CTPUSIMHU, TiMePIIirMEHTALIIIMM IIKiPHUX CKJIaIOK TOIIIO,
a TaKOX MOXe OyTH OTHUM i3 YMHHUKIB XpOHi3allii 3armaib-
HUX 3aXBOpIOBaHb 1IKipu [15, 30]. 3a HAsIBHOCTI TAKUX 3MiH
IIKipA 91 YCKJIATHEHOTO Iepediry mepMaTo3iB MallieHTH
000B’SI3KOBO MOTPEOYIOTh MIXKAUCLIUITIIHAPHOTO TTiAXOY,
SIKAU BKJTIOYA€E KOHCYJbTALlil IK 1€pMaTOBEHEPOJIOTa, TaK
i EHIIOKPUHOJIOTA.

JI1st Kpallloro 3aCBOEHHS 3000yBayaMM OCBIiTU TeMa-
TUYHOT'O MaTtepiajly BUKJIanadi Kadeapu 3aCTOCOBYIOTh
pi3HOMAaHITHI OCBiTHI MeTonu [5, 31] Ta cy4yacHi TexHiuHi
3ac00M HaBYAHHS 3 IIMPOKOIO JEMOHCTpPALIiEI0 TeMaTHy -
Horo GOToiIOCTpaTUBHOIO MaTepiainy. Ha BaxiuBicThb
MiXIIpeIMEeTHOI iHTerpallii 3HaHb i3 1epMaTOBEHEPOIOTil
Ta eHIOKPUHOJIOTIi BKa3yEThC SIK MiJl YaC YMTAaHHS JEKIIA
Ta MPOBENEHHS NMPAKTUYHUX 3aHSATh, PUCBIUYEHUX €TiO-
MmaToreHe3y 3aXBOPIOBaHb IIKipU, TaK i TPU pO3TJIs/li KOH-
KPETHUX HO30JIOTIUHUX (popM iH(peKLiiiHUX Ta HeiH(eK-
LHIHUX IepMaTo3iB, y TATOTEHEe3i SIKMX BaXJIMBE 3HAUYCHHS
MaloTh €eHAOKPUHHI mopymeHHs. [1ix yac gexitiii Ta mpak-
TUYHUX 3aHSTH IIMPOKO BUKOPUCTOBYIOTHCS TeMaTUUHI
KJIiHIYHI KeicH i3 TeMOHCTpalli€elo B3aEMO3B’SI3KY MixX
MaToJIOTI€I0 IKiPY Ta eHIOKPUMHHUMU 3aXBOPIOBAHHSI -
MU, OOTOBOPEHHSIM CKJIAJHUX KJIIHIYHUX BUTIAIKIB TOIIIO.
Takox MixXnpeaMeTHa iHTeTpallis MixK 1epMaTOJIOTi€0 Ta
€HJIO0KPUHOJIOTIEI0 3HAXOAUTD BilOOpakeHHS TPU CTBO-
PEHHI TeCTOBUX 3aBIaHb Ta KJIiHIYHUX (DOTOLTIOCTPOBAHUX
CUTYyalliiHUX 33124, IKi BAKOPUCTOBYIOThCS JIJIs1 TOTOYHO-
TO Ta 3aKJIIOUHOTO KOHTPOJIIO 3HAHb CTY/ICHTIB Ta aTecTallil
JIiKapiB-iHTEPHIB Ta JliKapiB-cayxadiB. ACIIEKTH MiIXIIpe-
METHOT B3a€MO/Iii BUCBITJIIOIOTHCS i MiJ Yyac MiAroTOBKU

JIKapsMU-iHTepHAMHM HayKOBUX POOIT Ta MpeACTaBICHHSI
HUMU TeMaTUYHUX OOMOBiAeN Ha IMIOPIYHIN MiACyMKO-
Bili KOH(epeHIIii TiKapiB-iHTepHiB 00J1aCTi, 110 B LIIOMY
CMpUSIE MiABUILIEHHIO iX (haXOBOTO PiBHS Ta (POPMYBaAHHIO
BUCOKOKBaJi(hiKkoBaHUX JIiKapiB 3 MyJbTUAMCIIUILIIHAD-
HUM MUCJIEHHSIM Ta TiIXOIO0M 10 OOCTEXXEeHHSI Ta JIiKyBaH-
Hs1 IpOMiIbHUX MALli€EHTIB.

