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00 70-piu4s 6i0 OHA HAPOOIKEHHS

12 kBiTHA 2026 poky npodhecop Bonognmup IsaHoBMY
MaHbKIB PO3ropHyB OCO6MMBUI, HOBINENHUA BUNYCK CBOMO
XUTTEBOrO NiTonucy. Moro WNsx — Lie LUMSAXETHE CXOMPKEHHS
[0 BEPLUVH, iKe BiH pO3noyaB camOTy>XKW, MOMpU BCi BUKIU-
K1 J0Ai, NepeTBOPMBLLN CBOE XMTTS Ha NPOCTIp, Ae BUCOKa
Hayka rapMOHINHO eQHAETLCA 3 My3MKOIO AyLui Ta He3nam-
HUM 3aB3ATTAM. Llel wnax ocasHum 6aTbKiBCbKOK 30peto.

Ha Bnbip npodecii BnnnHyB npuknapg 6atbka: IsaH
MaHbKiB — BMMYCKHUK HawcTapiworo B €Bponi Meamy-
HOro hakynbTeTy yHiBepcuteTy MoHnense (®paHuis), oe

B 1939 poui 3006yB CTyniHb JOKTOpPa MeanumHu. Mosep-
HYBLUWCb OO TOAi LLe MOMbCbKOi ManuynHu 3a gekinbka
MicauiB go no4atky [pyroi cBiToBOi BilHK, IBaH MNaHbKiB
yce CBOE nofarbLUe XUTTS NPUCBATUB CIYXIHHIO NI0AAM Y
pinHomy Kpai. Jlikapcbkuii XMCT 6aTbka nepepascs OiTaMm
i BHyKaMm.

Bonognmup MaHbKiB NPUMHOXMB POANHHY TpaguLio
BflaCHMMU 3BEpPLLUEHHAMM: Big 30noToi mefani B Kosno-
MUINCBKiN cepefHin wkoni Ne 1 o BU3HAHHSA AOro Y CBITO-
BOMY HayKOBOMY TOBapUCTBI.
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LLle 3 WeCTMPIYHOro BiKY, TPUMAOHYM B PyKaxX CKPUMKY,
a 3rogoM MancTepHO akoMmnaHy4m Ha doopTeniaHo, Bono-
ovmMnp MNaHbKiB BUMBCS rOSIOBHOrO — BigyyBaTV rapMOHIt0.
Outaya mpis cTatv QUPUreHTOM 3HawLLIa CBOE BTINEHHS B
MeguumHi. Mpodbecop vacTo Bkasye: «UpUreHT mae Big4y-
BaTW HaMMeHLLY dasnbll y 3By4aHHIi OPKECTPY, Tak camMo K
i nikap — y po6oTi opraHiamy». Llei TOHKWI crnyx [0 XUTTA
OOMOBHMBCA LLe OAHVUM TanaHTOM — Xarow 40 Mi3HaHHSA
CBITY.

Micna HaB4YaHHS B IBaHO-DpaHKIBCbKOMY Aep>XaBHOMY
MeOMYHOMY IHCTUTYTI BCA nojanblua MegunyHa npakTuka
B.l. MNaHbKiBa NoB’a3aHa 3 eHQoKpUHosorieto. Mpautooyn
NPOTAromM ABOX NofasblUnX OAeCATUMITb PANOHHUM eH-
OOKPUHONOroM, BiH HAyKOBO O6GrpyHTYBaB i po3pobumB
nporpamMy CKpUHIHIY LlyKPOBOro fiabeTty, a Takox opra-
Hi3yBaB HM3KY ekcreauuin Oo ripcbkux cin MNprukapnatTs i
BykosuHKn. Ynpogosx 1983—1987 pp. HaB4aBCs B 3a04HIN
acnipaHTypi npy KNiBCbKOMY HayKoBO-AOCNIAHOMY iHCTU-
TYTi eHOOKPWUHONOrii Ta 06MiHYy pevoBuH. [ig KepiBHWL-
TBOM akapemika A.C. EcimoBa y 1988 poui 3axnctms
KaHOMgaTCbKy AucepTaLilo Ha TeMy «YacTtoTa CyaMHHUX
ycKnagHeHb y XBOpUX i3 BnepLue BUABNEHVUM LlyKPOBUM
niabetom», a B 1997 poui — OOKTOPCbKY Ha TeMy «Enige-
Mionoris LyKpoBoro giabeTty Ta Moro ycknagHeHb B Kap-
naTcbkoMy perioHi». Y 1996 poui npoxoanB CTaxyBaHHS
3 NUTaHb enigemionorii LykpoBoro fgiabety B Kem6puox-
CbKOMY YHIBEPCUTETI.

3 1998 po 2006 poky npauoBaB aCUCTEHTOM, AOLEH-
TOM, @ 3rogomM nNpodecopom Kadeapw KniHi4HOI iMyHORorii,
anepronorii Ta eHOoKpUHonorii BYyKOBUHCHKOro Aep>kaBHo-
ro Megu4yHoro yHisepcutety. 3 2006 poky npautoe B [HI
«YKpaiHCbKNA HayKOBO-MPaKTUYHUIN LEHTP €HOOKPUHHOI
Xipyprii, TpaHcnnaHTauii eHOOKPUHHMUX OpraHiB i TKaHWH
MO3 YkpaiHu».

Mpodgecop Bonognmup lMaHbkis nigrotysas 13 kaHau-
naTie i 3 JOKTOpIB MeanyHMX HayK. Y4Hi npodhecopa ycnilu-
HO npautotoTb B YKpaiHn Ta nosa ii mexamu. Y opobky
HaykoBus noHag 500 HaykoBumx npaub, 3 HUX 111 B MixHa-
poaHux 6a3ax gaHux Scopus i Web of Science, 12 moHo-
rpadin, 5 nateHTiB Ykpainn Ha BuHaxig, iHgekc Xipwa 12.

VY 2005 poui B.l. MNaHbKiB HA KOHKYPCHIA OCHOBI 6yB
NPU3Ha4YeHUI rOIOBHMM CrneLianictoM 3 eHgokpuHosorii Mi-
HiCTepCTBa OXOPOHM 300POB’A YKpaiHW 1 04ONUB eHOOKPU-
HomoriyHy cnyxo6y Ykpainu. Ha uin BignosiganbHii nocagi
PO3KPUBCA HEMEPECIHHWI TanaHT BYEHOr0-opraHisaropa.
Y 2013-2014 pp. B.l. MaHbKiB BUKOHYBaB 060B’A3KM rOf1oB-
HOro no3aluTaTHOro cneuianicta 3 eHgokpuHonorii Jenap-
TaMeHTY OXOPOHM 3[0poB’A KMIBCbKOT MICLKOT Aep>XaBHOI
agMmiHicTpauii. 3 2020 go 2023 p. — 4fieH rpynu ekcrnepTiB
MOS3 Ykpainu 3 eHgokpuHonorii, y 2019-2022 pp. — ekc-
nept OdenaptameHTy atecTauii kagpis MiHicTepcTea OCBITH i
Hayku YKpaiHu i3 BHYTPILLHLOT MeanumHn, 3 2021 p. — ekc-
nept HauioHanbHoro choHay gocnigpxeHb Ykpainu. Mpo Bu-
3HaHHSA B.l. MaHbKiBa AK dhaxiBusa CBig4MTb MOro Y1IEHCTBO
y €BpOnNeNnchKii acoujadii 3 BUBYEHHS LIyKpPOBOro AiabeTy (3
1994 p.) Ta €BpoONeNnchKi TMpeoifHin acouiauii (3 1996 p.).

Bxe gBa pecAtunitta «MixXHapoaHUN €HOOKPUHOMOT Y-
HWUIA XXypHan» € CUMBOJIOM NpodbecioHaniamy, a nereHgapHa
«CTopiHKa pegakTtopa» — Le BiKHO Y CBIT, ke Bonognmmp
MaHbKiB BigKpMBaEe st KOXKHOro 3 Yyutadis. FonosHUM pe-
OaKTop XypHany — HEBTOMHUIM MaHOPIBHUK, YMi BiTaHHS
ynuTayam neTinv 3 HamBigaaneHiUnX KyTo4KIiB NnaHeTu: Big
BorHsiHoi 3emni oo Benukoi Kutaicbkoi cTiHW, Bif Nboao-
BUMKIB lcnaHaii oo Aesctpanii i Bogocnagy BikTopis B Adppui.
3 KOXHOI Nofopoxi Npodhecop NpUBO3UTL NOPLENAHOBY
CyBEHipHy Tapinky (a ix Bxe noHag 1300), cTBopiooUn y
CBOi oceni ManeHbknin KnanTuk BcecsiTy, cepuem skoro
3aBXau 3anuiaeTbes pigHa Konomus.

3a Baromuin 0COGUCTU BHECOK Y PO3BUTOK OXOPOHM
300pOB’sl, BNPOBa[AXXEHHA HOBUX METOLIB AiarHOCTUKN i
NiKyBaHHs, BUCOKUA npodecioHaniam y 2000 poui Ykasom
Mpea3npgenTa YkpaiHn B.l. MNaHbKiBY NPUCBOEHO rnovecHe
3BaHHsA «3acny>xxeHun nikap Ykpainu». HaropomxeHui
Bil3HaKow «lopaicTe MeguuuHu YKpaiHn» YKpaiHCbKoro
Megu4HOro Knyoy, Big3Ha4eHnn 6aratbma BifoOMYUMHK, Fpo-
MaACbKMMU, LLIePKOBHMMM HAropogamu.

Bucokun piBeHb npodecioHaniamy, KniHi4Hoi epyauuii
Ta XUTTEBOI MyApOCTi Y CNIBAPYXXHOCTI 3 LinecnpamoBaHi-
CTI0, NpaLe3[aTHICTIO JO3BONAIOTb 3yCTPITU HOBINEN 3i 3HaY-
HUMW HAyKOBMMUW [OCATHEHHAMM, MaHaMn Ha ManbyTHE.

Pedakyia «MiXHaAPoOHO20 eHOOKPUHOAO2IUHO20 KYPHAAY»
8 0eHs CAaBHO20 t08ineto Borodumupa leatosuya Manskiea
baxae domy He empadamu HalGKPAUWUX AHOOCHKUX PUC ma mMPpumamu Ceiti HehoemopHud,
6adsoputi memn Xumma, ujob 300poé’a 6YA0 MIYHUM, a 8iPA mMa umpuUMKA
donomazanu doaamu 6yds-aKi Xummesi nepenonu.
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Elevated baseline von Willebrand factor levels
indicate greater disease severity and predict
treatment failure in diabetic retinopathy

Abstract. Background. The search for systemic biomarkers capable of reflecting the activity of diabetic retino-
pathy (DR) and predicting adverse treatment outcomes is an important clinical task of modern ophthalmology. Of
particular interest is von Willebrand factor (vWF), which is a marker of endothelial dysfunction. Therefore, our aim
was to evaluate the association of baseline vVWF levels with the stage of DR and treatment failure, defined as rapid
DR progression within 2 years, as well as to establish its potential prognostic utility in patients with type 2 diabetes
mellitus (T2DM). Materials and methods. The study analyzed data from 136 T2DM patients with DR. DR stages
were classified according to the WHO criteria as non-proliferative, pre-proliferative, and proliferative DR. The asso-
ciation of vWF with disease progression was assessed using ordinal and binary logistic regression models, adjusted
for clinical confounders (age, sex, T2DM duration, glycated hemoglobin (HbA1c), systolic blood pressure, and base-
line active ophthalmic treatment). Predictive utility was determined via ROC analysis with repeated stratified 5-fold
cross-validation (50 repeats). Results. The presence of treatment failure was observed in 58.1 % of cases. vVWF
levels consistently increased with DR severity: 16.37 ug/mL in non-proliferative, 30.66 pg/mL in pre-proliferative, and
41.49 ug/mL in proliferative DR (p < 0.001). In treatment failure, vWF levels were significantly higher (34.26 g/mL)
compared to its absence (18.01 ug/mL; p < 0.001). In adjusted models, a 1 ug/mL increase in vWF independently
increased the odds of a more severe DR stage (OR 1.23; p < 0.001) and treatment failure (OR 1.19; p < 0.001).
The area under the ROC curve was 0.846; an optimal cut-off of 29.37 ug/mL yielded a sensitivity of 64.6 % and a
specificity of 93.0 %. Conclusions. Baseline vVWF levels demonstrate a consistent association with DR severity and
represent a clinically relevant predictor for risk stratification of treatment failure in patients with T2DM.
Keywords: diabetic retinopathy; von Willebrand factor; diabetes mellitus type 2; biomarkers; treatment failure

Introduction
Type 2 diabetes mellitus (T2DM) remains a leading

tients, others experience accelerated progression even with
modern ophthalmological interventions [2]. The introduc-

cause of chronic microvascular complications, with dia-
betic retinopathy (DR) being its primary ophthalmolo-
gical manifestation. According to recent meta-analytical
estimates, DR affects approximately one in five patients
with diabetes, with clinically significant, vision-threate-
ning forms accounting for a substantial proportion of cases
[1]. Despite standardized screening, staging, and treat-
ment protocols, the clinical course of DR in patients with
T2DM remains highly heterogeneous. While the condition
remains relatively stable for extended periods in some pa-

tion of panretinal photocoagulation (PRP) and intravitreal
vascular endothelial growth factor (VEGF) inhibitors has
substantially improved the prognosis for vision-threatening
forms of DR; however, it has not eliminated the disparity
in progression rates among patients with similar baseline
ophthalmological status [2, 3]. Consequently, identifying
systemic biomarkers capable of reflecting current biological
disease activity and predicting an adverse clinical trajecto-
ry represents a critical practical task in modern ophthal-
mology.
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The contemporary understanding of DR has evolved
beyond a purely microangiopathic concept, redefining it as
a neurovascular disease where metabolic, vascular, inflam-
matory, and neuroglial mechanisms operate concurrently
and mutually reinforce one another [3, 4]. Chronic hyper-
glycemia, oxidative stress, and concomitant cardiometabolic
disorders trigger retinal endothelial activation, breakdown
of the blood-retinal barrier, microcirculatory dysfunction,
and the progressive development of capillary nonperfusion
|3, 4]. Experimental studies have compellingly demonstra-
ted that leukostasis and leukocyte-mediated endothelial cell
injury serve as key mechanisms driving increased vascular
permeability, capillary dropout, and the progression of reti-
nal ischemic changes [35, 6]. Therefore, DR should be viewed
not merely as a consequence of prolonged hyperglycemia,
but rather as a condition where endothelial dysfunction,
low-grade inflammation, and hemostatic shifts collectively
constitute the pathobiological foundation for a more severe
disease course [4, 7].

In this context, von Willebrand factor (vWF) attracts
particular attention. It is a large multimeric glycoprotein syn-
thesized primarily by endothelial cells and megakaryocytes,
stored in Weibel-Palade bodies and platelet a-granules, and
released into the bloodstream upon endothelial activation or
injury [8]. Classically, vVWF is regarded as a key mediator of
platelet adhesion to the subendothelium under conditions
of high shear stress and as a carrier for factor VIII; however,
its significance is no longer confined solely to hemostasis
[8—10]. Evidence indicates that VWF partakes in the crosstalk
between the endothelium, platelets, leukocytes, and the vas-
cular wall, integrating prothrombotic and proinflammatory
signals [9, 10]. Thus, an increase in its circulating concentra-
tion may reflect not only a hypercoagulable shift but also the
cumulative burden of endothelial damage and microvascular
maladaptation. This holds particular importance for patients
with T2DM, as the diabetic vascular milieu is inherently
characterized by proaggregatory and prothrombotic altera-
tions capable of exacerbating capillary occlusion and tissue
ischemia [7, 10].

The clinical interest in systemic biomarkers of endothelial
activation in DR is well-established. Comprehensive reviews
of DR biomarkers highlight inflammatory, adhesion, coa-
gulation, and endothelial injury molecules, including vVWEFE,
as potentially informative candidates [11]. Nevertheless, the
clinical evidence base remains heterogeneous. In cohorts of
T2DM patients, markers of endothelial dysfunction and low-
grade inflammation have been linked to the subsequent pro-
gression of retinopathy [12, 13]. Prospective studies in other
diabetic populations have similarly demonstrated that circu-
lating indicators of inflammation and endothelial activation
may precede an adverse DR trajectory [14—16]. However,
the majority of these studies focused on broader biomarker
panels rather than specifically investigating VWF, and their
outcomes were substantially influenced by the type of dia-
betes, study design, follow-up duration, and selected clinical
endpoints [11—16]. This distinction is crucial for clinical im-
plementation, as a systemic marker holds practical value only
if it extends beyond reflecting generalized vascular dysfunc-
tion to accurately predicting the specific disease trajectory in
a patient with established DR. Consequently, whether vVWF

alone can serve as a sufficiently sensitive systemic indicator
of a more severe DR phenotype and an adverse clinical tra-
jectory in T2DM remains an open question.

The practical utility of such an approach is evident. If
baseline VWF levels genuinely reflect the cumulative burden
of endothelial damage, hemostatic activation, and micro-
vascular ischemia, their measurement could complement
standard ophthalmological staging and help identify patients
with a high probability of rapid progression, even follow-
ing initial treatment. Such prognostic information is highly
sought after in real-world clinical practice, where decisions
regarding observation intensity, follow-up frequency, and
timely therapy escalation must be made before irreversible
changes to the ocular fundus occur.

In light of these considerations, the aim of our study was
to evaluate the association of baseline VWF levels with the
stage of DR and treatment failure — defined as rapid DR
progression within two years — as well as to determine its
potential prognostic utility in patients with T2DM.

Materials and methods

All studies were conducted in compliance with the core
provisions of the Council of Europe Convention on Human
Rights and Biomedicine, the World Medical Association’s
Declaration of Helsinki on ethical principles for medical
research involving human subjects (1964, with subsequent
amendments, including the 2000 version), and in accordance
with the current legislation of Ukraine. The study protocol was
approved by the Ethics and Academic Integrity Commission
of the Shupyk National Healthcare University of Ukraine. The
study utilized a prospective cohort design. All patients included
in the study provided informed consent to participate.

The study included 136 patients with T2DM and DR.
The stage of DR was classified according to the WHO criteria
[17] as follows: non-proliferative DR (NPDR) in 60 patients,
pre-proliferative DR (PPDR) in 42 patients, and proliferative
DR (PDR) in 34 patients.

During the two-year follow-up period, patients received
differentiated treatment. Patients with NPDR underwent
conservative therapy, which consisted of glycemic control,
normalization of hemostatic parameters, administration of an-
gioprotective and metabolic agents, as well as the prescription
of statins and fibrates based on clinical indications. Patients
with PPDR and PDR underwent laser interventions in the
form of PRP and, if necessary, focal laser photocoagulation.
Additionally, these cohorts were predominantly prescribed a
course of anti-VEGF therapy, comprising five monthly intra-
vitreal injections. Surgical intervention was primarily applied
in patients with PDR, consisting of a three-port closed sub-
total vitrectomy (25-gauge) combined with PRP, removal of
epiretinal membranes, and endotamponade (depending on
the stage of the pathological process, either an 18% C,F; gas-
air mixture or 5700 mPa silicone oil was used). A combined
approach was also utilized for patients with PPDR and PDR,
integrating intravitreal anti-VEGF injections, PRP, and a
closed three-port subtotal 25-gauge vitrectomy.

All patients underwent standard ophthalmological exa-
minations: visual acuity testing using a Huvitz CCP-3100
chart projector and a Huvitz HDR-7000 digital phoropter;
static perimetry with a Carl Zeiss Meditec Humphrey Field
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Analyzer 740i; refractometry using a Huvitz HRK-7000 auto-
refractor; tonometry with a Huvitz HNT-7000 automated
non-contact tonometer; corneal pachymetry using an Oculus
Pentacam AXL; biomicroscopy with a Kanghua SLM-2ER
slit lamp; gonioscopy using an Ocular three-mirror Gold-
mann contact lens; ophthalmoscopy utilizing Volk Digital
wide-field lenses and an Ocular three-mirror Goldmann
contact lens; and optical coherence tomography (OCT)
performed on an Optovue RTVue RT-100, 100-2 device.
When necessary, fundus photography was obtained using a
TOPCON TRC-NW7SF fundus camera, and fluorescein an-
giography was performed based on clinical indications. The
presence of any active ophthalmological treatment at base-
line was documented. Treatment failure was operationalized
as rapid DR progression within two years (a binary variable).

Serum glycated hemoglobin (HbAlc, %) levels were de-
termined via a colorimetric method using Roche Diagnos-
tics reagents (USA) and a Cobas c311 biochemical analyzer
(Germany). The vWF level (ug/mL) was measured by an
enzyme-linked immunosorbent assay (Peninsula Laborato-
ries, Inc., USA) using a Stat Fax 303 Plus microplate reader
(Awareness Technology, Inc., USA) and was evaluated as a
continuous variable. Furthermore, clinical and demographic
data were collected, including age, T2DM duration, and
systolic blood pressure (SBP) levels.

Statistical analysis and all calculations were performed
in EZR v.1.73 (a graphical user interface for R statistical
software v.4.5.3, R Foundation for Statistical Computing,
Austria) [18]. The normality of continuous variable distri-
bution was assessed using the Shapiro-Wilk test. Given the
non-normal distribution, continuous data were presented as
the median (Me) and interquartile range (IQR) [Q1-Q3],
while categorical variables were expressed as absolute values
and relative frequencies, n (%). Intergroup comparisons were
conducted using the Mann-Whitney U test (for two groups)
and the Kruskal-Wallis test (for three or more groups),
whereas Pearson’s y* test was utilized for categorical data.
The linear trend of proportions across ordered DR stages and
quartiles was evaluated using the trend test.

The association of VWF with the DR stage was assessed
using ordinal logistic regression. The adjusted model for the
DR stage was constructed accounting for age, sex, T2DM
duration, HbAlc, and SBP. The association of VWF with
treatment failure was evaluated using binary logistic regres-
sion. The adjusted model for treatment failure included age,
sex, T2DM duration, HbAlc, SBP, baseline DR stage, and
any active ophthalmological treatment at baseline. Regres-
sion analysis results were presented as the unstandardized
regression coefficient (B), odds ratio (OR), and 95% confi-
dence interval (CI). To verify the dose-dependent nature of
the association, a quartile analysis of VWF was performed.

The prognostic utility of vVWF regarding treatment failure
was evaluated using receiver operating characteristic (ROC)
analysis with the calculation of the area under the curve
(AUC). The optimal cut-off value was determined by the
Youden index, accompanied by the calculation of sensitivity,
specificity, positive predictive value (PPV), and negative pre-
dictive value (NPV). To confirm the stability of the results,
internal validation was conducted using repeated stratified
5-fold cross-validation (50 repeats). The level of statistical
significance was set at p < 0.05.

Results

The study analyzed the clinical and metabolic data of
136 patients with T2DM and DR. According to disease severi-
ty, the cohort was distributed as follows: NPDR accounted
for44.1 % (n = 60), PPDR for 30.9 % (n =42), and PDR for
25.0 % (n = 34). Overall, within the studied cohort, treatment
failure — defined as the rapid progression of retinopathy over
a 2-year period — was recorded in 58.1 % (n = 79) of cases.

To elucidate baseline differences, we compared the cli-
nical and metabolic profiles of patients according to the
achievement of the clinical endpoint (Table 1). Patients with
recorded treatment failure exhibited a significantly higher
HbAc level compared to the treatment success group (10.25
vs. 8.40 %, p < 0.001), along with a statistically significant
shift in the baseline distribution of DR stages toward more
severe forms (p < 0.001).

Table 1. Baseline clinical and metabolic characteristics of patients according to the development

of treatment failure

T Treatn(1:r=|tss71;ccess Treat(rll:in; 9f)ailure p-value
Age, years 64 [59-67] 65 [59-72] 0.100
Male sex, n (%) 35 (61.4) 47 (59.5) 0.963
T2DM duration, years 15[13-18] 16 [13-20] 0.241
SBP, mmHg 150 [140-165] 160 [145-170] 0.061
HbA1c, % 8.40 [7.60-9.50] 10.25 [8.43-11.30] < 0.001
DR stage, n (%) < 0.001
— NPDR 42 (73.7) 18 (22.8) <0.001
— PPDR 9 (15.8) 33 (41.8) < 0.001
— PDR 6 (10.5) 28 (35.4) < 0.001
Active ophthalmological treatment, n (%) 27 (47.4) 74 (93.7) < 0.001
vWF, pg/mL 18.01 [12.68-24.62] 34.26 [24.54-42.24] < 0.001

Notes: data are presented as the median (Me) and interquartile range [Q1-Q3] for continuous variables, and as
absolute values (n) and relative frequencies (%) for categorical variables. The Mann-Whitney U test was used to
compare continuous variables between the two groups, and Pearson’s x? test was used for categorical variables.
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Furthermore, these patients required active ophthalmo-
logical treatment at their initial presentation significant-
ly more often (93.7 vs. 47.4 %, p < 0.001). The most pro-
nounced difference was the baseline VWF level, which was
nearly twice as high in the treatment failure group: 34.26
[24.54—42.24] ug/mL versus 18.01 [12.68—24.62] ug/mL
(p <0.001). Conversely, the groups did not differ significantly
in terms of age, sex, T2DM duration, and SBP levels.

A more detailed analysis revealed that the frequency of
treatment failure cases exhibited a pronounced stage-de-
pendent gradient. It increased significantly from 30.0 % (18
of 60 patients) in NPDR to 78.6 % (33 of 42) in PPDR,
reaching 82.4 % (28 of 34) in PDR (p for trend < 0.001)
(Fig. 1). Concurrently with the deterioration of the clini-
cal phenotype, a consistent elevation in the level of this
endothelial marker was observed. The vWF level increased
monotonically from 16.37 [12.36—20.18] ug/mL in NPDR
to 30.66 [27.18—38.17] ug/mL in PPDR, peaking at 41.49
[34.95—45.80] ug/mL in PDR (Kruskal-Wallis p < 0.001).
This was further confirmed by a strong positive correlation
(Spearman’s p = 0.841, p < 0.001) (Fig. 2).

To isolate the independent prognostic impact of VWF
from the effects of potential confounders, we applied logistic
regression models (Table 2). In the ordinal regression mo-
del, a 1 ug/mL increase in VWF concentration was robustly
associated with higher odds of a more severe DR stage, even
after full adjustment for age, sex, diabetes duration, HbAlc,
and SBP (adjusted OR 1.23; 95% CI 1.15—1.31; p < 0.001).
A similar pattern was observed for the primary endpoint: in
the binary logistic regression, VWF remained an indepen-
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Figure 1. Frequency of treatment failure cases
according to diabetic retinopathy stages

Notes: data are presented as bar charts, where the
bar height represents the proportion of patients (%),
and the error bars indicate the 95% CI. Intergroup dif-
ferences were assessed using Pearson’s x’ test; the
presence of a linear trend was evaluated by an appro-
priate trend test (p_trend < 0.001).

dent predictor of treatment failure after adjusting not only
for systemic metabolic and hemodynamic factors but also
for the baseline DR stage and the presence of active ophthal-
mological treatment at the initial presentation (adjusted OR
1.19; 95% CI 1.07—1.32; p < 0.001).

The potential dose-dependent nature of the association
between the investigated biomarker and treatment failure is
illustrated by the analysis of event frequencies across VWF
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Figure 2. Distribution of baseline vWF concentrations according to diabetic retinopathy stages (A)
and treatment efficacy (B)

Notes: data are presented as boxplots, where the horizontal line represents the median, the box indicates the IQR,
and the whiskers extend to 1.5 x IQR. Intergroup differences were assessed using the Kruskal-Wallis test (A) and
the Mann-Whitney U test (B) (p < 0.001 for both comparisons).

Table 2. Association of vWF with DR stage and treatment failure: results of logistic regression analysis

Endpoint Crude OR (95% CI) p-value Adjusted OR (95% CI) p-value
More severe DR stage* 1.26 (1.19-1.33) < 0.001 1.23 (1.15-1.31) < 0.001
Treatment failure™* 1.16 (1.10-1.22) < 0.001 1.19 (1.07-1.32) < 0.001

Notes: data are presented as OR with 95% CI per 1 ug/mL increase in vWF concentration; * — the association
was evaluated using ordinal logistic regression (the adjusted model included age, sex, T2DM duration, HbA1c,
and SBP); ** — the association was evaluated using binary logistic regression (the adjusted model included age,
sex, T2DM duration, HbA1c, SBP, baseline DR stage, and the presence of any active ophthalmological treatment

at baseline).
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distribution quartiles within the entire sample. A pronounced
linear trend was observed (p_trend < 0.001): while in the first
quartile (Q1, median vVWF 13.03 ug/mL) treatment failure was
recorded in only 20.6 % of cases, it increased to 47.1 % in the
second quartile (Q2, 21.39 ug/mL) and 64.7 % in the third
quartile (Q3, 30.66 ug/mL). Notably, among patients with
the highest marker levels (Q4, 43.09 ug/mL), 100.0 % of the
examined individuals experienced therapeutic failure (Fig. 3).

In light of the observed associations, the final step in-
volved evaluating the practical discriminatory ability of vVWF
using ROC analysis. The AUC for the marker was 0.846
(95% C10.778—0.904), indicating its good prognostic utility
for risk stratification of rapid DR progression (Fig. 4). The
optimal cut-off value, determined by the Youden index, was
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Figure 3. Frequency of treatment failure cases
according to baseline vWF quartiles

Notes: data are presented as bar charts indicating the
proportion of patients (%) with rapid diabetic retino-
pathy progression (within 2 years) in each of the
four marker distribution quartiles (Q1-Q4). The sta-
tistical significance of the gradual increase in event
frequency was evaluated using a linear trend test
(p_trend < 0.001).
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Figure 4. ROC curve of the prognostic value
of baseline vWF for treatment failure

Notes: the graph displays the trade-off between the
marker’s sensitivity and specificity. The diagonal line
represents the level of random guessing (AUC = 0.500).
The point on the curve indicates the optimal cut-off va-
lue determined by the Youden index. Internal validation
of the model was performed using repeated stratified
5-fold cross-validation (50 repeats) (5-fold CV x 50).

29.37 ug/mL. Utilizing this cut-off yielded a marker sensi-
tivity of 64.6 % and a specificity of 93.0 %, while the positive
and negative predictive values for the studied cohort were
92.7 and 65.4 %, respectively.

The stability of this model was confirmed through an
internal validation procedure (repeated stratified 5-fold
cross-validation with 50 repeats), where the mean validated
AUC reached 0.839.

The accumulated data indicate that the baseline VWF
level demonstrates a consistent and statistically robust as-
sociation with the course of DR, providing a rationale for
its consideration as a clinically relevant biomarker for risk
stratification.

Discussion

This study demonstrated that the baseline vVWF level not
only increased monotonically from NPDR to PDR but was
also significantly higher in patients exhibiting rapid disease
progression within two years following initial treatment. Cru-
cially, this association remained significant after adjusting for
age, sex, T2DM duration, HbAlc levels, SBP, baseline DR
stage, and the presence of active ophthalmological treatment.
The combination of a stage-dependent gradient, independent
associations in regression models, quartile risk escalation,
and the marker’s good discriminatory ability indicates that
VWE reflects a clinically relevant component of the pathobio-
logy of progressive DR.

These findings align with the contemporary understan-
ding of DR as a neurovascular disorder, wherein chronic
hyperglycemia, endothelial dysfunction, inflammation, and
hemostatic shifts mutually reinforce each other [3, 4, 8—10,
12—16]. Therefore, VWF emerges as a promising systemic
biomarker integrating features of endothelial activation, a
prothrombotic shift, and vascular inflammation [8§—10].
Current literature increasingly emphasizes the molecular
and vascular mechanisms of DR and the need for a more
individualized risk assessment that extends beyond purely
morphological staging [19—25]. In this context, our results
are significant as they demonstrate the association of VWF
not only with current DR severity but also with subsequent
treatment failure.

The literature concerning VWF in DR remains heteroge-
neous but generally does not contradict our findings. Kassab
et al. (2023) reported that vWF levels were higher in T2DM
patients with DR and correlated with age, diabetes duration,
HbAlc, and albuminuria; however, the independent asso-
ciation was not maintained in multivariate analysis, and the
difference between non-proliferative and proliferative forms
did not reach statistical significance [26]. Other studies have
yielded conflicting results, ranging from a lack of significant
differences in levels of VWF or other endothelial dysfunction
markers in certain clinical cohorts [27—29] to the identifi-
cation of associations between VWEF, early retinal blood flow
changes, or the presence of retinopathy [30, 31]. Domingueti
et al. (2016) found that vWF levels were elevated in patients
with retinopathy, but following multivariate adjustment, a
disintegrin and metalloproteinase with thrombospondin type
1 motifs, member 13 (ADAMTS13), D-dimer, and cystatin C
remained more robust markers than vWF itself [31]. This he-
terogeneity can be attributed to differences in study designs,
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type of diabetes, concomitant nephrovascular involvement,
DR phenotyping criteria, and clinical endpoints. Against this
background, our study is notable for analyzing not merely the
presence of DR, but its stage-dependent nature and subse-
quent clinical trajectory following initial treatment.

Pathophysiologically, the observed associations are
highly plausible. von Willebrand factor is rapidly released
from the Weibel-Palade bodies of activated endothelial cells,
facilitating platelet adhesion to the damaged vascular wall,
stabilizing factor VIII, and concurrently contributing to the
formation of a proinflammatory microenvironment [8—10].
Reviews of diabetic vasculopathy and DR associated with
thrombosis indicate that endothelial damage, platelet dys-
function, an imbalance of coagulation and fibrinolysis, oxi-
dative stress, and local ischemia form a unified pathogenetic
continuum [21, 22]. An additional pivotal mechanism may
involve the degradation of the endothelial glycocalyx: its
depletion under hyperglycemic conditions increases vascular
wall permeability, exacerbates leukocyte and platelet contact
with the endothelium, and promotes the progression of mi-
crovascular damage [23]. Under these conditions, an elevated
circulating VWF level may reflect a predisposition to capillary
occlusion, nonperfusion, and ischemic retinal remodeling.

Importantly, in diabetes, not only the quantity of VWF but
also its functional state may be significant: the oxidative mo-
dification of vVWF is associated with thrombotic angiopathies,
and impaired proteolysis by ADAMTS13 potentially ampli-
fies the molecule’s thrombogenicity [32]. A morphological
study by Boeri et al. (1994) demonstrated that VWF content
and synthesis in retinal vessels during DR are not necessa-
rily upregulated compared to controls, which aligns with the
premise of its regulated release from the endothelium without
an obligate enhancement of local expression [33].

Nevertheless, VWF is unlikely to be a retina-speci-
fic marker. Meta-analyses and prospective observations in
T2DM indicate that elevated vWF levels are also associated
with broader systemic vasculopathy, specifically cardiovas-
cular diseases and adverse outcomes [34—36]. On one hand,
this limits the organ-specificity of the marker; on the other
hand, it elucidates its prognostic informativeness for DR:
high vWF likely reflects the cumulative burden of generalized
endothelial dysfunction, wherein retinal microcirculation is
merely one of the target organs.

It is particularly noteworthy that the association between
vWF and treatment failure persisted after adjusting for the
baseline DR stage, HbAlc, and active treatment at baseline.
A systematic review of prognostic factors for PDR develop-
ment confirmed that higher HbAlc and more severe reti-
nopathy at baseline are established independent predictors
of progression, which we also determined in a previous study
[37, 38]. Consequently, the association of VWF in our model
is unlikely to be merely a duplication of known risk factors;
it is far more probable that this marker captures an additional
endothelial-hemostatic component of the process that is
not fully reflected by either the ophthalmoscopic stage or
parameters of glycemic control. The biological plausibility
of this interpretation is further supported by experimental
data, suggesting that enhancing ADAMTS 13 activity reduced
blood-retinal barrier breakdown, oxidative stress, and mono-
cyte adhesion in DR models [39].

The clinical significance of these findings lies in the
potential of VWF to complement standard ophthalmologi-
cal staging as a straightforward systemic risk indicator. The
identified quartile gradient and the high specificity of the
established cut-off value suggest that an elevated baseline
VvWEF level is capable of identifying a subgroup of patients
with a particularly adverse clinical trajectory, for whom closer
monitoring and early escalation of therapeutic strategy may
be warranted. However, the moderate sensitivity of the mar-
ker precludes its use as a stand-alone decision-making tool; it
is most likely to yield the greatest benefit when incorporated
into combined predictive models alongside ophthalmological
and systemic parameters [20, 24, 25, 37, 40]. Herein lies the
primary novelty of our work: VWF was associated not only
with a more severe stage of DR but also with the risk of its
rapid progression following initial treatment.

The strengths of the study include its prospective design,
the analysis of a clinically significant endpoint, adjustment
for key systemic and ophthalmological confounders, quar-
tile analysis of the risk gradient, and internal validation of
the prognostic model. Concurrently, the results should be
interpreted in light of certain limitations: a moderate sample
size, single-point measurement of VWF, the absence of func-
tional activity and multimeric composition assessment of the
molecule, and the fact that the endpoint reflected real-world
clinical progression over two years rather than the response
to a strictly unified therapy. Therefore, the proposed cut-off
value requires external validation in independent cohorts.
Nevertheless, the obtained results provide grounds to con-
sider VWF as a promising systemic biomarker for risk strati-
fication of more severe DR and adverse disease progression
in patients with T2DM.

Conclusions

1. In patients with type 2 diabetes mellitus, the baseline
von Willebrand factor level is associated with the severity of
diabetic retinopathy, demonstrating a consistent increase
from the non-proliferative to the proliferative stage of the
disease.

2. An elevated baseline von Willebrand factor level serves as
an independent predictor of a more severe diabetic retinopathy
stage, even after adjusting for major clinical confounders. This
confirms its association with systemic endothelial-hemostatic
dysfunction, which contributes to retinal damage.

3. A higher baseline von Willebrand factor level is in-
dependently associated with treatment failure — defined
as the rapid progression of diabetic retinopathy within two
years — endowing this marker with direct prognostic, rather
than merely pathophysiological, significance.

4. The presence of a quartile risk gradient indicates a
clinically relevant, dose-dependent nature of the observed
association: as the von Willebrand factor level increases, the
probability of an adverse clinical course of diabetic retino-
pathy escalates.

5. Von Willebrand factor may be considered a promi-
sing systemic biomarker for risk stratification of both greater
disease severity and therapeutically adverse progression of
diabetic retinopathy in patients with type 2 diabetes mellitus;
however, the proposed prognostic cut-off values necessitate
further external validation.
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Cepatok A.B.", Morinescbkm C.FO.%, babeHko M.C.° 3abiiues C.B.*

" AHIMPOBCHK ASPXKQBHU MEAVNYHUI yHIBEPCUTET, M. AHIMPO, YKpaiHa

2 HQLIOHQABHMI YHIBEP CUTET OXOPOHM 3A0POB ST YKPQiHM iMeHi .. LLyrika, m. Knis, YkpaiHQ
3 HauioHanbHM meandHi yHiBepcureT imeHi O.O. boromonbusi, M. Kuis, YkpaiHa

NiaBnLEeHU 6a30BUM pPiBeHb AKTOPA POH BIAAEBPAHAC SIK NPEAUKTOP TSXKKOCTI
Ta HeePEKTUBHOCTI AiIKYBOHHS Ai06ETUYHOT peTuHonaTii

Pestome. Axmyaavnicmo. Tlomyk cucreMHuX GioMapKepiB, 3a1aT-
HUX BioOpaxaTu aKTUBHICTb niabeTuuHOl peTuHomnarii (AP) i
MPOTHO3YBATU HECTIPUSITIINBI Pe3yJIbTaTH JIIKYBaHHS, € BAXKJIMBUM
KJIiHIYHUM 3aBIaHHSIM cydyacHoi o¢TaabMoorii. OcobauBy yBary
npuseptae dakrop Gon Binneopanna (VWF), sikuit € mapkepom
eHaoTeiabHOI TCchyHKIIi1. BinmoBinHo 10 11b0TO Memoro docai-
Oxcenns OyJIO OLIIHUTH 3B’5130K 6a3oBoro piBHsg VWF 3i cramisimu
[P Ta HeeeKTUBHICTIO JiKyBaHHSI, BU3HAYEHOIO 32 IIBUIKUM
nporpecyBaHHsM JIP ipoTsirom 2 pokiB, a TAKOX BCTAHOBUTHU 1OTO
MOTEHIiiHY TPOTHOCTUYHY IiHHICTb Y MAIIiEHTIB i3 IlyKPOBUM Adia-
o6etom 2-ro Tuny (L12). Mamepiaiu ma memoou. I1poaHaiizoBaHo
naHi 136 mauienTis i3 2 ta JIP. Cramito 1P kinacudikyBaiu 3a
kputepismu BOO3 (HenpoaidepaTuBHa, npenpoiidepaTuBHa,
npoutihepatuBHa). 38’130k VWF i3 nmporpecyBaHHSIM XBOpoOU
OLIIHIOBAJIN 32 TOITOMOTOIO TIOPSIAKOBOI Ta OiHAPHOI JIOTiCTUIHOI
perpecii 3 MonpaBKoIO Ha KJIiHiYHi KOH(ayHaepu (BiK, CTaTh, CTaX
L2, riiko3wiboBaHuii reMorio6id (HbAlc), cucromiyHuii apre-
piaJIbHUIT TUCK, BUXiTHE o TaIbMOJIOTiuHe JTikyBaHHST). [IporHoc-
TUYHY 30aTHICTh BU3Hauau 3a nornomoroio ROC-anani3y i3 6ara-

TOpaszoBoio (50 mMOBTOPiB) 5-KpaTHOIO MEPEXPECHOI0 Baligalli€lo.
Pesyavmamu. HeedeKTUBHICTD JTiKyBaHHS 0yJ10 3a(hikcOBaHO y
58,1 % xBopux. PiBenb VWF mociimoBHO 3pOCTaB 3aJIeXXHO Bill TSIK-
kocri P: 16,37 mkr/mn nipu HenpoJidepatusHiii, 30,66 MKr/mi
ripu nipernposnieparusHiit Ta 41,49 Mxr/mi ripu nposicdepatuBHii
cranii (p < 0,001). 3a HeepekTUBHOCTI JIiKyBaHHS piBeHb VWF OyB
BiporigHo BuliuM (34,26 MKr/mMJj), HiX 3a Horo eeKTUBHOCTI
(18,01 mMxr/mut; p < 0,001). Y ckopuroBaHUX MOJIEJISIX MiABUILICHHST
VWF Ha 1 MKT/MJ1 He3aJ1eXXHO 3011bLIYBAJIO IHAHCU OUTBLI TSIKKOT
cranii JIP (OR 1,23; p <0,001) ta HeedekTuBHOCTI JiKyBaHHsS (OR
1,19; p < 0,001). ITnomra mix ROC-kpuBoio cranoswia 0,846; ropir
29,37 MKr/MJI 3a0e31eunB 4y TIUBICTh 64,6 % Ta crielmbivHiCTh
93,0 %. Bucnosxu. bazosuii piseHb VWF Mae cTiiikuii 3B’130K i3
TspKKicTIo 1P Ta € KiiHiYHO pejieBaHTHUM IMPEIUKTOPOM IOI0
crpaTtudikaiii pu3nKy HeeeKTUBHOCTI JIIKyBaHHS B MAIli€HTIB
i3 LII2.