BucHoBkMU

[linBuieHHS piBHS TTPOhECiitHO]I MiATOTOBKY MEINIHUIX
¢axiBIIiB € aKTyaJTbHUM 3aBIaHHIM 3aKJIaIiB BUIIIOI MY -
HOI OCBIiTH. BaxkjiMBUM pO3IijOM IMiArOTOBKU 3100yBaviB
MEIUYHOI OCBIiTH € OBOJIOJiHHSI 3HAHHSIMU 3 IEpPMaTOBEHE -
poJtorii, 1110 nependayvae eeKTUBHY iHTErpallilo MiXKIUCIIN-
IUTIHApHUX 3B’s13KiB. Ha cygdacHOMy eTarti 3pocTa€e KiTbKiCTh
MAli€HTIB i3 XpPOHIYHUMHU W YCKITAAHEHUMHU IepMaTO3aMHu,
1110 OOTPYHTOBYE aKTyaJbHiCTh 3’SICYBaHHS MATOT€HETUIHUX
YUHHUKIB IX OOTSKEHOTO Mepediry.

3rigHo 3 CydaCHUMMU MOCJiIXEHHSIMU, €HIOKPUHO-
aTii BiIirpaloTh BaroMy poJjb y IaToreHe3i 0araTbox 3a-
XBOPIOBaHb IIKipU, BOMHOYAC €HAOKPUHHI MOPYLIEHHS
MPOSIBJISIIOTHCS XapaKTEPHUMU 3MiHAMU IIKipU, CBOE-
yacHe BUSIBJICHHS SIKUX CIIPUSIE paHHIl 1iarHOCTHUILi eH-
IOKpUHHOI natoJjorii. lle 3acBiguye BaXIMBICTh MiX-
NUCHUIIIHAPHOI CMiBIpalli MiX gepmarojioraMu Ta
€HIOKPUHOJIOraMu, a TAaKOXX OOI'PYHTOBYE aKTyaJlbHiCTh
BUCBITJIEHHSI pOJIi €HIOKPUHOTATIN MpU aAepMaTo3ax y
Mnpoueci BUKJIaAaHHS 1epPMaTOBEHEPOJIOTii K Ha TOIU-
IUIOMHOMY eTalli MiArOTOBKM 3100yBadiB MEIMYHOI OCBI-
TH, TaK i MiJ Yac MiCASAUTIIIOMHOrO HaBYaHHS JIiKapiB Ha
LIMKJIaX 0e3mepepBHOro MpodeciiHoro 3pocTaHHs, 1110 B
1iJioMy 3a0€3Me4unTh MiAroTOBKY BUCOKOKBaJIi(hiKOBaHUX
MeAUYHUX (hpaxiBILiB Ta MiABUIIUTH SIKiCThb HaJaHHS Me-
MUYHOI TOTIOMOTH HACeJIEHHIO KpaiHU.

Kondaikr inTepeciB. ABTOpH 3asBJISIOTH IIPO BiICYTHICTh
KOHMIIIKTY iHTepeciB Ta Bl1acHOI (piHaHCOBOI 3alliKaBlIeHO-
CTi IIpY MiATOTOBLII JAHOI CTATTI.
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Interdisciplinary aspects of teaching dermatovenereology:
the role of endocrine pathology in the pathogenesis of dermatoses