KiiouoBi ciioBa: niaGetnyna perrHomnarist; gakrop doH Bimie-
OpaHIa; IyKpoBUii miabeT 2-ro THUITy; 6ioMapKepH; Hee(eKTUB-
HICTb JIIKyBaHHS
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The role of adding a hormonal component
to the pathogenetic therapy
of myelodysplastic syndrome

Abstract. Background. In myelodysplastic syndrome (MDS), an imbalance of interleukins causes increased apop-
tosis of hematopoietic stem cells, i.e. cytopenia. Activation of inflammasomes due to specific mutations, for example,
SF3B1 or del(5q), is associated with different cytokine profiles and inflammatory phenotypes. Objective: to study the
levels of pro-inflammatory and anti-inflammatory interleukins against the background of adjuvant hormonal therapy in
patients with MDS. Materials and methods. Three clinical observation groups were formed, in which patients were
assigned the appropriate treatment: lenalidomide according to the monotherapy regimen (L group), lenalidomide and
dexamethasone p/o tablet 3 mg per day in the first month and 1 mg in the next 2 months (LD group), as well as lenali-
domide and prednisolone p/o tablet 15 mg per day in the first month and 10 mg in the next 2 months (LP group). Before
and after treatment (in 3 months), the levels of pro-inflammatory and anti-inflammatory cytokines were assessed.
Results. The effectiveness of adjuvant hormonal anti-inflammatory therapy in patients with MDS receiving treatment
with lenalidomide was established. A decrease in proinflammatory IL-6 levels from 9.2 + 1.1 to 6.7 + 0.8 pg/ml in
participants receiving dexamethasone, and from 8.8 + 1.3 to 4.9 + 1.8 pg/ml in those receiving prednisone indicates
the benefit of using hormonal drugs to reduce systemic inflammation in MDS. No less significant for clinical practice
was a decrease demonstrated by IL-18 in the group receiving prednisone together with lenalidomide: from 12.8 + 2.0
to 5.8 + 1.3 pg/ml, the result is significant compared to the indicators before treatment, as well as to the L group,
p < 0.05. At the same time, an important result was an increase in the level of anti-inflammatory interleukins: IL-4
against the background of taking prednisolone and IL-10 in the group of patients who were prescribed dexametha-
sone. Conclusions. The prescription of hormonal adjuvant therapy led to a decrease in the levels of pro-inflammatory
interleukins and an increase in anti-inflammatory ones. At the same time, in the group of patients who took only lenali-
domide without hormones, the concentration of TNF-a in serum increased from 8.4 +2.0 to 12.2 + 2.2 pg/ml. Research
on the effectiveness of adjuvant protocols in the comprehensive treatment of MDS must be continued, because any
therapedutic intervention that reduces the intensity of systemic inflammation and can potentially improve the quality of
life of patients and the prognosis of the disease justifiably deserves the attention of scientists and clinicians.
Keywords: myelodysplastic syndrome; IL-6; IL-1B; IL-4; IL-10; TNF-a; lenalidomide; dexamethasone; prednisolone;
adjuvant hormonal therapy

Introduction

Myelodysplastic syndromes (MDS) are a complex group
of heterogeneous clonal hematological diseases characterized
by ineffective hematopoiesis and peripheral blood cytopenias
[1]. Patients with MDS are at increased risk of progression to
acute myeloid leukemia (AML) [2].

Given little therapeutic progress, apart from the intro-
duction of hypomethylating agents twenty years ago, MDS

remains associated with poor overall survival, limited treat-
ment options, and frequent relapses or resistance to available
therapies. Breakthroughs in genomic and single-cell tech-
nologies have transformed our understanding of the patho-
genesis of MDS, demonstrating that disease initiation and
progression follow stereotypical evolutionary trajectories
driven by diverse constellations of somatic mutations and
modulated by both endogenous and exogenous factors [3].
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New genomic and molecular data have identified a wide
range of genetic mutations and chromosomal alterations
that underlie the pathogenesis of MDS [4, 5]. These find-
ings have led to the development of updated classification
systems, including the World Health Organization (WHO)
and International Consensus Classification (ICC) systems,
which integrate genetic, molecular, and clinical data to better
categorize MDS subtypes and predict disease outcome [6, 7].

Population-based studies conducted within the SEER
program in the United States show a 28 % cumulative rate of
transformation to AML five years after diagnosis of MDS.
Patients with isolated deletions of chromosome 5q or ring
sideroblastic MDS have been shown to progress much less
frequently, especially when treated with lenalidomide or lus-
patercept [8]. It is important to note that MDS with 10—19 %
blasts in the bone marrow progresses to AML in approxi-
mately 80 % of patients within two years without stem cell
transplantation (Fig. 1) [6]. Ultimately, approximately 40 %
of all MDS diagnoses eventually transform to AML [9, 11].

In MDS, elevated levels of proinflammatory interleukins
(IL-1, IL-6) and related cytokines (TNF-a) lead to bone
marrow failure, inflammation, and clonal progression. Key
findings from 2025—2026 studies [10—13] suggest that activa-
tion of inflammasomes IL-1 and IL-18 is critical in low-risk
MDS, while elevated serum IL-6 promotes inflammatory
signaling and is a significant prognostic factor.

It is worth adding that interleukin imbalance causes in-
creased apoptosis of hematopoietic stem cells, i.e. cytopenia.
Inflammasome activation due to specific mutations, such
as SF3BI or del(5q), is associated with different cytokine
profiles and inflammatory phenotypes [12, 13].

Clinicians’ focus on reducing the activity of inflamma-
tory interleukins may be a promising strategy for altering the
microenvironment and predictably reducing the intensity of
systemic inflammation in the treatment of M DS patients.

Aim. To study the levels of pro-inflammatory and anti-
inflammatory interleukins against the background of adju-
vant hormonal therapy in patients with MDS.

Materials and methods

Three clinical observation groups were formed, in which
patients were prescribed the appropriate treatment: lenalido-
mide according to the monotherapy regimen of 10 mg per
day for 21 days with a break of 7 days every 28 days (L group,
n = 32), lenalidomide according to a similar regimen and
dexamethasone p/o tablet 3 mg per day in the first month
and 1 mg in the next 2 months (LD group, n = 34), as well
as lenalidomide and prednisolone p/o tablet 15 mg per day in
the first month and 10 mg in the next 2 months (LP group,
n = 28). Before and after treatment (after 3 months), the le-
vels of pro-inflammatory and anti-inflammatory interleukins
and tumor necrosis factor-alpha (TNF-a) were assessed in
patients, which were measured by the Quantikine Human
immunological assay (ELISA) according to a standardized
protocol. All studies were conducted in accordance with the
Declaration of Helsinki. Statistical processing of the results
was performed using Excel (MS Office 2010) and Origin 8.1
(OriginLab, USA). The results are presented as arithmetic
mean with standard deviation (£ SD), the critical level of
reliability when testing statistical hypotheses was p < 0.05.

Cytogeneticabnormalities (50%)
* chromosome loss: -5/del(5q),
-7/del(7q), del(11q), del(12p),
-17/del(17p), del(20q), -Y

* chromosome gain: +8,+19,+21 @ AM L
30
MDS Blasts>20%
Blasts<20%
. Cytogeneticabnormalities during MDS
. progression to AML
Normal —

« inv(3)/t(3;3),-7/del(7q)

* Complex karyotype

* Chromosome 7 anomaly + other ACA
* Double anomaly

HSC

Figure 1. Chromosomal aberrations in MDS
and in MDS progression to AML [6]

Notes: HSC — hematopoietic stem cell; ACA — ad-
ditional chromosomal abnormalities; del — deletion;
inv — inversion, t — translocation.

Results

The obtained data indicate that in all groups of clinical
monitoring in response to the prescribed treatment there
were changes in the activity indicators of pro-inflammatory
and anti-inflammatory cytokines.

In particular, in the LD study group, in which patients
were added dexamethasone to the lenalidomide protocol, the
level of IL-6 showed a tendency to a moderate decrease from
9.2 £ 1.1 to 6.7 + 0.8 pg/ml. At the same time, in the LP
group, the similar indicator decreased from the initial level
of 8.8 + 1.3 t0 4.9 £ 1.8 pg/ml. In patients who took lenali-
domide in monotherapy mode (group L), the concentration
of IL-6 in the blood serum showed a slight decrease from the
level 0f 9.4 + 1.2 to 7.0 + 1.6 pg/ml (Fig. 2).

A similar slight decrease in the L group was also
demonstrated by the level of IL-13 — from the initial le-
vel of 11.4 = 1.7 pg/ml to 10.2 £ 1.4 pg/ml after 3 months.
At the same time, in the LD study group, the level of this
inflammatory cytokine showed a moderate decrease from
12.3 + 1.4 to 8.7 + 2.1 pg/ml. In contrast, the most signifi-

10.0
9.0 I I I
8.0
7.0
6.0 1
5.0 1
4.0 1
3.0
2.0
1.0

LD group LP group L group

| Before treatment W After treatment

Figure 2. Interleukin-6 levels in MDS patients
in clinical monitoring groups
Note (here and in Fig. 6): * — results are reliable com-
pared to the pre-treatment value.
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LD group

LP group L group

W After treatment

| [ Before treatment

14.0

LD group

LP group L group

[ Before treatment W After treatment

Figure 3. Interleukin-1 levels in MDS patients
in clinical monitoring groups

Notes (here and in Fig. 5): * — results are reliable com-
pared to the pre-treatment value; ** — results are reli-
able compared to the L group.

cant decrease was demonstrated by IL-1f3 in the group of
patients who took prednisone together with lenalidomide:
from 12.8 + 2.0 pg/ml to 5.8 *+ 1.3 pg/ml, the result is sig-
nificant in comparison with the indicators before treatment,
as well as in comparison with the L group, p < 0.05 (Fig. 3).

It is worth noting that the level of TNF-a in the LD
group remained almost unchanged and was 10.2 &+ 1.6 pg/ml
before treatment and 9.4 * 1.9 after treatment, while in the

12.0 - xae

10.0
8.0
6.0
4.0
2.0

LD group

LP group

L group

[ Before treatment W After treatment |

Figure 5. Interleukin-4 levels in MDS patients
in clinical monitoring groups

10.0 A
9.0
8.0
7.0 1
6.0
5.0 1
4.0 1
3.0
2.0 1
1.0 4
0.0 -

LD group

LP group L group

[ Before treatment W After treatment

Figure 6. Interleukin-10 levels in MDS patients
in clinical monitoring groups

Figure 4. TNF-a levels in MDS patients
in clinical monitoring groups

Notes: * — results are reliable compared to the pre-
treatment value; ** — results are reliable compared to
the LP group.

LP group this cytokine slightly decreased from 12.0 £ 2.0 to
8.8 + 1.6 pg/ml. However, it is noteworthy that in the group
of patients who took only lenalidomide without hormones,
the concentration of TNF-a in serum even increased on
average: from 8.4 + 2.0 to 12.2 £ 2.2 pg/ml, which was sig-
nificant in comparison with the baseline level and with the
result in the LP group, p < 0.05 (Fig. 4).

The results of the therapeutic effect on the activity of
anti-inflammatory cytokines were also interesting. The data
obtained indicate that in all groups of clinical monitoring in
response to the prescribed treatment there was an increase in
1L-4 levels, with the most significant increase in the group
in which patients took prednisolone: if before treatment the
cytokine level was on average 6.0 = 1.2 pg/ml, then after
3 months it was 10.8 + 1.7 pg/ml (Fig. 5).

Also, a significant increase in another anti-inflamma-
tory cytokine, 1L-10, was demonstrated in the results of the
group of patients who took dexamethasone: from the initial
level of 3.2 = 0.8 pg/ml to 8.6 = 1.3 pg/ml after treatment,
p < 0.05. However, the level of IL-10 in the clinical observa-
tion groups LP and L almost did not change (Fig. 6).

Discussion

The use of cytokine marker profiles as prognostic tools
is challenging due to the numerous mutations and etiologies
that can cause overproduction of certain cytokines in MDS
[14]. Indeed, studies of serum cytokines in MDS and AML
patients have shown that although levels differed significantly
between controls and diseased samples, no single cytokine
was a significant predictor of overall survival [14, 15]. How-
ever, some studies have favored IL-4, IL-15, TNF-a, fibro-
blast growth factor 2, IL-17, and 1L-12 [15—17].

Low- and high-risk MDS have different cytokine profiles
and therefore require different treatment approaches. For
example, therapies targeting proapoptotic cytokines may
be beneficial in low-risk MDS but not in high-risk disease.
Because TNF-a is a key proapoptotic factor, monoclonal
antibodies targeting TNF-a, such as infliximab and etaner-
cept, could theoretically be beneficial; however, studies
testing their use in low-risk MDS have shown variable to
minimal effects [15, 16].
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Our findings, consistent with those of others [16, 17],
suggest a benefit of adjuvant hormonal anti-inflammatory
therapy in MDS patients receiving lenalidomide. The de-
crease in pro-inflammatory I1L-6 levels from 9.2 £ 1.1 to
6.7 £ 0.8 pg/ml in patients receiving dexamethasone, as well
as from 8.8 = 1.3 to0 4.9 £ 1.8 pg/ml in those patients recei-
ving prednisone, indicates the benefit of using hormonal
drugs to reduce systemic inflammation in MDS.

No less significant for clinical practice was the de-
crease demonstrated by IL-1p in the group of patients
who took prednisolone together with lenalidomide: from
12.8 + 2.0 pg/ml to 5.8 + 1.3 pg/ml, the result is reliable in
comparison with the indicators before treatment, as well as
in comparison with the L group, p < 0.05. At the same time,
in the group of patients who took only lenalidomide without
hormones, the concentration of TNF-a in serum even in-
creased on average: from 8.4 + 2.0 to 12.2 £+ 2.2 pg/ml, which
was reliable in comparison with the baseline level and with
the result in the LP group, p < 0.05. At the same time, we
consider an important result to be the increase in the level of
anti-inflammatory interleukins: 1L-4 against the background
of taking prednisolone and IL-10 in the group of patients
who were prescribed dexamethasone.

Research into the effectiveness of adjuvant protocols in
the complex treatment of MDS must certainly be continued,
because any therapeutic intervention that reduces the inten-
sity of systemic inflammation and can potentially improve
the quality of life of patients and the prognosis of the disease
[16, 18] justifiably deserves the attention of scientists and
clinicians.

Conclusions

1. Adjuvant hormonal anti-inflammatory therapy in pa-
tients with MDS leads to a decrease in the levels of pro-in-
flammatory and an increase in anti-inflammatory interleu-
kins. The most pronounced anti-inflammatory effect was
found in dexamethasone in terms of increasing the level of
1L-10.

2. Lenalidomide monotherapy without adjuvant hor-
monal treatment creates conditions for an increase in the
level of TNF-a, which indicates the progression of the sys-
temic inflammatory process.

3. Therapeutic targeting with a focus on reducing the
activity of inflammatory interleukins may be a promising
strategy for changing the microenvironment and predictably
reducing the intensity of systemic inflammation in the treat-
ment of MDS.

Prospects for further research. The results of this study
are aimed at improving the quality of healthcare in the field
of hematology. We consider it promising in the near future
to study the effectiveness of a combination of antidepressants
with natural phytotherapeutic agents in the treatment of anx-
iety and depression in patients with MDS.

Compliance with ethical standards. The article uses pub-
licly available sources: peer-reviewed articles and clinical
guidelines. All sources are properly cited, plagiarism and data
fabrication are excluded. Since the patients were treated for
the underlying disease according to the recommendations,
and inclusion in the study did not involve primary data col-

lection, approval of the ethics committee is not required. The
article does not use data that identify patients. The work was
conducted in accordance with ICMJE standards and the
Declaration of Helsinki.

Artificial intelligence. This work did not use artificial in-
telligence for text generation, data analysis, or image cre-
ation. All content was prepared by the authors, who are fully
responsible for its accuracy, originality, and compliance with
ethical standards.
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PoAb npue AHAOHHS FTOPMOHAOABLHOFO KOMIMOHEHTA AO NATOreHeTUYHOoI Tepanii
MI€EAOAUCTNIACQCTUYHOTO CUHAPOMY

Pesiome. Axmyaavnicmo. TIpy MieToaMCIUIACTUIHOMY CUHIPOMI
(MIC) nucbanaHc iHTepeiiKiHiB BUKJIMKAE TIOCUIICHHST aTllONTO3y
TEeMOITIOETUYHUX CTOBOYPOBMX KJIITUH, TOOTO LIMTONEHII0. AKTH-
Ballisl iH(JIaMacoM BHAC/IIOK crielM(iuyHrX MyTalliii, HampUKJIaI
SF3B1 a6o del(5q), nos’si3aHa 3 pis3HUMU MPOMIJISIMU LUTOKIHIB Ta
3anaibHUMU (heHOTUTIaMU. Mema: OLIIHUTY PiBHI MPO3araibHuX i
MpOTU3aNabHUX IHTEPJICHKiHIB Ha TJIi a1 I0BAaHTHOI TOPMOHAIBHOL
Tepanii B oci6 i3 MAC. Mamepiaiu ma memodu. CchpopmoBaHO
3 rpynu KJIiHiYHOTO CIIOCTEPEXEHHSI, Y IKUX XBOPUM OYJI0 MPU3HA-
YeHO BiATIOBIIHE JIIKYBaHHSI: JICHAJIIIOMIJ 32 CXeMOIO MOHOTEpaITii
(rpyna L), neHaninomin i aekcameTasoH 1/o 1abi. 3 Mr Ha 100y
B NEPILMI Micslb Ta 1o 1 Mr y HacTynHi 2 Micsiui (rpyna LD),
a TaKoX JICHAJIIAOMIJ i MpeaHi30J0H 11/0 Tabi. 15 Mr Ha 100y B
nepinii Micsitb Ta o 10 Mr y HacTymHi 2 micsui (rpymna LP). lo
Ta IicJIs1 JTiKyBaHHS (depe3 3 Micsiili) oLiHIoBaIu piBHI Mpo3amnajib-
HUX 1 MpOTU3aNaibHUX LIMTOKiHiB. Pe3yabmamu. BcraHoBIEHO
edeKkTUBHICTb a1’ IOBAHTHOT TOPMOHAJILHOI MPOTH3aMalbHOI Tepa-
mii y mamieHTiB i3 MIC, sIKi OTpUMYIOTH JIIKYBaHHSI JICHATiIOMi-
oM. 3HVKEHHSI piBHIB npo3ananbHoro [1L-6 39,2 + 1,1 nr/min no
6,7 = 0,8 1ir/Mi1 y XBOpHUX, sIKi OTPUMYBaJIM JEKCAMETA30H, a TAKOX
38,8 £ 1,3 ir/mu 1o 4,9 + 1,8 iir/Mi y TUX, XTO NMpUIMaB MpeIHi-
30JI0H, CBITYMTh Ha KOPUCTD 3aCTOCYBAHHSI TOPMOHAJILHUX ITperia-

paTiB 3 METOI 3MeHIIEHHS crucTeMHOTo 3araieHHs mpu M C. He
MEHIII 3HAYYLIUM JJIs1 KIITHIYHOT TPAKTUKW BUSIBUIIOCS 3HMKEHHS,
1o npoaemMoHcTpyBaB IL-1f y rpyii, sika pa3oM i3 JieHamigomMinoM
npuiimMaia npeaHizonon: 3 12,8 + 2,0 nr/mi go 5,8 + 1,3 nr/mi,
pe3yJIbTaT BipOTiqHUI TTOPIBHSIHO 3 TTIOKa3HUKAMM 10 JIIKYBaHHSI,
a Takox i3 rpymolo L, p < 0,05. OgHoYacHO BaskKJIMBUM BUSIBIIIOCS
3pOCTaHHS PiBHS MpOTU3aIalIbHUX iHTepielkKiHiB: 1L-4 Ha Tii
npuiioMy rpenHizonony Ta 1L-10 y rpymi xBopux, SKum OyB IIpu-
3HAYCHUN nekcaMeTa3oH. Bucnosxku. I1pr3HadYeHHS TOPMOHATBHOL
a1’ I0BaHTHOI Tepalrii 00yMOBMJIO 3HVKEHHSI PiBHIB IpO3anaIbHUX
iHTepJIeiiKiHiB i 3pocTaHHs — MpoTu3anaibHux. [Ipu mpomy y
IpyMi XBOPUX, SIKi MpUMaIK TiIbKY JIEHATiIOMia 6€3 TOPMOHIB,
koHueHtpauiss TNF-a y cuposatui 3pocia 3 8,4 + 2,0 rir/Mi 10
12,2 &+ 2,2 nir/m. JocnimkeHHs epeKTUBHOCTI a1’ FOBAHTHUX MPO-
TOKOJIiB y KOMITJIEKCHOMY JiKyBaHHI MJIC HE0OXiZHO ITPOIOBXKY-
BaTH, alKe Oyab-sIKe TepareBTUUHE BTPYYaHHSI, 10 3HUXYE iHTEH-
CHUBHICTh CUCTEMHOTO 3araJIeHHS i TOTEHIIITHO MOXe TOJIIMTIIUTH
SIKICTB XKUTTSI XBOPUX Ta MIPOTHO3 3aXBOPIOBaHHSI, OOIPYHTOBAHO
3aCJyrOBY€ Ha yBary HayKOBIIIB i KJIIHIIMCTiB.

KirouoBi ciioBa: mienonucractnunmii cunapom; IL-6; 1L-1B;
1L-4; IL-10; TNF-a; neHaninomin; nekcameTa3oH; IpeIHi30JI0H;
an’loBaHTHA TOPMOHAJIbHA Tepartist
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OKCUAQTUBHUN CTPEC, IHCYAIHOPE3NCTEHTHICTb
i cepueBoO-CYAUHHUN PUUK Y NALLIEHTIB
i3 LYKPOBUM Aic6eToM 2-ro Tmny
B YMOBQOX XPOHIYHOro CTpecy BOEHHOIO YACY:
KAIHIKO-6ioXiMiYHe AOCAIAXKEHHS
8-i30-NpocTarAaHAVHY F2a

Pe3tome. AktyanbHicTb. 8-i30-npoctarnangmH F2a (8-i30-PGF2a) — cTabinbHuii F2-i3onpocTaH, BU3HaHWi
30/10TUM CcTaH[apToM 6ioMapkepa cucteMHoro okeugatusHoro ctpecy (OC) in vivo. XpoHidHe ricuxoemouiviHe
HaBaHTa)KeHHs1 BOEHHOIO 4acy MOTEHUIVIHO CrpUsie OKCUAATUBHOMY CTPECY B UMBINIbHOrO HACENEHHS i3 LiyKPOBUM
giabetom 2-ro uny (LU42). 38’30k Mix iHTeHcuBHicTiO OC, iHCYMIHOPE3UCTEHTHICTIO, OXMPIHHSAM | MaHighecTa-
ieto cepLeBo-cyanHHNX 3axsoprosaHb (CC3) y uivi nonynsayii 3anuiaeTbcsi HEAOCTaTHbO JocnigxkeHnm. Meta:
BCTaHOBUTU BIMIHHOCTI B PiBHSIX OKCUBATUBHOIO CTpecy 3a cupoBatkoBum 8-i30-PGF2a 3aexHo Bif CTyneHs
IHCYTIHOPE3NCTEHTHOCTI Vi OXUPIHHSA, & TaKOX MpoaHasi3yBaTv B LIbOMY KOHTEKCTI YacTOTY BUHUKHEHHS TSXKKNX
cepLeBO-CYANHHNX 3aXBOPIOBaHb Yy LUMBINIbHUX nayieHTiB i3 L{[J2 B yMoBax XpOHIHHOro CTpecy BOEHHOIMO 4Yacy.
Marepiann ta metoaun. O6cepBadiviHe nornepevyHe [AOCNIIXEHHS BKoYano 88 umBinbHuX nayieHTis i3 42
(TpuBanicte 2 6 micsayiB), NMOPIBHAHHWX 3a BIKOM i cynyTHbO Tepariieto. IHgekc macu Tina (IMT), rnikemis 1a
iHcyniHemis HaTLye, iHgekc HOMA-IR Bu3Ha4anvcs ctaHgapTn30BaHUMM MeTogamu; CUpOBaTKOBMY piBeHb 8-i30-
PGF2a — metogom imyHogbepmeHTHoro aHaniay (FineTest®). lNayieHTis cTpatugpikysanm 3a IMT (< 29,9; 30,0-33,9;
34,0-39,3 Kr/M?) Ta OKPEMO — 3a HasIBHICTIO 38J0KYMEHTOBaHWUX TSXKKUX CepLeBOo-CyaANHHUX Mogii. 3acTocoBaHo
HenapameTpudHi MeToau nopisHsaHHSA (Kpyckana — Yonnica, BinkokcoHa). PesynbraTtu. BctaHosneHo BiporigHe
3pocTaHHsA KOHUeHTpauii 8-i30-PGF2a BignosigHo [o 36inbLueHHs IMT: megiaHa 219,44 [182,68-272,62] nir/mn
y rpyni 6e3 0XupiHHs, 246,41 [190,32—409,05] rir/mn npu oxupiHHi | cT. | 431,42 [247,82—-622,11] nr/mn nipu
oxupiHHi lI-1ll cT. (p < 0,01 mix rpynamu 1i 3). HOMA-IR 3poctas Big 3,34 [2,13-5,07] go 6,27 [3,41-9,00] ym.o4.
(p < 0,05). Y nauyieHTiB i3 3ag0KyMeHTOBaHUMM Tsxxkumu CC3 (n = 21) piBeHb 8-i30-PGF2a ctaHoBuB 465,47
[409,05-633,68] nr/mn npotn 242,72 [109,32-391,05] nr/mn y nauieHTis 6e3 CC3 (n = 67), p < 0,001. HOMA-IR
He BigpisHsBcs (6,24 vs 543, p = 0,596), a IMT maB nuLie TeH[eHUio 40 BULMX 3Ha4eHb y nauieHTiB i3 CC3
(p = 0,095). KomnoautHuii iHgnkatop 8-i30-PGF2a/HOMA-IR y rpyni i3 CC3 (74,6) 6yB y ~1,7 pasa BuLymii 3a
Takui y rpyni 6e3 CC3 (44,7), o cBigunTb npo AucouiviosaHe nocuseHHss OC BigHOCHO iHCYNIHOPe3UCTEHTHOCTI.
BucHoBkm. KoHuyeHTpauis 8-i30-PGF2a ogHOCrpsiMoBaHO 3pOCTaEe 3i CTYNEHEM OXWPIHHS Vi IHCYTIHOPE3UCTEHTHO-
cTi B nayienTiB i3 4YL2. Tsxki cepyeBo-CyanHHI 3aXBOPOBaHHS acolitoroTbCs 3 BUCOKOBIPOTigHO BULLOK IHTEHCUB-
HicTio OC He3anexHo Bif piBHS iIHCYNIHOPEe3NCTEHTHOCTI, Lo nigkpecstoe posb OC sk iHTerpasibHoro megiatopa
KapAioBacKynsipHoOro yLuKomxeHHsi npy LYJ2 B yMoBax XpOHI4HOro BOEHHOIo CTPECy.

Kno4oBi cnoBa: uykposuii giabet 2-ro tury; 8-izo-npoctarnaHguH F2a; okcuaaTuBHMK CTPEC; iHCyniHopeauc-
TEHTHICTb; OXXUPIHHS; CEPLEBO-CYANHHI 3aXBOPIOBAHHS; BOEHHWUI Yac
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LlykpoBuii giadet 2-ro Tumny (LI12) 3anuiiaerbest oa-
Hi€I0 3 HAOLIbII MacIITaOHUX HeiH(EeKIIHHNX TaHaeMii
XXI cTomiTTs i MpOBiTHUM IpaiiBepoM ITepemrdacHol cep-
1IEBO-CYAMHHOI CMEPTHOCTI. SIK 3a3HaUYeHO B OHOBJIECHUX
CraHmapTax MeOIUYHOI JOITOMOTH IIpU miabeTi AMeprKaH-
cbKoOI giabetnyHoi acoiarlii (ADA) ta PekomeHpanisx €B-
poreiicbkoro ToBapuctBa KapaionoriB (ESC 2023), ate-
POCKJIEpOTUYHI ceplieBO-CyauHHI 3axBopioBaHHs (ACC3)
BiAnosimaoTh npubausHo 3a 50—70 % ycix cmepreit y
nauieHTiB i3 L/12, npuyomy 1eit pusnk GopmMyeThes 3a-
IIOBroO 10 KJiHiYHOI MaHidecTallii 1iabeTy yepe3 Kiiactep
MeTaboJIIYHMX MOPYIIEeHb — iHCYJiHOpe3ucTeHTHICTh (IP),
LIEHTPaJIbHE OXMPiHHS, TUCTIMIAEMil0 Ta apTepialbHy Ti-
nepTeHsimo [1, 2].

8-i3o-nmpocrarnauauH F2a (8-i30-PGF2a), unen
ponunu F2-i3ompocTaHiB, BU3BHAHUN MPOBiTHUM 0io-
MapKepoM cCHUCTeMHOro okcumatuBHoro crpecy (OC)
in vivo. Ha BinMiHy BiJl LIUKJIOOKCUTE€HA3HUX MOXiAHUX,
8-i30-PGF2a yrBopro€eTbcs nUIsIXOoM HeepMeHTaTUB-
HOTO paluKaJIbHOIO OKMCHEHHSI apaxiloHOBOI KUCIOTH,
eTepudikoBaHol B MeMOpaHHUX ¢ocdoimizax, 3 Ha-
CTYITHUM BUBIIbHEHHAM (ocdoinazamu A2 y IUpKyJisi-
wito [3, 4]. Oxpim 6iomapkepHoi LiHHOCTI, 8-i30-PGF2a
Ma€ BJIaCHY 0i0JIOTiUHY aKTUBHICTh: 1€ clabKuii, ajie
crieuu@iyHUM aroHiCT TPOMOOKCAaH-TIPOCTAHOIMHUX pe-
LEeNTOPiB Yy CYIMHHUX INIadeHbKMX M’s3aX i TpOMOOIIM-
Tax, 3MaTHUM iHAYKYBaTU Ba30KOHCTPHUKILiIO, aKTUBAIlil0
TPOMOOIIUTIB i TPOATEPOCKIEPOTUIHE PEMOICTIOBAHHS
[5, 6]. Poab 8-i30-PGF2a nipu 1I/12 nmoka3aHa B HU3-
i po6it. Schottker Ta cniBaBT. y MacIITaOHil KOropri
BCTAHOBWJIU, 1110 TiJABUIIEHUN PiBEHb i30MPOCTaHIB ¥
mia3Mmi nependavyae po3sutok LIJI2 y moneil moxuiaoro
BIKy He3aJIeKHO Bil KIITACMIYHUX MeTa0OIiYHNX (PaKTOPiB
[7]. Ma Ta cmiBaBT. y nmociimkenHi 160 oci6 3 pisHUMHA
cTaHaMM BYTJIEBOIHOTO OOMiHY BUSBUIIM, 1110 HAMCUIIb-
Himwmii 38°5130K 8-i30-PGF2a mpocTexXyeThest 3 mrikeMi€o
HaTIIe Ta IJollelo BicuepaubHoro xupy (p < 0,01) [8].
Wang Ta crmiBaBT. TPOAEMOHCTPYBAJIH, IO KOJUBAHHS
rinikemii B nauieHTiB i3 LI/I2 morauOI00Th epeKrncHe
OKVCHEHHS JIITimiB OLIBIIOI0 Mipoio, HiX cTabibHA Ti-
nepriikemis [9].

OKpeMO MOCTa€ MUTAHHS NPO BIJIMB XPOHIYHOTO
ncuxoJiorigHoro crpecy. CydacHi KOHIIETIIii aJlocTaTHd-
HOTr0 HaBaHTaXXKE€HHS OMMCYIOTh, SIK TIOBTOPHI aKTHUBallil
oci «rinotanamyc — Tinoiz — HaJHUPKOBI 3aJI03U» Ta
CUMMATOAAPEHATOBOT CUCTEMU BUKJIUKAIOTh CTPYKTYP-
HO-(YHKIIOHAJIbHI 3MiHA €HIOTEIil0, B-KJIITUH i amu-
no3utapHoi TkaHuHu [10, 11]. [TocTTpaBMaTUYHUN CT-
pecoBuii posnan (IT'TCP) i xpoHiuHe nmcuxoeMmouniiine
HaBaHTaXXEHHS HE3aJIeXKHO acCOIIIOITHCS 3 MiJBUILICH -
HsaM pusuky LIJI2, moripiieHHsSIM Ooro KoMmmneHcallii Ta
3pOCTAaHHSIM CepLEeBO-CYOAUHHOI cMepTHOCTI [12, 13]. B
YkpaiHi moBHoMaciuTabHa BiliHa 3 JoToro 2022 p. cTBO-
pwia 6e3mpelieleHTHE CepeIoBUIINE XPOHIUHOTO MOy~
JsuiiiHoro crpecy. Sulaieva Ta criiBaBT. [ 14] mOKyMeHTY-
BaJIM TOTipIIeHHS INIIKeMiYHOI0 KOHTPOJIIO, IePEePBU B
Teparlii Ta TIcuxoeMolliliHe BUCHaXKeHHS B TIOHa 2 THUC.
yKpaiHcbKux nanieHTiB i3 LIJI2. KoHceHcycHUIT TOKY-
MmeHT Diabetologia 2025 momo BegeHHs niabeTy B yMoOBax

MPUPOTHUX i TEXHOTEHHUX KaTacTpod MO3UITIOHYE YKpa-
THCBKY CUTYyallilo K €TaJOHHUI MPUKIAI, 110 TOTpedye
cuCTeMHOI Binmosini [15].

HesBaxaroun Ha 3HaYHY KiJIbKICTh MTpallb, MPUCBIYCHUX
OKPEeMUM JIaHKaM MaTOreHETUYHOTO JIAHIIIOTa «OXUPiH-
H$I — iHCYJIHOPE3UCTEHTHICTh = OKCUJIATUBHUI CTpeC —
CepLeBO-CYIMHHI YCKJIaAHEHHSs», KOMILJIEKCHA KJIiHiuHa
OILIiHKA IIMX B3aEMO3B’SI3KiB caMe B LIMBIIBHOTO HACEICHHS
Ykpainu 3 LIJI2 Ha Ty1i XpOHIYHOTO BOEHHOTO CTpeCy Ha
CBHOTOMIHI BiICYTHSI.

Merta AocHizKeHHs: BCTAHOBUTH BiIIMiHHOCTI B PiBHSIX
OKCHUIAaTUBHOIO CTpecy 3a cupoBaTkKoBuM 8-i30-PGF2a
3aJIEXKHO BiJl CTYIIEHSI iHCYJIHOPE3UCTEHTHOCTI i1 OXKUPiH-
H$I, @ TaKOX MPOaHali3yBaTH B LIbOMY KOHTEKCTi 4YaCTOTy
BUHUKHEHHS TSKKHMX CEPIeBO-CYAMHHUX 3aXBOPIOBAHb Y
LMBIIBHMX NalieHTiB i3 11J12 B yMoBax XpoHi4YHOTO cTpecy
BOEHHOTO Yacy.

l'inome3sa docaioncenns. IHTEHCUBHICTb OKCUIIATUBHOTO
cTpecy, olliHeHa 3a piBHeM 8-i30-PGF2a, € camocTitHUM
bOioMapKepoM KapaioBacKyJISIPHOTO PU3MKY B ITAIli€EHTIB i3
LI/12, mo BimoGpaxkae iHTerpallilo BIUIMBIB METaOOIIUHUX
(OXUpPiHHS, IHCYTIHOPE3UCTEHTHICTh) i 30BHIILIHIX (XpO-
HiYHUI TICMXO0eMOLiHUIA cTpec) (haKTOpiB.

MarTtepiaAu Ta meToamn

IIpoBeneHo omHOLIEHTPOBE IoNepeyHe oOcepBalliiiHe
KJIiHiKO-0ioxiMiuHe mocmimkeHHs B Y «IHcTUTyT eHmo-
KpUHOJIOTii Ta 06MiHy peyoBuH iMm. B.I1. Komicapenka
HAMH VYxkpainn» y 2024—2025 pp. [IpoToxon mocimKeH-
Hs1 po3p0o06JIeHO BiAIOBiAHO 10 3acan ['eabciHChKOI qeKa-
paiii BcecBiTHROI MenuyuHoi acorianii (pegakuis 2013 p.) i
MOTO/IKEHO JIOKAJbHOI KOMICI€0 3 TUTaHb OI0ETUKM; yCi
YYaCHMKU Tianucaiu iHpopMoBaHy 3roay 10 BKIIIOYEHHS
B mociimkeHHs. [{o yJacTi 3ampoiieHo 88 IMBUIBHUX Ma-
uienTiB i3 LIJ12, sKi npoxonuyiv mjiaHoBe cTallioHapHe abo
aMOymaTopHe 00CTEeXXEeHHS B KJIiHilli iHCTUTYTY.

Kpumepii exarouenns: nucbMoBa iHpopMoBaHa 3roja;
niarHo3 LI/12 (BepudikoBaHuii 3rimHo 3 Kputepismu ADA/
ESC) TpuBaricTio oHaa 6 MicsIiB; cTabilbHa TIepopaib-
Ha IIyKPO3HMXXYBajlbHa, aHTUTIMEPTEeH3MBHA Ta TiIlOJIiMi-
IeMiuHa Tepallis BIIPOJOBX LIOHAWMEHIIe 6 MicsLiB 10
BKJTFOUEHHST; CTAJIMIA pallioOH XapuyBaHHSI IIPOTSITOM TIepioay
TOCTiIKEHHSI.

Kpumepii eukatouenns: akTUBHI 3amaibHi MPOIIECH, TO-
CTPUM UM XPOHIYHUI MaHKpPEaTUT; TIKKi ypaxkKeHHS I1e-
YiHKM Ta XKOBYHUX IUISIXiB; IIBUIKICTh KIIyOOUKOBOI (Diib-
Tpaii < 30 ms/xB/1,73 M%*; niabeTUMHUI KETO3 HA MOMEHT
BKJTIOUEHHST; HEKOHTPOJIbOBaHA a00 €HIOKPUHHOTO TeHe3y
apTepiajbHa TilepTEeH3isI; TOCTPi CEpLIEBO-CYAUHHI MOl
npotsiroMm 60 qHIB 10 BKJIIOYEHHS; ceplieBa HEIOCTATHICTh
II-1IV dynkuionansHoro kiacy 3a NYHA; oHkosoriuHi
3aXBOPIOBaHHS B aHaAMHe3i; HecTabilbHa AiabeTMyHa pe-
TUHOTIATIS.

Macy Tina (Kr) i 3picT (M) BU3HAYaJIM CTaHAAPTU30Ba-
HuM MetonoMm; IMT po3spaxoByBanu 3a popmymnoro Ketie.
3a pesynbratamu paHxyBaHHs 3a IMT nauienTis (n = 88)
pO3MOaiJIeHO HA TPU TPYIM BiAMOBiIHO M0 Kiaacudikalrii
BOO3:

— rpyna 1 — IMT < 29,9 kr/m? (HagmipHa Bara/6e3
oxupiHHs); n = 16 (10 40IOBIKiB i 6 XiHOK);
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—rpyna 2 — IMT 30,0—33,9 xr/m? (oxxupiHHns | cTyrre-
Hs1); n = 34 (15 yosnoBikiB i 19 kiHOK);

— rpyna 3 — IMT 34,0—39,3 kr/m? (oxupinnasa 11—
III cryneniB); n = 38 (13 4osOBIKiB i 25 XiHOK).

OxpeMo Bcio Koropty (n = 88) po3moijieHo BinmoBin-
HO 10 HasIBHOCTI 3aIOKYMEHTOBAHUX TSKKHX CEPIIEBO-CY-
JTUHHUX 3aXBOPIOBaHb, 10 SIKUX 3apaXOBaHO: IEpeHeCeH Ui
iH(dapKT MioKapaa, TOCTpe TMOPYIIEHHSI MO3KOBOTO KPO-
BOOGIry, CTeHO3yIOuMnii aTepockiepo3 (> 50 % miameTtpa
apTepii) KOpOHAPHUX, COHHUX i epuGepuIHUX apTepiit
HUXHIX KiHIIIBOK, 1110 TTOTpeOyBaB CTeHTYBaHHs. Bimmo-
BiIHO BUjiJIeHO Ipyny A — 67 nauieHTiB 6e3 3a3HaueHOI
naTtoJorii Ta rpyrmy b — 21 mairieHT i3 3am0KyMeHTOBaHU -
mu CC3.