Abstract. Increasing the level of professional training of medical
specialists is a priority task of higher medical educational insti-
tutions. An important part of training medical students is lear-
ning the aspects of dermatovenereology. Currently, the number
of patients with chronic dermatoses with severe clinical course
is increasing, which substantiates the need to identify probable
pathogenic factors of its aggravation. According to modern scien-
tific research, endocrinopathies play a significant, often dominant,
role in the pathogenesis of many skin diseases of both infectious
and non-infectious nature. At the same time, many endocrino-
pathies are manifested by specific or non-specific changes in the
skin, the detection of which often contributes to their early diag-
nosis in these patients. Hence, there are numerous interdisci-
plinary links between dermatovenereology and endocrinology.
Their knowledge is a relevant topic for both clinical practice and
pedagogical process during the training of medical students. The
article reviews the clinical manifestations of endocrinopathies on
the skin, as well as the results of scientific research to determine
the influence of endocrine disorders on the development and
course of dermatoses. In particular, the research carried out by
the staff of the Department of Dermatovenerology of Bukovinian
State Medical University considered the role of thyroid pathology

in the pathogenesis of allergic dermatoses and acne vulgaris among
the residents of Chernivtsi region, a biogeochemical region with
natural iodine deficiency. The results of the studies presented
are indicative of the importance of interdisciplinary cooperation
between dermatologists and endocrinologists, as well as the need
for medical professionals of various specialties, including gene-
ral practitioners, family doctors, dentists, pediatricians, etc., to
have information about the role of endocrine pathology in the
development of dermatoses and changes in the skin and mucous
membranes. All this substantiates the relevance of studying endo-
crine pathology in dermatoses and interdisciplinary integration of
knowledge in teaching dermatovenereology and endocrinology.
Such an approach is important at the undergraduate stage and
during postgraduate training of medical professionals including
cycles of continuing professional development. In general, it will
ensure training of highly qualified competent medical specialists
capable of timely detecting endocrine disorders in dermatological
pathology and improving the quality of medical care provided to
the population of the country.

Keywords: dermatoses; endocrinopathies; thyroid pathology; der-
matovenereology; endocrinology; educational process; interdisci-
plinarity
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L-TUPOKCHUH

J1eBOTUPOKCUHY HaTpilo
50/75/100/125/150 MKr

BEPJ1IH-XEMI

CTabinbHIiCTb nO3U>*
npoTH rinoTtnpeosy**

(¥ YanockoHaneHuit, 3aXMLLEHWUIA NaTeHTOM Npenapar
NIeBOTUPOKCUHY HaTpilo ANna nikyBaHHSA rinotupeosy> &

(¥ Bucoka cTabinbHicTb y 6yAb-AKOMYy KiiMaTi NpoTSiromM 3 pokis®

* 36inbLIEeHHSA TeMNepaTypu 36epiraHHa o 30 °C i TepMiHy 36epiraHHA 0o 3 PoKiB™

* donbroBaHmm Gnictep'+

(¥ YKoaHUX [OAATKOBUX 3acTepeXeHb ANA NaLiEHTIB %8
* HeMae JOMOMIKHUX PeYOBUH, SIKi MOTPeByoTb creLiasibHOro MapKyBaHHS (MaKTo3u,

HaTpito, MaHiTONy Ta iHWMKX)* ©

§ Be3 KOMMOHEHTIB TBAPUHHOIO NOXOAYKEeHHS'
(¥ TabneTKy MO)XHa po3AinnTh Ha piBHi Ao3n™

IHhopmauis npo peuenmypHi nikapceki 3acobu 0ns MeduyHuX i papmayesmuyHUX npayieHukie. lleped 3acmocysaHHaAM 6ydb-Ko20 NikapcbKozo 3acoby, 6yde nacka, 0608'3K060 y 17

MeKCMOM YUHHOI IHCMPYKUi 01 MeOUYH020 3aCMOCYBAHHS.

(xopoyeHa iHdopmauia npo nikapcoki 3aco6u L-THPOKCHH 50 BEP/IH-XEMI / L-THPOKCUH 100 BEP/IIH-XEMI,
PI Ne UA/8133/01/02 i N° UA/8133/01/01; L-THPOKCUH 75 BEPNIIH-XEMI, P Ne UA/8133/01/03; L-TUPOKCUH 125 BEP/IIH-
XEMI, PI Ne UA/8133/01/04; L-THPOKCUH 150 BEP/IIH-XEMI, PNl Ne UA/8133/01/05.