KpoB Bimbupanu HaTIIE Iic/IsT HIYHOTO TOJIOMLYBaHHS
(10—12 ron). I'nikeMito Ta iHCyJiHeMilo HaTIIe BU3HAYa-
JIM CTAaHIAPTU30BAHUMU METOJAaMU KJIiHIUHOI Oioximii.
IHaeKC iHCYIIHOPE3UCTEHTHOCTI pO3paxOBYBaIM 3a TOMeE-
octaTuyHolo Moneutio ouinku: HOMA-IR = [rinioko3a
Hatie (MMOJIB/IT) X iHcyiH Hatie (MkOm/mi)]/22,5 [16].
CupoBaTkoBHuii piBeHb 8-i30-PGF2a BU3Hauaiu MeTonoM
TBepaodaszHoro imynogpepmenTHoro aHaiidy (ELISA) 3 Bu-
KOpMCTaHHSIM KoMepliiiHoro Habopy Human 8-iso-PGF2a
(8-isoprostane) ELISA Kit (FineTest®, Wuhan Fine Biotech,
Kwuraii) Ha 6a3i 1aboparopii 1Y «IHcTUTyT eHmoKpuHoOTil
Ta 06MiHy peyoBuH iMm. B.I1. Komicapenka HAMH Ykpa-
1HM» BiIIIOBIAZHO OO IPOTOKOJIy BUpOOHMKA. Pe3ynbratu
BUpaXKaJld B IIT/MJI.

CratucTUYHy 00pOOKY IPOBOIMIIM 3a JOIIOMOTOIO Ia-
keta MedStat v5.2. HopMmaibHiCTh pO3MOIiTy psiliB TaHUX
nepeBipsn 3a kputepieM Illamipo — Yinka. 3 orisioy Ha
HEeHOpMaJIbHUI PO3ITO/Ii OLTBIIOCTI MOKA3HUKIB MaHi rmoja-
HO y BUIJISIII Me/IiaHu i iHTepKBapTUILHOTO jAiana3oHy [Q1;
Q3]. st MHOXMHHOTO TTOPiBHSIHHS 3aCTOCOBAHO KPUTEPiii
Kpyckana — Youica; 1151 nonapHOro nopiBHSIHHS — KpU-
Tepiii Binkokcona (ManHa — BiTHi) 11 He3anexKHUX BU-
0ipok. PizHuIio BBaxkanm 3Hauymoo mpu p < 0,05.

PesyAbTaTH

OTpuMaHi pe3yJbTaTu NEMOHCTPYIOTh BiporijgHe
3poctanHs IMT Mix ycima TpboMa Ipynamu, IO € IIpo-
THO30BaHUM HacligkoM ctpatudikauii (tada. 1). OnHo-
YacHO CIIOCTepiraaocs MocCaiToBHE MOCUJICHHS iHCYIiHO-
pe3ucteHTHOCTI npu 3poctaHHi IMT: meniana HOMA-IR
3pocia Bif 3,34 yM.of. y rpy1ii 6e3 oXXupiHHs 10 6,27 yM.of.
npu oxupidHi I1—-I1I crymenis (p < 0,05 Mix KpaiitHiMKI
rpynamu).

Haii6inpi BaxkJIMBUM CIOCTEPEXEHHSIM € MOBeIiHKa
8-i130-PGF2a: piBeHb 11b0r0 6ioMapKepa BiporigHo 3pocTaB
IPU KpakHix MposiBax OXXUPiHHS. Pi3HUIIS MiX rpyriolo 6e3
oXupiHHA i rpynoto 3 oxxupiHHsaMm [1—I11 ct. Oyna maiike y
nBa pasu — 219,44 vs 431,42 nir/ma (p < 0,01). HasiBHicTb
OXMPIiHHA | cTymeHs cynmpoBomKyBaiacs 4iTKuM TPEHIOM
1o 3poctanHsa OC, xoya 11 pi3HULI HE JOCSATIIa CTaTUC-
TUYHOI 3HauymocTi (p > 0,05). OTke, BUpaXeHi KIiHIiYHO
3HAYYIIi BiTMiHHOCTI (POPMYIOTBCSI came TpU TIepeXxoli 10
oxupinHs [I—II1 ctyneHis.

Cepen 88 o6cTexxyBaHux nauieHTiB 21 ocoba (23,9 %)
MaJjia 3aJ0OKyMEHTOBaHi B aHaMHe3i TSKKi ceplieBO-Cy-
IWHHI Momii: iHpapKT MioKapaa, TOCTpe IMOPYIIeHHS MO3-
KOBOTO KPOBOOOIry, CTeHO3yI0uMii aTepockiepos (> 50 %
niaMeTpa) KOpoHapHUX, OpaxioledanbHuX abo nepude-
PUYHUX apTepiil HUXKHIX KiHIIBOK i3 MPOBENEHHSIM CTEeH-
TyBaHHsSI. AHaJli3 B3a€EMO3B’SI3KY MiX HasIBHICTIO TaKUX
noxiit Ta inteHcuBHicTio OC, cTyrieHem IP ta oxxupinHsam
MoAaHo B TaOJI. 2.

OTpuMaHi pe3ybTaTi TIOKa3aJn, 110 HasIBHICTh TSDKKUX
CC3 acoitoeTbes 3 pizKo BUPAKEHUM MiIBUIIICHHSIM KOH-
neHrtpauii 8-i30-PGF2a (p < 0,001), nmpuyomy MeniaHa B
miarpyri b mpakTuuHO 10piBHIOBAA BEPXHHOMY KBAPTHITIO
niarpynu A (391,05 nr/mia). Bonnouac HOMA-IR cyTTeBO
He BimpisHsBcs Mix rpyramu (p = 0,596), a IMT nemoH-
CTPYBaB JIMIIIE TEHACHIIiIO 10 BUIIMX 3HAYEHb Y TMAaIliEHTIB
i3 CC3 (p =0,095). Otxe, y Hallliif KOTOPTi OKCUTATUBHUI
CTpeC € ENMHUM i3 TPHOX MapaMeTpiB, 110 HAAIHO BigO-

Ta6nunus 1. lNoka3HUKKN cTyneHs iHcyniHopeaucteHTHocti (HOMA-IR) i 8-i30-PGF2a y nauieHTis i3 /]2,
cTtpatugpikoBaHux 3a IMT (megiaHa [Q1-Q3])

pyna nauieHTiB IMT, kr/m?

8-i30-PGF2a, nr/mn HOMA-IR, ym.opf.

Mpyna 1 (n = 16) 27,65 [26,80-29,05]

219,44 [182,68-272,62] 3,34 [2,13-5,07]

Mpyna 2 (n = 34) 31,75 [31,20-33,60]'

246,41 [190,32-409,05]" 5,09 [3,68-6,63]"

Mpyna 3 (n = 38) 40,30 [36,80-44,10]>°

431,42 [247,82-622,11]>° 6,27 [3,41-9,00]*°

TMpumitkn: ' — p < 0,01 (1vs 2);?—p <0,01 (1vs 3);°—p<0,01(2vs 3);*—p>0,05(1vs2);°—p<0,01(1vs3);
¢—p<005(2vs3);"—p>0,05(1vs2);°—p<0,05(1vs3);°—p>0,05(2vs3).

Ta6bnuys 2. Ctyniub iHcyniHope3sncteHTHocTi (HOMA-IR), 8-i30-PGF2a ta IMT y nauieHTis i3 /2
3aJsieXHo Bifj HasIBHOCTI TSDKKUX cepLieBO-CYANHHNX 3axBoproBaHb (megiaHa [Q1-Q3])

pyna nauieHTiB IMT, kr/m?

8-i30-PGF2a, nr/mn HOMA-IR, ym.opn.

Mpyna A: 6es CC3 (n = 67) 33,35 [30,25-38,65]

242,72 [109,32-391,05] 5,43 [4,16-8,79]

Mpyna B: i3 CC3 (n = 21) 35,90 [31,65-42,60]

465,47 [409,05-633,68] 6,24 [5,18-8,07]

p 0,095

< 0,001 0,596

lMpumitka: 3actocoBaHo kpuTtepi BinkokcoHa (MaHHa — BiTHi) AnsA He3anexHux BU6ipOK 3 HEHOPMaslbHUM PO3-

noginom.
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KPEMITIOE TALiEHTIB 3 MaHiI(PECTHUM aTepOCKICPOTUUYHUM
YpaXeHHSM Bin peitu xBopux Ha LIJ12.

3 MeTo10 INIMOIIOI iHTepHpeTanii OCHOBHUX 3HAXiTOK
BUKOHAHO TPU HOJATKOBI OIMMCOBI mimaHami3y 6e3 dop-
MaJIbHOI KOPeKIlii Ha MHOXWHHI ITOPiBHSIHHS, TOMY iX pe-
3yJIbTAaTH CJTiJ PO3IJISIIATH SIK TaKi, 1110 TEHEPYIOTh TiMOTe3U
IJI1 MOy THIX MiATBEPIXKYBAIbHUX TOCiIXKEHb:

1. T'ennepHuii po3nonin y rpymnax 3a IMT. CmiBBimHO-
IIEHHST YOJIOBiKM />KiHKHM TIOCITiZIOBHO 3CYBaJIoCh Y OiK KiHO-
yoi ctaTi mpu 3poctaHHi IMT: y rpymi 1 (6e3 oxxupiHHs) —
10/6 (xinku 37,5 %); y rpyni 2 (oxupinus I ct.) — 15/19
(kinku 55,9 %); y rpymi 3 (oxupinns 1111 ct1.) — 13/25
(kxiHKM 65,8 %). OTXe, OIBII TSKKE OXKUPIHHS B HAIIIi
KOTOPTi OB YiTKO aCOLIIIOETHCS 3 KIHOYOIO CTATTIO, 11O
Y3TOIKYETHCSA 3 BiTOMUMU AeMOTpaivHIMK TEHISHIIISIMI
B YKPaiHCBKIil MOIYJIsILii IMBIILHOTO HACeJeHHs, TTOCU-
JIIOBAHUMU OOMEKEHOIO JOCTYITHICTIO MPOiTaKTUUHUX
nporpam y BoeHHUi1 yac. Ockinbku piBeHb 8-i130-PGF2a €
HaWBUIIIMM caMe B IpyIli 3, reHaepHo 3BaxKeHa olinka OC
MOXe OyTH aKTyaJIbHOIO JUISI MaliOyTHIX TOCTiIKEeHb.

2. KomnosutHuii iHaekc 8-i30-PGF2a/HOMA-IR. [1ns
BimoOpaKeHHs CTyNeHS «BiIOKpeMJIEHHSI» iIHTEHCUBHOCTI
OKCHJATUBHOTO CTPECyY Bil MeTab0JIiYHOI KOMIIOHEHTU MU
po3paxyBajiu IMPOCTUI KOMIIO3UTHUI iHINKATOp — BiTHO-
weHHs1 Meaianu 8-i30-PGF2a (nir/min) no menianu HOMA-
IR (ym.om.). ¥ rpymi A (6e3 CC3) 1ieit moka3HUK CTAaHOBUB
242,72/5,43 = 44,7, a B pymni b (i3 CC3) — 465,47/6,24 =
74,6, To6TO OYB Y ~1,7 pasa BUILKM Y miarpyri 3 MaHicect-
HUM aTepoCKIepPOTUYHUM ypaxeHHsIM. Lle minkpeciioe,
o B nauieHTiB i3 CC3 npupict OC nepeBuillye npupict
iHCYJIIHOPE3UCTEHTHOCTI, i mianTpumye KoHuerniito OC 5K
«T1apajie;IbHOTO» PU3UKOBOTO BUMIpY, SIKUIi IOTIOBHIOE, a
He nyomoe HOMA-IR.

3. Ilepexputts po3noniniB 8-i30-PGF2a mix rpymamu
A i b. Meniana 8-i30-PGF2a y rpyni b (465,47 nir/mu)
MepeBUIIY€E BEpXHiit kBapTuib rpynu A (391,05 nr/mi).
Lle o3nayvae, 110 nmoHaz 50 % nauienTis i3 CC3 MaloTh 3Ha-
yeHHs1 OC, BUILI 3a BEPXHIO YBEPTh PO3MOILTY IalliEHTIB
6e3 CC3. Take po3MexXyBaHHS B KJIACUUHUX «MUPHUX»
MOIYJISILISIX CITOCTEPIra€ThCs PiIKO M Y3romKy€eThCS i3 3a-
MPOTIOHOBAHOIO TIMOTE3010 MPO MiACUIIOBATbHUI BIUIUB
XPOHIYHOTO BOEHHOTO CTPECY, SIKUi 3Millye YBECh PO3ITOIiT
OC y nauienriB 3 ACC3 Bule Bin peepeHTHUX 3HaYeHb
MeTaboJIiYHO TTOPiBHSIHHUX TPYII.

O6roBopeHHs

PesynpraT Haloro nOoCaiaKeHHs MiATBEPIKYIOTH i
TOTIOBHIOIOTH YSIBIIEHHS PO KJIIOYOBY poJib F2-i3ompocTa-
HiB sIK iHTEerpaJibHOro 6ioMapkepa KapJaioBacKyJIsSIpHOTO
pu3uKy B nmauieHTiB i3 1112, ocobimBo B ymMoBax Iii 10-
JMATKOBOTO XPOHIYHOTO TICUXOEMOIITHOTO HaBaHTaXKEHHSI
BOEHHOTIO Yacy. MU NpoaeMOHCTPYBajy TPY BaXKJIMBi B3a-
€MOIIOB’sI3aHi CIIOCTepeskeHHsI: 1) CTyImHYacTe 3pOCTaHHSI
8-i30-PGF2a i3 36inbmennsm IMT i HOMA-IR; 2) 36epe-
KkeHHs1 OC-curHaiy B Ipymi 3 OXKUPiHHAM | CT. (HYCKIMIA,
HIXK 3HAYYIIUNA CTAaTUCTUYHUIA, MOPIT, ajle KIiHIYHO BaX-
nuBuii); 3) BUcokoBiporinHe nocuieHHsa OC y mauieHTiB
3 MaHi(heCTHUM aTePOCKIEPOTUUYHUM YpaXkeHHSIM, TOJI SIK
HOMA-IR ta IMT y wiii miarpymi He okasanay He3aJaexXHOI
ITUCKPUMIHAHTHOI IOTY>KHOCTI.

F2-izonpocTtann — yHiKaJIbHUI KJ1ac €MKO3aHOIMIB,
10 OPMYIOThCS LIJISIXOM KaTaji30BaHOTO BUILHUMM pa-
IMKajJaM{ IePOKCUIHOTO OKMCHEHHS apaXiZOHOBOI KMC-
JIOTH, SIKA 3aJIMIIAETHCS eTepruiKOBAaHOK B MEMOpPaHHMX
dochonininax [3, 4]. Ha BinmiHy Big pepMeHTaTUBHUX
MPOIYKTiB LIMKJIOOKCUTEeHA3, YTBOpeHHs1 F2-i3ompocra-
HiB HEe MPUTHIYYETHCS iHTiIOITOpaMM LIMKIOOKCUTEHA3U.
[Ticst BuBinbHeHHS pocdoiinazamu A2 y BiIbHii popMi
8-130-PGF2a nupkyioe B miaasMi, 3B’SI3yETHCS 3 TPOM-
OOKCaH-IPOCTAHOIMHUMHU peLeNTOPaMM TPOMOOILIUTIB i
CYIVMHHUX IIafeHbKUX M’sI3iB i HAAXOAUTh a0 cedi [17,
18]. Cucremaruunuii Metaanasni3 Graille Ta cmiBaBt. [17]
MiATBEPAMB BaliHICTh 8-i30TpocTaHy sIK Oiomapkepa
cucteMHoro OC y IIMpoKOMY CIEeKTpi KJIiHIYHUX CTaHiB,
toni IK Menzel Ta cmiBaBT. [18] mo3uiionyBanm oro sk
OIVH 3 HAWOUIbII BiITBOPIOBAHUX 0iOXiMiYHUX ITOKA3HU-
KiB ex vivo ouinku OC.

YV Haiit koropti onHouacHe 3poctanHs IMT, HOMA-
IR i 8-i30-PGF2a y3romxyeThcst 3 KOHIEMIIIEI «MeTado-
JIIYHOTO OKCHIATUBHOTO IIUKJTY», JIe BicliepajibHa auTIO3M-
TapHa TKAHWHA € SK KEPeJIoM, TaK i MIilIEHHIO0 aKTUBHUX
dopm kuchio (ADPK) [19, 20]. AnumounTu B cTaHi rimep-
Tpodii MPOIYKYIOTH MiABUILEHY KiJIbKICTh CyIepOKCHI-aHi-
OHY ITepeBaxkHO uepe3 akTuBailito NOX4 i MiToOXOHIpiaabHy
IUCYHKIIIIO, IO TapayIeJIbHO CIIPUsIE CeKpellil ITpo3anaib-
Hux agumnokiniB (TNF-a, IL-6, MCP-1) [20]. ILle mopyiye
IHCYJIIHOBY CUTHaJTi3allilo Yepe3 cepnHoBe pochOopUIioBaH-
Hst IRS-1 Ta aktubanio JNK/NF-kB, 3amukatouu koso IP
- TIiMepriiKeMis — MIIOKOTOKCUYHICTh — momanbinuit OC.
Costabile Ta criBaBT. [21] cepen ocib 3 BUCOKMM Kapmio-
MeTa0OJIiIYHUM PU3UKOM BUSBWIM TiCHY MO3UTUBHY KO-
peJsiiito 8-i30mpocTaHy cedi 3 auIo3uTapHOI Maco0 Ta
HOMA-IR. Hauri gaHi po31IMpIoOTh 1i CIIOCTEPEXKEHHS
Ha YKpaiHCHKY ITOMYJISIIIIO Mali€HTiB 3 MaHipecTHuM LIJ12,
JIOAATKOBO AEMOHCTPYIOUM, 1110 OCHOBHUIA 610JIOTYHO 3Ha-
gymuii ctprook OC BimOyBa€eThcs came IpU IIepexomi 10
oxupinus [—III ct.

LlenTpanbHOIO 3HAXiAKOI HAIIOIO MOCJiIXKEHHS €
CIIOCTEePEKEHHS, 110 B ITAIliEHTIB 3 MaHi()eCTHUMHU TSIK-
kumu CC3 piBeHb 8-i30-PGF2a BUCOKOBIpOTimHO BUIIMIA
(p <0,001), Tomi sxk HOMA-IR y wiii migrpymi cTaTUCTIY-
HO He Bilpi3HSIEThCS Bim Takoro B nauieHTiB 6e3 CC3. Lg
IMCOLaLIis], migCHIeHa OTpUMaHUM HaMu ~1,7-KpaTHUM
3pOCTaHHSIM KOMMO3UTHOrO iHAuKaTopa 8-i30-PGF2a/
HOMA-IR, mae rnmuboke natodiziosoriuHe mossiCHeHHSI.

[To-nepure, OC € iHTErpoBaHOIO KiHIIEBOIO JIAHKOIO,
y SIKill cxoasaThCs e(eKTH rinepriikeMii, nucainigeMii,
apTepiallbHOI TinmepTeH3ii, OXXMPiHHS Ta IICUXOEMOLIiii-
Horo HanpyxeHHd [22, 23]. Innekc HOMA-IR Bimo6pa-
2Ka€ JUIIe OIHY CKJIaIOBY LIOIO MPOLIECY — iHCYJIiHOBY
YyTJIWUBICTh Y CITOKOI, i HE BpaxoBY€ MiKOBUX Bapiailiit
IJIiKeMii, Jirmornepokcuaalii Ta XpOHiYHOTO 3amaJieHHs
HU3bKOI iHTeHCUBHOCTI. Wang Ta criBaBT. [9] mokasauu,
110 KOJIMBaHHS TJikeMii (glycemic variability) HabaraTo
CUJIbHIIIIE aCOIIIIOETHC 3 i30IIpOCTaHAMU, HiX CTa0iIbHA
rinepriikemis.

[lo-npyre, 8-i30-PGF2a € npssMuM maToreHeTUIHUM
rpaBleM y CYIMHHOMY YIIKOJXKEHHIi: yepe3 aKkTUBallilo
TpOMOOKCaH-IIPOCTAHOIMHUX PELEITOPiB BiH IMPOBOKYE
Ba30KOHCTPUKILiIO, Ipotidepallito riageHbKIX M’ SI3iB, aj-
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resiro TPOMOOLIUTIB Ta eKCIIpECcilo MOJIeKy aaresii [5, 6].
Osmenda Ta criiBaBT. [24] mokasaiu, 110 MmoJiMopdi3Mu cy-
oomuHuii p22phox NADPH-okcunasu 6e3mocepeaHpo KO-
PEJIoIOTh 3 EHI0TENiaIbHOIO TUCHYHKITIEIO Ta aTepOCKIIe-
posom nipu 12 came yepes minuiiieHy npoaykiiiro AQK.
Abd-Elmoniem ta criiBaBT. [25] y KJIiHIKO-TpaHCSLIIITHOMY
JMOCITIKeHHI MoJjioaux nauieHTiB 3 LIJ12 3a0oKyMeHTyBaIu,
110 paHHi CTPYKTYPHO-(DYHKIIIOHAIbHI 3MiHN €HIOTEIiI0
nepenyioTh MaHi(PeCTHUM TTOISIM i KOPETIOIOTh 3 0ioXiMiu-
aumu Mapkepamu OC. Qiu Ta criBaBT. [26] moxkasanu, 1o
NADPH-okcunasa onocepeIkoBye OKCUIATUBHUI CTpeC
i IUIYHOYKOBE PEMOJIEIIOBAHHS Y€pe3 CUTHAIbHUM LIJISIX
SIRT3/FOXO3ay niabeTMuHUX TBAapUH.

Ilo-Tpere, oTpMaHa HaMM KapTUHA MiAKPECIIIOE, 1110
B YMOBax XpOHiUHOTO BOEHHOTO CTpecy KapaioMmeTado-
JIIYHUT pu3UK 3MilnyeThes: 3B’ 130k HOMA-IR - CC3,
SIKMIA 3a3BUYail CIIOCTEPITa€ThCS Y «MUPHUX» MTOITYJISILIiSIX
[23], 3amackoBaHuii yHiBepcaiabHoIO akTuBalieio OC. IH-
IIUMU CJIOBAMU, XPOHiIUHE aJTOCTATUYHE HABAHTAXEHHS
BOEHHOTI'O Yacy MOXe [isSITU SIK TJIO0ATbHUIA IincuaoBay
OKCHUIATUBHOTO CTpeCy, HiBEIIOUYU JUCKPUMIHAHTHY
cuny HOMA-IR.

CucrematuyHuii oryisim Osei Ta criBaBT. [10] moky-
MEHTYE 3B 30K MixX MEepBUHHUMM MediaTopaMM alocTa-
TUYHOTO HaBaHTaXXeHHs (KOPTU30JI0M, KaTexoJlaMiHaMU,
npo3anajJbHUMU IUTOKiHAMM) Ta PO3BUTKOM MeTaboJIiu-
Horo cuHapomy. Lawrence i Scofield [11] aeTamizyBanu, sk
IUCPEryJisiliist oci «rirnoranamyc — Tirnodi3z — HaTIHUPKOBI
3a03u» 1pu [ITCP tpaHcaoeTbes y Gi3ndHy NaTOJOTIIO,
BKJIIOYHO 3 KapaioMeTaboJiyHUMU nopyiieHHsIMu. KoH-
uernuist ctpecoBoi etiosorii LIZI2 Sunena i Mishra [12] Ta
ananiz Seal i Turner [27] mono paHHBOI aaBepcii i mi3Hi-
11I0TO CTPECY IMiAKPECTIOITh, 1110 TPUBAIUM KOPTU30JIOBUMA
Ha/UTUIIIOK aKTHUBYE TJIOKOHEOTEeHE3, 3HUXYE iHCYJIiHOBY
YyTJIMBICTb, CIIPUSIE BiCLIEPAJTbHOMY OXMPIHHIO i 3ama-
JIEHHIO.

KitouoBe 3HaueHHs IS iHTepIipeTallii HalllnuX JaHuX
MaloTh JOCJiIKEeHHsI, BUKOHaHI B YKpaiHi B yMOBax ak-
TUBHOI a3y BiliHU. Sulaieva Ta crmiBaBT. [14] B MacIi-
TaOHOMY OTIUTYBaHHI YKpaiHChbKMX mauieHTiB i3 1112 3a-
MOKYMEHTYBJIU TOTipIIEHHS TJIIKEMIYHOTO KOHTPOJIIO,
rnepepBu B NIPpUITOMI TperapariB, TPUBOTY i Aenpeciio,
MepeMillleHHS Ta 3HUXKEHHS TOCTYMy A0 MEAUYHOI 1010~
MOTU — YCi YMHHUKU, 110 CTBOPIOIOTH ifeasibHe TaTodi-
3ionoriuHe cepenoBuuie mias akrupauii OC. Shkoruta ta
criBaBT. [28] 3acdikcyBanu 3pOoCTaHHS YaCTOTH iHCYJIBTIiB
B IBaHO-®panKiBChKiit obnacTi min yac BiliHM; Butska Ta
cmiBaBT. [29] onucanu KOMIUIeKCHI peabimiTauiti mim-
XOIIM JUIsI TIALIEHTIB 3 BUCOKUM pPiBHEM NCUXO(i3MIHOTO
HaBaHTaxkeHHs i LIJ12. Gammoh Ta cmiBaBt. [13] momm-
PWJIN 11i CIIOCTEPEXKEHHS Ha TepeMillleHUX 0ci0 3 perioHiB
OoiioBuX miil. ¥ KkoHceHcycHOMY noKyMeHTi Diabetologia
2025 [15] YkpaiHa mo3uIlioHYETHCS K B3iplIeBUIA TPUKIIAL
MacIITaOHOTO BIUIMBY BiliHM Ha BeaeHHs LIJI, 1o motpe-
0Oy€e cucTeMHOI ITepeOynoBy KiIiHiuHMX anroputmis. [1apa-
nenbHO Lushchak Ta criBaBT. [30] BUCYBalOTh KOHIICTIIIIIO
MiToxoHIpiaabHOI «opKecTpoBKM» [ITCP — xpoHiuHmit
cTpec 6e3rnocepenHbO MOLIKOIXYE MiTOXOHIpialbHY
¢yHKIIi10, 110 Kopemtoe 3i 30inbmeHHsIM ADPK i F2-i30-
npocTaHiB. Fontes Ta ciBaBT. [31] onmmcanu Helipore HHUIA

¢OoH cTpec-acoliiioBaHOI TillepTeH3il Yepe3 CUMIIaTUIHY
rinepakTuBallito, 1110, y cBoo 4yepry, aktusye NADPH-
oKkcuaaly B CyIUHHIl cTiHMi [24].

OTxXe, Hallli IaHi BiZIoOpaXkaloTh CUHEPTeTUIHUI ePeKT
JIBOX XpOHIYHMX HaBaHTaXXeHb — MeTa0O0IiYHOrO (0XUpPiH-
Hs1/1P) i mcuxoemouiitHoro (BiitHa) — 3 8-i30-PGF2a sk
CHiJIbHUM BUMipIOBAaHUM TiACYMKOM.

OTtpuMaHi pe3yJabTaTH MaIOTh KiJIbKA KIIIHIYHUX iMIT-
nmikanii. I[Mo-nepure, 8-i30-PGF2a Moxe ciayryBatu
IOJATKOBUM HEiHBa3MBHMUM OioMapKepoM pe3uayalib-
HOTO KapIioBacKyJSIpPHOTO pU3MKY B naitieHTiB 3 LIJ12,
ocobauBo y Tux, y koro HOMA-IR ta IMT He noBHi-
CTIO TIOSICHIOIOTh KJIiHIYHY KapTUHY; 1€ Y3TOIXKYEThCS
i3 3aNMpONMOHOBAHUM HaMM MMCOILiOBAaHUM iHAUKATO-
powm 8-i30-PGF2a/HOMA-IR. Ilo-npyre, TepaneBTUYHI
cTparerii 3 TOBeeHUM aHTUOKCUIAHTHUM e€(EeKTOM, 30-
KpeMma iHTibiTopu HaTpili-IIIOKO3HOTO KOTpaHCIIopTepa-2
(SGLT2i) Ta aronictu peuentopiB GLP-1 (GLP-1 RA),
MOXYTbh MaTHU OCOOJIMBY LiHHICTb Yy Lilt momysii. Luna-
Marco ta cmiBaBT. [32] cucTeMaTU3yBaIu AaHi OO0 10~
KpalllaHHs MiTOXOHApianbHOI (QyHKIIT Ta peaykuii OC
i BIUIMBOM LMX KiaciB. Li ta cmiBaBT. [33] i Preda ta
cniBaBT. [34] minTBepmKyoOTh, 10 SGLT2i mokpaiyoth
eHIoTedialbHy (DYHKIIiI0 YaCTKOBO Uepe3 MpsIMY aHTU-
OKCHUAAHTHY Jito, 3HMXKeHHs ekcrpecii NADPH-okcu-
a3y Ta cTabiIi3alilo MiTOXOHIPialbHOIO Pe1OKC-CTaHYy.
CyuacHi pekomennanii ADA 2025 [1] Ta ESC 2023 [2]
MEePeBOASITH 1li MpenapaTy y Mepuly JiHilo IJIs1 Mali€eHTiB
3 IIJI2 i BUCOKMM i Dy:Ke BUCOKMM KapHiOBaCKYJISIPHUM
PM3UKOM, 0c00JIMBO 3a HasiBHOCTI MaHiecTHux ACC3,
cepleBOi HEIOCTaTHOCTI a00 XPOHIYHOI XBOPOOU HUPOK.
[To-Tpete, Hamli criocTepeXkeHHsI OOTPYHTOBYIOTh J101aT-
KOBi AOCHiIXeHHs e(peKTUBHOCTI MCUXOJOriYHOI Mia-
TPUMKU, KEPYBaHHS CTPECOM i peadimiTaiifHuX IIporpam
[29] stk an’rOBaHTHMX CTpATETiil, 1110 MOXYTb 3HUXKYBaTH
OC i kapaioBacKyJsIpHY CMEPTHICTh Y IMBiJIbHOTO Hace-
JICHHSI B YMOBAX BiliHM.

OomexeHHs1 gocaimkenns. [lonepeuHuii nu3aiiH He
JIO3BOJISIE BCTAHOBUTU TIPUYMHHO-HACIIKOBI 3B’SI3KU;
MPOCIEKTUBHE CIIOCTEPEKeHHsI HEOOXimHe IS Balimalii
nporHocTuyHoi cviau 8-i30-PGF2a. BimHocHO HeBenm-
KUt o0csT BUOipku (n = 88) Ta OMHOLIEHTPOBUIA XapaKTep
00MEXYyIOTh reHepaiizauitoo. [1psMux oLiHOK XpOHIYHOIO
nicuxojioriuHoro crpecy (PSS-10, PCL-5) He npoBonuocs.
Koptuzon, anunokiHu Ta KJacCUYHi MapKepu 3amnajeHHs
(hsCRP, TNF-a, IL-6) He BU3HAYaIUCh i 3aJTUIIAIOTHCS
MPiOpUTETOM IIJIs ToAaibIIol podbotu. 8-i30-PGF2a ori-
HIOBaBcs oqHOpa30Bo. He mpoBeneHo (popmMaabHOI OLIIHKK
rinikemiuHoi BapiabenbHOCTi (CGM), sika, 3a naHumu [9],
TicHo Kopenoe 3 OC.

BucHOBKM

1. BcTaHOBIIEHO, 110 BUPAXXeHiCTh OKCMIATUBHOTO CTpe-
cy 3a piBHeM cupoBaTkoBoro 8-i30-PGF2a ogHocnipsimoBa-
HO 3pOCTa€ 3i 30UIBIICHHSIM CTYIICHS iHCYJIiHOPE3UCTEHT-
Hocti (HOMA-IR) ta iHmekcy macu Tiia B naiieHTiB i3 LIJ12
B YMOBaX XpOHIUHOTO CTPECY BOEHHOTO Yacy.

2. HaiiBumia konuenTpaitist 8-i30-PGF2a cnioctepira-
€ThCs B MalieHTiB 3 HaliBuIuM piBHeM HOMA-IR (meni-
aHa 6,27 yMm.on.) i HanGinpmuM IMT (Memiana 40,3 xr/m?),
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110 BimoOpaxka€ CHMHEPTil0 MeTabOJiYHUX AeTePMiHAHT
OKCHUIATUBHOTO YIIIKOIKEHHS.

3. IntencuBHicth OC BrucokosiporigHo Buia (p < 0,001)
y TALiEHTIB 3 JOKyMeHTOBaHUMU TsKKMU CC3, 1o min-
TBepIKye poiib 8-i30-PGF2a sik iHTerpanbHoro 6iomapkepa
KapaioBacKyJisipHOTro pusuky nipu LII2.

4. 'Y nocniKeHill KoropTi He 3HaiiIeHO BipOriaHOi pi3-
Hulli B yacToTi BuHUKHeHHs CC3 3a/eXXHO Bil CTymHeHs
IHCYJIHOPE3UCTEHTHOCTI, 110 CBiMYUTH MPO iCHYBaHHS
HeszanexHux Bim HOMA-IR mexaHi3MiB KapaioBacKyJsIp-
HOTO YHIKOMXeHHs, ontocepeakoBaHux OC i, iMOBipHO,
MOCUJIEHUX XPOHIYHMUM MCUXOEMOLIITHUM HaBaHTaXXEHHSM
BOEHHOTO Yacy; 3alpoOMOHOBAaHUI KOMITO3UTHUI IMOKa3HUK
8-i30-PGF2a/HOMA-IR moxe OyTy IpuaaTHUM iHCTpPY-
MEHTOM [UISI cTpaTUdiKallii TAKOTO PU3HUKY.

Konduikr inTepeciB. ABTOpU 3asIB/ISIIOTH IIPO BiZICYTHICTh
KOHJIIKTY iHTepeciB i BjacHOI (piHaHCOBOI 3alliKaBJIEHOCTI
MpU MiArOTOBIIi 1aHOI CTaTTi.

Indopmauis npo dinancysanns. JlociiikeHHsI BAKOHAHO
B paMKax IUIaHOBOI HAyKOBO-oCinHOI po6oTu Y «IHCcTH-
TYT €eHOIOKPUHOJIOTil Ta 0OMiHy pedoBuH iM. B.I1. Komi-
capenka HAMH Ykpainu». 30BHIIIHBOIO KOMEpPIIiiTHOTO
¢biHaHCYBaHHS HE OTPUMAHO.

Etnuni Hopmu. JlociinkeHHs MpoBeneHOo BilMOBiAHO
no I'enbciHCchbKOI nekiiapallii; MPOTOKOJ MOrOIKEeHUN JIo-
KaJIbHOIO KOMICi€I0 3 0i0eTUKM, YCi YIaCHUKM ITiAIIMCAIN
iH(hOpPMOBaHy 3rofy.

IMoasiku. ABTOpU BUCJIOBIIOIOTH MOSKY KOJIEKTUBY J1a-
6oparopii 1Y «IHCTUTYT eHIOKPUHOJIOTIi Ta OOMiHY pevyo-
BuH iM. B.I1. Komicapenka HAMH Ykpainu» 3a BUKOHaH-
Hs1 iMyHO(EPMEHTHUX JTOCTiIKEHb.

Buecok aBropiB. KoBanbuyk A.B. — KoHIIen1is i nu3aitH
TTOCITIKEHHS, KITiHIYHE BeIeHHS Malli€HTiB, CTATUCTUIHUIA
aHaji3, 30ip naHuX, HamucaHHs pykonucy; 3inuy O.B. —
HayKOBe KepiBHUUTBO, peAaryBaHHs, OCTaTOYHE 3aTBEP-
mxeHHs1 pykonucy; Llumkanes-Inmosa K.O. — xiiHiu-
He BeIEeHHS Ialli€HTIB, 30ip JaHUX, KPUTUIHUI TePEerIsii
pykomnucy; Kymnapsosa H.M., ITpubuna O.B., llymnpo-
BUY A.A. — KITiHiYHe BeJIeHHs MallieHTiB, Miadip Ta 00podKa
MaTepiaiiB.
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Oxidative stress, insulin resistance, and cardiovascular risk in patients
with type 2 diabetes mellitus under chronic wartime stress:
a clinical-biochemical study of 8-iso-prostaglandin F2a

Abstract. Background. 8-iso-prostaglandin F2a (8-iso-PGF2a) —
a stable F2-isoprostane recognized as the gold standard biomarker
of systemic oxidative stress (OS) in vivo. Chronic psychoemotional
stress of wartime potentially contributes to OS in civilian patients
with type 2 diabetes mellitus (T2DM). The interplay between OS
intensity, insulin resistance (IR), obesity, and manifestation of car-
diovascular disease (CVD) in this population remains poorly studied.
The purpose of the study is to establish differences in the levels of oxi-
dative stress, represented by serum 8-iso-PGF2a, depending on the
degree of IR and obesity, and to analyse in this context the incidence
of severe CVD in civilian patients with T2DM under conditions of
chronic wartime stress. Materials and methods. In a cross-sectional
observational study, we enrolled 88 civilian patients with T2DM
(duration > 6 months), matched for age and background therapy.
Body mass index (BMI), fasting glycaemia/insulinaemia, HOMA-IR
were measured using standardized protocols, serum 8-iso-PGF2a —
using enzyme-linked immunosorbent assay, (FineTest®). Patients
were stratified by BMI (< 29.9; 30.0—33.9; 34.0—39.3 kg/m?) and
separately by documented major cardiovascular events. Non-para-
metric tests (Kruskal-Wallis, Wilcoxon) were applied. Results. Serum
8-iso-PGF2a concentrations increased significantly in accordance

with an increase in BMI: median 219.44 [182.68—272.62] pg/mL in
non-obese group, 246.41 [190.32—409.05] pg/mL in grade I obesity,
and 431.42 [247.82—622.11] pg/mL in grade I1—III obesity (p < 0.01
between groups 1 vs 3). HOMA-IR rose from 3.34 [2.13—5.07] to
6.27 [3.41-9.00] (p < 0.05). In patients with documented severe CVD
(n=21), 8-iso-PGF20 reached 465.47 [409.05—633.68] pg/mL ver-
sus 242.72 [109.32—391.05] pg/mL in those without CVD (n = 67);
p < 0.001. HOMA-IR did not differ (6.24 vs 5.43; p = 0.596), while
BMI showed only a trend towards higher values in patients with
CVD (p = 0.095). The composite 8-iso-PGF2a/HOMA-IR index
was ~ 1.7-fold higher in the CVD patients (74.6) compared to the
group without CVD (44.7) indicating dissociated amplification of OS
relative to IR. Conclusions. Serum 8-iso-PGF2a levels increase uni-
directionally with the severity of obesity and IR in T2DM patients.
Severe CVDs are associated with substantially higher OS intensity
irrespective of IR level, highlighting the role of OS as an integrative
mediator of cardiovascular injury in T2DM amplified by chronic
wartime stress.

Keywords: type 2 diabetes mellitus; 8-iso-prostaglandin F2a; oxi-
dative stress; insulin resistance; obesity; cardiovascular disease;
wartime stress
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Association of oxidative stress markers
and trace element imbalance
with glycemic control
in type 2 diabetes mellitus

Abstract. Background. An imbalance in favor of oxidants (prooxidants) over antioxidants, which disrupts
redox signaling and causes molecular damage in cells, is known as oxidative stress. Oxidants, often reactive
oxygen species and reactive nitrogen species, are highly reactive molecules produced both endogenously (e.g.,
mitochondria) and from external sources (e.g., pollution, radiation), which can damage lipids, proteins, DNA, and
other cellular components. The purpose of the study was to assess and compare fasting blood glucose, glycated
hemoglobin, malondialdehyde, reduced glutathione, zinc (Zn), copper (Cu), selenium (Se), iron, total cholesterol,
low-density lipoprotein, high-density lipoprotein (HDL), and triglycerides in patients with type 2 diabetes mallitus
(T2DM) and healthy controls. Materials and methods. A total of 200 participants were recruited and allocated
into two groups: 100 patients diagnosed with T2DM and 100 apparently healthy control subjects. The duration
of T2DM and metformin therapy ranged from 1 to 3 years. All diabetic patients were receiving metformin at
a standardized dose of 500 mg twice daily. Individuals with a history of smoking were excluded to avoid poten-
tial confounding effects on oxidative stress and biochemical parameters. Results. The analysis demonstrated
that patients with T2DM exhibited significantly higher levels of fasting blood glucose, glycated hemoglobin,
malondialdehyde, Cu, total cholesterol, low-density lipoprotein and triglycerides compared to healthy controls
(P < 0.05). In contrast, levels of reduced glutathione, Zn, Se, and HDL were significantly lower in the T2DM
group. No statistically significant difference was observed in serum iron levels between patients and controls.
An imbalance in trace elements that regulate oxidative stress is suggested by the rise in Cu and decrease in Zn
and Se; Cu tends to enhance oxidative processes while Zn and Se function as antioxidants; thus, their loss may
worsen oxidative damage. Conclusions. The results show that considerable changes in glycemic indices, lipid
profiles, oxidative stress markers, and trace element status are linked to T2DM. Reduced antioxidant levels and
an increase in oxidative stress indicators point to a possible role for oxidative imbalance in the pathogenesis of
T2DM. Furthermore, sex-related variations in iron and HDL levels might be a reflection of underlying biological
differences that need more research.

Keywords: type 2 diabetes mellitus; oxidative stress; malondialdehyde; glutathione; trace elements; zinc; copper;
selenium; lipid profile

Introduction

Type 2 diabetes mellitus (T2DM) has a long history, with
populations struggling with the disease for centuries, but
its prevalence has surged dramatically in recent decades,
becoming a major global health challenge. Currently, one
in eleven people globally suffers from diabetes, with T2DM
accounting for 90 % of cases. The disease is particularly com-
mon in developing nations that are experiencing fast socio-
economic development [1].

Insulin resistance in peripheral organs and a progres-
sive loss of insulin production from pancreatic [3-cells are
the hallmarks of T2DM. It is the most prevalent type of
diabetes and is frequently linked to metabolic syndrome
elements such as obesity, dyslipidemia, and hypertension
[2, 3]. Type 1 diabetes mellitus as autoimmune (3-cell de-
struction resulting in absolute insulin deficiency, T2DM
(insulin resistance with relative insulin deficiency), ges-
tational diabetes, and other particular forms brought on
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by hereditary or secondary causes are all included in the
classification of diabetes [4].

T2DM is primarily caused by a complicated interaction
between genetic predisposition and environmental factors
like obesity, sedentary lifestyles, and overnutrition. These
factors lead to fat accumulation in the liver and pancreas,
which in turn causes insulin resistance and 3-cell malfunc-
tion [5]. The etiology of T2DM is further influenced by oxi-
dative stress, ectopic lipid accumulation, and chronic inflam-
mation [2, 3]. Gaining an understanding of these pathways
facilitates early diagnosis and individualized treatment plans
meant to avoid problems and achieve glycemic control [6].

Increased thirst, frequent urination, exhaustion, blurred
vision, and sluggish wound healing are among the symptoms
of T2DM that frequently appear gradually; nevertheless,
many people in the early stages of the disease remain asymp-
tomatic [7, 8].

Older age, obesity, physical inactivity, poor food, smo-
king, a family history of diabetes, hypertension, and low
levels of education are important risk factors for T”2DM; new
research also emphasizes the involvement of sleep disorders
and mental health issues [9, 10].

Sedentary lifestyles and high-calorie diets that encourage
insulin resistance and 3-cell dysfunction are directly associ-
ated with the increased prevalence [11].

An imbalance in favor of oxidants (prooxidants) over
antioxidants, which disrupts redox signaling and causes mo-
lecular damage in cells, is known as oxidative stress [12, 13].
Oxidants, often reactive oxygen species (ROS) and reactive
nitrogen species, are highly reactive molecules produced
both endogenously (e.g., mitochondria) and from external
sources (e.g., pollution, radiation), which can damage lipids,
proteins, DNA, and other cellular components [14]. Antioxi-
dants are compounds that prevent or slow oxidative damage
by neutralizing oxidants; they include enzymatic antioxidants
like superoxide dismutase and catalase, as well as non-enzy-
matic molecules such as vitamins C and E, flavonoids, and
reduced glutathione (GSH) [15, 16].

Antioxidants act through various mechanisms including
scavenging free radicals, chelating metal ions that catalyze
oxidation, decomposing peroxides, and repairing oxidative
damage [15], while low levels of ROS are essential for normal
cell signaling and homeostasis (oxidative eustress), excessive
ROS production leads to harmful oxidative stress implicated
in many diseases such as cancer, diabetes, neurodegenera-
tion, and cardiovascular disorders [14].

Maintaining a balance between oxidants and antioxidants
is critical for health, with antioxidant defenses being both
endogenous and supplemented by dietary sources [17].

Aim of the study was to assess and compare fasting blood
glucose (FBQG), glycated hemoglobin (HbAlc), malondi-
aldehyde (MDA), GSH, zinc (Zn), copper (Cu), selenium
(Se), iron (Fe), total cholesterol (TC), low-density lipo-
protein (LDL), high-density lipoprotein (HDL), and tri-
glycerides (TG) in patients with T2DM and healthy controls.

Materials and methods

This case-control study was conducted at Al-Hussein
Educational Hospital, Al-Muthanna, Iraq, in the Bioche-
mistry Laboratory over the period from September 6, 2022,

to December 6, 2024. A total of 200 participants were re-
cruited and allocated into two groups: T2DM group and
controls.

The duration of T2DM and metformin therapy ranged
from 1 to 3 years. All diabetic patients were receiving met-
formin at a standardized dose of 500 mg twice daily. Indivi-
duals with a history of smoking were excluded to avoid poten-
tial confounding effects on oxidative stress and biochemical
parameters.

The T2DM group consisted of 100 patients aged 40—
70 years (50 males and 50 females). The control group
included 100 age-matched apparently healthy individuals
(50 males and 50 females) within the same age range (40—
70 years).

All studied markers were determined according to the
methods described in the following references: FBG [18],
HbAlc [19], an enzyme-linked immunosorbent assay kit
(China) was used to measure MDA, GSH was assessed by
a modified method [20], the flame atomic absorption me-
thod was used to determine the elemental concentrations
in serum samples, TG was evaluated by Fossati and Pren-
cipe method [18, 21], TC by enzymatic method [22]. Phos-
photungstic acid and magnesium chloride precipitate the
sample’s LDL, extremely LDL, and chylomicrons. After
centrifugation, HDL in the supernatant is quantified using
a TC reagent [23].

Statistical analysis. The measured markers were presented
as mean * standard deviations (SD) in statistical analysis
using Microsoft Excel 2021. The study groups’ clinical mar-
kers were compared using a two-way ANOVA test. P-values
were considered statistically significant if they were P < 0.05.

Results

The analysis demonstrated that patients with T2DM ex-
hibited significantly higher levels of FBG, HbAlc (Table 1),
MDA, Cu, TC, LDL and TG compared to healthy controls
(P <£0.05). In contrast, levels of GSH, Zn, Se, and HDL
were significantly lower in the T2DM group. No statistically
significant difference was observed in serum Fe levels be-
tween patients and controls.

The observed higher FBG and HbAlc levels in T2DM
patients confirm poor glycemic control, which is strongly
linked to increased oxidative stress and lipid peroxidation,
as indicated by elevated MDA levels (Table 2).

Table 1. FBG and HbA1c ratio in control and T2DM
groups, mean = SD

Group FBG (mg/dL) HbA1c ratio (%)
Control 85.41 +14.73 5.55 £ 0.34
T2DM 195.52 + 15.75 9.01 £ 0.51

Table 2. Serum MDA and GSH concentrations
in control and T2DM groups

Group MDA (nmol/mL) GSH (pmol/L)
Control 2.21+0.45 347.00 + 25.97
T2DM 3.32 £ 0.63 260.00 + 15.25
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Table 3. Serum element concentrations in patients with T2DM and controls

Group Zn (umol/L) Cu (pmol/L) Selenium (pg/L) Fe (umol/L)
Control 14.88 £ 1.75 18.43 £5.92 14517 £ 12.35 21.56 +4.06
T2DM 8.91+1.54 26.31 + 3.56 118.25 + 10.46 20.63 +5.49

Table 4. Lipid profile concentrations in studied groups, mg/dL
Groups TC TG HDL-C
Control 172.78 + 31.65 113.23 + 20.85 52.62 + 5.93
T2DM 181.61 £ 35.19 143.71 + 30.04 36.01 + 3.46

Increased oxidative damage in T2DM is seen in the posi-
tive correlation between elevated MDA, a measure of lipid
peroxidation, hyperglycemia and dyslipidemia. An imbalance
in trace elements that regulate oxidative stress is suggested
by the rise in Cu and decrease in Zn and Se; Cu tends to
enhance oxidative processes while Zn and Se function as
antioxidants, thus their loss may worsen oxidative damage
(Table 3).

Vascular complications in T2DM are further exacerba-
ted by dyslipidemia, which is characterized by elevated TC,
LDL, TG and decreased HDL. Notably, females had higher
HDL and lower iron levels than males, which may impact
sex-specific risk profiles (Table 4).

Sex-based analysis revealed significantly higher HDL
levels and significantly lower Fe concentrations in females
compared to males (P < 0.05).

Discussion

Because of increased levels of oxidized chemicals within
the cell, oxidative stress is a biological process that disrupts
the redox balance. Numerous health problems and illnesses
such as cardiovascular diseases, cancer, neurological dis-
orders, diabetes, aging, and inflammatory conditions are
closely associated with oxidative stress [24].

In aerobic species, ROS are produced during oxidative
metabolism. The production and removal of ROS are com-
paratively balanced under physiological conditions. On the
other hand, ROS production can dramatically increase under
external, internal or environmental stress, like UV radiation
or elevated glucose levels, resulting in oxidative stress [25].
Oxygen molecules produced by aerobic metabolism give rise
to ROS, which are involved in a number of cellular functions
that are controlled by redox mechanisms. Many functions,
including hypoxia responses, metabolism, immunity, in-
tracellular signal transmission, and transcriptional control,
depend on lower ROS levels. On the other hand, too much
ROS can have harmful consequences and accelerate the on-
set of chronic illnesses [26]. Due to their direct interactions
with particular proteins, lipid peroxidation products have
been shown to be molecules that control a number of im-
portant intracellular processes such as apoptosis, antioxidant
response, and inflammatory signaling [27]; regarding this,
products of lipid metabolism may also be crucial for auto-
phagy activation [28].

The observed higher fasting blood glucose and glycated
hemoglobin levels in T2DM patients confirm poor glyce-

mic control, which is strongly linked to increased oxidative
stress and lipid peroxidation, as indicated by elevated MDA
levels [29, 30]. Increased oxidative damage in T2DM is
seen in the positive correlation between elevated MDA,
a measure of lipid peroxidation, and hyperglycemia and
dyslipidemia [31].

An imbalance in trace elements that regulate oxidative
stress is suggested by the rise in copper and decrease in
zinc and selenium; thus, their loss may worsen oxidative
damage [31]. Patients with T2DM have far decreased le-
vels of GSH, a crucial intracellular antioxidant, suggesting
a weakened antioxidant defense against ROS produced by
long-term hyperglycemia [29]. Vascular complications in
T2DM are further exacerbated by dyslipidemia, which is
characterized by elevated TC, LDL, TG and decreased
HDL.

Notably, females had higher HDL and lower iron levels
than males, which may impact sex-specific risk profiles [32].
When taken as a whole, these findings highlight the intricate
and interconnected roles that poor glycemic control, modi-
fied oxidative stress markers, trace element imbalance, and
abnormal lipid profiles play in the emergence and progres-
sion of problems associated with T2DM [33].

Conclusions

The results show that considerable changes in glycemic
indices, lipid profiles, oxidative stress markers, and trace
element status are linked to T2DM. Reduced antioxidant
levels and an increase in oxidative stress indicators point to
a possible role of oxidative imbalance in the pathogenesis
of T2DM. Furthermore, sex-related variations in iron and
HDL levels might be a reflection of underlying biological
differences that need more research.
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3B’930K MOpPKEpiB OKUCHIOBAABHOIO CTPECY T AUCOAACHCY MIKPOEAEeMEHTIB
i3 TAIKEMiYHMM KOHTPOAEM MpU LYKPOBOMY AiabeTi 2-ro tuny

Pesrome. Axkmyaavnicmp. Inc6ananc OKCUIAHTIB i aHTUOKCU-
JIaHTIB, 11O TTOPYIIYE OKMCHO-BiTHOBHY CUTHAJII3allil0 Ta CIIPU-
YUHSIE MOJIEKYJISIPHI MOIIKOIXKEHHST B KJIITUHAX, BIIOMUIA K
OKUCHIOBaJIbHUI cTpec. OKCUIaHTH, aKTUBHI (HOPMU KUCHIO i
aKTHUBHI (hOPMU a30Ty, € BUCOKOPEAKTUBHUMHU MOJIEKYJIAMH, 1110
YTBOPIOIOThCS SIK €HAOTEHHO (HATMPUKJIAM, B MITOXOH/IPIsIX), TaK
113 30BHIlIHIX MKepen (3a0pyAHEeHHSI, pafiallisl) i MOIIKOMIXYIOTh
JHK Ta iHIIi KIiTUHHI KOMIOHEeHTU. Mema: OLLIHUTU 1 TTOPiB-
HSITU PiBeHb [JIIOKO3U B KPOBI HaTIIIE, IJ1IKOBAHOTO reéMOTIJI00iHY,
MaJIOHOBOTO JiaJIbAETiy, BiTHOBICHOTO TJYTaTiOHY, IINHKY (Zn),
wmini (Cu), ceneny (Se), 3amiza, 3araJbHOTO X0JECTEPUHY, Jill0O-
MpOTeiHiB HU3bKOI, BUCOKOI 1miabHOCTI (JITIBILL) i Tpurainepumis
y MaI€HTIB i3 IyKpoBUM niabetoMm 2-to tury (LI12) Ta 3mopoBux
JIofieit KOHTPOJIbHOI rpyriu. Mamepiaau ma memoodu. 3arajaoMm i
crioctepexeHHsIM nepedyBano 200 ocib, SKUX po3MOIiIWIN Ha
nBi rpynu: 100 mauieHTiB i3 miarHozom LIJ12 ta 100 mpakTuaHO
310pOBUX Jtoneit (KOHTpoJibHa rpyna). TpusanicTs Tepamii LI/12
3a JOMOMOTI0I0 MeThOopMiHy ITepedyBaia B MexXaxX Bil 0JHOTO
JI0 TPHOX POKIB. Y¢i MallieHTHU i3 IyKPOBUM 1iabETOM OTPUMY-
BaJIM TIpenapar y cTaHmapTu30BaHiil 1031 500 Mr IBivi Ha IEHb.
Oco0u 3 KypiHHSIM B aHaMHe3i OyJTM BUKJTIOUEHi, 11100 YHUKHYTU
MOTEHIIITHOTO BIUIMBY HAa OKMCHIOBAJbHUI cTpec Ta OioXiMiuHi
napameTpu. Pesyasmamu. AHali3 okasasB, 1110 B MaIli€HTIB i3
LIJ12 crocTepiraaucs BipoOTiaHO BUIII PiBHi ITIOKO3M B KPOBi

HaTIIE, TJIIKOBAHOTO TeMOTJIO0iHY, MaJIOHOBOTO mianbaeriny, Cu,
3araJbHOTO XOJIECTCPUHY, JIIMOMPOTEiHIB HU3bKOI IIILHOCTI Ta
TPUTJIILIEPUIIB MOPiBHSIHO 3i 3MIOPOBUMM JIOAbMU KOHTPOJIbHOI
rpynu (P < 0,05). HaroMicTh mapamMeTpu BiITHOBJIEHOTO IIyTa-
TioHy, Zn, Se i JITIBLLL 6ynu BiporimHo Hkuumu B rpymi LIJ12.
CTaTUCTUYHO 3HAYYIIOI Pi3HUII B CMPOBATKOBUX PiBHSIX 3aji3a
MiX TMalliEHTaMU Ta KOHTPOJBHOIO IPYMOI0 HE CIIOCTepiraaocs.
ITpo nucbanaHc MiKpOEIEeMEHTIB, 110 PEryJII0I0Th OKMCHIOBAJb-
HUI cTpec, CBIMUUTD MinBuieHHs BMicTy Cu i 3HMKEHHS — Zn
Ta Se; Cu Ma€ TeHIEHIIiIO TTOCHTIOBATU OKMCHIOBAIbHI IIPOIIECH,
ToMi SIK Zn i Se (OyHKIIOHYIOTh SIK aHTUOKCUAAHTU, TOMY 3HU-
JKEHHS 1X piBHS MOXe MTOCUJIUTU OKMCHIOBAJIbHI MOIIKOIKEHHS.
Bucnoexu. Pe3ynbraTy OKa3yIOTh, 1110 BipOTiTHI 3MiHU TIIiKEMid-
HUX iHIEKCIB, JIIMiTHOTro Mpodilio, MapKepiB OKUCHIOBAIILHOTO
cTpecy Ii cTaTycy MiKpoeJeMeHTiB moB’si3ani 3 LIJ12. 3HrKeHHs
piBHS aHTMOKCHUIAHTIB Ta MiABUIIEHHS MTapaMeTPiB OKMCHIO-
BaJIBHOTO CTPeCy BKa3ylOTh HAa MOXJIMBY POJIb OKMCHIOBAJILHOTO
nucbanaHcy B mmatoreHesi LIJ12. Kpim Toro, moB’si3aHi 3i cTaTTio
Bapialii BmicTy 3aniza ta JITIBILL MoxyTh OyTU BimoOpakeHHSIM
OCHOBHMX 0i0JIOTIYHUX BiIMiHHOCTEH, SIKi MOTPEOYIOTh 10JaT-
KOBHUX JAOCIIIKEHbD.

KimouoBi ciioBa: nykposuii giaber 2-ro TUILY; OKUCHIOBAILHUIA
CTpec; MaJIOHOBUI iaJbACTiA; IIyTaTiOH; MiKpOeJIeMEeHTH; LINHK;
MiJlb; CeJIeH; JIIMiaH1I mpodiab
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AHOAMNAQCTUYHUN PAK LLUTOMOAIOHOT 30A03M:
KAIHIKO-OHKOAOTIYHI XOPOKTEePUCTUKN
TA NPOrHOCTUYHI YUHHUKU
HOUAETAABHILLIOro TUPEOIAHOIO PAKY

Pe3rome. AkTyanbHicTb. [aHi nitepatypu ocTaHHIX POKIB BifobpaxarTb CyTTEBE MiABULLEHHST HAYKOBOIo
iHTepecy [O eTionorii, MONeKynsapHUX NOpPYLUEHb, 6i0NIOrYHNX 0COBIMBOCTEN, MPOrHOCTUYHMNX 3MIHHUX Ta Te-
paneBTUHYHNX MOX/IMBOCTEN LLOAO aHarnIacTU4HOro paky LymtonogioHoi 3anosu (L3). PigkicHicTs natosorii,
CKagHoLLi y LUBUAKIVI giarHOCTULi Ta BiCYTHICTb €(heKTUBHMX TepaneBTUYHUX MigXoAiB A5 JliKyBaHHS 3yMOB-
JII0I0Tb KatacTpogidHO HU3bKUY PiBEHb BUXXMBAHOCTI nayieHTiB. BogHo4Yac KOMIMAEKCHUV nigxig Ao npoéaemu
(MoneKkynsapHuii natoreHes, To4Ha [iarHoCTUKa, KiiHIYHI MposiBU, YAOCKOHANEeHHs MyibTUMOAanbHoI Tepariii)
CMPOMOXHUY 3abe3rneYnT CyTTEBUV MPOrPec y NiKyBaHHI HaviarpecuBHILLIOI cepen yCix TUPEOIgHUX MyXIINH
kapymHomu. MeTta: npoBeAeHHs peTPOCNEeKTUBHOIO aHasidy KiiHIYHUX JaHUX nayieHTiB 3 aHan1acTu4yHoK Kap-
ymHomoro L3 1j0[0 giarHOCTUKM, XapakTepuCTUK MyX/IMH Ta YNHHUKIB, SKi MOXYTb BIMBAaTU Ha TpUBasicTb
nicrisgonepayiviHoro nepiogy XwWTTs nauyieHTiB Ta piBeHb ix BumxuBaHocTi. MaTepianu ta meroaum. [lpoBeneHo
PeTpoCreKTUBHWMI aHasi3 gaHnx 27 XBopux 3 aHannactudHum pakom L3, siki 6y o6¢cTexeHi Ta npooneposaHi
B nepiof 3 1989 [o 2024 poky. AHanidyBanu: Bik, CTaTb, PO3MIPU MyX/IVH, pe3ysibTaTv UNTONIOMNYHUX JOCTAXEHb
acnipariB, HasiBHICTb MeTacTasiB (perioHapHux Ta BigganeHux) Ta iHBasii kapumHom (y Karcysny T1a cyauHm
MYyXJIMHN, [HTPa- 4u eKCTpaTupeoiaHy), o6Csr XipyprivHoOro BTpy4aHHs, ricrisonepayiviHe sikyBaHHs, a Takox
TPUBAJIICTb XUTTS Ta piBEHb BUXMBAHOCTI XBopux. Pe3ynbTatn. BectaHosieHa Bificy THICTb 6YAb-SKUX BiMIH-
HOCTeN KITIHIYHUX XapaKTepuCTUK 3axXBOPIOBaHHS, @ TaKoX MeLiaH TpUBasioCTi Mic/Ii0nepayiviHoro XnuTTs, PIBHS
neTanibHOCTI | BUXMBAHOCTI XBOPUX PIBHOI CTaTi, Lo CYTTEBO BiAPI3HAETLCA Bif TaKoro 3a AngepeHuyiriosaHnx
TUPEOIAHNX KapUMHOM. TaKi KMiHIYHI XapakTepucTuKu, K 3Ha4YHMV PO3MIP MyXJInH, iX LUMPOKAa iHBa3iViHICTb (Lo
MOLLUMPIOETLCS HA KPUTUYHI OpraHu, siKi OTOHYrTb 3as103y), perioHapHe MetactasyBaHHs NepeBaxHo y nimgo-
BYy3/m niatepasibHUX BiAINIB i, HasBHICTb BigAasneHnx metactasiB (4actota ix 36inbLuyeTbCa 3 MigBULLEH-
HSIM pO3MIpY MyX/InH), KaTacTpohiHHO HU3bKa TPMUBAJIICTb MICAS0NepaLiviHoro XuTTs XBopux (dka Lye 6binbLue
3MEHLLIYETLCS 3a HAasIBHOCTI 3a3HAaY€HNX XapaKTepuUCTUK), BUCOKA NIeTaslbHICTb, CBig4YaTh Mpo HajarpecuBHui
Xapaktep aHannacTnyHoi kapumHomu. IHTpa- Ta ekcTpatupeoinHa iHBasisi, BigaaneHe metactadyBaHHs Ta po3-
Mip ryXJiMHy noHaz 8 cM € rporHOCTUYHUMM GiONIONYHUMM MapKepamu BUXNBAHOCTI XBOPUX, a NoBHa pe3eKLis
MyX/avHW Ta NpoBeLEHHS 30BHILLHbOI NPOMEHEBOI Teparnii — MO3UTUBHUMM TepaneBTUYHUMN hakTopamu, Lo
BMMBAKOTh Ha MPOrHo3 3axBoptoBaHHs. BucHoBkun. CripssMoBaHi JOCIAKEHHSI OCHOBHUX NaToreHeTuYyHuX T1a
KITIHIYHUX acrekTiB naTtosiorii, a TakoX YAOCKOHAaJIeHHS MYJIbTUMOLZAsIbHOI cTpaTerii 1iKyBaHHS, BKIIOYao4m
HasiBHi METOAM pa3oM 3 PO3POOKOI0 Ta 3aCTOCYBaHHAM TapreTHoI Ta iMyHoTeparnii, MOXYTb CYTTEBO MOMINLINTYN
3aralibHy BUXKUBAaHICTb NPpUpeYeHnx nayieHTis.

Knro4oBi cnoBa: anannactnyHa kapymHoMa LMTONo[IGHOI 3a5103u; iHBa3is; MeTactasu; PO3Mip MyX/H; JiKy-
BaHHS; TPUBASIICTb XUTTS; BUXKMBAHICTb

© «MixHapogHWii eHLoKpUHONoriuHuiA xypHan» / «International Journal of Endocrinology» («<Miznarodnij endokrinologicnij Zurnal»), 2026
© Bupaseup 3acnascokuii 0.10. / Publisher Zaslavsky 0.Yu., 2026

[Ins kopecnoxpenuii: Tumkis AHapili Bacunbosuy, Haykouil cniBpoOITHIK, BiAAIN OPGAHHUX eHAOKPUHHYX XBOPOO Ta eHAOKPUHHOI Xipyprii, [IY «IHCTUTYT eHAoKpUHONOrii Ta 06MiHY peyoBIH iMeHi
B.I1. Komicapexka HAMH Ykpaitu, Byn. Buwropogcbka, 69, m. Kuig, 04114, Ykpaia; e-mail: atymkiv89@ukr.net; Ten.: +380 (95) 130-54-79

For correspondence: Andrii V. Tymkiv, Research Fellow, Department of Orphan Endocrine Diseases and Endocrine Surgery, V.P. Komisarenko Institute of Endocrinology and Metabolism of NAMSU,
Vyshhorodska st., 69, Kyiv, 04114, Ukraine; e-mail: atymkiv89@ukr.net; phone: 4380 (95) 130-54-79

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

34 MiXXHOPOAHUIN €HAOKPUHOAOTIHHWIA XKYPHOA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 22, N2 4, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Bctyn

AHamniaacTuyHa KaplMHOMA IIUTOIOAIOHOI 3a103U
(AK II3) € omHuM 3 HalicMepTeJbHIIINX HOBOYTBOPEHD 3
HU3BKOIO MeJIiaHOI BMXKMBAHOCTI XBOPUX, sIKa TOB’sI3aHa
3 XBOp00o10 (Mpuban3Ho 3—4 Mic.), HU3bKOIO 3arajibHOIO
BUXKMBAHICTIO YIIPOIOBXK OIHOI0 poky (1o 20 %) ta maiixke
3i 100% netanbHicTiO, siKa 3abe3neuye 50 % ycix cMepTeit
Bin 3mogkicHux myxiiuH 113 [1]. [Toranmit mporxno3s mpu AK
noB’sa3aHuii 3 il HenudepeHiHoBaHUM (PEHOTUTIOM, SIKU
BUMHUKAE BHACIIIOK MPOTpecytodoi AeandepeHiianmii myx-
JIMHHUX KJTTUH nudepeHIifoBaHNX KApIIMHOM Y pe3yJibTaTi
HaKOIMUWYEeHHs crielu(piyHUX TeHeTUYHUX AedeKTiB [2].

Xoua aHaIIaCTUYHMI paK € HallarpeCUBHIIIIMM Ta Haii-
LLIBU/IIIE TTPOTPECYIOYUM, BiH MPU LIbOMY HaliMEHILIE MOIIH-
peHUIA TTOPiBHSHO 3 iHImmMu Tuiamu paky 13 (Bix 0,2 mo
9,8 % Bin 3araabHOI KiTBKOCTI BUMAIKIB 3TOSKICHUX TyXJIMH
1113) [3]. Cepen MOXIUBUX YMHHUKIB PU3UKY BUHUKHEHHS
AK Ha3uBaroTh TpHBaJie iCHyBaHHSI 300a Y1 HeliarHOCTOBa-
Hoi nudepeHIiiioBaHoi kKapuuHoMu 1113, s1Ki moB’s3aHi (1o
MEeBHOI MipH) 3 medillMTOM MOy y JOBKiLIi [4, 5].

3 orisily Ha BUCOKMIA piBEHb CMEPTHOCTI XKUTTEBO BaXK-
JIMBUM € MOBHEe po3yMiHHs npuponu AK, ocobnauBocreit
NiarHOCTUKU, KJIIHIYHUX MPOSIBIB Ta apceHaly Hi€BUX JIi-
KyBaJIbHUX CTpaTerTiii om0 Hei. Ha cboroaHi icHye 3Ha4HO
MEHIIIe TeparneBTUYHUX MiAxXoiB 1s1 JikyBaHHs AK, Hix
17151 nudpepeHIIiioBaHOro paKy, i BOHU 3a3BUYail mependa-
YaloTh MYJILTUMOIAIbHY cTpaTerito [6]. [ToiTrKa JikKyBaH-
Hs1 0a3yeThCsl Ha XipypriyHoMy BTpydaHHi. BomHouac mis
LUX IyXJIMH Y OLIBIIOCTI BUIIAAKiB HaBiTh IIOBHE BUAATICH-
HSI KapIUHOMMU € HENPAKTUUHUM 3 OTJISIy Ha HETpUBaILy
BIDKMBAHICTh XBOPUX, Ha BiIMiHY Bin nudepeHIiiioBaHuX
gnosikicHux myxjaud I3 [7]. [Hui cranaaptHi meToau Jii-
KyBaHHsI — aJ’IoBaHTHA XiMioTepallisl 3 BUKOPUCTAaHHSIM
LIUCIUIATUHY YU JOKCOPYOIlIMHY B IMOENHAHHI 3 MOIETaK-
ceJIOM/TaKJIiTaKCceJIoM, SIK HeoaJ loBaHTHA, TakK i TMicJsi-
olepaliiiHa MpUCcKOpeHa rinep¢yHKIioHaJIbHA 30BHILIIHS
npomeHeBa Tepanist (3I1T) maloTh BiITHOCHO HEBEJIMKUA
MOTEeHLia 17151 TOJOBXEHHS MeiaH! BUXKUBAHOCTI XBOPUX,
TOZi SIK TapreTHa Ta iMyHOTeparlisi € IepCIeKTUBHUMHU Ta
OOHAIIAIMBUMU METOAAMU JIIKyBaHHS, SIKi MOXYTb CYyTTEBO
TOJIITIIINTY 3arajbHy BIDKMBAHICTD IPUPEUYCHUX IALEHTIB,
aJle Ha CbOTOJIHIi BOHU MepedyBaloTh MepeBaXKHO Ha CTafil
KJIiHIYHMX BUIPOOYBaHb [8§].

Haykogi nociinkeHHs y lIapyHi BUBYEHHSI TTaTOTEHE3y
AK i MeToniB 1i TiKkyBaHHSI pO3IiUISIIOTh Ha ABi 4acoBi (pasu:
onHa oxorutoe nepion 3 1999 no 2018 poky, a inma — 3 2019
POKYy i 1o choronHi. Tomi sik moyarkosa ¢a3a JeMOHCTpyBa-
JIa TIOMipHe 3pOCTaHHs YaCTOTH ITyOJIiKalliii, SIKi IIpeacTaB-
JISITTA Pe3YAbTaTU OOCTEXEHHSI HEBEJIMKUX TPYN XBOPHUX,
ocTaHHs ¢a3a BimoOpaxkae CyTTEBE IMiABUIIIEHHS HAYKOBOTO
iHTEepecy IO eTioNoTii, MOJEKYJISIPHUX MOPYILIeHb, 010J10-
TiYHUX OCOOJMBOCTE, IPOTHOCTUYHUX 3MiHHMX Ta Tepa-
neBTHIHNX MoxmBocTeit momno AK 113, Orpumani nani
Pa3oM CTBOPIOIOTh (PyHIaMEHTATIbHY OCHOBY TSI PO3POOKU
YCHIIIHUX CTPATeTil JIiKyBaHHS 11bOTO 3aTPO3JTMBOTO 3aXBO-
proBaHHs [1].

B VkpaiHi nociimkeHHs KIiHIYHUX XapaKTePUCTUK
AK 13 BifcyTHi, a MOOAMHOKI eKCTIEpUMEHTaIbHI pOOOTH,
SIKi OITyOJIiKOBaHi, CTOCYIOTHCS JIMIIIE ASSIKUX MeXaHi3MiB
BIIUBY TaKCaHIiB i raMMa-OIIpOMiHEHHS Ha KyJIbTUBOBaHi

KJIITUHY aHAIJIaCTUYHOTO paKy uu Ha AK y TBapuHHII MO-
JIeJIi Ta aHaJli3y JliTepaTypu 1040 OCOOJIMBOCTE TapreTHO1
teparnii AK I3 [9, 10]. BonHouac, ik BKa3aHO y Cy4acHUX
AHAIITUYHMX OTJIsIIaX, JINIe KOMIUIEKCHUM TiAXim 10 mpo-
O0emMu (MOJIEKYJISIDHUI MaToreHe3, ToOYHa AiarHOCTHKa,
BKJTIOUAIOUM iIMYHOTICTOXiMiUHi Ta TeHETUYHI TOCTiIKEeH-
Hs1, KJIiHiYHi POsSIBY, YAIOCKOHAJIEHHS HAsIBHOI MYJIbTH-
MOJAJILHOI Tepallii, 30KpeMa i3 3aCTOCYBaHHSIM TapreTHUX
npenapaTiB Ta iMyHOJIOTIYHUX 3aCO0iB) CIIPOMOXHUIA 3a-
0e3MeYnTy CYTTEBUI MPOTrpec y JIiKyBaHHI aHATIJIACTUYHOTO
THPEOITHOTO paKy.

Merta po00TH: ITPOBEACHHS PETPOCIIEKTUBHOTO aHATi3y
KJIiHiYHMX maHux namieHTiB 3 AK 1113 momo miarHocTuKy,
XapaKTEePUCTUK MYXJIMH Ta YUHHUKIB, IKi MOXYTb BITUBATH
Ha TPUBAJIICTh MiCSIONEPALIiAHOTO MePiomy KUTTS Malli€H-
TiB Ta PiBEHb iX BUXKMBAHOCTI.

Marepiaau Ta meToAU

J171s1 IpoBeeHHST NOCiIKeHb Oyi1a chopMOBaHa KOrop-
ta xBopux 3 AK 1113, ski Oynu o6¢cTeXXeHi Ta mpoonepoBaHi
y xipypriuHomy Binminai Inctutyty y 1989—2024 pp., i nani
PO IX KJTiHIYHI XapaKTePUCTUKU MiCTIThCS Y KIiHIYHOMY
peectpi xBopux. Kputepisimu Bindbopy nalieHTiB 1151 BKITIO-
YyeHHs y Koropty oynu: 1) miarHo3 AK 1113, minTBepmKkeHMit
pe3yJbTaTaMM MaTOTiCTOJIOTIYHUX eKCTIEPTU3; 2) TTIOBHUIA
IOCTYITHUM OOCST KIIIHIYHUX JaHUX, SKUU HeOoOXigHUM
IIJISI CTAaTUCTUIHOI 00poOKM; 3) iHdopMallist om0 ITics-
orepaliifHoro cratycy nauieHTiB. Kpurepii BUKJIIOUEHHS:
1) oOcTexxeHHs MmallieHTa YM ImpoBeaeHHs onepaii Ha 1113 B
IHIL KJTiHiL; 2) BiICYTHICTb TaHUX PO CTaH XBOPUX MiCJIs
orepalilii. ¥ Koropty yBiiiiuim 27 XBOpUX y Billi (Ha MOMEHT
onepaiii) Bix 40 mo 84 poxis.

JlaHi mpo nauieHTiB, sIKi BiniOpaHi 111 aHaJli3y, BKJIIOYa-
JIN: BiK, CTaTh, PO3MipH ITyXJIMH Ta iX KJIacuiKaIliio 3a cuc-
temoto TNM (8-ma penakiiist), pe3yJbTaTh HUTOJOTIYHUX
nocnimkeHsb acripaTiB (TAIIB), HasBHiCTh iHBa3ii Kapiu-
HomU (y Karicyjly, KpOBOHOCHI Ta/4M JiM(MaTUIHI CyTuHU
IMyXJIMHU, iHTpa- Y1 eKCTPATUPEOINHOI), 00CST XipypridyHOro
BTpY4YaHHSI, MicsionepaliiiiHe JiKyBaHHSI, a TAKOX J1aTy
CMEPTi 4YM AaTy OCTAHHBOI'O OOCTEKEHHSI.

3Baxaloun Ha He3HAYHY KiJbKiCTh XBOPHUX y KOTOPTi
Ta CYTTEBY IPU 1IbOMY Pi3HUIIIO B iIHAUBIIyaTbHUX JaHUX,
IIJIST CTAaTUCTUYHOIO OMHUCY Oe3MepepBHUX 3MiHHUX OYJI0
BUOpaHO BU3HauYeHHs MeaiaHu (Me), sika € HalOIbIT
iH(pOPMAaTUBHUM IMOKA3HUKOM TEHAEHIII 3MiH Yy psiaax 3
ACHUMETPUYHUM PO3ITOIIJIOM i3 MOXJIUBUMU OKPEMUMU BU -
kunaaMu n1aHux. [lopiBHSIHO 3 cepeaHiM apu(PMETUUYHUM,
sIKE MOXe CITOTBOPIOBATHCS Yepe3 aHOMaJIbHI 1aHi, MeiaHa
Hajae OUTbII BipOTiIHY KapTUHY Ta pealiCTUYHE YSIBICHHS
po cuTyaiito. be3nepepBHi 3MiHHI BUpaXaau sSIK Memia-
Hy T cTaHmapTHe BinxujieHHs Meniauu (Me + m,,,), a ais
BU3HAYEHHS CTaTUCTUYHOI 3HAYYIIIOCTi 3aCTOCOBYBAJIM HE-
3aniexxHuil t-tect CroiogeHTa (P,). Po3paxyHoK KilbKOCTi
GaniB 3a cucreMoro nporHosyBaHHss MACIS npoBeneHoO
BIIMOBIIHO 10 BCTAHOBJIEHOTO MPOTOKOJY.

CratnucTUIHy 00pOOKY JaHMX IJIsI KaTeropialbHUX 3MiH-
HUX BUKOHYBAJIM 3 BUKOPUCTAHHSIM KPUTEPIlO Y3roIKeHO-
cti posnoxninis x* (P,) i nonasanu siK KiJIbKiCTh BUNAKiB
(XBopMX) Ta iX BiICOTOK BiJ 3arajlbHOI KiJIbKOCTi XBOPUX Y
BiamoBigHiii rpymi (n (%)).
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I1o6ynoBy KpyBHMX KyMYJIITUBHOI BIDKMBAHOCTI XBOPUX
npoBoauiau 3a MmetonoM Kamnana — Meepa, a uist mopis-
HSIHHS ITOKAa3HUKIB KYMYJISITUBHOI BMKMBAHOCTI Y IpyIiax
3aCTOCOBYBaIM HernapameTpuuHuii Tect log-rank (P,). Kpu-
TUYHUI PiBEHb CTATUCTUYHOI 3HAYUMOCTI IIpUMaIu 3a
0,05.

PeTpocrniekTUBHUIA XapaKTep AOCTiIKEHHs He TToTpe-
OyBaB Y3TOIKEHHS 3 KOMICi€I0 3 TUTaHb OioeTnKU IHCTH-

TYTY.

PesyAbTOTU

Cepen xBopux koroptu 0yno 20 ocib xxiHouoi cTaTi i
7 40JI0BIYOT; KiJIbKiCHE CTiBBiTHOILIEHHS KiHKH : YOJIOBIKU
craHoBUTh 2,9 : 1,0. MeniaHa BiKy MaIlieHTiB Ha MOMEHT
BCTaHOBJIEHHS IiarHo3y ctaHoBwmia 62,0 = 1,92 poky.

AHaJi3 pe3yJibTaTiB IUTOJOTIYHUX TOCTiIKEHb acIlipa-
TiB, IKi OTpUMaHi pu MpoBeneHHi poonepaiitinoi TAIIB,
M0Ka3aB, IO Y OUIBIIOCTI BUIAIKIB ITyXJIMHU OYJIM Ipa-
BUJbHO BimHeceHi 1o VI kateropii Bethesda, nmpote cepen
17 xapumHoM omHo3HauHUii giarHo3 AK I3 BcranoBieHO
nunre y 4 Bumankax (23,5 %) (ta6a. 1). B iHmmx Bunagkax
AK (3a maHuMM TiC/IsIONePaiifHOTO MaTOTiCTOJOTIYHOTO
MOCITIIKEHHST), sIKi 3a pe3yibTaramu Bethesda Oysu BimHe-
ceHi 1o VI kareropii, ki1acudikyBaiu sIK 370SIKiCHY TUPe-
OiHY MyXJIMHY iHIIUX TUTIIB (HU3bKOAM(EpEeHIIiiioBaHYy,
MEeIyJISIpHY UM aleHOKapLIMHOMY) 200 SIK YTBOPEHHS HesiC-
HOTO TeHe3y, OOMEXYIOUKCh 3araJIbHOI0 XapaKTePUCTUKOIO:
3aJ103UCTa MyXJIMHA, MyXJIMHA MiKpOMhOJIKyJIIpHOI YU CO-
nigHoi OymoBH, pak 1113 uu HaBiTh JiMdonpoidhepatuBHe
3axBOpIoBaHHsA. Y 15 % BUMaAKiB MyXJIMHU Oy BiTHECEHi
no kareropii Bethesda [11-1V).

Ha erani maTtoricTojorivHoOro 10CiIXKeHHsI BUCHOBOK
npo npuHanexHicTs nyxauuu 1o AK 113 6yio 3po6ie-
HO Ha OCHOBI TiCTOJIOTIYHUX XapaKTEPUCTUK ITyXJIMHHOI
TKaHUHU.

Lle emitemioimHa Mopdooris 3 BUpaXKeHUM KJIITUH-
HUM TIeoMOpdi3MOM, OCepeIKU KIITUH 3 pabaoinHO0
MOpP@OJIOTi€I0, CKYIMUEHHS TiraHTChbKUX OaraTosiiepHuX
KJIiTHH (1110 HAaraayoTh ocTeobyiacT). biablicTs myxianH
OyJia coJlimHOI OYIOBY 3 OKpEeMUMHU MaCUBHUMU capKoMa-
TOITHMMU 30HAMU; BOTHUILIEBO Y CTPOMi MyXJIMH CITOCTEPi-
rajy JiJsTHKY 3 GOpPMYBAHHSIM OCTEOIy UM FeTePOJIOTiuHi
eJIEMeHTH KicTKOBOI TKaHMHU. [lyXIMHHI KIIITUHM Ya-
cto ¢opMyBajv THi3Ia Ta XKMYTKHU; criocTepiraau dirypu
TUIOBUX Ta aTUIIOBUX MIiTO3iB, MOLIMPEHI BOTHUIIIA He-
Kpo3y (4acTo MacUBHIi); Y YaCTUHI KaplIMHOM BHU3HAYAJIN
KOMILJIEKCHU MYXJMHHUX KJIITUH, SIKi MiCTUJIMCS y CyIUHAX.
Jesxi myxiuHu O0ynau chopMOBaHi BepeTeHONOAiOHUMU
KJIITUMHAMHU 3 O3HAaKaMM IMTOJOTIYHOI aTUMii BUCOKOTO
CTYIIEHS i3 30ibIIIEHUMU SIAPaMU Ta BUCOKOIO KiJIbKiCTIO
diryp miTosy.

V Bunagkax, KoM MaTOTriCTOJOTIYHUM OMUC ITyXJIMHU
BUKJIMKAB HEBIEBHEHICTh 1100 BUCHOBKY (HampuKJIam,
«ITyXJIMHA TIPEACTaBJIeHa BOTHUIIIAMU MeIyJIsSIpHOI Oy10BU
3 OIJITHKAMU CapKOMOTIOMiOHOI OyTOBM» UM «BEPETEHOKITi~
THHHA ITyXJIMHA BUCOKOTO CTYIIEHS 3JI0SIKICHOCTi HEBU3HA-
YEeHOI0 TeHe3y»), OCTATOYHUI BUCHOBOK OYB 3p00JIeHMIt
IIiCJIsT TIPOBEIEHHS iIMYHOTiCTOJIOTIYHUX JTOCITiIKeHb. Kiri-
TUHU TaKUX MYXJUH OYJIY MO3UTUBHUMM IIOJ0 €KCIIpecii
3araJibHUX IuTOoKepatuHiB, PAX-8 i p53 3a HeratuBHOI pe-

Tabnunys 1. BUCHOBKM LUNTOJIOTNYHUX
AocnipkeHb acnipartiB 3a cuctemoro Bethesda
npu goonepayifiHomy rnpoBeReHHi TOHKOrosIkoBoi
acnipayiviHoi 6ioncii y XxBopux 3 aHannacTu4HUM
paKom LynTonogi6Hoi 3ano3m

BucHoBok TAIB n| %

KaTteropis
Bethesda

B-KkniTuHHWIA BY30N

10,0
ATvnia conikynspHoro enitenito

IV | MyxnuHa donikynsapHoi 6yaosu 5,0

AHannacTu4Ha KapuuHoma

KapunHoma HeBM3Ha4eHoro reHegy

3anos3ncra KapumHomMma HesicHOi 6y10BK

MepynsipHa kapuvHoma

HusbkoandepeHuiioBaHa KapumMHoma

\ 85,0

KapuunHoma conigHoi 6ynosu

KapumHoma mikpodonikynspHoi 6yaosu

AgeHokapunHoma

Pak wmTtonopnioHoi 3anosu

—_ | === === NNV WD ===

JlimcponponichepaTnBHe 3axXBOPIOBAHHSA

akuii Ha Tupeornooymin i TTF-1; mo 60 % KIiTHH MyXaIuHU
Maju Bucokuii ingekc Ki-67. Taki pe3yibTaTu miaTBEepIKYy -
Basu aiarHo3 AK I1[3. Ciig Takox 3a3HAYUTH, 110 Y TPHOX
xBopux (11,1 %) BonHouac 3 AK y 1113 Bu3Ha4aau JOKycu
nudepeHiliitoBaHoi KapunHoMH (Y IBOX BUTIAJKaxX — Tarti-
JIIpHA, B omHOMY — (hoJIiKyIspHa), a e y st (18,5 %) —
0araToBy3/10BUI1 300.