[litoui peyoBMHM: 1 TabneTka MiCTUTb NEBOTMOKCUHY HaTpito 50 MK abo 100 Mkr, 75 MKr, 125 Mkr, 150 Mkr (BianoBiaHo). lokasaHHa.
JloBposikichuit 306 3 eyTUpeoiZHIM CTaHOM QYHKUTT LUMTOBMIHOI 331031, NPOinakTUKa pewuauBy 306a nicna pesekLii 306a 3 eyTupeoiaHum
CTaHOM QyHKUT LUTOBUAHOT 3371031, 3aMicHa Tepania Npu rinoTupeo3i pisHoi etionoril, cynpecuBHa Ta 3aMicHa Tepania paky LIMTOBUAHOT
371034, ONIOBHIM YMHOM NCNA TUPEOiZeKTOMii - AnA A03 50 MKT, 75 MKr, 100 MKr, 125 MKr, 150 MKr; AonomixHuii 3aci6 AnA TupeocTaTyHoi
Tepanil rinepTvpeo3y nicnA JOCATHEHHA eyTUPEOAHOTO GYHKLIOHaNbHOTO CTaky - ANA 03 50 MKT, 75 MKr, 100 MKT; AK AjarHoCTMUHMi 3aci6
TPV POBE/EHH TecTy TpeoigHoi cynpedii — 4nA 403 100 mkr Ta 150 mr. MpoTunokasana. MMiaBuwera wyTuBicTb 0 6yab-AKoro Kom-
TIOHeHTa npenapary; HenlikoBanwii rinepTupeo3 By/ib-AKOTO MOXOAKEHHA; HeNiKoBaHa HEAOCTATHICTb KO HAAHUPKOBUX 3a7103; HENiKOBaHa
rinodi3apHa HeOCTATHICTb; FOCTPUI iHGapKT MiokapAa; roCTpMil MOKapAWT; FOCTPUiE NaHKAPAWT; 0FHOYACHE 3aCTOCYBAHHA NEBOTUPOKCUHY i
6yab-AKoro TupeoctaTuyHoro 3acoby B nepiop BaritHocri. Moiuni peakuyii. lyxe yacro i yacto: MpuckopeHe cepLeBUTTA, Ge3CoHHA, ronos-
Huit Ginb, rinepTupeos, Taxikapai, HepBo3HicTb. CMoCi6 3acTocyBaHHA Ta 03K, [HAUBIAYaNbHY A000BY £03y Npenapary BU3HaYaTH Ha
niAcTagi p i PATOpHYIX AHaNI3iB Ta KK TexeHHA. Tepanito C1if po3nouHaTh 3 HU3bKOT 031 | NOCTYN0BO 36inbluyBaTh
(KoHi 2-4 TvnKHi) 0 HeobxigHoi TepaneBTUYHoT 4o3u. TpuitmaTu npenapar Hariuie, Ak MiHiMym 3a 30 XBIAUH [0 CHiflaHKy, TabneTkw KoBTaTi
LiinMMu, 3aNUBaKOYI HEBENWKOIO KinbKicTio pisum. Bupo6rmk. BEPTIH-XEMI AT. minikep Ber 125, 12489 bepnin, HimMeyunHa.

TpegicrashuTBo «BEPTIIH-XEMI / A. MEHAPIHI YKPATHA M6X». Anpeca: m. Kvis, Byn. BepestakiBeoka, 29, Ten.: +38 (044) 494-33-88.
E-mail: berlin-chemie@menarini.com.ua
UA-Thy-09-2025-V1-Press. OctahHiit nepernag; 14.11.2025.