CepenHiii po3mip myxJuH (MelliaHa) Y XBOPUX KOTOp-
™ — 60,0 £ 3,6 MM (1 KapumHOMa po3Mipom 10 20 MM,
5 myxauH po3mipoM 21—40 mMm, 9 — po3mipom 41—60 mm,
7 — po3mipom 61—80 MM i 5 — po3mipom moHan 80 MMm).
VY 6 malieHTiB He BUSBIIEHO MeTacTa3iB y JiMbOBY3/ax IIui,
y 3 (14,3 % cepen XBOpUX, sIKi Ml METacTa3n) MeTacTasu
BUSBJICHO Y JiM(OBY3J1aX LIEHTPaJIbHOTO Bimminy mmui, a
HaifuacTillie MeTacTa3yBaHHSI CIIOCTEPirajiv 10 JaTepaJbHUX
nimdoBysiiB (kateropiss N1b — 18 xBopux, 85,7 % cepen
THUX, XTO MaB MeTacTa3u). BinmaneHi metactasu aiarHoc-
ToBaHo y 8 xBopux (33,3 %); HaituacTiie iX JoKasi3alito
peectpyBaim y ereHsx (7 Bunankis, 87,5 %). Yactora me-
TacTasiB y JJiMmpoBYy3J1ax 1T He 3aJiexkaa BiJl po3Mipy Imyx-
JnHM (66,7; 81,3; 80,0 % BiamoBimHO 3a TyXJIMH PO3MipOM
1o 40 MM, 41—80 mm i monan 80 mm, P > 0,1), Tomi 51K y
TMAali€HTIB 3 BEJIMKUMHU KapLIMHOMaMU 4acTOTa BilaIeHUX
MeTacTa3iB OyJia BipoTiqHO BUIIIA MOPIBHSIHO 3 TEPIIMMU
3a3HauyeHuMu rpymamu (16,7; 18,8; 80,0 % BigmosigHo,
P < 0,05). InBazito AK y cBoto karicyny ta y Tkanuny L3
BCTaHOBJICHO y 24 xBopux (88,9 %), y CynuHM KaplMHO-
mu —y 10 (37,0 %), excTpatupeoinHy iHBa3ito — y 23
(85,2 %). Yacrota inBa3ii AK He 3anexaia Big po3Mmipy
myximHu (Bix 83,3 mo 100 % 3a myxJiuH pi3HOTO po3Mipy,
P> 0,1). Cepen natientiB koroptu y 5 (18,5 %) miarHocTy-
BaJIM KOMIIpECiiHMI CUHAPOM (mape3 ropTaHi, 1eKoMIIpe-
cisg Tpaxei), ay 2 — tupeoinut Pigenst.
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Tabnunys 2. TpusasicTb nicnsonepayiiHoro XUTTs XBOPUX 3 aHar1acTUYMHUM PaKoM LATOMNORI6HOI 3ano3mn
3a pi3HNX XapaKTepucTuUK nyxXanH

O3Haka BifgCcyTHS O3Haka HasiBHa
Cpynu xBopux 3a XxapaKTepuctukamm P
n Me = m,, n Me £ m,,
IHBa3ia y kancyny nyxnvHu 3 10,46 + 1,49 24 3,21 £ 0,35 < 0,001
IHTpaTnpeoigHa iHBasiq 3 10,46 = 1,49 24 3,21 + 0,35 < 0,001
EkcTpaTtunpeoigHa iHBagis 4 9,42 + 2,19 23 3,19+ 0,37 < 0,01
IHBa3ia y cyanHu NyxnuHm 17 3,22 + 0,43 10 4,16 + 0,96 -
MeTacTtasun y nimMgoBy3nu Lwni 6 5,92 +1,42 14 2,84 + 0,44 < 0,05
Binnaneri metactasu 19 4,08 + 0,83 8 2,09 + 0,26 < 0,05

VY 3B’3KY 3 HIMPOKUM PO3POCTAHHSIM MYXJIMHU 00CST
XipypTigyHOTO BTpy4YaHHS y 4 Mali€eHTiB OyB 0OMeXeHUM
(R2); iHmMM XBOpMM MpoOBeAeHAa TOTaJbHA TUPEOIIEKTO-
Mig, gka y 12 Bumangkax (52,2 %) Oyna moegHaHa 3 JTiMdo-
nucekiieto mui. [TosoBuHa mauieHTiB KoropTtu (n = 14;
51,9 %) micns onepaliii OTpUMyBajia 30BHIILHIO IPOMEHEBY
tepamito (3I1T); KiabKicTh ceaHciB KOJUBAJIACh Bill OMHOTO
110 YOTUPBLOX. TpuBamictb XuUTTs xBopux 3 AK I3 micast
oriepallii CyTTEBO pi3HUJIACS 1 CTAaHOBMIIA Bix 6 AHIB (micis
peseklii MpoKoiHBa3iiiHOT myxiimHu Kareropii T4aN 1bMx
po3MipoM 75 MM 3 BUKOHAHHSIM TPaxeoCTOMil 3 IPUBOIY Ae-
KoMIipecii Tpaxei y XxBoporo BikoM 84 p.) no 480 qHiB (XBO-
pa BikoM 54 p., nyxiuHa kateropii T4aN1bMO0 po3mipom
54 MM 3 JIOKaJIbHOIO iHBa3i€Io JINIIE Y CYIUHU ITyXJIMHN);
MelliaHa TPUBAJIOCTI MicsI0nepaliiHOTO XKUTTSI Malli€EHTIB 3
AK cranoBuna 3,22 * 0,39 mic., a tetanbHicte — 96,3 % (Ha
MOMEHT 3YITMHKU TOCTiIKEHHS JINIIIe OTHA XBOpa KOTOPTHU
3 HeiHBa3iliHOIO i HEMETACTaTUYHOIO MyXJIMHOIO PO3MipoM
39 MM OyJia XUBOIO).

Tabnuys 3. KniHidHi XapakTepucTuKn Xxsopux
3 aHannacTUYHUM PaKoMm LUUTONOARI6HOI 3ano3un
pi3Hoi ctarti, n (%)

'pynu xBopux 3a XiHkn, Yonosiku,
XapaKTepucTukamv n=20 n=7
Bik xBOpuX, POKM,
Me + m,, 62,00 + 1,96 | 62,00 + 3,78
Poamip nyxnuHu, mm,
Me + m,,, 59,00 + 3,78 | 60,0 + 10,8
Ho 40 4 (20,0) 2 (28,6)
Poawmip
NYXTMHM, MM 41-80 13 (65,0) 3 (42,8)
MoHap 80 3(15,0) 2 (28,6)
Kareropisa nyxnvHn N1a 3(15,0) 0 (0,0)
Kareropisa nyxnvHn N1b 12 (60,0) 6 (85,7)
Kateropis nyxnvHn M1 5 (25,0) 3(42,9)
IHBagiA y kancyny nyxnmHu 17 (85,0) 7 (100,0)
IHTpaTupeoigHa iHBasis 17 (85,0) 7 (100,0)
EkcTpaTtunpeoigHa iHBagis 16 (80,0) 7 (100,0)
CyauHHa iHBagsis 9 (45,0) 1(14,3)
KinbkicTtb 6anis 3a MACIS, "
Me + m,, 8,30 + 0,49 | 9,57 + 0,37
JleTanbHicTb 19 (95,0) 7 (100,0)

lpumitka: * — P, < 0,05.

[Ipy BU3HAYEHHI YMHHMKIB, SIKi MOXYTb BILUIMBAaTU Ha
micnsonepauiitauii TepMi xkutTs xBopux 3 AK 1113, BcTa-
HOBJIEHO, 1110 5K BiK (3,45 & 0,62 mic. i 3,22 £ 0,64 mic. g
XBOPHX BikoM 110 i moHaz 60 pokiB BiamosigHo, p = —0,048,
P>0,1), tak i crath mamienTiB (3,34 £ 0,501 3,19 + 0,66 as
2KiHOK i YOJIOBIiKiB BinmosinHo, P > (,1) He MalOTh 3HaYeHHS
IIIOAO0 TPUBAJIOCTI XKUTTS XBOPUX ITicJIsI orepailii. BomHouac
CYTTEBUMM YMHHUKAMU € iHBa3ilHICTh MyXJIMHU Ta ii Me-
TacTaTUYHMI TToTeH1iam (Tad. 2). IcHye TakoxX HeraTUBHA
KOPEJISILisl MiXXK pO3MipOM IMyXJIWHU Ta TPUBATICTIO XKUTTS
xBopux (5,43 £ 1,25 mic., 3,43 = 0,68 mic., 2,40 £ 0,44 wmic.
ripu po3mipi myxsuHu 10 40 MM, 41—80 Mm i moHax 80 MM
BignosigHo, p = —0,311, P < 0,05). 3a yMOB HasiBHOCTi LINX
arpecuBHUX xapakTepucTuk AK cepents miciasionepaiiitHa
TPUBAJIICTh XXUTTS XBOPUX MEHIIIA Ha 2—7 Mic.

Kpim Toro, Ha TpuBamicTh KUTTS nmauieHTiB 3 AK Briim-
Ba€ xapakTep JIikyBaHHs. Tak, y pa3i BUKOHAHHS pe3eKIlii
MyXJIMHU MeJiaHa TPUBAJIOCTi KUTTSI XBOPUX HE TePEeBU-
mryBana 2 mic. (1,72 + 0,64 mic.), Tomi SIK 32 BAKOHAHHS
TUPEOINeKTOMil (UM TUPEOoineKTOMii 3 JIiM(pOIUCEKIIIEIO)
BoHa yaBiui gosiua (3,61 £ 0,49 mic., P < 0,05). Skiio mis
3arajibHoOi rpynu He BcTaHoBieHuUit Bruius 31T Ha Tep-
MiH micisionepauiitHoro Xutts xsopux (3,19 + 0,49 wic.
14,26 = 0,96 mic. 6e3 3I1T i mpu 3I1T BinmosinHo, P> 0,1),
TO Pi3HULS € CYTTEBOIO 3aJIEXKHO Bijl KiJIBKOCTI il KypciB
(3,43 £ 0,681 8,25 + 1,72 ipu omHOMY Ta TPU TTPOBEACHHI
2—4 kypciB BignoinHo, P < 0,05). 3B’g430K 11eii migTBEp-
IDKeHWN iCHYBaHHSIM ITO3UTUBHOI KOPEJISLIil MixK KiTbKi-
ctio KypciB 31T Ta MeaiaHOIO TPUBAJIOCTI XXUTTSI XBOPUX
(p=+0,502, P <0,05).

[MopiBHSIHHS KJTIHIYHUX XapaKTepUCTUK XBopux 3 AK
IoKa3zaJjo, 110 iX BiK Ha MOMEHT oIlepallii, sIK i CepeaHiii
pO3Mip KaplMHOM, HE Pi3HUTHCS 3aJIEXXKHO Bif cTaTi ma-
LieHTIB (Tabu. 3). BigcyTHsS TakoX TeHAepHa pi3HULS Y
YacTOTi MaJIeHbKUX/CePEIHIX/BEJIMKUX MTyXJIMH, METacTa-
TUYHUX YU iHBA3IMHUX KaplIMHOM, a TaKOX y MediaHi
TPUBAJIOCTI IiCISIOMEPalliiHOTO XUTTS XBOPUX 1 Y piBHI
JIETATbHOCTI.

€1UHUI MOKAa3HUK, SIKUI € BUIIMM Y YOJIOBiKiB IO~
PIBHSIHO 3 TaKMM Y XXiHOK, — KiIbKicTb O0aniB 3a MACIS,
CHUCTEMOIO, SIKa BPAXOBY€E HASsIBHICTh BiJIaJIEHUX METacTa-
3iB, BiK XBOPOTO, paIUKaJIbHICTh OIEPaTUBHOTO JIiIKyBaHHS,
iHBa3iiHMIT picT myximHM 3a Mexi 113 i po3Mip myxiuHH.
[ligBuIIeHHS IILOTO MPOTHOCTUYHOTO MOKA3HUKA Y YOJI0-
BiKiB BiITOBifa€ MEII0 YACTIlIiil y HUX YaCTOTi iHBa3iliHUX
KapUMHOM Ta KapLMHOM 3 BilJaJIeHUMU MeTacTa3aMu Io-
PIBHSIHO 3 XBOPHMMU KiHKaMU.
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KymynsiTuBHa BMXXMBaHICTb
o
(6]
1

0,3
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PucyHok 1. PiBeHb KyMynsaTUBHOI BUXKUBAHOCTi XBOPUX 3 aHana1acTU4HUM paKoM LUNTONoRi6Hoi 3anosun

Tabnuys 4. KymynatuBHa BUXUBaHICTb XBOPUX 3 aHaN1acTUYHOK KapLMUHOMOKO LYNTOIMOR[I6GHOI 3a103u

3anexHo Big Pi3HNX XapaKTepUcTNK

KyMynaTuBHa BUXXUBaHICTb, %
Fpynu xBopux 3a xapakTepucTukamm - - - - - - PL
2 mic. | 4 mic. | 6 mic. | 8 mic. | 10 mic. | 12 mic.
3aranbHa rpyna 70,2 33,6 29,9 18,7 7,4 7,4 -
) Jo 60 pokis 63,6 18,2 18,2 18,2 9,1 9,1
Bik xBopux - 0,959
MoHag 60 pokis 75,0 43,8 37,5 18,8 6,2 0,0
KiHKK 71,4 30,0 25,0 20,0 10,0 10,0
CrtaTb xBOpPUX - 0,983
YHonoBikn 100,0 42,8 42,8 14,3 0,0 0,0
[o 4 cm 100,0 50,0 50,0 33,3 16,7 0,0
Poamip nyxnvHu 4,1-8 cm 56,2 43,8 31,3 18,7 6,2 6,2 0,067
MoHap 8 cm 80,0 0,0 0,0 0,0 0,0 0,0
NO 100,0 50,0 50,0 50,0 16,7 0,0
0,297
) N1 61,9 28,6 23,8 9,5 47 47
Kareropis nyxnvHm
MO 78,9 47 .4 421 26,3 10,5 10,5 0.002
M1 50,0 0,0 0,0 0,0 0,0 0,0 ’
IHBaais y Kancymny nyxmvHu/ BigcyTHs 100,0 100,0 100,0 100,0 66,7 33,4 0.007
TkaHuHy U3 HasigHa 665 | 250 | 208 8,3 0,0 0,0 ’
B ) ) BigcyTHs 100,0 75,0 75,0 75,0 50,0 50,0
EkcTtpaTtupeoigHa iHBasis 0,016
HasBHa 65,0 29,3 24,4 9,7 0,0 0,0
IHBA3isl Y KPOBOHOCHI/ BigcyTtHa 65,0 25,0 25,0 11,8 5,9 0,0 0.461
niMaTVYHi CYANHN MYXIMHA | Haqeha 80,0 40,0 35,0 30,0 10,0 10,0 '
TE 81,8 43,4 36,3 27,3 18,2 18,2
O6csr onepadii TE + gucekuis 66,7 33,3 33,3 16,7 0,0 0,0 0,022
Pezekuis 50,0 0,0 0,0 0,0 0,0 0,0
He npoBognnu 61,6 15,4 15,4 0,0 0,0 0,0 0.022
) MpoBogunu 78,6 50,0 429 35,7 14,3 14,3 ’
lMpomeHeBa Tepanis
1 Kypc 75,0 37,5 25,0 25,0 12,5 0,0 0.309
2—4 Kypcu 83,3 66,6 66,6 50,0 16,7 16,7 ’
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BuxuBanicts xBopux 3 AK karactpodiuHo HU3bKA:
yepes3 1 pik Jvile oHa JIIOAMHA 3 KOTOPTH MaJla IIaHC 3a-
JumuTucs xkuBoto (puc. 1). Cepen MpeauKTOpPiB ripuioi
BUKMBAHOCTI BiIMiueHi: po3Mip KaplIMHOMU TIOHAM 8 CM,
HasIBHICThb iHBa3ii1 (y Kancyay nyxiauHu, Tkanuny 1113 i mo3a
1l MexXi), HasIBHICTb BiIIaJIeHUX METacTas3iB i, 1110 3pO3yMiJio,
BUKOHAHHS pe3eKIlil MyxJMHM Mali€HTaM 3 IIMPOKOiHBa-
3iMHUMHA KapLmHOMaMu (Taor. 3).

He1o kpalila BUXKUBaHIcTh y pa3si nposeaeHHs 3I1T.
Ilomo iHIIMX YMHHUKIB (BiK, CTaTh, MeTacTa3yBaHHS 10
JiMcOBY3ITiB 1IWi Ta iHBa3is1 y CYyAMHU MyXJIUHU, KiJIbKICTh
kypciB 3I1T) He criocTepiranau BiporimHoi pi3HMIIL y ITIPOTHO-
30BaHOMY BiJICOTKY XBOPHX, SIKi O BIZKIJIM, HABiTh B OKpeMi
YacoBi MPOMIiXKH.

O6roBopeHHs

AK 113 BuHMKaEe B pe3ynbTaTi neaudepeHiialii myx-
JIMHHUX KJIITUH TIOTIEPeHBO iCHYI0UNX Tu(epeHIIiHoBaHUX
KaplIMHOM YU 300HO 3MiHeHux KiiTuH L3 [2]. denude-
peHLiallis — CKJIamHUIl GaraToeTalHuiA IIpoliec, OB’ s13a-
HUI, Mo-Tiepiie, 3 iIHTEHCUBHUM HAaKOMMUYEHHSIM «paHHiX»
TeHeTMYHUX abepallil Ta cepii ermreHeTUYHUX MOMii, SKi
TPUBAIOTh JOTHU, MOKU KIITUHHUI [IUKJI HE BUiine 3-TIiM
KOHTPOJIIO, 1110 CIPHUSIE€ HECTaOLIbHOCTI TEHOMY Ta OHKO-
reHesy [11]. 3rogoM BTOpMHHI «ITi3Hi» T€HETUYHI MOMil y
MYyXJIMHHUX KJIOHAaX MPU3BOIASTh 10 BTPATH KJIITUHOIO CBOIX
HOPMaJIbHUX XapaKTepUCTUK, BAHUKHEHHSI CTOBOYpOTIOIi0-
HOI MOBEiHKU KJIITUH, 103BOJISIIOYM HAOyBaTH iM 31aTHOCTI
IO TIOCTIHHOTO CaMOBITHOBJIEHHSI, TPUBAJIOI BUKMBAHOCTI
Ta CTIMKOCTI 10 3HUIIIEHHS MPU il XiMio- Ta TPOMEHEBOI
Teparii [12]. ¥ tpetunu xBopux 3 AK 1113, nani sskux Oynu
MpoaHali3oBaHi y poOOTi, OMTHOYACHO 3 HEI0 PEECTPYBAIU
nanijasgspHy/(oikyasipHy KapLUHOMY YU 6araToBy3J10-
BUIA 300, 110 BIiAIIOBiZa€ JAHUM JITepaTypH i IMITBEPIKYE
BUILIe3a3Ha4YeHy Teopito reHe3y AK [13].

Xoua AK mBUAKO 30UIBIIYETHCS Y PO3Mipi i YacTo BU-
KJIMKA€ CUMIITOMM, sIKi CBiT4aTh PO MOXJIMBE YPaKeHHs
CTPYKTYp, 1110 oTouytoTh 113 (koMmpeciiiHUil CUHAPOM),
nmoorepaliiiHa 1iarHOCTUKA € YTPYTHEHOIO.

He BcTaHoBieHO xXoaHOi crielngiyHoi coHorpadiyHoi
XapaKTepPUCTHUKMH, SIKa MOTJIa O BipoTigHo nudepeHIiioBaT!
AK Big iHIIMX 3510s1KicHUX HOBoyTBOpeHb LI3 [7]; ckinagHo-
I1Ii MOXKYTh BUHMKHYTH i IIPY LIUTOJIOTIYHOMY JOCTiIKEeHHI
acripariB TATIIB, 110 imtocTpye pe3ysibraTi aHami3y, IKUit
npoBeaeHuil y poboTi (Tada. 1). 3a naHUMU JiTepaTypu,
niarHocTuuHa edekTuBHicTh TAITD 3a AK konuBaeTbes y
Mexax 1o 60 % [14].

OTpUMaHHS TOYHOTO MATOTiCTOJIOTIYHOTO BUCHOBKY JIJIST
AK moB’s13aH0 3 NIpaBWJILHUM ii pO3pi3HEHHSIM 3 iHITUMU
3JI0SIKICHUMM HOBOYTBOPEHHSIMU BUCOKOTO CTYTEHS 3J10-
SIKICHOCTi, BKJIIOUAO4YM, HAIIPUKJIA, IIEpBUHHY JIiM(p oMy
1113, capkoMy Uy MeTacTaTUYHUM pakK (0COOJUBO JIETeHb),
110 € KpuTUIHUM [ 15]. Yepes BincyTHiICTh TaATOTHOMOHIYHOI
Mop@OoJIOTii BUKOPUCTAHHS iIMYHOTiCTOXiMil Ma€e BaxkIMBe
3Ha4YeHHS Wi giarHocTuku AK; yacTo BoHa Bimirpae BUpi-
LIaJIbHY POJIb Y BCTAHOBJICHHI JiarHO3Y, 1110 0yJI0O BUKOPU-
CTaHO y CKJIAIHUX BUTaAKaX Npu (OpMyBaHHI BUCHOBKY
IUTST IEKIJTBKOX XBOPUX KOropTu. BogHouac HarosiomyoTh,
o y kiitnHax AK BinOyBa€eThCsI €KCIpeciss HU3KM TUBEp-
TEHTHUX MapKepiB, BUSBJIICHHS SIKUX MOXE CIIPUUMHSITUA

NIarHOCTUYHI JUJIEMU, OCKUJIbKA BOHU TaKOX € O3HaKaMH
inmmx nyxauH 113 Brcokoro crymneHs 3i0sKicHocTi [16].

Onucani kiiHiyHi xapakrepuctuku AK I3 y xBopux
KOropTu (po3Mmip i yactora BeJIMKUX MyXJIMH, BUpaXXeHa
iHBa3MBHICTh, MeTacTa3yBaHHS IepeBaXKHO B JiMdaTuy-
Hi By3JIM JlaTepaJIbHUX BiIIIIiB 1M1, BigaaeHi MeTacTa3un
y JIeTeHi, HU3bKa TPUBAJICThb ITiCAsI0NepalliiiHOTO XXUTTS)
MiATBEPIKYIOTh arPECUBHICTD MyXJIMH. BUKOHaHHS MTOBHO-
LIiIHHOI TUPEOINEKTOMii, SIK i MPOBENEeHHSI NEKITBKOX KYpPCiB
3IIT micnsa onmepailii, IPOJIOHTYE TEPMiH XUTTSI XBOPUX,
MPOTE BiH BCE X 3aJIMIIAETHCS HAJA3BUYANTHO MaJIM.

AK nmiarHocTyioTh B 0Ci0, sIKi HA MOMEHT 3BEpHEHHSI
3HAYHO CTaplli 3a XBOPUX 3 AudepeHLiiioBaHUMHN Kapiiy-
Homamu I113: MeniaHa BiKy BCTAaHOBJICHHSI AiarHO3Y B OCi0
KOropTH 62 poKu, Xoua iCHYIOTh aaHi i mpo Buuit (70 p.)
cepenHiit Bik xBopux 3 AK I3 [17, 18]. € po36ixkHOCTi Ta-
KOX Y KiJIbKiCHOMY CITiBBiIHOIIIEHHI XBOPUX >KiHOK i 40JIO-
BiKiB y pi3HMX JOCIIIKEHUX IpyItax. 3 OMHOIO OOKY, iCHY€E
IyMKa, 1110 OiJIbII arpecuBHi Buau paky 13, sk mpaBuiio,
HiBEJIIOIOTh MepeBaKaHHSI XBOPUX XKiHOK, SIKEe XapaKTepHe
st nudpepenuiiioBanoro paky L3 [17, 18], a 3 iHoro —
BBaxaroTh, 10 AK 3ycTpidyaeTbcs came y KiHOK JIiTHHOTO
BiKY 3 IBOKPATHUM TIEPEBUILIEHHSIM HaJl KiIbKiCTIO XBOPUX
yoJioBikiB [19, 20]. Haiui naHi BiAnoBigatoTh Apyromy Bu-
CHOBKY.

Ilo cTocyeThes BimMiHHOCTEM XapakTepucTtuk AK y
XBOPHX YOJIOBIKIB i 3KiHOK KOTOPTH, TO BOHU BifncyTHi. Jlo-
Ope BimoMo, 110 KJTiHIYHI XapaKTepuCTUKU audepeH1iiioBa-
Hux KapuyHoM 1113 neMoHCTpyIOTh YiTKi cTaTeBi BiIMiHHO-
CTi, 30KpeMa Y BUPaKe€HOCTi arpeCHBHUX XapaKTEPUCTUK Ta
HECIPUSITIMBIIIIOMY ITPOTHO3i y YoIoBiKiB [21]. I1pu aHami3i
[JI00AIbHUX TeHACHIIIH 11010 3aXBOPIOBAHOCTI, CMEPTHO-
CTi, XUTTS 0e3 yCKJaIHEeHb Ta T€HAePHUX BiIMiHHOCTE
npu paky I3 3po6aeHMIT BUCHOBOK, IIIO CTaTh CYyTTEBO
KOPEJIIOE 3 KJIIIHIYHUMM pe3yJibTaTaMu; igKpecieHa Heo0-
XiIHICTh TIarHOCTUKM # JIIKyBaHHS XBOPUX 3 ypaxXyBaHHSIM
boro mapametpa [22]. ﬂMOBipHMMM MexaHi3MaM1 TaKux
BiIMiHHOCTEl € TOPMOHAIbHA MOAYJISILIiSI MyXJIMHHOIO pOC-
Ty, OCOOJIMBOCTI iIMYHHOI BiJIIOBIi/li Ta Pi3HUIIS Y MOJIEKY-
JISpHOMY Mpodiii MyXJIUH y XiHOK i yosioBikiB. KiiTuHu
nudepeHIiioBaHUX KapIIMHOM €KCIPECYIOTh PELeNTOPU
IO €CTPOTeHIB, 110 J03BOJISIE OCTAHHIM aKTUBHO BILIMBATH
Ha curHaibHi mssxu MAPK i PI3K/AKT, nposnidepatiiio
Ta aHrioreHe3 [23]. BomHouac mepeBaxHo Yy XiHOK ¢op-
MYEThCS OUTBII aKTHBHA BPOIKEHA Ta aJalTHBHA iMyHHA
BiIMIOBIi/Tb, 1110 MOXE YaCTKOBO OOMEXYBATU MTyXJIMHHE TIPO-
rpecyBaHHs [24].

OpHak nipu aHarutacTuaHoMy paky L3 1i reHnepHi Bim-
MiHHOCTI IIIOA0 arpeCUBHOCTI Ta BUXKMBAHOCTI MTPaKTAY-
HO 3HUKAIOTh, XO4Ya 3aXBOPIOBAHICTh BCE X 3AJTUIIAETHCS
BUIILIOIO Y XiHOK. Y XBOpUX 000X CTaTeil Ma€ Miclle BKpaii
arpecUBHUI Mepedir XBOPoOU 3i CXOXKMMU PiBHEM JieTaslb-
HOCTI Ta IIPOTHO30M [25], IO LIJIKOM BiIIOBiIa€ HAIIMM
pesyiabTaTam. Lle sBule NOsICHIOThL (PyHIaMEHTATbHOIO
TpaHcGOopMalli€l0 OCHOBHUX KIITUHHMX IIPOIECIB IIilI 9ac
nenudepeHIialii, BOHO € HACIiIKOM KpailHbOTO CTYITeHS
0i0JIOTIYHOI arpeCUBHOCTI Ta IJIMOOKOI MOJIEKYJIIPHOI Te-
pebynoBU MyXJIMHU (TeHOMHA HeCcTabiJIbHICTh, BUCOKA Yac-
tota MyTauiii 7P53 i npomotepa TERT, aktusaiiiss MAPK
i PI3K/AKT/mTOR-curnaniinry, enireHeTM4Hi 3MiHU, iH-
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IyKIIis eImiTeiaabHO-Me3eHXiManbpHoro nepexony (EMT),
BTpaTa MapKepiB TMpeoinHoi audepeHuianii Tomio). Y oiib-
IIIOCTi BUITAIKIB CIIOCTEPIiraloTh TAKOX 3HIZKEHHS YU TIOBHY
BiICYTHICTb eKcIpecii TopMOHAJIbHUX peLienTopis [2, 26].
Takum ynHOM, MyXJIMHA cTa€ 0i0JIOTIYHO aBTOHOMHOIO i
FOPMOHAIBHO He3aJIeXKHOIO. 11 MoBeliHKa BU3HAYAETHCS
He CUCTEMHMMU OCOOJIMBOCTSIMU OpraHi3My maiiieHTa (30-
Kpema, CTaTTI0), a HAKOTIMYEHUMU MOJIEKYISIPHUMU TI0-
IIKOKEHHSIMM Ta arpeCUBHUM BHYTPIIITHIM CUTHAJIBHUM
npodinem. Han3pnuaitHO MBUAKKUIA PiCT, paHHS iHBa3is
SKATTEBO BaXJIMBUX CTPYKTYP ILIMI, BUCOKA YaCTOTA Biamaie-
HUX METACTa3iB Ta KPUTUYHO HMU3bKa Me/liaHa BUXKMBAHOCTI
HiBEJTIOI0Th BIUIMB MOAM(DIKYIOUNX YNHHMKIB, BKJIIOYHO 3i
crarTio [7, 27]. KpiM Toro, aisi MiKpOOTOUEHHSI aHaruiac-
TUYHOI MyXJIMHY XapaKTepHOIO € iMyHHA IepeTyJIsILlis: Mmim-
BMIIICHA €KCITpeCist IMyHHUX KOHTPOJIbHUX Todok (PD-L1),
iHdinpTpauis M2-Makpodaramu, iMyHOCYIIPeCUBHUI (e~
Hotun Ta aktuBHa EMT-nporpama. 3a Takux yMOB ITOTEH-
LiifHi iIMyHOJIOTiYHi MepeBaru, ski iCHyI0Th y XiHOK IIpU1
nudepeHLiiioBannx ¢popmax paky 1113, BrpayaioTs KiIiHiuHe
3HaueHHs [28, 29].

PesynbraTi BU3HAYeHHS PiBHSI BUXKMBAHOCTI XBOPUX 3
AK 1113 cBigyaTh, 1110 MPOTHOCTUYHUM MOXHA BBaXKaTH,
Hacamriepe/, po3Mip MyxJUHU, ajie 11e CTOCYEThCS JIUIlIe
Ty’kKe BEJIMKUX TYyXJIMH. YiTKOIO € pi3HUIIS Y BUKUBAHOCTI
Mix rpynoto xBopux 3 AK po3mipom 10 4 cm (a Takoxxk AK
po3MipoM Bix 4 1o 8 cM) i IpyIIol0 MALiEHTIB, po3Mip Kap-
uHoM sikux nepesuiiye 8 cm (P < 0,05). Came pizHus
3 TPETHOIO I'PYIIOI0 3yMOBUJIA BipOTiHICTh Y 3arajibHOMY
TpurpynoBomy log-rank-recri (tab:. 4). JlonatkoBuii aHa-
JIi3 BiTHOIIIEHHS IIAHCIB ITOKAa3aB, 1110 Malli€HTH 3 BEJIMKM-
MU KapUMHOMaMM MaloTh MPUOJU3HO Yy 12 pa3iB BUIIMIA
PM3HUK CMEPTi, HiXK XBOPi 3 MyxXJIMHAMU PO3MipoM 10 4 cM
(BII = 12,17; 95% A1 1,37—107,86; P < 0,05).

Binomo, 110 po3mip nudepenuiioBaHux kapuraom 1113
€ OIHUM 3 YMHHMKIB iX arpeCUBHOCTI, 30KpeMa 30iJIbIIeH-
HSI METaCTaTUYHOTO MOTEHIIially, a TAKOX MPOTHOCTUYHO
3HAUYILIMUM 111010 BrkuBaHOCTI xBopux [30]. g AK 1113
11e¥1 BUCHOBOK € MPaBWJIBHUM JIMIIIE [T PiBHSI BiIaJIeHOTO
MeTacTa3yBaHHsI, 00 OibIicTh AK Ha MOMEHT BCTaHOBJIEH-
HS miarHO3y BXe Majia MeTacTa3u y JIiM(pOBY3IU IIni, a 3i
301TbIIEHHSIM pO3Mipy KaplLIMHOM 3pocTalla YacToTa JIvIle
BimmaneHUX MeTacTasiB; BoHa gocsria 80 % y maiieHTiB
KOTOPTH 3 MyXJIMHaMK po3MipoM noHaz 8 cM. OTxe, 3a AK
1113 3anexHicTh MeTacTa3yBaHHs Bill pO3Mipy KaplIMHOMU
cnabuia; MeTacTaTUYHUIA MTOTEHIIial TTyXJIMHU TMepeBaXKHO
BU3HAYAETHCSI HE PO3MipOM, a 6i0JIOriYHUMU O0COOIUBOC-
TIMH nyxiauHU [31], 30KpeMa BUCOKOIO KIIITMHHOIO IIjIac-
TUYHICTIO, sIKa pO3BUBAEThCS Ha Tii aktuBauii EMT. Ta-
KM ynHOM, KJitTuHu AK 3 camoro moyatky opmyBaHHS
aHaruIaCTUYHOTO (heHOTHUITY He3aJIeXKHO Bill pO3Mipy MaloTh
3IaTHICTb 1O MeTacTa3yBaHHs. 3 OIJISIAY Ha HACTILKY arpe-
cuBHUII nepedir, AK y Bcix Bunmagkax Kjiacu@ikymTh IK
nyxaunu IV ctanii [7]; ue ninkpecnioe daxT, 1110 po3mip He
€ TOJIOBHUM JIpaiBEPOM ii arpeCUBHOCTI, Ha BiIMiHy Bil O1-
depenuiiioBannx KapuuHoM 1113. OTxXe, mopsia 3 BETUKAM
po3MipoM KapLumHOMH (y TOCIiIXKYBaHiil KOTOPTi — MOHA[,
8 CM) MPOTrHOCTUYHOIO € TAKOX HAsIBHICTh BiajieHUX (aje
He perioHapHuX) MeTacTa3iB. Ajie Tpeba 3a3HAYUTU: SIKIIO
oy nudepenniioBanux KapuuHoM 113 perionapHe me-

TacTasdyBaHHs 3/1€0iTbIIOTO BiOYBAETHCS 10 IEHTPATbHUX
JiMGOBY3IiB KT (3HAYHO pinire — 10 6iYHUX JimMpoBy3-
JiB), To 3a AK — mepeBaxkHo 10 J1iMMOBY3IIiB JIaTepajb-
HUX BiIJiJIiB LI, IO BIJIMBAE HA TAKTUKY XipypriyHOro
BTpyuyaHHs, sika 3a AK 1113 i Tak € ck1agHiom nopiBHSIHO
3 TIPOBEIEHHSIM TUPEOINEKTOMIi Ta JiMpoaucekii 3a nude-
PEeHIIIIOBaHUX KapILIXHOM.

He nor’s13aH1M 3 po3MipOM KaplIMHOM € TaKOX MPOLIEC
MOIIMPEHHSI IMTyXJIMHM SIK Y TKAHWHI 3aJ1031, TaK i 1103a Helo,
00 yacToTa MIMPOKOIHBA3IMHUX KapLIMHOM 3HaYHa HaBiTh
3a HEBEJIMKUX MyxJiuH. Beranosneno, mo AK 113 3asxnu
nemoHcTpye noBHuit EMT-denorun. Llutokinu, pakropu
pPOCTY, MOJIEKYJIV MO3aKJIITUHHOTO MAaTPUKCY 3a JIOTTOMOTOI0
HM3KU TpaHCKpUILiitHux (akropis (Slug, Snail, ZEB1/2,
Twist1/2, sKi 3B’I3yI0TbCA 3 PETYAATOPHUMU TUTTHKAMU
reHiB-MillleHe#1), aKTUBYIOTh CUTHaNIbHI 1utsixu EMT. Ak-
TUBAILLiSI IPOAYKTIB LIUX T€HiB MPU3BOAUTD A0 iHTiOYBaHHSI
emirenianbHuX (E-kaarepuH, KjiayauHU, OKJTIOAWH TOILO)
Ta aKTUBAallil Me3eHXiMaJIbHIX MapKepiB (BiMEHTUH, (iOpo-
HeKTHH, N-KaArepyH TOIIO0). YHACTIIOK LUX 3MiH KIITHHA
BTpayaloTh aares3ito, MiABUILYIOTh PyXJUBICTb i HAOYBaIOTh
3MaTHOCTI OO pyHHYBaHHS MO3aKJIITUHHOIO MaTpuKcy. bi-
OJIOTIYHI Ta MEXaHiYHi 3MiHU, 30KpeMa aKTUBallisd MaTpUK-
CHHUX METaJIoNpoTeas, SIKi pyiHYIOTh 0a3aibHy MeMOpaHy,
CHpUSIOTH AeTpanalii konareny IV ta 3a0e3nedyioTs Ipo-
pOCTaHHsI MyXJIWHU B Tpaxelo, CTPaBOXid i CyAUMHU, CYT-
TEBO BIUIMBAIOTh Ha iHBAa3WBHI BJIACTUBOCTI ITyXJIUH [32,
33]. HagsHicTb myTauiii P753 ta PTEN BBaxXalTh OIHOIO
3 TOJIOBHUX MPUYUH BTPATU KOHTPOJIIO HAJ KIITUHHOIO
anresieto, aktuBauii EMT i nepexony nudepenuiitoBaHoi
kapuuHomu 1113 B AK.

Haitvacrime AK mpopocrae y Tpaxerw, cTtpaBoxin i
COHHY apTepilo, a Malli€eHTH 3 MYJbTUIHBA3i€I0 MalOTh
M’ ITUKPATHO TMiABUIIIEHU PU3UK PEIIUAUBY TTOPIiBHSIHO 3
naiieHTamMu 3 iHBazielo B ogHomy Miclii [34]. HeBenukuii
pO3Mip KOropTH HE J03BOJISIB MPOBECTU aHAIi3 YaCTOTH
Jokauii inBa3zii AK, rpoTte ouyeBMIHO, 10 caMa iHBa3iii-
HIiCTh KapLIMHOMMU € OIHI€I0 3 HAMBaXKJIMBIIIUX IIPOTHOC-
TUYHUX XapakTepucTnk. CaMe 3i CTynieHeM iHBa3iifHOCTi
AK nop’s13aHUlt TaKOX Ay>kKe HeraTMBHUI MPOTrHO3 11100
BIDKMBAHOCTI XBOpuUX 3 mmpoKoinBaziitnumu AK 113, skum
3a HEMOXKJIMBOCTI MPOBEAEHHS TOTAILHOI TUPEOINEKTOMIl
BUKOHYBaJIM PE3EKIIil0 MyXJIUHU.

Buxusanicts xBopux 3 AK 113 Buia 3a ymoBu mpo-
BeneHHs 3I1T. [1pu uboMy 1ikaBo, 110 MicasionepauiiHui
TEPMiH XUTTSI XBOPUX BipOTiTHO TPUBAJIILINKI y pa3i mpo-
BEIEHHS EeKiJTbKOX KypCiB OIPOMiHEHHSI, TOMi SIK 00Csr
Teparlii He IT03HAYMBCS Ha PiBHI BIKMBAHOCTI ITAIli€HTIB.
Taky ocoOIMBICTh MOSICHIOIOTh TUM, 1110 JBa Pi3Hi, aje
IMOB’sI3aHi aCIeKTH IIPOTHO3Y I0-pi3HOMY MOAUQIKYIOTh
YacoBMI PO3MOZi JIeTaIbHUX BUIAAKiB. Ase y pa3i AK
II13 Taka po30ixXHICTb (SIKIIO BOHA IiiICHO iCHY€E) MOTpedye
NeTaJIbHIIIIOTO aHaJli3y, 60 YaCOBUI PO3IOIiN JeTaTbHUX
BUIAAKIB cepell XBOPUX OOMEKEHUI 1y>Ke KOPOTKUM TPO-
MiXKKOM Yacy Bil Teparrii 1o HaCTaHHS CMepPTi.

BucHoBku, BukianeHi y aiteparypi mono 3I1T, cBin-
YyaTh, 1110 BOHA MOXE BUCTYNATHU MPOTHOCTUYHUM YUHHU-
koM 1ipu AK 113, ase ii 3HaYeHHS 3aJ1€XKUTh Bill KJIiHIYHOTO
KOHTEKCTY. K yacTuHa MyJbTUMOAaabHOro miaxonxy 31T
ACOLIIOETHCS 3 MiABUIIIEHHSIM MeiaHU 3arajbHOI BUXUBA-
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HOCTI, KpalllM JOKOPETioHapHUM KOHTPOJIEM MyXJIMHU Ta
3HMKEHHSIM PU3UKY JIOKAJIbHOTO TTPOTrpecyBaHHSsI, 0CO0 M -
BO mpu pesekuii myxauHu RO/R1, BincyTHOCTI BigmanieHUxX
MeTacTasiB i HEBEJIMKOMY MyXJIMHHOMY 00°eMi [35, 36].
Braxatotp, mo 3I1T He € 6ioJ0riYHMM MPOTrHOCTUYHUM
MapkepoMm (sk, Hanpukian, mytauii 7P53 yu TERT), ane
y KJIiHIKO-CTaTUCTUYHUX MOJEISIX YACTO BUCTYMA€E He3a-
JIESXKHUM TTIO3UTUBHUM TEPANeBTUYHUM TTPOTHOCTUIHUM
YUHHUKOM. Peectpytoth Kpaiy edpekruBHictb 3T1T 3a BU-
COKHUX J103 OIPOMiHEHHS i IIpy KOMOiHOBAaHOMY MigXO.Ii
(HampuKkJam, 3 XiMio- un TapreTHoto Teparieto) [37]. TTpo-
THOCTUYHE 3HaueHHs micasonepaiiiinoi 31T y nikyBanHi
AK 1113 3aiuiaeTbes CyrepewnBUM, 00 Y TOCITiIKEHHSIX
11 BIUIMBY € YUHHUK YIIEPEIKEHOCTi BUOOPY MAlliEHTIB: XBO-
P¥IM 3 KpalllM CTAHOM 3I0POB’sI Ta BiICYTHICTIO MeTacTa3iB
nponoHyoTb 31T y 36inbmeHoMy 00cs3i [38]. 3a3Hayu-
MO, III0 Y TPYIIi XBOPUX, SIKi OTPUMYBaIN OEKiJbKa KypCiB
3I1T, He Oyno ocib 3 BinnaseHumu metactazamu AK, 1o,
MMOBIpHO, i TO3HAYMIOCS HAa TPUBAJIIIIIOMY Yaci iX Imicisi-
OTepaIiitHOTO KUTTSI.

BucHoBKkMU

1. Joormepaniiina giarnoctuka AK 1113 € yrpyaHeHo10;
SIK TIpY LIMTOJIOTiYHOMY AociimkeHHi acmipartiB TAIIbB, Tak
i MPM MaTOTICTOJIOTIYHI eKCTepTHU3i BUIATCHUX KAPLIMHOM
NiarHOCTUYHO BaXKJIMBUM € iIMYHOTICTOXiMiUYHE BU3HAUYECHHS
eKcIpecii MapKepiB TUpeoinHol nudepeHmialii (Tupeorio-
oynin, PAX-8, TTF-1), E-kanrepuHy, IuTOKepaTUHIB, p53
Ta ingekcy Ki-67.

2. Cepen xBopux Ha AK I3 renaepHux BinMiHHOCTE
KJIIHIYHUX XapaKTepUCTUK 3aXBOPIOBAHHSI — BiKy Ha MO-
MEHT oTepallii, po3Mipy KapiimHOM, YaCTOTH MaJluX, Ce-
PeIHiIX i BeJIMKMX MyXJIMH, METacCTaTUYHUX a00 iHBa3iiMHMX
KaplMHOM, TPUBAJIOCTI MiCIS0NepaliiitHOTro KUTTS XBOPUX,
a TaKOXK PiBHS JIETAJIBHOCTI — HE BUSIBJICHO.

3. HamarpecusHnicts AK 1113 migTBepmKyIOTh: 3HAYHUI
pO3Mip MyXJIMH, IX IIMPOKA iHBa3ilHICTh, KA OXOILIIOE
KPUTUYHI OpraHu, 110 OTOYYIOTh 3aJ103y, perioHapHe Me-
TacTazyBaHHS MepeBaXkKHO B JiMbaTUUHI By3JI1 JJaTepaJbHUX
BiJLI1TiB 1M1, HAsSIBHICTh BiljajJeHUX MeTacTa3iB, 4acTo-
Ta SIKNX 30UTBIIYETHCS 3 MiABUIIEHHSIM PO3Mipy MyXJIMH,
KaTtacTpodiuHO HM3bKA TPUBAJICTh MicJasiOoNepaliiiHOro
JKUTTSI XBOPUX, sIKa 11 OiIbIle 3MEHIITYEThCS 3a HasIBHOCTI
3a3HAaYCHUX XapaKTepUCTUK, BUCOKA JIETATbHICTb.

4. IHTpa- Ta eKcTpaTUpeoigHa iHBa3isl, BiagajeHe Me-
TacTazyBaHHS Ta PO3Mip MyXJIMHU MOHAA 8 CM € TIPOTHOC-
TUYHUMM Oi0JIOTIYHUMU MapKepaMM BUXKMBAHOCTI XBOPUX
3 AK 113. [ToBHe BupajJeHHs IIyXJIMHU Ta IIPOBEACHHS
30BHIITHBOT MPOMEHEBOI Teparnii MoXHa BBaxkKaTW MO3U-
TUBHUMU TEPANIEBTUMHUMU (DaKTOpaMHu, 1110 BIUIMBAIOTh HA
MPOTHO3 3aXBOPIOBAHHS.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOTD PO BiZICYTHICTb
KOHJIIKTY iHTepeciB Ta BiacHOI (hiHaHCOBOI 3alliKaBJICHO-
CTi ITpY MiATOTOBLI JaHOI CTATTI.

Buecok astopis. 'yna b.b. — koHuenuisa i Au3aitH no-
CIliIKeHHsI, HanmucaHHs TekcTy; TumkiB A.B., KomicapeH-
ko L.I., Ocragiituyk M.B., 'ame3apnamsini 1.B., FOxum-
yyk O.0. — 306ip Ta ompalroBaHHS MaTepianay, CTaTUCTUYHA
00poOKa, IAroToBKa 10 IPYKY.
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Anaplastic thyroid cancer:
clinical characteristics and prognostic factors
of the most lethal thyroid cancer

Abstract. Background. The literature data of recent years reflect
a significant increase in scientific interest in etiology, molecular
abnormalities, biological features, prognostic variables, and thera-
peutic options for anaplastic thyroid cancer. The rarity of pathology,
the difficulties in rapid diagnosis, and the lack of effective approa-
ches to treatment lead to a catastrophically low survival rate. At the
same time, a comprehensive approach to the problem (molecular
pathogenesis, accurate diagnosis, clinical manifestations, improved
multimodal therapy) can ensure significant progress in the treatment
of carcinoma, the most aggressive of all thyroid tumors. The purpose
of the work is to conduct a retrospective analysis of clinical data
from patients with anaplastic thyroid cancer regarding diagnosis,
tumor characteristics, and factors that may affect the duration of
the postoperative period and survival rate. Materials and methods.
A retrospective analysis was conducted of data from 27 patients
with anaplastic thyroid cancer who were examined and operated on
between 1989 and 2024. The following factors were analyzed: age,
gender, tumor size, cytological findings of aspirates, presence of
metastases (regional and distant) and carcinoma invasion (into the
tumor capsule and vessels, intra- or extrathyroidal), extent of surgi-
cal intervention, postoperative treatment, as well as life expectancy
and survival rate. Results. No differences were found in the clinical

characteristics of the disease, the median duration of postoperative
life, the level of mortality and survival of patients of either sex, which
is significantly distinct from that in differentiated thyroid carci-
nomas. Clinical characteristics such as significant size of tumors,
their wide invasiveness (spreading to critical organs surrounding
the gland), regional metastasis mainly to the lateral cervical lymph
nodes, the presence of distant metastases (their frequency increases
with increasing tumor size), catastrophically low postoperative life
expectancy (which is even more reduced in the presence of these
characteristics), and high mortality indicate the hyperaggressive
nature of anaplastic carcinoma. Intra- and extrathyroidal invasion,
distant metastasis, and tumor size greater than 8 cm are prognostic
biological markers of patient survival, and complete tumor resection
and external beam radiation therapy are positive therapeutic factors
that influence disease prognosis. Conclusions. Targeted research into
the main pathogenetic and clinical aspects of pathology, as well as
improving the multimodal treatment strategy, including existing
methods together with the development and application of targeted
and immunotherapy, can significantly improve the overall survival
of doomed patients.

Keywords: anaplastic thyroid carcinoma; invasion; metastasis;
tumor size; treatment; life expectancy; survival rate

Tom 22, N2 4, 2026

www.mif-ua.com, https://iej-journal.com 43



[ ® . . .
D Ei:l Opl/lrlHCU\le AOCAIAXEeHHSA
International Journal of Endocrinology

Original Researches

VIIK 616.5-002.52-055.1 DOI: https://doi.org/10.22141/2224-0721.22.4.2026.1725

XaaH B.M., TkayeHko M.B., babaHiHa M.FO., BoanyeHko I.B.,
Kup‘siH O.A., Kitypa €.M., IBaHmbkmii I.B., N\ebiab B.T.

TTOATABCEKN AEPXKABHUV MEANYHUU YHIBEPCUTET, M. [TOATABQ, YKPQIHO

PoAb aHApPOreHiB Y OpMYBAHHI KAIHIYHOIoO NpodiAlo
CUCTEMHOro YepBOHOIroO BOBYAKA
cepeA YOAOBIKIB

Pe3tome. AkTyanbHicTe. CuctemHuii YepBoHusi BoB4ak (CHB) y 40OmoBIKiB 3yCTpiHaeTbCsl 3HAYHO PifLIe, HIK
Y XIHOK, 04HaK MOXe XapaKTepu3yBaTucs NeBHUMU KITiHIYHUMKU 0co6MBOCTAMU. Ponb aHaporeHis, 3okpema
TecTocTepoHy, y nepebiry CHB 3anvLuaeTbcsi HEQOCTaTHLO BUBHEHOK. [aHi LLo[0 HacToTy rinoroHagmMaMy Ta vioro
KJTiHiYHOro 3Ha4eHHs1 rnpmu CYB y 4onoBikiB € cynepe4Bumn. MeTa [OCnigXeHHS: BU3HAYUTY HacTOTY 3HUKEHOIO
PiBHS1 TECTOCTEPOHY cepen 1osnoBikiB i3 CHB, a Takox oxapakTepmn3yBaTv 0COO/IMBOCTI KITiHIYHOro nepebiry 3axso-
proBaHHs1, crieynebiky 3acTocyBaHHs iMyHOCYPeCcUBHOI Teparii Ta cyrnyTHi MeTabonivyHi nopylueHHs1. Marepianu ta
meroau. [NpoBegeHo 04HOMOMEHTHE KIliHIKO-nabopaTopHe JocnifgxeHHs 34 Honosikis i3 CYB, siki nepebyBanv Ha
cTayioHapHoMy nikyBaHHiI npotarom 2024-2025 pp. HiarHo3 BctaHososanm 3a kputepismm SLICC (2012). BusHa-
YeHHS1 3ara/lbHoro TeCTOCTEPOHY 3AIVICHIOBaIN METOLAOM €/IeKTPOXEMINIIOMIHECLIEHTHOIrO aHaniay; rinoroHaguam
fiarHoctysanm nipy piBHi < 12,0 HMonb/n. OuiHoBany KiiHiYHi nposisn, aktusHicTe (SLEDAI-2K), iHgekc moLuko-
xeHHs (SLICC/DI), nabopaTopHi nokasHvku, Tepanito 1a CyrnyTHi 3axXxBOptoBaHHs. st MDKrpyrnoBoro ropiBHsIHHS
3actocosyBan U-kputepivi MaHHa — YiTHi, x° lNipcoHa Ta kopensauiviHmi aHania Cnipmena (p < 0,05). Pesynbraru.
YHacrora rinoroHaguamy ctaHosuna 14,7 %. BusasrneHo BiporigH1i 3B0pOTHUV 3B’A30K MiDK PIBHEM TECTOCTEPOHY Ta
L0300 METWINPeAHI30M0HY (B nepepaxyHKy Ha npeaHiaonoH) (r = —0,54; p < 0,001), a TakoxX LLUBUAKICTIO OCifaHHs
eputpoumnTis (r =—0,37; p = 0,019). No3uTnBHI KopensALii BCTAHOB/IEHO MiXX pPiBHEM TECTOCTEPOHY Ta KOHLEHTpaLiero
remornob6iHy (r = 0,38; p = 0,015) i rematokputom (r = 0,46; p = 0,003). NavieHTn 3 rinoroHagn3mMom pigLue masam
ypaxeHHs cyrnobis (25 npotn 69 %; p = 0,02), oTpuMyBasm BULLi 03U ITIHOKOKopTukoigis (14,0 npotn 9,0 Mr/aoby;
p < 0,05), pigLue 3acTocoByBanv rigpoKcuxIopoxiH (40 npotn 78 %; p < 0,05), XxapaKTepu3yBasmcs BULLIMM iIHAEKCOM
macw Tina (28,5 npotu 24,5 kr/M?; p < 0,05) Ta HacTiLLow apTepianbHO rinepTeHsieto (75 npotn 32 %, p < 0,05). Ta-
KOX Y HVX BiA3Ha4YeHo BiribLL BUpaxeHy rpoTeiHypito (4,5 npotv 0,07 r/Roby; p = 0,028) 6e3 BiporigHuX BiAMIHHOCTEMN
Y LUBUAKOCTI KI1y604KOBOI ¢hinbTpavii. BucHoBKuM. Y 4osoBikiB i3 CHB 3HMXeHHS piBHSl TECTOCTEPOHY acoLitoeTbCs
3 BULLMMU [JO3aMUN [TTIOKOKOPTUKOILIB, KapaioMeTaboniqyHUMM MOPYLLEHHAMU Ta OiflbLL BUPAXEHOK MPOTEIHYpIEr,
arie He roB’si3aHe 3 3araJsibHoK aKTUBHICTIO 3axBoproBaHHs. OTpuMaHi AaHi MnigKpecioTb OLiNIbHICTb OLiHKM rop-
MOHasIbHOro npoginto y 1ornosikis i3 CHB Ta noTpebyroTs NigTBepAXKEHHS B OCIMKEHHSIX i3 GiflbLLOI BUBIPKOHO.
Knro4oBi cnoBa: cucreMHuii 4epBOHWI BOBYAK; TECTOCTEPOH; riMoroHaan3m; Hos0Biku, IIOKOKOPTUKOIAN;
npoTeirypisi

Bctyn

CucreMmuunit yepBonuii Bopyak (CUB) — 11e xpoHiuHe
CUCTEMHEe aBTOIMyHHE peBMaTU4YHE 3aXBOPIOBAHHS He-
BCTAHOBJICHOI €Ti0JIOTil, SIKe XapaKTepU3yEThCS HaIMip-
HUM YTBOPEHHSIM OpraHoOHecTelM(piuHUX aBTOAHTUTII 10
Pi3HUX KOMITOHEHTIB KJIITUHHOTO sIIpa Ta 3aIlyCKOM iMyHO-
3amnaJbHOTO YIIKOIKEHHSI BHYTpillIHiX opraHis [1]. Bimomo,
1110 XBOpOOa 3HAYHO YacTillle TPaIUISIETHCS cepell KiHOK:
CIIiBBIZHOIIIEHHST 3aXBOPIOBAHOCTI Cepel JOPOCIINX KiHOK

i yoJsioBiKiB KonuBaeTbes Big 8 : 1 mo 15 : 1 [2]. OnHuM i3
MOXJIUBUX MOSICHEHB 1IbOTO € BIJIUB CTATEBUX TOPMOHIB
Ha iMyHHY BiAIIOBilb.

EcTporenu ctumymniooTh aKTUBHICTh B-KimiTuH, 110
YaCTKOBO MOSICHIOE YacTi 3aroctpeHHst CUB 11in yac Barit-
HOCTI, KOJIM piBeHb €CTPOTeHIB € minBuineHuM. BogHovac
aHJPOTeHU YMHSITh raJIbMiBHUI BIIMB Ha B-KIiTHHHY J1aH-
Ky [3], 1m0 Moxe OyTH MPUYMHOIO MEHIIIOI MOIIMPEHOCTI
CUB y 4oJoBiKiB.
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Pamninre 3BepTamachk yBara Ha oCOOJMBOCTI ITepediry
CUB y 4oJioBiKiB Ta IMOBIpHY pOJib PiBHIB YOJOBIYUX i
KiHOYMX CTaTe€BUX T'OPMOHIB Y PO3BUTKY XBOpoOu. 30-
KpeMa, BCTaHOBJIEHO, 1110 y YojoBivoi nomynsiii CUB
4acTo MaHi(heCTy€e Yy MOJIOAIIOMY Billi, XapaKTepU3YEThCSI
MPOTPecyrUYnM nepedirom, MiIBUIIEHOI YaCTOTO Cy-
JUHHUX YPaXeHb, YPaXKeHHSIM BEJIMKMX CyI00iB Ta Oilb-
11010 TIOIIMPEHICTIO aHTU(DOCPOMIITiTHOro cuHApoMy [4].
Y nocaimkeHHi 3a ygacTio 12 yonoBikiB i 12 xxiHok i3 CUB
BiZ3HAYaAJIOCs, 110 Y YOJIOBIKiB YacTillle crmocTepiraiacs
TEHJICHIIisl 10 HEBIMIMHHOIO MPOTPEeCyBaHHS Ta piaKic-
Hilux pemiciii. ¥ 4 4oyoBikiB Oy/J0 BU3HAUYEHO PiBEHb
TECTOCTEPOHY, iy 75 % BUNANKiB BiH OYB HIDKYMUM 332 HOP-
MaJibHi IMMTOKa3HUKH [35].

Icnye mpumnymenns, mo CUB gacrimne po3BuBa€eThes
Y YOJIOBIKiB 3i 3HM>KEHUM PiBHEM TECTOCTEPOHY Ta MilBU-
IIIEHUM piBHEM eCTporeHiB. JomaTKoBO MOBiZOMISIETHCS
npo niaBuineHy yacroty CUB y maitieHTiB i3 cMuHApOMOM
Knaitndensrepa [6]. B iHmmomy gocmimkeHHi y 8 40JI0BiKiB
i3 CUB BusgBICHO BipOrigHO HMXYi piBHI TECTOCTEPOHY,
ecTpamioy Ta (podiKyJI0CTUMY/II0I0YOT0 TOPMOHY ITOPiBHSI-
HO 3 KOHTPOJIEM, TOI SIK piBeHb JIOTEIHI3yI0UOTr0 TOPMOHY
(JIT') 6yB minBuilieHUM, a KOHLIEHTpALLisl TPOJIAKTUHY MaJia
MOMipHY 3BOPOTHY KOpEJIslilo 3 piBHEM TECTOCTEPOHY [7].

CTaH 3HMXXEHOTO PiBHS TECTOCTEPOHY B YOJIOBIKiB BU-
3HAYaloTh K TMOrOHAAU3M — CUHIPOM, IO ACOLIOETHCS
3 HU3bKOIO KOHIIEHTPAIIi€I0 TECTOCTEPOHY Ta 3AaTHUI He-
TaTUBHO BIJIMBATU HA €HAOKPUHHY, CEPLIEBO-CYIUHHY i
PeNpONYKTUBHY CUCTEMU, MOTIPIIYIOYN SIKICTh XUTTS Ta
nporHo3 [8]. [TommpeHicTh rimoroHagu3My cepell Y0JIOBiKiB
Bapilo€ Bil 01M3bKO 5 y 3arajibHii momyssiii 1o 30 y maii-
€HTIB i3 LIyKPOBUM J1iabeTOM 2-T0 TUIY Ta OXUpiHHSIM. [1e-
pendayvaeTbes, 1110 HasIBHICTh XPOHIYHOTO iMyHO3aaJIbHOTO
peBMaTUIHOTO 3axBopioBaHHs (XIP3) Mmoxe migBuiyBaTu
PU3UK PO3BUTKY TiMIOrOHAAU3MY, TOJi SIK HEIOCTaTHICTh
TECTOCTEPOHY MOXE CIPUSITU PU3UKY BUHUKHEHHS ab0
TskuoMmy riepebiry XIP3 [9].

MeTta qociizKeHHs: BU3HAUUTU YaCTOTY 3HUXEHOTO
PiBHSI TeCTOCTEpOHY cepen yosoBikiB i3 CUB, a Takox oxa-
pakTepu3yBaTU OCOOJMBOCTI KJIiHIYHOrO nepeodiry 3axBo-
pIoBaHHS, crenndiKy 3aCTOCYBaHHS iMyHOCYIIPECUBHOI
Teparlii Ta CymyTHi MeTabOJiYHi MOPYILLIEHHS.

Marepiaam Ta meToamn

Byno npoBeneHo ogHoyacHe KJiHiKo-JIabopaTopHe
o0cTexeHHs 34 4OJIO0BiKiB i3 BCTAHOBJIEHUM J1iaTHO30M
CUYB, axuii Binnoigas kpurepisim SLICC (Systemic Lupus
Erythematosus International Collaborating Clinics) 2012
POKYy. Yci mauieHTH MPOXOIUJIM CTallioHapHEe JIiIKyBaHHS
y 2024—-2025 pokax y KII «ITonraBcbka obacHa KiiHiuHA
JikapHs iM. M. B. CkitidhocoBcbKOTro».

o xpuTepiiB HEBKIIOUEHHSI OYJIO BiTHECEHO MOMNePeIHE
3aCTOCYBaHHS MpeTapariB TECTOCTEPOHY, HOTO CUHTETHY-
HUX aHaJoriB abo 3acobiB, 110 CTUMYJIIOIOTh €HAOTEHHUM
cUHTe3 TecTocTepony. [lamieHTn, SIKi oTpMyBaIy MOMiOHY
Teparito, He BKITIOYAJIUCS 10 BUOIpKU.

HocnimkeHHsT O0yJIo cXBaJieHe JJOKATbHUM KOMIiTETOM
3 etuku KII «[TonraBchka oGjacHa KIliHiYHA JIiKapHsI
iM. M.B. CxtibocoBcbKoro». Yci ydacHUKM Hafaau IMUCh-
MOBY iH()OpPMOBaHY 3ro/y Ha Y9acTb Y JOCIiIKEHHI.

MenianHuii BiK 00CTEXXE€HUX YOJOBIKiB CTAHOBUB
36,2 [31,0; 47,4] poky, a TpuBajiicth CUB — 5,4 [2,8; 9,2]
pOKy. binbIlicTh yuacHUKIB Majia XpOHIUHMI Iepedir 3a-
xBoptoBaHHs (71,0) i3 Hu3bKow (40,0) abo MoMipHOI0O
(35,0) akTuBHicTIO TIpoliecy. MeniaHa iHIeKCY aKTUBHOCTI
SLEDAI-2K cranoBuna 5,5 [3,5; 8,7], a iHIeKC MOIIKO-
mxennst SLICC/DI — 1,0 [0,5; 2,0].

BinpuricTh mamieHTIiB OTpUMYyBaja METIINPEIHI30JI0H
(88,0 %) i3 MemiaHHOIO TOOOBOIO A030I0 3a MPEIHI3010-
HoM 9,5 [5,0; 13,0] Mr/mo6y. I'inpokcuxinopoxiH mpuitManu
74,0 % 4JoNOBiKiB, TOIi IK MEHIIIE TTOJIOBUHU XBOPHX OTPH -
MyBaJii iMmyHocyrpecanTu (46,0 %).

HeTanbHa XapaKTepUCTUKA YYaCHUKIB HaBeleHa y
Tabsn. 1.

Ta6nuuys 1. Xapaktepuctuka nayieHTiB

TMoka3Huk 3HayeHHs
Bik, poku, Me [25-11; 75-it nepueHTUni] 36,2 [31,0; 47,4]
(550 7505 repiontas] 54(28:92]
AkTunBHicTb 3a SLEDAI-2K: H13bKa, % 40
AxTueHicTb 3a SLEDAI-2K: nomipHa, % 35
AkTtusHicTb 3a SLEDAI-2K: Bucoka, % 25
SLEDAI-2K, Me [25-i; 75-1 nepueHTuni] 5513,5; 8,7]
SLICG/DI, Me [25-11; 75-11 nepueHTni] 1,0 [0,5; 2,0]
YpaxeHHs wkipn, % 58
YpaxXeHHs Cn30BuX 060M0HOK, % 18
Anoneuis, % 24
YpaxeHHs cyrno6is, % 66
lnespuT, % 16
[Mepukapaut, % 37
Hedpurt, % 45
YpaxeHHns UHC, % 8
MosutneHa npoba Kyméca, % 19
JlenkoneHist, % 58
Tpomb6oumToneHis, % 26
IMYHOROTi4Hi NOPYLLEHHS, Y% 92
JlnxomaHka, % 26
MeTtunnpeaHisonoH, % 88,0
foss (canen s wesononon. | 95150:190)
[iLpOKCUXNOpPOXiH, % 74,0
IMyHOCYnpecanTu, % 46,0
ApTepianbHa rinepreHsisa, % 34,0
Llykposnii fiabet 2-ro Tuny, % 0,0
OXuPpiHHA, % 13,0
Octeonopos, % 5,0
ot eracspon WO e 157 (156226
IMT, kr/m2, Me [25-i1; 75-if nepueHTUni] 25,3[22,6; 28,1]

lpumitka: LJHC — yeHTpanbHa HepBoBa cuctTema.
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Ta6bnuys 2. TNopiBHSAHHA NaLiE€HTIB i3 HOPMasIbHUM Ta 3HVXXEHUM PiBHEM TeCTOCTEPOHY

TectocTepon TecTocTepon
TMokasHuk <12,0 Hmonb/n >12,0 HMonb/n p
(n=5) (n=29)
3aranbHuil TeCTOCTEPOH, HMONb/N, Me [25-i; 75-1 nepueHTuni] 7,0[6,4; 8,2] 19,5 [17,5; 23,8] < 0,001
Bik, poku 42,0 [36,0; 48,0] 35,0 [28,0; 45,0] 0,2
Tpusanictb C4B, poku 6,2 [3,0; 11,5] 5,3[3,0;9,0] 0,7
AkTunBHicTb SLEDAI-2K: HU3bKa, % 50 41 0,3
AxtusHictb SLEDAI-2K: nomipHa, % 30 36 0,6
AktuHicTb SLEDAI-2K: BucOKa, % 20 23 0,8
SLEDAI-2K, Me 5,0 [3,0; 12,0] 6,0 [4,0; 9,0] 0,9
SLICC/DI 1,4 [1,0; 2,0] 1,0 [0,5; 2,0] 0,8
YpaxeHHs wkipu, % 38 59 0,3
YpaxXeHHs Cln3oBux 000710HOK, % 0 19 0,2
Anoneuis, % 20 24 0,8
YpaxeHHs cyrnobis, % 25 69 0,02
Mnesput, % 20 15 0,8
[Tepukapgur, % 40 37 0,9
Hedbput, % 40 45 0,8
YpaxenHs UHC, % 0 8 0,5
[TosutueHa npoba Kyméca, % 0 20 0,3
eitkoneHis, % 55 58 0,9
TpombouunToneHis, % 55 26 0,07
IMyHOROri4Hi NopyLLeHHs, % 100 92 0,4
JInxomanka, % 35 26 0,6
MeTunnpeaHisonoH, % 100 86 0,4
[lo3a MeTUNNPeHi300HY (EKBIBANIEHT 3a NPEAHI30NI0HOM), M/06Y 14,0 [12,0; 18,0] 9,0 [5,0; 11,0] 0,03
ligpokcuxnopoxiu, % 40 78 0,04
BN3n, % 40 46 0,8
ApTepianbHa rinepTeH3is, % 75 32 0,02
OXUPiHHS, % 35 12 0,06
Octeonopos, % 0 6 0,6
IMT, kr/m? 28,5 [27,8; 31,5] 24,5 [22,5; 27,5] 0,02
lemorno6iH, r/n 134 [100; 158] 145 [130; 160] 0,5
Jlenkoumtn, x 10%n 7,8[6,5;9,2] 5,2[4,2;6,9] 0,02
Tpom6ouuty, x 10%n 190 [185; 320] 230 [180; 260] 1,0
LLOE, mm/rog 19 [6; 25] 11 [2; 20] 0,4
[M10K03a, MMOMB/N 5,5[4,6;5,9] 4914,5;5,3] 0,4
KpeatuHiH, MKMOMb/N 90 [85; 130] 82 [70; 95] 0,1
LUK® (CKD-EPI), mn/xg/1,73 m? 100 [58; 110] 115 [92; 124] 0,1
CeyoBa K1cnoTta, MKMOb/N 385 [350; 390] 345 [300; 375] 0,3
3aranbHuit XonecTepuH, MMonb/n 5,61[5,1;6,1] 4,4 [3,7;5,5] 0,1

Mpumitka: BIN3I — 6a3ucHi npoTu3ananbHi npenaparu.
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BU3HAYEHHS PiBHS TECTOCTEPOHY
Ta GOPMYBCAHHS rpyn

KonneHTpaliito 3araJbHOr0 TeCTOCTEpOHY BU3HAYAIN
3a torroMoroo aHanizaropa Cobas e411 3 BUKOPUCTAaHHSIM
niarHoctuuHux HaoopiB Elecsys Testosterone II/TESTO I1
(Roche Diagnostics GmbH). Cran rinoronanusmy Bcta-
HOBJIIOBAJIN Y pasi, SIKIIO piBEHb 3araJIbHOIO TECTOCTEPOHY
B CMPOBATIi KpOBi cTaHOBUB < 12,0 HMOJIB/JI.

3ajeXXHO BiJl HASIBHOCTI Y1 BiZICYTHOCTI TITOroHaau3mMy
MHalli€HTIB pO3MOIUIMIN Ha ABi MOPiBHIOBAaHI IPYIIH, Iic-
JISl YOTO TIPOBENIEHO MiXTPYMOBUI MOPIBHSLIBHUI aHai3
(Tabu. 2).

CTATUCTUYHA OBPOOBKO ACHUX

CraTUCTUYHUI aHAaJi3 30iAICHIOBAJIN i3 3aCTOCYBAHHSIM
napaMeTpUYHMX Ta HerapaMeTpUYHKUX METOIIiB Y IpOrpaM-
HoMYy cepemoBuii Statistica 12.5 (StatSoft Inc., CIIIA).
3 omisily Ha BiTHOCHO HEBEJIMKUI pO3Mip BUOIPKU Kislb-
KiCHi ITOKa3HUKH MOJAHO K MelliaHy 3 iIHTepKBapTUIbHUM
nmianmazoHoM (Me [25-i1; 75-1 mepueHTHIi]).

J171s1 IOPiBHSIHHST HE3aJIeXXHUX TPYIT BUKOPUCTOBYBAIU
U-xpurepiit Manna — YiTHi, a IUIs aHaTi3y KaTeropiabHUIX
3MiHHUX — KpuTepiit ¥* [Tipcona. Kopensiii oniHoBamy 3a
IIOIIOMOTIOI0 paHroBoro Koediuienta CripmeHa. PizHulio
MiX MOKa3HUKaM1 BBaXaJu CTATUCTUYHO 3HAYYIIOIO MPU
p <0,05.

PesyAbTaTU

V nmocnimxyBaHili BUOipIli YacTKa YOJIOBIKIB 3i 3HIKE-
HUM piBHEM TeCcTOCTepoHy cTaHoBMIa 14,7 %, 110 3ara-
JIOM Y3TOIIKYETBHCS 3 MOIMEPeaHIMU KIIIHIYHUMMU CITIOCTepe-
XeHHaMmu i manieHTiB i3 CYB. BusgsieHo ctatmctTmaHoO
3HAYYIIi 3B’SI3KM MiXK KOHIIEHTpalli€lo 3arajJibHOro TeCTo-
CTepOHY Ta HM3KOIO KJIiHiKO-1a00paTOPHUX IMOKA3HUKIB.
30Kpema, piBeHb TECTOCTEPOHY MaB HEraTUBHY KOPEJISILito
3 10OOBOIO 103010 METUJIIPEIHI30JI0OHY B TIepepaxyHKy 3a
npenHizonoHoM (r = —0,54; p < 0,001), a TaKOX MO3UTUB-
HUI1 3B’5130K 3 piBHeM reMorio6iny (r = 0,38; p = 0,015) i
remarokpury (r = 0,46; p = 0,003). KpiMm Toro, BUSIBJICHO
3BOPOTHY KOPEJISLIiI0 MixK TeCTOCTEPOHOM Ta IMOKa3HUKOM
IIOE (r =-0,37; p = 0,019). Lli pe3ynbTaTu HaBeneHi y
Taos. 3.

IlamienTy 3i 3HMKEHUM piBHEM TECTOCTEPOHY IIPOIe-
MOHCTPYBJIM HU3KY KJTIHIKO-Ta00paTOPHUX BiAIMiHHOCTEU
MOPiBHSIHO 3 YOJIOBiKAMM, Y SIKMX KOHLIEHTpallisi TOPMOHY
3ajdiangacs y Mexax HopMu. 3o0Kpema, y IpyIli Tirnoro-
HaaM3My 3HAYHO piflle Tparuisuiocs ypaXKeHHs Cyriao0iB
(25 mpotu 69 %; p = 0,02), 110 Y3TOMXKYETHCS 3 TAaHUMMU,
HaBeJCHUMU B TaO. 2.

Taxkox 1151 rpyIia oTpuMyBaJjia BUIL 103U METUJIIPEIHI -
30JI0HY B MIepepaxyHKy 3a MPeAHi30JI0HOM: Me/liaHa CTaHO-
Buia 14,0 [12,0; 18,0] Mr/mo0y, To/i SIK y TaLi€HTIB i3 HOP-
MaJIbHUM piBHeM TectocTepoHy — 9,0 [5,0; 11,0] Mr/mo0y
(p = 0,03). BogHouac 3acTocyBaHHS TiAPOKCUXJIOPOXiHY
OyJIO MEHIII TIOIMPEHUM CEPEJ] XBOPUX i3 TIMTOrOHAIN3MOM
(40 mpotu 78 %; p = 0,04).

Kpim Toro, y mux maui€eHTiB criocTepiraayd BUIIAK iH-
nekc macu tina (IMT): 28,5 [27,8; 31,5] npotu 24,5 [22,5;
27,5] xr/M? (p = 0,02), a TaKOX CYTTEBO YaCTIIlIE PEECTPY-
BaJiacsl aprepianbHa rineprensis (75 nporu 32 %; p = 0,02).

3a pe3ynpTaTaMu J1abOPaTOPHUX NOCTIIKEHb, Y Y0JIO-
BiKiB 31 3HI>KEHUM T€CTOCTEPOHOM Bil3HAYaIU BUIILY Killb-
KiCTh JIEMKOLIUTIB y niepudepuyHiit Kposi — 7,8 X 10°/1
[6,5; 9,2] mopiBHsTHO 3 5,2 X 10°/11 [4,2; 6,9] y IpyITi KOHT-
pouto (p = 0,02). Kpim Toro, y Hux BU3Hayajau 3HaA4HO OiJib-
my 1060By npoTeinypito: 4,5 [2,3; 5,6] npotu 0,07 [0,04;
0,22] r/noby (p = 0,028).

O6roeopeHHs

3B’I30K MiX piBHSIMHM aHIPOT€HIB Ta PO3BUTKOM OKpe-
MMX PeBMaTUYHUX 3aXBOPIOBaHb HEOIHOPA30BO IiATBEP-
JKYyBaBCsl Y HAYKOBUX IOCIIKEHHsIX. 30KpeMa, BCTaHOB-
JIGHO, 1110 TilTOTOHAAM3M Y YOJIOBIKIiB, SIKi HE OTPUMYBaIU
3aMiCHY Tepallilo TECTOCTEPOHOM, aCOIIOETHCS 3 MiABU-
IIEHUM PU3UKOM BUHUKHEHHS PEBMAaTOIMHOTO apTPUTY
(BimHOoCcHM pusuk — 1,31; 95% A1 1,22—1,44), a Takox
CUB (BigHOCHMIT pusuk — 1,58; 95% M1 1,28—1,94) [10].
OkpeMi ToCHTiIKEeHHST IEMOHCTPYIOTh 00epPHEHU 3B’ SI30K
MiX piBHEM TeCTOCTEPOHY, KOHILIEHTpaLIi€I0 Ipo3anajlbHuX
LIMTOKIHIB Ta aKTUBAIIi€I0 MeXaHi3MiB aBTOIMYHHHUX i aBTO-
3anajbHuX npouecis [11, 12].

V Hamiii BUOipii BCTAHOBJIEHO IMOPIiBHSIHO HEBUCOKY
YaCTOTY 3HMKEHOTO PiBHSI TECTOCTEPOHY CEpell YOJIOBIKiB
i3 CYB — 14,7 %, mo Huxue, HixX aisg iHmmx XIP3 [13].

Ta6nunys 3. Kopensyis KinbKicHUX noKa3HuKiB
3 piBHEeM TECTOCTEPOHY

lMokasHuk r p
Bik 0,05 0,72
TpuBanicTb 3axXBOPHOBAHHS, POKM 0,16 0,28
AkTuBHicTb 32 SLEDAI-2K 0,19 0,21
SLICC/DI -0,09 0,69
(oxsisanent 32 Aposmisononon) -054 | <0001
IMT -0,18 0,24
Femorno6ix 0,38 0,015
[ematokpuT 0,46 0,003
JleikounTn -0,28 0,07
Tpomb6oumntn -0,02 0,88
LLOE -0,37 0,019
[moko3a -0,15 0,31
KpeatuHin -0,17 0,30
LLIK® (CKD-EPI) 0,12 0,48
CeyoBa kucnota -0,11 0,50
3aranbHuil XonecTepnH -0,15 0,32
C-peakTuBHWii 6inok -0,23 0,22
Tutp AHO 0,04 0,79
Antn-OHK 0,07 0,58
[lo6oBa npoTeiHypis -0,08 0,61
EputpouuTn B cevi -0,12 0,39
JleikounTn B cevi -0,03 0,82

Mpumitkn: AH® — aHTUHYKNeapHUA hakTop; aHTu-

JAHK — aHTuTtina go AHK.
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skl

Lle moxe OyTr 3yMOBIIEHO BiTHOCHO MOJIOMIIIMM BiKOM Ma-
LIIEHTIB, 11O Y3rOMXKYETHCS 3 MOMEPEAHIMU MyOTiKaLliIMU.

BusiBneHi kiiHiYHI 0COOJIMBOCTI TaKOX 103BOJISIIOThH
OKpPECJIIUTH MeBHUI peHoTur yososiki i3 CUB Ta rinmoro-
Haau3MoM. 30Kpema, y TaKUX Mali€HTiB yacTille crocre-
piranu Bumuii IMT, HeoOXigHICTh 3aCTOCYBaHHSI BUIIUX
1103 METUJITIPEIHI30/I0HY Ta IiABUILIEHY MOIIUPEHICTh ap-
TepiaJIbHOI TillepTeH3ii, 110 TaKOX MiATBEPIKCHO JaHUMU
Ta61. 2. BomHo4ac ypaxkeHHs Cyrjio0iB y MaILliEHTIB pee-
CTpyBaJIM CYTTEBO pidllle, i BOHM MEHII YacTO MpUMaIn
TiIPOKCUXJIOPOXiH, IIO MOXKe BiZoOpaxkaTH BiIMiHHOCTI
aKTMBHOCTI Ta xapakTtepy nepebdiry CUB y 1iif koropri.

BaxxmBolo KJIiHIYHOIO 3HAXiIKOIO € TAKOX 3HAYHO BU-
Ui piBeHb TOOOBOI MPOTEIHYPil cepen YOIO0BIKiB 3i 3HU-
JKeHUM TeCTOCTEPOHOM 32 BiICYTHOCTI Pi3HUIII Y IIBUAKOCTI
ki1y6oukoBoi ¢inbrpanii (LLIK®P) mix rpynamu. Le cia-
YUTH PO Te, 110 3HIKeHA (PYHKIIiSI HUPOK HE € OCHOBHUM
YUHHUKOM 3MEHIIEeHHSI KOHIIEHTpallii TeCTOCTEPOHY, a
BUSIBJICHI 3MiHM MOXYTb OyTM MOB’s13aHi 3 iHIIMMU MeXa-
Hi3MaMu, BKJIFOYHO 3 CUCTEMHOIO 3aIajbHOI0 aKTUBHICTIO
Ta MeTa0OJIIYHUMU TTOPYIIEHHSIMU.

OTtpuMaHi 1aHi TO3BOJISIIOTh IPUIIYCTUTH, IO TillOTO-
HaJIM3M MOXe OyTH OTOCepeIKOBAHO OB’ I3aHUIA i3 OiIbIIT
BUpaxKeHUM ypaxkeHHSIM HMPOK y pamkax CYB, 110 motpe-
Oye ToaIbIIUX AOCIiIKEHb.

BruiuB ctaTteBux ropmoHiB Ha nepedir CUB y yosoBikiB
BUBYaBcs Takox y poooTax N.I. Stahl Ta J.L. Decker [14],
sKi pociinuau 12 9osoBikiB 3 akTUBHUM nepedirom CUB
BikoM 22—60 pokiB (cepenHiit Bik — 37,5 poKy; cepemHs
TPUBAJIiICTh 3aXBOplOBaHHSI — 1,9 poky). ABTOpU HE BU-
SIBUJIM iCTOTHOI Pi3HMIII Y PiBHSIX TECTOCTEPOHY MiXK IMalli-
€HTaMU Ta 3I0POBUM KOHTpoJieM. TakoxX He BCTAaHOBJIEHO
KOpeJIsiLii Mixk KOHIIEHTpalli€l0 TECTOCTEPOHY, aKTUBHICTIO
CYB 4yu mo3amu TTIOKOKOPTUKOIMIB. Y TTOANBIINX poOOTax
3HIKEHHSI TECTOCTEPOHY (DiKCyBaJIOCs JIUIIE B TTOOAMHOKHMX
BUMAAKaX, TOMi K IMiABUIIEHHS eCTPanioly Big3Hayaaocs
yacriwe [15].