L-TupokcuH 100 BepniH-Xemi
Ta6netku no 100 mkr (mcg) »
NesoTHPOKCHHY HaTPi0 100 MKr (MCg)

L-TupokcuH 150 BepniH-Xemi
Ta6neTku no 150 MKr (mcg)

NesoTupokcuHy HaTpito 150 MKr (mcg)

50 Ta6netok

~-TupoKcuH 75 bepnin-Xemi
TabneTku no 75 mir (mcg)

NesoTupoKcHHy HaTpio 75 mir (Mcg:
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L-TupokcuH 125 Bepnin-Xemi
Ta6neTku no 125 mkr (mcg) e R
N
L-TupokcuH 50 Bepnin-Xemi

Ta6neTku no 50 Mkr (mcg)

le8OTMPOKCHHY HaTPilo 50 MKr (Cg)
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lesoTHpOKCHHY HATPito 125 KT (MCg)

50 Ta6neroxk
N5 nepopansHoro 3acTocysanHs.
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IV R GY

| 50Ta6nerok
Ana nepopansworo sactocysaa.

54
7 senu cneme F4
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1. [HCTpyKLiA AMA MeM4HOr0 3aCTocyBaHHA nikapcbkux 3acodis L-TUPOKCUH 50/100 BEPIIH-XEMI, PT1 Ne UA/8133/01/02 Ta N° 8133/01/01,
OCTakHiit nepernag 08.09.2025. 2. [HCTpyKuia AnA MeAMYHOro 3acTocyBakHs nikapcbkoro 3aco6y L-TUPOKCUH 75 BEPTIIH-XEMI, P Ne
UA/8133/01/03, octanHiii nepernap 08.09.2025. 3. IHCTPYKLiA A1 MeAYHO0 3aCTOCYBaHHA NikapcbKoro 3aco6y L-TUPOKCUH 125 BEPTIH-XE-
MI, P11 Ne UA/8133/01/04, octanniii nepernap 08.09.2025. 4. IHCTpyKuia AnA MeAM4HOro 3acTocyBaHHA Aikapcbkoro 3acoby L-TUPOKCUH 150
BEPIIH-XEMI, PN N2 UA/8133/01/05, octakiit nepernap, 08.09.2025. 5. atent €Bponedicbkoro nateTHoro sifomcrsa Ne EP3576795A1 Ha
pop i TpeoiaHuii Tep if 3aci6, Tepmin Aii Ao 02 notoro 2038 poky. flocTynHuii 3a nocunaHAM: hitps://patents.google.
com/patent/EP3576795A1/en. 6. MateHt HawjionanbHoro oprana ikTenexTyanbHoi BracHocti Il «YkpaiHcokuii iHCTUTYT iHTeneKTyanbHoi
BnacHocti» Ne UA124642C2 i 20.10.2021. [loctyntmii 3 nocunakHam: bioneteHb «[pomuciosa Brackictb» No42, 2021 pik. 7. Annex to the
European Commission guideline on‘Excipients in the labelling and package leaflet of medicinal products for human use’ (SANTE-2017-11668).
Jlocrynuii 3a nocunakam: https://www.ema.europa.eu/en/: european: ission-quideline-excipients-labelling-package-leaflet-
medicinal-products-human-use. 8. lofiatok 24 fio MopAzaKy NPoBEAEHHA eKCnepTUit PeecTpaLitHuX Matepiania Ha nikapcbKi 3acobu, Lo
TI0AAI0THCA Ha AepXaBHY peecTpaLiio (nepepeecTpalliio), a Takox excnepTu3y MaTepianis Npo BHECeHHA 3MiH A0 PeecTpaLliiiyX Marepianis
npoTAroM Aii peecTpaviiioro nocaiayeHs, 3atBepmxenuii Hakazom MO3 N 426 Bip 26.08.2005 3i 3mikamu. JJocTynHuii 33 nocunaHHAM:

https://zakon.rada.gov.ua/laws/show/z1069-05#n340.
M

*3MiHa cknafly Tabnetok y YacTuHi AOMOMIKHMX PEYOBHH.
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