VY mmpinomy mocnimkenni M. H. Miller ta cmiBabr. [16],
sike oxoriio 49 vososikis i3 CUB Bikom 20—75 pokiB, 3HU-
JKEHUI piBeHb TECTOCTEPOHY BUSIBUJIN Y TTOJIOBUHU MallieH-
TiB, MEPEBAKHO CEPEJ TX, XTO OTPUMYBAB ITTIOKOKOPTUKO-
inHy Tepamito. [ligBuIlleHi piBHi eCTPOreHiB Ta ecTpamiony
TaKOX PEECTPYBAINCS Y 3HAUHOI YACTKM YYaCHUKIB. Bax-
JIUBO, 10 44 % Mann ypaskeHHsI HUPOK, 1110 MOTJIO BIUTMBA-
TU Ha piBeHb TecTocTepoHy. KpiM Toro, ciia ypaxoByBaTu,
1110 pobora rnpoBoaunacs y 1980-x pokax, KoM niarHOCTUKA
CUB 6yna MeHII e()eKTUBHOIO i 3a3BMYaii OXOILIIOBaJa
JIMIIE TIAIIEHTIB 3 TSOKKUM IIepe0iroM.

B iHITOMYy BeJIMKOMY 0araTOLEHTPOBOMY AOCIiIKEHHI
3a yyacTio 71 yonosika 3 CUB 0yJ10 BCTaHOBJIEHO ITiIBU-
1IeHHs cepeaHboro piBHs JII' Ta yacTiiie 3HUXeHHSs 6ioJio-
TiYHO aKTUBHOTO TECTOCTEPOHY, TOMI K 3araJbHUI TeCTO-
CTEpPOH CYTTEBO HE Binpi3HsBCs Bia KoHTposo [17]. Ak iy
HaIllOMY JOCJiAXEHHI, BUSIBJIEHO HEraTUBHY KOPEJSLIiI0
MiX piBHEM TECTOCTEPOHY Ta MOTOYHOIO J03010 IJIIOKO-
KopTukoiniB. OKpiM TOro, 3acTocyBaHHsI LIMKJIODochamisy
MPOTSITOM OCTAHHBOTO POKY ACOLIiIOBAJIOCS 3 OiIbII BHUpa-
JKEHUM 3HUKEHHSIM aKTUBHOTO TECTOCTEPOHY, 110 BKa-
3y€ Ha MOro MOTeHIIMHUI 00epHEHUI TOHATOTOKCUYHUMA
BIUIMB.

Okpewma yBara IpuaiIsiacsa poii pepMeHTy apoMaTa-
3H, 110 KaTajli3ye NMepeTBOPEHHS aHAPOTreHIB HAa €CTPOTeHU
[18—20]. Y pobori [21], y siKiii Opanu y9acTh 15 maiieHTiB i3
CUB (6 i3 HUX — YOJIOBiKM), PiBEeHb TECTOCTEPOHY Y YOJIOBi-
KiB OyB HI>KUMM, a PiBeHb €CTPOTeHiB — BUILMM ITOPiBHSIHO
3 KOHTpOJieM. AKTUBHICTb apoMaTasu OyJjia MiABUILEHOIO
y I'pYIli 3 HU3bKOIO Ta ToMipHO10 akTuBHicTIo CUB, 1110
MOXe TMOSICHIOBATH 3MilllEHHSI TOPMOHAJIBLHOTO OaJlaHCy Y
0iK eCTpOTeHiB.

Ha mexi XX CTOJITTS HaBiTh IPOBOAMIINCS CIIPOOM 3a-
CTOCYBaHHSI MperapariB TeCTOCTEPOHY SIK MOTEHIIIHHOTO
MPOTUpPEBMAaTUUHOTO 3aco0y. Y rpyti 3 9 yonogikis i3 CUB
YOTUPUTUKHEBA Tepartisi epipaMu TeCTOCTEPOHY CYyIPOBO-
mkyBajnacs 3HkeHHsM LIIOE, noxinmeHHsam 1aboparop-
HUX TOKa3HUKIB 3aMajieHHs], 3MEHILIEHHSIM CYTJI000BOTO
Ta IIKipHOTO CUHAPOMIB, a TAKOX 3HMUKEHHSIM MPOTEIHYPil
[22]. i pe3yabTaTil y3romXKyIOThCs 3 HAIIMMM JaHUMMU, 1110
HWXUi PiBHI TECTOCTEPOHY OYJIM TOB’sI3aHi 3 OiIbII BUpa-
JKEHOIO MPOTETHYPIEIO.

OTpuMaHi HaMK pe3yJIbTaTU 3arajloM BiAIOBiZalOTh
TAHWUM JIiTEpaTypy 1100 BIJIUBY [NIIOKOKOPTUKOIAIB Ha
piBeHb TecTocTepoHy. [IpoTe, Ha BimMiHY BiA momepeaHix
pOOGIT, MM TAaKOX Bil3HAYMJIM BUIILY YACTOTY META0OTIUYHUX
nmopyiieHb (3okpema, minBuieHuii IMT) y nmauieHTiB i3
rinoroHaau3MoM. 3MeHIlIeHa YacToTa 3aCTOCYBaHHS Tifl-
POKCHUXJIOPOXiHY cepel 1i€l Ipymnu MoTpedye Moaaablioro
BUBYEHHS, OCKIJIbKA MOXE CBITYUTU MPO ITOTCHUIAHWI
MPOTEKTUBHUI eeKT mpernapary.

BussneHni Kopensiii piBHS T€CTOCTEPOHY 3 TeMOIJIO0i-
HOM i reMaTOKPUTOM € Y3TOKEHUMHU 3 (hi3ioJorivHUMKU
NAaHWMU 110J0 CTUMYJIIOBAIBHOIO BILUIMBY aHAPOTEHIB Ha
MPONyKyBaHHS eputpornioeTuny [23, 24]. KniniuHi oco-
ouBocTi nepediry CUB y 40/10BiKiB i3 TimoroHaau3MoM —
MEHIII YacTe ypaXkKeHHs CYIJIO0iB Ta OiibIl BHUpaxeHa
MPOTETHYPiss — NMOTPeOYIOTh MiATBEPIKEHHS y IIUPIIUX
BUOipKax.

OOMexXeHHs Hallol poOOTH BKIIIOYAIOTh HEBEJIIMKUIA
pOo3Mip BUOIpKH, 1110 MOIJIO BIUIMHYTHU Ha CTaTUCTUYHY 3HA-
YYIIICTh OKPEMUX IMOKA3HUKIB. 30KpeMa, TIOTpu HasIBHICTh
MIXTPYITOBUX BiIMiHHOCTEI, HE BUSIBJIEHO KOPEJISLIil PiBHS
tectocTepony 3 IMT abo crynenem mpoteinypii. Mu riaHy-
€MO po31rpuT BUOipKy 10 80—100 naiieHTiB 1UIsl Toaab-
moro aHajizy. Takox y paMKax 1ibOro eTary He MPOBOIU-
JIOCsl BUBHAYEHHSI PiBHIB TOHAIOTPOIiHIB, TUPEOTPOITHOTO
TOPMOHY, MPOJAKTUHY Ta IJIOOYJIiHY, 110 3B’SI3y€ CTaTeBi
TOPMOHHU, — X BKJIFOUEHHSI 3aIJIJaHOBaHE Ha TMOJAJIbIINX
eTarax J10C/iI)KeHHS.

BucHoBkMu

V 40J10BIKiB i3 CUCTEMHUM Y€PBOHUM BOBUAKOM BUSIB-
JIEHO YiTKMI 3B’SI30K MiX pPiBHEM TECTOCTEPOHY Ta J030I0
METUIIPENHI300HY (Y IepepaxyHKy Ha MPEeaHi30JI0H).
BomHouac KOHIIEHTpallisl TECTOCTepOHY Ta HAasIBHICTh Till0-
TOHAJAU3MYy He MPOJEMOHCTPYBAIM acollialliii i3 3araabHOI0
aKTUBHicTIO yu TTepedirom CYB.

Takox nediluT TeCTOCTEPOHY CYIIPOBOIXKYBAaBCS BU-
111010 YaCTOTOIO KapAioMeTa0O iYHMX MOPYIIEeHb, ITiABM-
IIEHUM iHIEKCOM MacH TiJla, YacTilllolo apTepiajbHOIO Ti-
MepPTEeH3i€l0, a TAKOXK OiIBII BUPaXKEHOIO MPOTEiHYpi€lo Ta
PIOIINM YpaxKeHHSIM CYIJI00iB, 10 Y3TOMXKYEThCS 3 KITiHIU-
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HUMM JaHUMU, HaBEJEHUMU Y pe3ybTaTax JOCIiIKEeHHS.
Li cnocTepeskeHHsI MiAKPECTI0I0Th BaXKJIMBICTh OLIIHKY TOp-
MOHAJIbHOTO Mpodisio y 4ojoBiKiB i3 CYB Ta motpedyoTh
MiATBEPIKEHHS y IIUPIIUX BUOipKaX.

KondurikT inTepeciB. ABTOpU 3as1BJISIIOTD PO BiZICYTHICTb
KOHJIiKTY iHTepeciB Ta Bi1acHOI (hiHaHCOBOI 3alliKaBJIeHO-
CTi ITpY MiATOTOBII JaHOI CTATTi.

Indopmanis npo dinancysannsa. Cratts € ¢pparMeHTOM
HayKOBO-IOCIiAHOI po00oTH «MyIbTUANCHUTUTIHAPHUI
nepcoHiikKoBaHMA MiAXia 10 MeHEIXKMEHTY ITalliEHTIB 3
KOMOPOiTHOIO MATOJIOTIE€I0 Ta MOPYIIEHHSIM MEHTaJIbHOTO
30pOB’sI», HOMep AepxkaBHOi peectpatii 0124U000097.
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The role of androgens in shaping the clinical profile
of systemic lupus erythematosus in men

Abstract. Background. Systemic lupus erythematosus (SLE) oc-
curs considerably less frequently in men than in women; however,
male SLE may be characterized by distinct clinical features. The
role of androgens, particularly testosterone, in the course of SLE
remains insufficiently elucidated. Data regarding the prevalence
of hypogonadism and its clinical relevance in men with SLE are
limited and inconsistent. The aim of this study was to determine the
frequency of low testosterone levels among men with SLE, as well
as to characterize the features of the clinical course of the disease,
the specifics of using immunosuppressive therapy, and concomi-
tant metabolic disorders. Materials and methods. A cross-sectional
clinical and laboratory study included 34 men with SLE who were
hospitalized in 2024—2025. The diagnosis was established according
to the 2012 SLICC classification criteria. Total testosterone levels
were measured using electrochemiluminescence immunoassay;
hypogonadism was defined in serum testosterone < 12.0 nmol/L.
Clinical manifestations, disease activity (SLEDAI-2K), damage in-
dex (SLICC/DI), laboratory parameters, ongoing therapy, and co-
morbidities were assessed. Intergroup comparisons were performed
using the Mann-Whitney U test and Pearson’s x? test; correlations
were analyzed using Spearman’s rank coefficient (p < 0.05). Results.
The prevalence of hypogonadism was 14.7 %. A significant inverse

correlation was observed between testosterone levels and methyl-
prednisolone dose (expressed as prednisone equivalent) (r = —0.54;
p < 0.001), as well as erythrocyte sedimentation rate (r = —0.37;
p = 0.019). Positive correlations were found between testosterone
and hemoglobin concentration (r = 0.38; p = 0.015) and hematocrit
(r=0.46; p = 0.003). Patients with hypogonadism less frequently
exhibited joint involvement (25 vs 69 %; p = 0.02), received higher
glucocorticoid doses (14.0 vs 9.0 mg/day; p < 0.05), and were less
likely to receive hydroxychloroquine (40 vs 78 %; p < 0.05). They
also demonstrated higher body mass index (28.5 vs 24.5 kg/m?;
p < 0.05) and a higher prevalence of hypertension (75 vs 32 %;
p < 0.05). Additionally, greater proteinuria was observed in the hy-
pogonadal group (4.5 vs 0.07 g/day; p = 0.028), without significant
differences in estimated glomerular filtration rate. Conclusions. In
men with SLE, reduced testosterone levels are associated with higher
glucocorticoid exposure, cardiometabolic disturbances, and more
pronounced proteinuria, but not with overall disease activity. These
findings support the clinical relevance of hormonal evaluation in
male patients with SLE and warrant confirmation in larger pro-
spective studies.

Keywords: systemic lupus erythematosus; testosterone; hypogo-
nadism; men; glucocorticoids; proteinuria
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Depressive disorders in patients
with prediabetes and type 2 diabetes

Abstract. Background. Depressive disorders are common comorbidities in individuals with type 2 diabetes mel-
litus (T2DM) and prediabetes, significantly affecting quality of life, functional status, and disease management. The
presence of depressive symptoms may exacerbate metabolic dysregulation, reduce adherence to treatment, and
increase the risk of complications. Identifying factors associated with depression in patients with impaired glucose
metabolism is essential for timely intervention and individualized care. Assessing depression using standardized
tools, such as the Patient Health Questionnaire-9 (PHQ-9), enables reliable evaluation of symptom severity and
facilitates the identification of at-risk populations. Therefore, studying depressive symptoms in patients with T2DM
and prediabetes is highly relevant for improving both psychological and metabolic outcomes. The purpose of this
study is to evaluate the prevalence and severity of depressive symptoms in patients with type 2 diabetes mellitus,
prediabetes, and depressive-anxiety disorders, and to examine their associations with anthropometric and metabolic
parameters. Materials and methods. The study included 200 patrticipants: 50 patients with T2DM, 50 with prediabe-
tes, 50 with depressive-anxiety disorders, and 50 healthy controls. Depressive symptoms were assessed using the
PHQ-9 questionnaire. Anthropometric measurements (weight, body mass index (BMI)), glycated hemoglobin (HbA1c),
HOMA index, serum 25(0H)D levels were recorded. Statistical analysis included Kruskal-Wallis tests for group
comparisons, correlation analysis using Chaddock’s scale, and linear regression modeling to assess associations
between PHQ-9 scores and metabolic parameters. Results. PHQ-9 scores were significantly higher in patients with
T2DM, prediabetes, and depressive-anxiety disorders compared to controls (p < 0.001). Moderate and moderately
severe depression predominated in the T2DM and prediabetes groups, while all patients with depressive-anxiety
disorders exhibited moderately severe depression. Weak positive correlations were observed between PHQ-9 scores
and both weight (o = 0.173, p = 0.014) and BMI (p = 0.209, p = 0.003), whereas no significant associations were
found with HbA1c or HOMA index. A significant inverse association was found between serum 25(0OH)D levels and
PHQ-9 scores (p = —0.586, p < 0.001). Lower vitamin D levels were associated with greater depressive symptom
severity, explaining 64.9 % of the variance in PHQ-9 scores. WHO-5 scores demonstrated a strong inverse correlation
with HbA1c (p = —0.570, p < 0.001), highlighting the link between well-being and glycemic control. Conclusions.
Depressive symptoms are significantly more prevalent and severe in patients with T2DM and prediabetes than in
healthy controls. Increased weight and BMI are weakly associated with higher PHQ-9 scores, while glycemic control
and insulin resistance (HbA1c, HOMA index) showed no direct correlation with depression severity. These findings
underscore the importance of routine screening for depressive symptoms and targeted interventions to improve
psychological and metabolic outcomes in patients with impaired glucose metabolism.

Keywords: depression; type 2 diabetes mellitus; prediabetes; PHQ-9; BMI; glycated hemoglobin; HOMA index

Introduction

Depressive disorders represent a major global health bur-
den and are among the leading causes of disability world-
wide [1]. Growing evidence indicates a close association
between depressive disorders and metabolic conditions,
particularly disturbances of glucose metabolism [2]. Type 2

diabetes mellitus (T2DM) has been consistently linked to
an increased prevalence of depression, which negatively in-
fluences glycemic control, treatment adherence, and the
development of diabetes-related complications [3].
Prediabetes, defined as an intermediate state between nor-
moglycemia and diabetes, has recently gained attention as
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a critical period for early intervention [4]. However, data on
depressive disorders in individuals with prediabetes remain
limited and heterogeneous [5]. Potential mechanisms underly-
ing the association between depressive disorders and impaired
glucose metabolism include insulin resistance, chronic low-
grade inflammation, hypothalamic-pituitary-adrenal axis dys-
regulation, and shared behavioral risk factors. Depression in
patients with prediabetes and T2DM may accelerate metabolic
deterioration and contribute to poorer clinical outcomes [6].

Given the high prevalence of both depressive disorders
and glucose metabolism disturbances, as well as their bidi-
rectional interaction, further investigation of depressive dis-
orders in patients with prediabetes and T2DM is warranted.
A better understanding of this comorbidity may facilitate
early detection, optimize integrated care strategies, and im-
prove both mental and metabolic outcomes.

The purpose of this study is to evaluate the prevalence and
severity of depressive symptoms in patients with type 2 dia-
betes mellitus, prediabetes, and depressive-anxiety disorders,
and to examine their associations with anthropometric and
metabolic parameters.

Materials and methods

The present study was designed as a prospective cohort
clinical case-control study.

The study protocol comprised the following stages: pa-
tient screening to assess eligibility according to inclusion and
exclusion criteria; assessment of clinical, laboratory, and
instrumental parameters; genetic analysis; and statistical
analysis of the collected data. Depressive symptoms were
initially screened using the Patient Health Questionnaire-2
(PHQ-2). Participants who provided a positive response to
at least one PHQ-2 item underwent further assessment with
the Patient Health Questionnaire-9 (PHQ-9). The PHQ-9 is
a validated screening instrument consisting of nine items [7,
8]. Overall PHQ-9 scores range from 0 to 27 and were inter-
preted as follows: minimal depressive symptoms (1—4), mild
depression (5—9), moderate depression (10—14), moderately
severe depression (15—19), and severe depression (20—27).

The study was conducted with the approval of the Ethics
Committee and in compliance with the principles of the Dec-
laration of Helsinki and international standards of Good Cli-
nical Practice (GCP). Written informed consent was obtained
from all participants prior to enrollment. The diagnosis of
T2DM was established in accordance with American Diabetes
Association Professional Practice Committee for Diabetes [9].

A total of 200 participants were enrolled in the study. The
patient cohort comprised 150 individuals divided into three
groups: 50 patients with a confirmed diagnosis of T2DM,
50 patients with impaired glucose tolerance, and 50 patients
with depressive-anxiety disorders. An additional control
group included 50 apparently healthy individuals for com-
parative analysis.

Anthropometric measurements, including body weight
and body mass index (BMI), were collected for all partici-
pants. Glycemic control was assessed using glycated hemo-
globin (HbAIlc), and insulin resistance was estimated using
the Homeostatic Model Assessment index (HOMA-IR).
Serum 25-hydroxyvitamin D (25(OH)D) levels were mea-
sured to evaluate vitamin D status.

Statistica 10.0 (StatSoft, Inc.) was used for data analysis.
Statistical analyses were performed using non-parametric
methods. Group differences were evaluated with the Krus-
kal-Wallis test. Associations between variables were examined
using correlation analysis, with the strength of correlations
interpreted according to Chaddock’s scale. Linear regression
models were constructed to assess the relationship between
depressive symptom severity, measured by PHQ-9 scores,
and metabolic parameters.

Results

The PHQ-9 scores were analyzed according to patient
groups (Fig. 1). Median (Me) and interquartile range (Q,-Q,)
values were calculated for each group. The control group
(n = 50) had a median PHQ-9 score of 4.00 (Q,-Q;: 3.00—
4.00). Patients with T2DM (n = 50) showed a median score
of 17.00 (16.00—17.00), those with prediabetes (n = 50) had
a median of 15.00 (15.00—17.00), and patients with depres-
sive-anxiety disorders (n = 50) had the highest median score
0f 19.00 (18.00—19.00).

Pairwise comparisons revealed that each patient group
differed significantly from the control group (p < 0.001) and
that the depressive-anxiety disorders group differed signifi-
cantly from both the diabetes mellitus and prediabetes groups
(p <0.001).

We performed analysis of depression level was performed
conditioning on patient groups (Table 1).

According to the data obtained when comparing depres-
sion level statistically significant differences were revealed
depending on patient groups (p < 0.001). All participants in
the control group (n = 50) were free of depressive symptoms
(100 %). In the diabetes mellitus group (n = 50), 4 patients
(8.0 %) had mild depression, 2 patients (4.0 %) had moderate
depression, and the majority (44 patients, 88.0 %) exhibi-
ted moderately severe depression. Among individuals with
prediabetes (n = 50), 17 patients (34.0 %) had moderate
depression, while 33 patients (66.0 %) had moderately se-
vere depression. All participants in the depressive-anxiety
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Figure 1. Analysis of PHQ-9 conditioning
on patient groups
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Table 1. Analysis of depression level conditioning in patient groups, n (%)

Patient groups

Variable Categories Diabetes Depressive-anxiety

Absent 50 (100.0) 0(0.0) 0(0.0) 0(0.0)
Depression Mild 0(0.0) 4 (8.0) 0 (0.0) 0 (0.0) < 0-091*
== Moderate 0(0.0) 2 (4.0) 17 (34.0) 0(0.0) T
Moderately severe 0 (0.0) 44 (88.0) 33 (66.0) 50 (100.0)

Note (here and in Tables 2-4, 6, 7, 10, 11): * — differences are statistically significant (p < 0.05).

disorders group (n = 50) were classified as having moderately
severe depression (100 %) (Table 2).

Correlation analysis of the association between weight
and PHQ-9 was performed.

A weak correlation positive association between PHQ-9
and weight was estimated. Observed dependence of PHQ-9
from weight is described by a linear regression equation:

Yougo=0.109 X X, + 4.741.

With a 1 increase of weight 0.109 change of PHQ-9
should be expected. According to the coefficient of deter-
mination R? of the resulting model, 10.2 % of the observed
variance of PHQ-9 were explained (Fig. 2).

Correlation analysis of the association between BMI and
PHQ-9 was performed.

A weak correlation positive association between PHQ-9
and BMI was estimated (Table 3). Observed dependence of
PHQ-9 from BMI is described by a linear regression equation:

Yoo = 0.355 X Xy, + 3.821.

With a 1 increase of BMI 0.355 change of PHQ-9 should
be expected. According to the coefficient of determination
R? of the resulting model, 16.0 % of the observed variance of
PHQ-9 were explained (Fig. 3).

Analysis of BMI was performed conditioning on depres-
sion level (PHQ-9 score).

Table 2. Results of the correlation analysis of the association between weight and PHQ-9

Correlation characteristics

Variable — :
n Strength of the association assessed using Chaddock scale n

Weight-PHQ-9 0.173

Weak 0.014*

Table 3. Results of the correlation analysis of the association between BMI and PHQ-9

Correlation characteristics

Variable
n Strength of the association assessed using Chaddock scale n

BMI-PHQ-9 0.209

Weak 0.003*

20.0

_ PHQ-9

0.0 o

50.0 75.0 100.0 125.0 150.0 20.0 30.0 40.0 50.0
Weight BMI
Figure 2. Regression line characterizing Figure 3. Regression line characterizing
the dependence of PHQ-9 from weight the dependence of PHQ-9 from BMI
Table 4. Analysis of BMI conditioning on depression level (PHQ-9 score)
M?—
Mild 20.00 19.30-22.30 <0.001*
Depression level Moderate 32.20 29.65-36.00 12 Proine s < 0.001
(PHQ-9 score) < 0.001
Moderately severe 31.20 23.00-34.00 132 Peevere mig < ©-
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In accordance with the presented data, when compar-
ing BMI, statistically significant differences were revealed
depending on depression level (PHQ-9 score) (p < 0.001)
(Table 4).

We performed a correlation analysis of the association
between HbAlc and PHQ-9.

There was no association between PHQ-9 and HbAlc.
Observed dependence of PHQ-9 from HbAIc is described
by a linear regression equation:

Yonoo = 0.716 X X,,,,, + 9.431.

With a 1 increase of HbAlc 0.716 change of PHQ-9
should be expected (Fig. 4). According to the coefficient of
determination R? of the resulting model, 3.9 % of the ob-
served variance of PHQ-9 were explained (Table 5).

Analysis of HbAlc was performed conditioning on de-
pression level (PHQ-9 score).

According to the data obtained when comparing HbAlc
statistically significant differences were revealed depending
on depression level (PHQ-9 score) (p < 0.001) (Table 6).

We performed a correlation analysis of the association
between HbAlc and WHO-5.

A close correlation negative association between WHO-5
and HbAlc was estimated (Table 7).

Observed dependence of WHO-5 from HbAlc is de-
scribed by a linear regression equation:

Yyuos =—3.275 X Xy, + 62.636.

With a 1 decrease of HbAlc 3.275 change of WHO-5
should be expected. According to the coefficient of deter-
mination R? of the resulting model, 25.9 % of the observed
variance of WHO-5 were explained (Fig. 5).

We performed analysis of HbAlc conditioning on level
of well-being WHO-5.

When comparing HbAlc depending on level of well-
being WHO-5, there were no statistically significant diffe-
rences (p = 0.678; applied method: Mann-Whitney U-test)
(Table 8, Fig. 6).

We performed a correlation analysis of the association
between HOMA index and PHQ-9.

There was no association between PHQ-9 and HOMA
index (Table 9).

Observed dependence of PHQ-9 from HOMA index is
described by a linear regression equation:

Yoo = 0.279 X Xyoranaee + 12.483.

With a 1 increase of HOMA index 0.279 change of
PHQ-9 should be expected. According to the coefficient of

Table 5. Results of the correlation analysis of the association between HbA1c and PHQ-9

Correlation characteristics

_ Strength of the association assessed using Chaddock scale n

None 0.643

Variable

HbA1c-PHQ-9 0.033

20.0
@
g
I
o

10.0

4.0 6.0 8.0 10.0 12.0
HbA1c

5.0 7.5

10.0 12.5

HbA1c

Figure 4. Regression line characterizing
the dependence of PHQ-9 from HbA1c

Figure 5. Regression line characterizing
the dependence of WHO-5 from HbA1c

Table 6. Analysis of HbA1c conditioning on depression level (PHQ-9 score)

Mild 5.00

Depression level
(PHQ-9 score) Moderate 5.82
Moderately severe 5.43

4.90-5.20 56 0001
5. 1 4_640 1 2 pmoderate-mild = 001 6
4.90-7.12 132 psevere-mnd =0.001

Table 7. Results of the correlation analysis of the association between HbA1c and WHO-5

Correlation characteristics

Variable
n Strength of the association assessed using Chaddock scale n

HbA1c-WHO-5 -0.570

Close < 0.001*
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Table 8. Analysis of HbA1c conditioning on level of well-being WHO-5

Level of well-being Poor well-being 6.42 5.46-8.20 0678

WHO-5 Very poor well-being 5.90 5.49-7.68 53

Table 9. Results of the correlation analysis of the association between HOMA index and PHQ-9

Correlation characteristics

Variable _
n Strength of the association assessed using Chaddock scale n

HOMA index-PHQ-9 0.019 None 0.789

Table 10. Analysis of HOMA index conditioning on depression level (PHQ-9 score)

HOMA index
Variable Categories
“—

Mild 2.05 1.80-2.30 <0.001*

) me lerate-mil < 0'001
Moderate 4.80 4.47-7.36 12 Do < 0.001

Moderately severe 3.88 2.08-6.42 132 Petieremoderaie =A0-0116

Depression level
(PHQ-9 score)

determination R? of the resulting model, 3.7 % of the ob-
served variance of PHQ-9 were explained (Fig. 7).

Analysis of HOMA index was performed conditioning on
depression level (PHQ-9 score) (Table 10).

According to the data obtained when comparing HOMA
index statistically significant differences were revealed de-
pending on depression level (PHQ-9 score) (p < 0.001; ap-
plied method: the Kruskal-Wallis test).

Correlation analysis of the association between 25(OH)D
and PHQ-9 was performed.

A close correlation negative association between PHQ-9
and 25(OH)D was estimated (Table 11).

Observed dependence of PHQ-9 from 25(OH)D is de-
scribed by a linear regression equation:

Yogo=—0.813 X Xyy0,, + 32.209.

Level of well-being WHO-5 With a 1 decrease of 25(OH)D 0.813 change of PHQ-9
8| Poor well-being  [E3| Very poor well-being should be expected. According to the coefficient of deter-
mination R? of the resulting model, 64.9 % of the observed
variance of PHQ-9 were explained (Fig. 8).

12.50

10.00

HbA1c

7.50

{5.90

5.00

Figure 6. Analysis of HbA1c conditioning on level
of well-being WHO-5

30.0
20.0
Q@
@]
I
o
10.0
— 0.0
0.0 10.0 20.0 30.0 20.0 30.0
HOMA index 25(0OH)D
Figure 7. Regression line characterizing Figure 8. Regression line characterizing
the dependence of PHQ-9 from HOMA index the dependence of PHQ-9 from 25(0OH)D
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Table 11. Results of the correlation analysis of the association between 25(0OH)D and PHQ-9

Correlation characteristics

Variable

p Strength of the association assessed using Chaddock scale p

25(0H)D-PHQ-9 ~0.586

Close < 0.001*

Discussion

The present study demonstrated that patients with
T2DM, prediabetes showed progressively higher PHQ-9
scores. The highest scores were observed in the depres-
sive-anxiety disorders group, reflecting the expected severity
of mood disturbances. These findings are consistent with
previous reports highlighting the increased prevalence of
depressive symptoms in metabolic disorders, particularly
T2DM and prediabetes, and support the bidirectional re-
lationship between depression and impaired glucose meta-
bolism [6, 7].

Analysis of depression levels revealed that the majority
of patients with T2DM and prediabetes exhibited mode-
rately severe depression. Interestingly, a substantial pro-
portion of prediabetic patients had moderate depression,
suggesting that depressive symptoms may emerge early in
the course of glucose dysregulation, even before overt dia-
betes develops. This aligns with evidence that metabolic
disturbances, including insulin resistance and low-grade
inflammation, can contribute to mood disorders [8]. The
findings confirm a high prevalence of depressive disorders
in patients with prediabetes and type 2 diabetes mellitus,
which may be explained by shared neuroendocrine and
metabolic mechanisms. Dysregulation of neurotrophic
factors, particularly brain-derived neurotrophic factor
(BDNF), plays an important role in mood regulation and
neural plasticity and may contribute to the development of
depression under metabolic stress. Altered serum BDNF
levels and their association with BDNF gene polymorphism
have been demonstrated in endocrine pathology, suggesting
a genetic contribution to individual susceptibility to depres-
sive symptoms [9].

The performed correlation analysis demonstrated a sta-
tistically significant close inverse association between serum
25(0OH)D levels and the severity of depressive symptoms
assessed by the PHQ-9 scale (p = —0.586, p < 0.001). Linear
regression analysis confirmed this relationship, indicating
that a decrease in 25(OH)D concentration is associated with
an increase in PHQ-9 score, with each unit reduction in
25(0OH)D corresponding to a 0.813-point increase in PHQ-9.
The model showed substantial explanatory power, as 64.9 %
of the variance in depressive symptom severity was explained
by serum 25(OH)D levels. These findings highlight vita-
min D status as a significant factor associated with depres-
sive symptomatology and support its potential role in the
assessment and management of depression in patients with
metabolic disorders [10—12]. Vitamin D deficiency and poly-
morphisms of the vitamin D receptor gene are also conside-
red significant modulators of neuroimmune and neuropsy-
chiatric processes [13]. The established association between
serum 25-OH vitamin D levels and VDR gene polymorphism
indicates a potential role of vitamin D-dependent pathways
in affective disorders accompanying endocrine and metabolic
diseases [14].

Moreover, changes in the expression of genes involved in
nerve impulse transmission have been reported in patients
with thyroid dysfunction, highlighting systemic alterations of
neural signaling in endocrine disorders [15]. These mecha-
nisms may also be relevant in prediabetes and type 2 diabetes,
supporting the multifactorial neurobiological basis of depres-
sive disorders in these patients.

Correlation analyses further revealed weak but statisti-
cally significant positive associations between PHQ-9 scores
and both body weight and BMI. These findings indicate
that higher adiposity may contribute to increased depres-
sive symptoms, potentially through inflammatory pathways,
dysregulation of the hypothalamic-pituitary-adrenal axis, or
psychosocial factors related to body weight [16]. Converse-
ly, no significant association was observed between PHQ-9
scores and HbAlc or HOMA index, suggesting that depres-
sive symptoms may be more closely related to anthropomet-
ric measures rather than current glycemic control or insulin
resistance.

In line with this, stratified analyses showed that BMI and
HOMA index differed significantly across depression severity
levels, highlighting the complex interplay between metabolic
parameters and mood disorders. Additionally, a strong in-
verse correlation was observed between WHO-5 well-being
scores and HbAlc, indicating that lower subjective well-being
is associated with poorer glycemic outcomes, consistent with
previous literature emphasizing the importance of mental
health in diabetes management [17].

Overall, these results underscore the need for routine
screening of depressive symptoms in patients with metabolic
disorders, including those with prediabetes, as early identifi-
cation and management of mood disturbances may improve
both psychological and metabolic outcomes. Interventions
targeting weight management and psychosocial support may
be particularly beneficial, given the observed associations
between depressive symptoms, BMI, and body weight.

Conclusions

A substantial proportion of patients with prediabetes ex-
hibited moderate depressive symptoms, indicating that mood
disturbances may appear early in the course of glucose me-
tabolism disorders.

Weak positive correlations were found between PHQ-9
scores and both body weight and BMI, suggesting that in-
creased adiposity may contribute to higher depressive symp-
tomatology, while no significant associations were observed
with HbAlc or HOMA index.

An inverse relationship between subjective well-being
(WHO-5) and HbAc highlights the clinical importance of
monitoring psychological well-being in patients with im-
paired glucose metabolism.

A significant inverse association was found between
serum 25(OH)D Ilevels and PHQ-9 scores (p = —0.586,
p < 0.001). Lower vitamin D levels were associated with
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greater depressive symptom severity, explaining 64.9 % of
the variance in PHQ-9 scores.

These findings emphasize the need for routine screen-
ing and integrated management of depressive symptoms in
individuals with prediabetes and type 2 diabetes mellitus to
improve both mental health and metabolic outcomes.
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" BYKOBUHCBKN ASPXKABHUN MEANYHU YHIBEOCUTET, M. YepHiBLi, YkpQiHa
2 TepHOMiAbCbKIA HALIOHQABHUA MEAMYH YHIBEPCUTET iMeHi |.51. Fop6a4yeBCbkoro, M. TepHorinb, YkpaiHa

AenpecuBHi PO3AGAU Y XBOPUX i3 NpeaiabeTom
TA LLYKPOBUM Aia6eTom 2-ro tuny

Pe3iome. Akmyaavnicms. IenpecuBHi po3iaay € NOLIUPEHOIO
KOMOPOIIHICTIO B MAalLi€HTIB i3 IIYKPOBUM J1iabeTOM 2-TO THUILY
(L1J12) i mpeniabeToM, 1110 CYTTEBO BIUIMBAE Ha SIKiCTb XXUTTS,
dyHKUiOHANTBHUI cTaH Ta eeKTUBHICTH Teparii. HasiBHicTb ne-
MPECUBHUX CUMIITOMIB MOKE MOCUIIOBATH METabOIIYHY THUCpe-
TYJISLiI0, 3HUXKYBATU MPUXUIBHICTB 0 JIKyBaHHS i MiIBUIILYBaTU
PU3UK PO3BUTKY yCKJIaJHEeHb. BusiBieHHs hakTopiB, MOB’s13aHUX
i3 nernpecielo, y Mai€HTiB i3 MTOPYHUIEHHSIM BYTJIEBOAHOTO OOMiHY
€ BaXJIMBUM JUISI CBOEYACHOTO BTPYYaHHS i iHAMBiZyasi3aiii
Teparii. OLiHKa nemnpecii 3a 10IMOMOro0 CTaHAAPTU30BAHUX iH-
CTPYMEHTIB, sIK-0T PHQ-9, 103Bosisie HamiitHO OLIIHUTH TSIXKKICTh
CUMIITOMIB Ta BUBHAYUTH TPy pU3nKy. TOMy BUBUCHHS JIeTIpe-
CUBHMX CUMIITOMIB y TamieHTiB i3 LI/I2 Ta nmpemiabeToM € Ham-
3BUYAHO aKTyaJbHUM JUTS TIOJIITIIEHHS SIK IICUXOJOTiUHMX, TaK
i MeTaboiYHMX pe3y/IbTaTiB JiKyBaHHs. Mema: olliHKa MOIIpe-
HOCTI ¥ TSKKOCTI IETTPECUBHUX CUMIITOMIB y TIAIII€HTIB i3 IyKpO-
BUM Iia0beToM 2-TO THUILY, IIpeIiadbeToM i JerpeCMBHO-TPUBOXHI -
MU po3JialaMi, a TaKOX BUBUEHHS iX B3aEMO3B’SI3KiB 3 aHTPO-
MOMETPUYHUMU Ta META0OTIYHUMU MTOKa3HUKaMu. Mamepiaau
ma memodu. Y nociimxeHHi B3sutu ydactb 200 oci6: 50 mari-
enrTiB i3 LIJ12, 50 — i3 mpemiabeToM, 50 — i3 mempecuBHO-TPU-
BOXXHUMHU po3jagamMu Ta 50 mpakKTU4YHO 3M0pOBUX OCi0 (rpyma
KOHTPOJTI0). [lenpecuBHi CUMIITOMM OLLIHIOBAJIHU 32 IOTTIOMOTOIO
onutyBasibHuKa PHQ-9. Byno npoBeneHo aHTpornmoMeTpuiHi
BUMIipIOBaHHS (Maca Tina, iHgekc macu tina (IMT)), Bu3Have-
HO piBeHb IIiKoBaHOro reMoriao6iny (HbAlc), cupoBaTkoBOro
25(0OH)D Ta innekc HOMA. CraTucTU4YHMIA aHalli3 BKJIOYaB
tecT Kpackena — Yosutica ijist HOpiBHSAHHS TPYI, KOPEIsILiiHUI
aHaJi3 3a mKaaolo Yammoka i JTiHiliHY perpeciio I BU3HaYeHHS
B3a€EMO3B’S13KiB Mix Oanamu 3a PHQ-9 ta metaboniyHumMu mo-

kaszHukKamu. Pezyasmamu. Ouinka 3a onutyBaabHukoM PHQ-9
Oysna 3HauHO BUIIOO B MaiieHTiB i3 LI/12, nepenniabetom i ne-
MPECUBHO-TPUBOKHUMU PO3JTaTaMU, HixX Y KOHTPOJIbHIN TpyIi
(p <0,001). B oci6 i3 LIZ12 Ta nmpemiabeToM miepeBakain momMipHa
Ta MOMIpPHO TSIXKKa JIeTIpecisi, TOMi SIK Y BCiX XBOPHUX i3 IeTIPEeCUB-
HO-TPUBOXHUMM pO3JIaflaMU CIIOCTepiraaacs MoMipHO TsKKa Je-
npecisi. BctaHoBIeHO ¢/1a0Ky MO3UTUBHY KOPEJIsLilo MixX 6aiaMu
3a PHQ-9 i macoro Tina (p = 0,173, p=10,014) Ta IMT (p = 0,209,
p =0,003), BomHOUac 3HauyIIMX 3B’s13KiB i3 HbAlc abo ingekcom
HOMA He 3adikcoBaHO. BusiBI€HO CTAaTUCTUUYHO 3HAYYIIUMA
o0epHEeHMI 3B’SI30K MiX piBHsSIMU cupoBaTtkoBoro 25(OH)D ta
oliHKOI0 3a onuTyBasbHUKOM PHQ-9 (p = —0,586; p < 0,001).
Huxui piBHi Bitaminy D acouitoBaaucs 3 OiJIbIIOI0 BUPAXKEHICTIO
JIENPECUBHOT CUMIITOMATUKHM, IO MOSICHIOBaIO 64,9 % BapiaGesb-
Hocti noka3HukiB PHQ-9. Innexkc WHO-5 nponeMoHcTpyBaB
cuibHy 00epHeHy Kopessitito 3 HbAlc (p = —0,570, p < 0,001),
10 MiAKPECIIIOE 3B’ 130K MixX PiBHEM CaMOIIOUYTTSI Ta KOHTPOJIEM
riikemii. Bucnoexu. JlenpecrBHi CUMIITOMU € 3HAYHO YaCTillIUMU
i TSDKYMMU B marieHTiB i3 L1/12 Ta mpeaiabeToM, HixX y IPaKTUIHO
3nopoBux oci6. [linBumieni maca Tina it IMT cabko aconiiioBaHi
3 BUIIOIO OLIiHKOI0 32 PHQ-9, Toi IK MOKa3HUKU TIIIKEMiYHOTO
KOHTPOJIIO Ta iHcyiHope3ucTeHTHOCTi (HbAlc, innekc HOMA)
HE TIPOJEMOHCTPYBAIU MPSIMOTO 3B’SI3KY 3 TSKKICTIO JIeTpecii.
OTprMaHi AaHi MiAKPeCTI0I0Th BaXJIUBICTh PyTUHHOTO CKPUHIHTY
JIETIPECUBHUX CUMIITOMIB Ta IIbOBUX BTPYYaHb JUIST TIOJTITTIIEHHSI
TICUXOJIOTIYHOIO I MeTabOJiYHOTO CTaHy Malli€HTIB i3 MTOPYILIEeH-
HSIM BYTJIEBOJHOTO OOMiHY.

KimouoBi ciioBa: nenpecis; mykposwuii 1iaGet 2-ro THILy; npejia-
6et; PHQ-9; innekc macu Tina; mIiKoBaHUI TeMOTJIO0IH; iHAeKC
HOMA
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Adropin, nesfatin-1, and sex hormones
as metabolic-endocrine biomarkers
in prostate cancer development

Abstract. Background. In prostate cancer, there are metabolic and hormonal imbalances affecting the development
of a tumor. Hormone regulation plays a vital role in the pathophysiology of prostate cancer. Adropin, nesfatin-1 and sex
hormones can be used as combined biomarkers of disease development. The purpose of the study was to evaluate
the integrated role of adropin, nesfatin-1, and sex hormones as metabolic-endocrine biomarkers in prostate cancer
development and progression. Materials and methods. A case-control study was carried out between January 2025
and February 2026 in Iraqi urology and oncology centers involving 100 patients with prostate cancer and 50 healthy
controls. They were diagnosed by means of prostate-specific antigen (PSA), ultrasound, and histopathology (Gleason
score). Patients who were newly diagnosed and not treated, aged 50 years or older were eligible. Blood samples
(5 mL) were centrifuged and stored at —20 °C, adropin and nesfatin-1 were evaluated by enzyme-linked immunosorbent
assay whereas sex hormones were determined by an automated immunoassay system. Clinical data were obtained
from records and questionnaires. Results. The findings indicated that there were no significant differences in age and
smoking; hence, good matching. But body mass index, hypertension and PSA were all significantly elevated in patients.
The biomarkers were all significantly different (P = 0.001) with decreased adropin, nesfatin-1 and testosterone and
increased estradiol and luteinizing hormone. These indicators were associated with PSA and tumor severity. The regres-
sion analysis revealed low adropin, nesfatin-1, testosterone, high estradiol, and body mass index as the independent
risk predictors that demonstrated the role of metabolic-endocrine dysregulation in the development and progression
of prostate cancer. Conclusions. Metabolic-endocrine imbalance, which is low adropin, nesfatin-1, and testosterone,
and elevated estradiol, are linked to prostate cancer. This imbalance facilitates the processes of inflammation, oxidative

stress, and disruption of hormones, which are associated with tumor development and worsening of illnesses.
Keywords: testosterone; estradiol; prostate cancer; adropin; nesfatin-1; metabolic disorders

Introduction

Prostate cancer is a type of cancer that is most frequently
diagnosed in men all over the world and is a significant issue
in the context of the population health since it is highly preva-
lent and fatal. Prostate cancer is a multifactorial disease that is
determined by genetic factors, exposures to the environment,
hormonal imbalance, and metabolic imbalance [1]. Although
prostate-specific antigen (PSA) is the most commonly used bio-
marker to screen and monitor prostate cancer, its low specificity
and sensitivity, especially at an early stage of the disease, has
necessitated the identification of new biomarkers that can add
value to the diagnostic tool and prognostic measurements |2, 3].

The more recent developments in cancer biology have
emphasized how important the metabolic-endocrine in-
teractions are in tumor genesis and development. Bioactive
peptide like adropin and nesfatin-1 have been considered as
key regulators of energy homeostasis, insulin sensitivity and

inflammatory processes in this context. Adropin is a peptide
hormone that is mainly found in the liver and the brain and
that is involved in lipid metabolism, the endothelial func-
tioning and glucose regulation. Obesity, insulin resistance,
and cardiovascular diseases are conditions which have been
linked to decreased levels of adropin and which are increa-
singly becoming risk factors to various malignancies inclu-
ding prostate cancer [4, 5]. This possible association between
adropin deficiency and tumorigenesis can be mediated by
mechanisms that include oxidative stress, endothelial-dys-
function, and chronic low-grade inflammation [6].

On the same note, nesfatin-1 is a peptide that is formed by
nucleobindin-2 (NUCB2) and is concerned with appetite re-
gulation, energy balance and neuroendocrine activity. In ad-
dition to metabolic functions, nesfatin-1 has been shown to
be associated with inflammatory reactions and cellular stress
pathways [7]. New data indicates that changes in the levels
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of nesfatin-1 could be linked to the development of cancer,
yet the direction and strength of this association remains in-
consistent in the literature. There are studies that have found
that nesfatin-1 levels are reduced in metabolic pathology and
cancers and therefore may have a protective effect, whereas
others have found that nesfatin-1 levels are increased, perhaps
as a response to metabolic stress caused by tumors [8].
Regulation of hormones plays a vital role in the patho-
physiology of prostate cancer. The testosterone is a central
player in the development and sustenance of the prostate
tissue. Nonetheless, the association between testosterone
and risk of prostate cancer is not a straightforward notion [9].
Although traditionally high androgen levels were regarded
as a risk factor, more recent findings may indicate that low
testosterone levels are also a risk factor of more aggressive
disease, which may be explained by the increased sensiti-
vity of androgen receptors or by some type of compensatory
endocrine response. Conversely, estrogens and estradiol in
particular have been gaining more importance in prostate
carcinogenesis via estrogen receptor-based signaling, sti-
mulation of inflammation, and elicitation of oxidative stress.
It may be an important determinant of the progression of
the disease therefore not the absolute level of androgens and
estrogens themselves but the imbalance between them [10].
Along with hormonal factors, there have been strong con-
nections between metabolic abnormalities like obesity and
insulin resistance and the risk and severity of prostate cancer.
This set of conditions leads to a microenvironment that is
pro-inflammatory and pro-oxidative and promotes tumor
growth and progression [11]. This interaction between sex
hormones and metabolic peptides could thus be an important
mechanistic pathway in the development of prostate cancer.
Although, there is an increased interest in this area, the evi-
dence on combined assessment of adropin, nesfatin-1 and sex
hormones as integrated biomarkers in prostate cancer espe-
cially among the people of Middle East remains limited [12].
The interplay of these metabolic and hormonal factors
could give new insights into the biology of prostate cancer and
help in the creation of more precise diagnostic and prognostic
tools. In addition, the discovery of credible biomarkers indicat-
ing metabolic and endocrine dysregulation may lead to better
early detection measures and better stratification of patients [13].
This study purposed to evaluate the integrated role of
adropin, nesfatin-1, and sex hormones (testosterone, es-
tradiol, and luteinizing hormone) as metabolic-endocrine
biomarkers in the development and progression of prostate
cancer, and to assess their association with disease severity
and prostate-specific antigen levels.

Materials and methods

The study was a case-control study that was carried out
during the period between January 2025 and February 2026 in
the special urology and oncology centers in Iraq. They enrolled
150 participants, comprising 100 patients with prostate cancer
and 50 seemingly healthy age-controlled participants. The
clinical examination, high levels of serum prostate-specific an-
tigen (PSA) (> 4 ng/mL), transrectal ultrasound (TRUS), and
was conclusively confirmed by examining the histopathology
using Gleason scoring system were used to establish the diag-
nosis of prostate cancer. Patients were included based on ha-

ving untreated and newly diagnosed prostate cancer of 50 years
or older. The control subjects were chosen among healthy
participants who had no history of malignancy or chronic in-
flammatory diseases. The rules of exclusion were patients with
other malignancies, chronic liver or kidney diseases, autoim-
mune diseases, hormonal treatments, or recent infections that
might affect the inflammatory or hormonal biomarkers. A total
of 5 mL of venous blood was taken under aseptic conditions by
each participant and separated to EDTA and plain tubes. Se-
rum separation was done through centrifugation at 3000 rpm
and 10 minutes and then kept in the refrigerator at —20 °C
until analysis. The serum levels of adropin and nesfatin-1 were
determined on the basis of enzyme-linked immunosorbent
assay (ELISA) kits (BioTechne, USA) as per the instructions
of the manufacturer. The level of sex hormones such as total
testosterone, estradiol (E2) and luteinizing hormone (LH)
was measured by an automated immunoassay analyzer (Roche
Cobas e411, Germany). Structured questionnaires and medical
records were used to collect anthropometric and clinical data
such as age, body mass index (BMI), smoking status, and
comorbidities, and to confirm them.

The SPSS software version 26 (IBM Corp., Armonk, NY,
USA) was used to perform a statistical analysis. Continuous
variables were described in the mean and standard deviation
(SD), whereas frequencies and percentages were used to
describe categorical variables. Comparisons between groups
were done using independent t-test, one-way ANOVA and
chi-square test in case of categorical variables. Correlation
analysis to determine biomarker and PSA relationships was
performed using Spearman correlation coefficient (r). Lo-
gistic regression analysis was done to determine independent
predictors of prostate cancer risk. A P-value < 0.05 was con-
sidered statistically significant.

In this research the principles of the Declaration of Hel-
sinki were followed. All participants gave written informed
consent before sample collection and the institutional ethical
review committee provided ethical approval.

Results
Sociodemographic and clinical characteristics
of prostate cancer patients and control group
The results in Table 1 also show that prostate cancer pa-
tients and controls were not significantly different in terms
of age (P = 0.284) and smoking status (P = 0.472) which
implies that the two groups matched well. Conversely, the
body mass index (BMI) was much more prominent among
patients than controls (P = 0.012), indicating a potential
correlation between greater adiposity and disease risk. Hy-
pertension prevalence was also greatly increased among pa-
tients (P = 0.041) which reflects cardiovascular comorbidi-
ties relationship with prostate cancer. Even though diabetes
mellitus was more common in the patient group, it was not
statistically significant (P = 0.093). It is noteworthy that
prostate-specific antigen (PSA) levels were much greater
among prostate cancer patients (P < 0.001), which further
proved the status of the disease and helped prove the validity
of the classification of the groups. On the whole, the findings
indicate that the demographic variables were similar, whereas
the metabolic and clinical disturbances were more noticeable
in the patient group.
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Table 1. Comparison of baseline demographic and clinical variables between prostate cancer patients

and healthy controls

Variable Prostate cancer (n = 100) Control (n = 50) P-value
Age (years) 64.8+7.5 63.2+6.9 0.284
BMI (kg/m?) 29.6 + 3.8 27.9+3.2 0.012*
Smoking, n (%) 42 (42) 18 (36) 0.472
Hypertension, n (%) 55 (55) 19 (38) 0.041*
Diabetes mellitus, n (%) 48 (48) 17 (34) 0.093
PSA (ng/mL) 185+6.2 21+0.8 < 0.001**

Notes: * — statistical significance at P < 0.05; ** — very high statistical significance at P < 0.001.

Comparative analysis of adropin, nesfatin-1,
and sex hormone levels in prostate cancer
patients and controls

The findings reveal that all the analyzed biomarkers show
significant differences between the patients with prostate can-
cer and the control group (P < 0.001). Namely, the levels of
adropin and nesfatin-1 were notably lower than in patients,
which implies that there is a considerable disturbance in meta-
bolic control mechanisms. In the same manner, the level of
testosterone was considerably reduced in the group of patients,
which serves as the hormonal imbalance indicative of pros-
tate cancer. Conversely, estradiol and luteinizing hormone
(LH) levels were higher in patients than controls indicating
the change in the activity of the endocrine axis and the shift in
the hormonal dominance towards estrogenic. Generally, the
results obtained indicate a strong tendency of metabolic en-
docrine disequilibrium in patients with prostate cancer, which
promotes disease development and progression as a possible
role of these biomarkers as shown in Table 2.

Distribution of metabolic and hormonal
biomarkers across prostate cancer severity
(Gleason score)

The results in Table 3, demonstrate that the difference
in all the examined biomarkers between various grades of
prostate cancer severity is very significant (P < 0.001 of all
variables). The levels of adropin and nesfatin-1 were signifi-
cantly decreasing as the tumor grade increased, suggesting

that both were strongly negatively correlated with the severity
of the disease. Likewise, the levels of testosterone were also
found to be considerably decreased with an increase in tumor
aggressiveness hence indicating that there is a correlation
between androgen deficiency and the advanced stages of
the disease. Conversely, the estradiol levels showed a strong
positive increasing tendency with increasing Gleason scores,
indicating strengthened estrogenic activity of the more ag-
gressive tumors. On balance, these findings suggest that both
metabolic and hormonal biomarkers are strongly correlated
with the prostate cancer progression and can be used as pre-
dictors of tumor severity.

Correlation between metabolic-endocrine
biomarkers and prostate-specific antigen levels
The findings reveal statistically significant relationships
between all biomarkers assessed and the levels of PSA. Adro-
pin, nesfatin-1, and testosterone had a significant negative
correlation with PSA (P < 0.001), which means that low con-
centrations of these biomarkers are related to a high disease
load and tumor activity. Conversely, estradiol had a strong
positive association with PSA (P < 0.001), which indicates
a possible effect of stimulating tumor progression. Also, the
LH was positively correlated with PSA (P = 0.002), which
further confirmed the role of endocrine axis dysregulation
in prostate cancer. In general, these results demonstrate that
there is a robust correlation between metabolic-hormonal
imbalance and the severity of the disease as shown in Table 4.

Table 2. Assessment of metabolic and endocrine biomarker differences between prostate cancer patients

and healthy individuals, mean = SD

Biomarker Prostate cancer (n = 100) Control (n = 50) P-value*
Adropin (ng/mL) 29+0.8 41+£1.0 < 0.001
Nesfatin-1 (ng/mL) 1.7+05 26+0.7 < 0.001
Testosterone (ng/dL) 285+ 75 412 + 90 < 0.001
Estradiol (pg/mL) 38.6+9.4 29.8+7.1 < 0.001
LH (IU/L) 79=x21 56+1.8 < 0.001

Note (here and in Table 3): * — very high statistical significance at P < 0.001.

Table 3. Comparison of adropin, nesfatin-1, and sex hormone levels among different tumor grades, mean = SD

BISETRer Low %r:%ez (= 6), Inter(rgidl:a:eagrade High gr:%% (= 8), P-value*
Adropin 3.4+07 28+0.6 23+0.5 < 0.001
Nesfatin-1 2104 1.6+04 1.3+£0.3 < 0.001
Testosterone 320 + 60 275 + 55 240 = 50 < 0.001
Estradiol 342+75 39.1+8.2 43.5+9.0 < 0.001
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Table 4. Spearman correlation analysis of adropin,
nesfatin-1, and sex hormones in relation
to PSA among prostate cancer patients

Variable r P-value
Adropin vs PSA —-0.52 <0.001*
Nesfatin-1 vs PSA -0.48 < 0.001*
Testosterone vs PSA -0.44 <0.001*
Estradiol vs PSA +0.39 < 0.001*
LH vs PSA +0.31 0.002**

Notes (here and in Table 5): * — very high statistical
significance at P < 0.001; ** — high statistical signifi-
cance at P < 0.01.

Table 5. Multivariate evaluation of metabolic
and hormonal biomarkers associated
with prostate cancer development

Variable OR 95% CI P-value
Low adropin 2.85 1.72-4.71 < 0.001*
Low nesfatin-1 2.43 1.51-3.90 < 0.001*
Low testosterone 2.18 1.34-3.56 0.002**
High estradiol 1.89 1.21-2.95 0.004**
BMI 1.12 1.03-1.22 0.009**

Logistic regression analysis of independent
predictors for prostate cancer risk

The logistic regression analysis in Table 5, revealed that
there were a number of metabolic and hormonal variables that
were significant independent predictors of the risk of prostate
cancer. Adropin and nesfatin-1 levels were low and highly
correlated with the risk of prostate cancer (P < 0.001), which
suggests that they may be protective metabolic biomarkers.
The same case has been observed with lower levels of testos-
terone which was significantly connected to the risk of the
disease (P = 0.002) demonstrating the effect of androgen de-
ficiency on development of prostate cancer. However, high
estradiol levels were also strongly associated with increased
risk (P =0.004), indicating a contributory effect of estrogenic
action on tumor development. Furthermore, higher BMI was
found to be a strong predictor (P = 0.009) in line with the
contribution of metabolic upsets associated with obesity. In
general, these results substantiate that the metabolic endocrine
dysregulation is an independent risk factor of prostate cancer
and it could be useful as predictors of the disease.

Discussion

The current paper offers an in-depth analysis of the
metabolic endocrine changes in patients with prostate can-
cer and shows that this group of cancer patients has strong
differences in anthropometric, hormonal, and metabolic
biomarkers in comparison with the healthy control group.
The results showed that patients with prostate cancer had
greater BMI, more hypertension, and significantly high levels
of PSA and lower levels of adropin, nesfatin-1, and testoste-
rone and higher levels of estradiol and LH. In addition, these
biomarkers were also clearly correlated with the severity of
the tumor and the PSA levels which indicate that they may
be useful in the disease development and prediction of risks.

The rise in BMI in the prostate cancer patients is in line
with other studies conducted in the past which have found
obesity to be a primary risk factor in aggressive prostate
cancer [14]. Obesity is linked to tumorigenesis in several
ways such as insulin resistance, chronic inflammation, and
adipokine dysregulation. High levels of adipose tissue also
increases the activity of aromatase resulting in increased tes-
tosterone to estradiol ratios, an event that may have caused
the higher levels of estradiol in this study. Nonetheless, weak
or inconsistent evidence of association between BMI and
incidence of prostate cancer has been found in some large-
scale epidemiological studies [15, 16]. Such a discrepancy
can be explained by the variations in the study design, the
population features, as well as the difference between cancer
incidence and aggressiveness. In our analysis, the correlation
seems to be more with the severity of the disease and not just
its occurrence, which is why we can agree with the idea that
obesity influences tumor progression, but not its formation.

Hypertension also exhibited a significant difference
among patients which is in line with meta-analyses that pro-
posed a small yet high likelihood of hypertension and pros-
tate cancer risk [17]. The pathways could include endothelial
dysfunction, oxidative stress, and pro-inflammatory signaling
pathway activation, all of which play a role in tumor micro-
environment remodeling. However, other studies have not
been able to validate this association and this could be be-
cause of the differing diagnostic criteria, heterogeneity of the
population or confounding factors like medication use [18].

Of interest in this study is the observed hormonal profile.
The level of testosterone was significantly reduced in pa-
tients with prostate cancer and further reduced as the grade
of the tumor increased whereas estradiol levels were on the
contrary. These results are in line with literature that indi-
cates that low testosterone correlates with more aggressive
prostate cancer phenotypes [19]. A possible reason is that
low circulating testosterone indicates more intratumoral an-
drogen use or a change of hypothalamic-pituitary-gonadal
axis feedback. Moreover, the high levels of estradiol can en-
courage tumor progression by stimulating tumor growth via
estrogen receptor mediated signaling, provoke inflammation
and cause oxidative damage to DNA [20]. Nevertheless,
there are prospective studies where no significant correlation
was found between the level of testosterone and the risk of
prostate cancer [21]. This inconsistency can be attributed to
timing of hormone measurements where prospective studies
measure pre-diagnostic levels of hormones, but the current
study measures hormone status post-disease establishment.

A novel aspect of this study is the evaluation of adropin
and nesfatin-1 as metabolic biomarkers in prostate cancer.
Patients had significantly lower levels of adropin, which de-
creased with tumor grade, and was negatively correlated with
PSA. Even though there is a lack of direct evidence about
prostate cancer, lower levels of adropin were observed in
other malignancies and also other metabolic diseases [5, 22].
Adropin has a significant role in endothelial maintenance,
lipid metabolism, and in the inhibition of inflammatory
pathways. Thus, its depletion can lead to tumor growth due
to facilitating endothelial dysfunction, oxidative stress, and
a pro-inflammatory microenvironment. Nevertheless, the
absence of prostate cancer-specific research on adropin is a
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weakness and additional studies are necessary to confirm its
place in oncogenesis [23].

Likewise, the nesfatin-1 levels were found to be signifi-
cantly reduced in prostate cancer patients, and it had a nega-
tive relationship with PSA and tumor grade. This observation
confirms the hypothesis that nesfatin-1 could have protective
metabolic and anti-inflammatory effects. Nonetheless, the
evidence on the use of nesfatin-1 in cancer is conflicting.
Other studies have also demonstrated a higher expression of
nesfatin-1 in some malignancies, such as gastric and breast
cancers [24, 25] and they could be involved in tumor pro-
gression. Such contradictory results can be attributed to tis-
sue-specific variations, changes in the levels of circulating
and local expression and variations in tumor biology. Also
nesfatin-1 is affected by metabolic status, stress and inflam-
matory conditions which might also add to the variability of
results across studies [26].

The correlation analysis in the current study revealed that
there were significant negative correlations between adro-
pin, nesfatin-1, testosterone and PSA and positive correla-
tions between estradiol, LH and PSA. These results suggest
that the deterioration of metabolic and hormonal balance is
linked to an increase in tumor load. This is similar to previ-
ous reports on sex hormones and PSA showing similar cor-
relations [27, 28] in promoting prostate cancer. The analysis
of metabolic peptides in this analysis presents a new under-
standing of the relationship between metabolic pathways and
hormonal ones.

Moreover, the logistic regression analysis revealed low
adropin, low nesfatin- 1, low testosterone, high estradiol, and
high BMI as independent predictors of prostate cancer risk.
These results indicate that prostate cancer is a multifactorial
disease which comprises of both metabolic and endocrine
factors. The odds ratios observed are congruent with bio-
logical plausibility and past epidemiological evidence that
shows that the components of metabolic syndrome are as-
sociated with cancer risk [29]. Nevertheless, the variation in
the strength of predictions in different studies might be due to
the differences in the characteristics of population, genetic,
environmental exposures, and methods [30].

Mechanistically, the combination of decreased meta-
bolic regulators (adropin and nesfatin-1) and disturbed sex
hormones might result in a tumor-stimulating environment,
with chronic inflammation, oxidative stress, and endothelial
dysfunction. Lower levels of testosterone and higher estradiol
levels could also promote proliferative signaling and suppress
apoptosis, which would promote tumor progression. This
combined metabolic-endocrine dysfunction is one of the
possible mechanisms of the connection between metabolic
diseases and the development of prostate cancer [31].

Limitations. The differences between the current findings
and part of the past studies may be explained by a number
of factors such as variations in study design (case control
vs. prospective), sample size, ethnic diversity, stage of the
disease, and laboratory methodologies. Also, biomarker le-
vels can be affected by confounding factors, including diet,
physical activity, drug use, and comorbidities. This study is
also cross-sectional, which is another limitation to determine
causal relationships as it cannot identify whether the changes
are the cause or the effect of the disease.

Conclusions

In conclusion, the present study demonstrates that
prostate cancer is associated with significant metabolic and
hormonal alterations, and that adropin, nesfatin-1, and
sex hormones may serve as valuable biomarkers for disease
progression and risk assessment. Further longitudinal and
mechanistic studies are required to confirm these findings
and explore their clinical applications.
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AApoOnNiH, HeCPATUH-1 TA CTATEBI TOPMOHM SIK METAGOAIYHI 1 @eHAOKPUHHI GiomapKkepu
B PO3BUTKY PAKY NepeAMiXypoBOi 30A03U

Pestome. Axmyaavnicmo. Tpu paky nepeaMixypoBoi 3a103u CIIo-
cTepiraeTbcst METabOMIYHUI Ta TOPMOHAJIBHUI AMcOalaHe, 110
BIUIMBA€E Ha PO3BUTOK MyXJIMHU. Peryisiiisga ropMoHiB Bimirpae
JKUTTEBO BaxKJIUBY POJIb y MaTodizionorii paky mnepeamixypoBoi
3aJ1034. AportiH, HecaTuH-1 i cTaTeBi TOPMOHU MOXYTb OyTH
BUKOPHUCTaHI sIK KOMOiHOBaHi GioMapKepu pO3BUTKY 3aXBOPIO-
BaHHSI. Mema: OLIiIHUTU iIHTETPOBaHY POJb aIpoIliHy, HechaTh-
Hy-1 Ta cTaTeBUX FOPMOHIB SIK META0OTIYHUX ¥ €HIOKPUHHUX
OioMapKepiB Yy pO3BUTKY i NMPOrpecyBaHHi paKy MepeaMixypoBoi
3ay103u. Mamepiaau ma memoou. J10CTiIKeHHSI TUITY «BUTIaOK —
KOHTPOJIb» OyJ10 ITpoBeaeHo 3 ciunsg 2025 poky go irotoro 2026
POKY B ipaKChbKUX YPOJOTIYHUX i1 OHKOJOTIYHUX IIEHTpaXx 3a yJyac-
110 100 mamieHTiB i3 pakoM IepeaMixypoBoi 3ai103u Ta 50 3m0-
pOBHUX 0Ci0 KOHTPOJILHOI Ipynu. [liarHo3 Oysi0 BCTAHOBJIEHO 3a
JIOTIOMOTOI0 BU3HAYEHHSI PiBHSI TIPOCTATCIEIM(BIYHOTO aHTUTeHA
(ITCA), ynbTpa3ByKoBOro 00CTeXKeHHS i1 riCTONAaToJIOr iYHOro aHa-
gy (mkana [micoHa). Y mociimkeHHs OyJid BKITIOYEHI TalliEHTH
BikoM 50 poKiB i cTapiiie, y SsIKMX HELIOAaBHO IiarHOCTYBaJIM pak,
ajic BOHM He OTPUMYBaJI JIiIKyBaHHSI. 3pa3Ku KPoBi (5 MJ1) LIEHTpHU-
¢yryBanu Ta 306epiraau npu temiepatypi —20 °C, a BMiCT aapoItiHy
i HechaTuHy-1 BU3HAYaAIM IUIIXOM iMyHO(EPMEHTHOIO aHaIi3y,
TOJIi SIK CTaTeBUX TOPMOHIB — 3a JJOTIOMOTOI0 aBTOMAaTHU30BaHOTO

iMmyHO(epMeHTHOro aHajizaropa. KiiHiuHi naHi OyJau oTpuMaHi 3
MEIMYHUX 3aM1CiB Ta aHKeT. Pesyasmamu. He 3HalineHo CyTTeBUX
BiIMiHHOCTE! MiXX MOKa3HMKAMM BiKy i1 cTaTycy KypiHHsa. OmHak
iHIeKC MacH Tija, apTepiajibHa rinepTeH3ist Ta piBeHb [ICA Oynu
BipOTrigHO MiABUILIEHI B MALIEHTIB i3 pakoM. biomapkepu BiporigHo
Binpizusics (P = 0,001): piBeHb anporniny, Hecatuny-1 i Tecro-
CTEPOHY 3HMXKYBABCS, & €CTPAIioJy Ta JIOTETHI3yI0UOr0 TOPMOHY —
minBuinyBaBcs. Lli moka3zHuku Oynau moB’si3aHi 3 ymictrom [TCA
i TSDKKICTIO TTyXJIMHHOTO mpouecy. PerpeciiiHuii aHai3 BUsiBUB
HM3bKUI piBeHb afporiHy, HecaTruHy-1, TeCTOCTEpOHY, BUCOKI
BMICT eCTpamioy i iHIeKC MacH Tijla K He3aJIeXXHUX IPEIUKTOPIB
pu3uKy. Lle BKazye Ha pojib MeTabOIiYHO-eHAOKPUHHOI TUCPETY-
JISILT B PO3BUTKY i MPOrpecyBaHHi paky MepeamMiXypoBoi 3a103U.
Bucnoexu. MetaboniuHuit Ta eHIOKPUHHUI nucbaiaHc, SIKUi
TI0JIATa€E y HU3bKOMY piBHI afpoITiHy, HecdaTuHy- 1 i TecToCTepo-
HY, a TAKOX IMTiABUIILIEHOMY PiBHi €CTpaioy, OB sI3aHUI1 i3 paKOM
nepeamixypoBoi 3ayio3u. Lleii nucbanaHc 00yMOBIIIOE MPOLIECH 3a-
TMaJIeHHS, OKCUJIaTUBHOTO CTPECY Ta TOPYIIIEHHSI TOPMOHAJIBHOTO
¢ oHY, 11O aCOLHIOETHCS 3 PO3ZBUTKOM IYyXJIMHU i MOTipIICHHIM
nepeObiry 3aXxBoploBaHHSI.

Ki10490Bi cj10Ba: recrocTepoH; ecTpamion; pak mnepeaMixypoBoi
3J103U1; apoIiH; HecaTuH- 1; MeTaboIiuHi MOpyLIeHHS
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Thyroid and nuclear autoantibody profiling
in recurrent pregnancy loss

Abstract. Background. Recurrent pregnancy loss (RPL) is a complex reproductive disease involving immunologi-
cal and autoimmune pathways. Autoantibodies, either organ-specific or systemic, have been postulated to be impli-
cated in pregnancy failure although their exact clinical relevance is unknown. The frequency and clinical relevance
of specific thyroid, nuclear and reproductive autoantibodies, namely thyroid peroxidase antibodies, thyroglobulin
antibodies, anti-centromere protein-B (anti-CENP-B), anti-DFS70, were assessed in women with RPL, as well as
their relationship with miscarriage risk when compared to pregnant controls. This study purposed to evaluate the
prevalence and significance of anti-thyroid peroxidase, anti-thyroglobulin, anti-DFS70 and anti-CENP-B antibodies
in women with recurrent miscarriage. Materials and methods. This was a prospective cohort study of women with
recurrent miscarriage compared to healthy pregnant controls. Anti-thyroid peroxidase and anti-thyroglobulin, in
addition to anti-CENP-B and anti-DFS70 antibodies, were evaluated by enzyme-linked immunosorbent assay and
line immunoassay techniques. Comparisons were statistical for differences in antibody levels and positive rates
across groups. Results. In patients, thyroglobulin antibodies, anti-CENP-B and anti-DFS70 were significantly higher
than in controls. Thyroid peroxidase antibodies levels were not statistically different, but a small subset of subjects
was seropositive. Trimester analysis showed that positive thyroglobulin antibodies were more often associated with
second-trimester miscarriage. Conclusions. Recurrent pregnancy loss may be linked to both thyroid and systemic
autoimmune changes, rather than only isolated antibody positivity. These findings come back with the hypothesis
of integrated immune-endocrine involvement in RPL and underline the need for additional prospective research to
explain clinical consequences.

Keywords: thyroid gland; pregnancy; thyroid peroxidase antibodies; thyroglobulin antibodies; anti-centromere

protein-B antibodies; anti-DFS70 antibodies

Introduction

Recurrent pregnancy loss (RPL) is the term used to de-
scribe the spontaneous termination of two or more clinically
confirmed pregnancies prior to the embryo reaching viability.
It is a complex, multifactorial reproductive issue that im-
pacts approximately 1 to 2 % of couples worldwide. Despite
the extensive investigation, more than fifty percent of RPL
cases are still not fully understood. This demonstrates the
growing importance of immunity and autoimmune systems
in the early stages of pregnancy failure. In order to achieve a
successful pregnancy, the semi-allogenic ovum must be ca-
pable of being tolerated by the maternal immune system. An
imbalance resulting from the production of autoantibodies
has been linked to early placental impairment and unsuccess-
ful implantation [1, 2]. Thyroid autoimmunity is one of the
endocrine-immune factors that have been most studied in re-

lation to recurrent miscarriages. First, recurrent miscarriage
in euthyroid women may coexist with antithyroid peroxidase
antibodies or antithyroglobulin antibodies, both markers of
autoimmune thyroid disease. Recent studies suggest that
thyroid autoantibodies may adversely affect pregnancy. This
could be due to systemic immunological activation, inflam-
matory changes altering trophoblast invasion and placental
vascularization or decreased thyroid functional reserve at
early pregnancy |3, 4].

These findings lend support to the idea that autoimmune
thyroid disease is a systemic problem involving the immune
system, not just an isolated endocrine system disorder. Thy-
roid antibodies have recently received less attention than
antinuclear antibodies (ANA) and extractable nuclear an-
tigen-specific autoantibodies, such as anti-DFS70 or an-
ti-CENP-B [5, 6]. The dense fine speckled ANA pattern
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is caused by anti-DFS70 antibodies, which are frequently
detected in autoimmune screenings. Their therapeutic rele-
vance in infertility is, however, an ongoing topic of debate
[7]. Many investigations with targeted immunoassays have
found no evidence that women experiencing numerous mis-
carriages have elevated levels of anti-DFS70 antibodies as
compared to healthy controls. Isolated DFS70 positivity
may thus be less of a disease-causing factor and more of
an immunological indicator [8]. However, their presence
can also suggest immune system activation and needs to be
interpreted within the global view of the autoimmune pro-
file. The role of anticentromere antibodies, especially anti-
CENP-B, seems to be more important for reproduction.
Recent studies involving reproductive immunology suggest
that anticentromere antibodies are major inhibitors for the
chances of live birth and affect oocyte development, meiotic
division, fertilization and early embryonic cleavage [9]. Also,
the presence of specific ENA antibodies in ANA-positive
recurrent miscarriage cohorts was evidenced showing that
women suffering from these challenges present CENP-B.
This may be due to autoimmune-mediated cellular damage
leading to decreased trophoblastic invasion and placental
insufficiency, which these antibodies potentially promote
[10, 11].

The relationship between systemic nuclear autoimmu-
nity (e.g., anti-DFS70 and anti-CENP-B antibodies) and
organ-specific autoimmunity (e.g., ATPO and ATG) has
been increasingly proposed as a possible cause of recurrent
miscarriages [6]. Thyroid antibodies mainly affect the con-
trol of endocrine functions and responses of the immune
system, while centromere-related autoantibodies seem to
act directly on gametic quality and embryonic development
[12, 13]. The introduction of these immunological markers
within reproductive medicine in the context of recurrent
pregnancy loss is a potential milestone that may significantly
impact immune-endocrine profiling, risk stratification and
treatment [14—16].

Most prior studies have focused on thyroid autoantibo-
dies or antinuclear antibodies in women experiencing repea-
ted miscarriages [14]. More research is needed to study the
interplay between organ-specific and systemic autoimmunity
in women without obviously manifest thyroid or connective
tissue diseases [18, 19].

This study aims to evaluate the prevalence and signifi-
cance of anti-thyroid peroxidase (ATPO), anti-thyroglobu-
lin (ATG), anti-DFS70 and anti-centromere protein-B
(anti-CENP-B) antibodies in women with recurrent mis-
carriage. They also hope to find out if these antibodies work
in synergy to generate an immune-endocrine profile that is
associated with a higher risk of miscarriage among women,
and how best to classify the risks for those affected by this
condition.

Materials and methods

A prospective cohort study was carried out to determine
the prevalence and clinical importance of particular auto-
antibodies in women who had recurrent miscarriages versus
healthy controls. The study looked at how frequently these
autoantibodies occurred and how they correlated with the
likelihood of recurrent pregnancy loss.

Subjects aged 18 to 40 years were recruited for the cur-
rent study at the Obstetrics and Gynecology Hospital of Al
Ramadi Teaching Hospital for Maternity and Children from
December 1, 2024, to August 1, 2025 (Iraq, Al Ramadi).
The study design A prospective cohort research included
50 women with recurrent misarrangements and 50 healthy
pregnant women as control groups.

Inclusion criteria. Suggested recurrent miscarriages adult
women, have bleeding, ultrasounds no heart rate, age 18—40,
history of recurrent miscarriage.

Exclusion criteria. Uterine anatomical abnormalities,
known chromosomal abnormalities in either partner, current
use of immunosuppressive medications, endocrine disorders
(except thyroid dysfunction). All information (name, age,
residence, number history of recurrent miscarriage, gestation
age) was collected from the patients enrolled in this study.

Fifty apparently healthy pregnant women without previ-
ous history of recurrent miscarriage and any of exclusion cri-
teria were involved as control group recurrent miscarriages.

The antinuclear IgG antibodies were qualitatively as-
sessed using the IMTEC-ANA-LIA MAXX linear immu-
noassay system (Human GmbH, Germany). Nitrocellulose
strips coated with a panel of nuclear antigens were treated
with patient serum samples diluted at 1 : 101 for 30 minutes
at room temperature. Following incubation, the strips were
washed according to the manufacturer’s protocol to eliminate
any unbound components and then incubated for an addi-
tional 30 minutes with horseradish peroxidase-conjugated
anti-human IgG. Tetramethylbenzidine substrate was used
for colorimetric development for ten minutes. Sulfuric acid
was then added to halt the enzymatic process. Each band was
compared to the manufacturer’s reference control strip in
order to interpret band reactivity; bands that showed higher
intensity than the reference was deemed positive. The IM-
TEC-LIA MAXX analyzer (Human Scan FA UA Interpre-
tation, Germany), which offers standardized interpretation
outputs and signal strength values for each antigen band, was
used to evaluate the strips for semi-quantitative assessment
of individual antigen reactivities.

The MAGLUMI® Anti-Tg and MAGLUMI® Anti-TPO
reagents (Snibe Diagnostics, China) are chemiluminescent
immunoassays (CLIA) designed for the quantitative deter-
mination of anti-thyroglobulin (anti-Tg) and anti-thyroid
peroxidase (anti-TPO) antibodies in human serum. These
tests are intended for the clinical evaluation of autoim-
mune thyroid diseases. All procedures are performed on
the MAGLUMI fully automated analyzer, which handles
sampling, incubation, washing, detection, and calculation
automatically.

The SPSS version 26 was used to analyze quantitative
data. The findings are provided in frequencies and percen-
tages. In the case of normal variables, dependent, and inde-
pendent t-tests (two-tailed) were applied. When the variables
were not normally distributed, the Mann-Whitney U statis-
tic, Wilcoxon test and chi-square test were used. A p-value
below 0.05 was taken to be significant.

Ethical approval. Ethical approval for this study was ob-
tained from the Ethical Approval Committee, University
of Anbar, Ministry of Higher Education and Scientific Re-
search (Ref. No. 203, dated 23 December 2024).
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Results

Recurrent pregnancy loss may be caused by immunolo-
gical and endocrine autoimmunity; therefore, it is important
to quantify antibody levels using ELISA assays. With the goal
of identifying significant immunological alterations linked to
recurrent miscarriage and assessing their potential as disease
susceptibility biomarkers, the following results summarize
the distribution and comparative analysis of thyroid, nuclear,
and reproductive autoantibodies among study groups.

Maternal age and pregnancy outcome are significantly
correlated (Fig. 1), with younger women (18—25 years old)
having healthier pregnancies and older women (34—40 years
old) experiencing more frequent miscarriages (x> = 7.25,
p=0.027).

According to Fig. 2, the majority of patients experienced
two miscarriages (60 %), followed by three miscarriages
(24 %), with higher-order losses (> 4) happening less of-
ten. The distribution was statistically significant (x2 = 77.68,
p < 0.0001), supporting classification according to the inci-
dence of miscarriages for targeted evaluation and treatment.

Gestational age was significantly lower in the recurrent
miscarriage cohort than healthy controls (13.28 £+ 4.93 vs.
20.34 £ 1.33 weeks; p = 0.006), both shown in Fig 3. This
study emphasizes that gestational age is an important clinical
discriminator; it does seem to be linked with earlier pregnan-
cy loss, as well as some heterogeneity among the affected
women.

There was no significant difference in Table 1 in ATPO
levels between recurrent misarrange and heathy pregnant
women (p = 0.329), indicating that the levels were highly
different and greater in a small subset of patients. Notably,
ATPO positive was observed in 4 % of patients but not in
any of the controls, indicating that thyroid autoimmunity
may play a minor role in some cases. Women with nume-
rous miscarriages showed significantly greater levels of ATG,
anti-CENP-B, and anti-DFS70 antibodies (p < 0.006). This
shows that thyroid and systemic autoimmune alterations may
interact to producing immune-mediated pregnancy loss.

Autoantibody positivity ranges in Table 2 between healthy
individuals and women with a history of multiple miscarria-
ges. Although 4 % of patients tested positive for ATPO, this
antibody likely had little to no impact on the study popula-
tion as a whole because there was no statistically significant
difference between the ATPO-positive and control groups
(p = 0.153). In contrast, patients were significantly more
likely to have ATG, anti-CENP-B, and anti-DFS70 antibo-
dies than controls (10, 22, and 16 %, respectively; p < 0.022).
Recurrent miscarriage is strongly associated with systemic

X2 =7.25; p=0.027 | | W Patients m Controls

Count (%)

18-25

26-33
Age groups, years

34-40

Figure 1. Association between maternal age
and pregnancy outcome in recurrent miscarriage
and healthy pregnancy groups
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Figure 2. Distribution of the number of recurrent
miscarriages among the study population
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Figure 3. Comparison of mean gestational age
between recurrent miscarriage patients
and healthy pregnant women

Note (here and in Tables 2, 3): * — statistical significance
at p < 0.05.

Table 1. Autoantibody profile comparison between recurrent miscarriage patients and healthy controls

Controls

-value
ME Vodian (G103 | Wean=SE | 5D | Wedian (@1-05)

ATPO 8.03 £ 5.36 37.91 0.98 (0.70-2.22)

ATG 52.80 +17.86 126.32 16.00 (6.64—60.45)
CENP-B 0.543 +0.062 0.437 0.355[0.248-0.723]
DFS70 0.528 £ 0.069 0.485 0.350[0.250-0.603]

1.95+019  1.36  1.56(0.79-3.10)  0.329
1157 +1.93 1364 6.43(3.95-9.39)  0.001*
0.413+0.038 0.272 0.432[0.144-0.664] 0.003*
0.298 +0.021 0.147 0.283[0.185-0.363] 0.006*

Notes: the independent t-test was used or Mann-Whitney U test; * — statistical significance was p < 0.05, and
descriptive were reported as mean = SD or median (IQR) according to the distribution.
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Table 2. Frequency distribution of thyroid and systemic autoantibodies in recurrent pregnancy loss
and control groups, n (%)

Patients Controls
Autoantibody Total positive p-value
Negative Positive Negative Positive
ATPO 48 (96.0) 2 (4.0) 50 (100.0) 0 (0.0) 2 (2.0 0.153
ATG 45 (90.0) 5(10.0) 50 (100.0) 0(0.0) 5 (5.0) 0.022*
CENP-B 39 (78.0) 11 (22.0) 50 (100.0) 0 (0.0) 11 (11.0) 0.0001*
DFS70 42 (84.0) 8 (16.0) 50 (100.0) 0 (0.0) 8 (8.0) 0.003*

Table 3. Distribution of autoantibodies markers in the first and second trimesters in mischarged women, n (%)

Marker Status | trimester Il trimester Total p-value

Negative 31 (100) 17 (89.5) 48 (96)

ATPO 0.065
Positive 0 (0) 2(10.5) 2 (4)
Negative 31 (100) 14 (73.7) 45 (90)

ATG — 0.003*
Positive 0 (0) 5(26.3) 5(10)
Negative 22 (71) 17 (89.5) 39 (78)

CENP-B — 0.125
Positive 9 (29) 2(10.5) 11 (22)
Negative 25 (80.6) 17 (89.5) 42 (84.0)

DFS70 — 0.409
Positive 6 (19.4) 2 (10.5) 8 (16.0)

autoimmune activation, as seen by the elevated frequency of
nuclear autoantibodies, particularly anti-CENP-B. That the
immune system isn’t always working properly is a theory that
this finding lends credence to.

Positive autoantibodies were distributed throughout the
third trimester of pregnancy. There was a fairly even distribu-
tion of miscarriages in the first and second trimesters, since
there was no significant link between when the pregnancy
ended and ATPO, anti-CENP-B, or anti-DFS70 antibo-
dies (p > 0.05) (Table 3). All instances of ATG positivity oc-
curred after the pregnancy had ended, and there was a clear
correlation between the two with second-trimester losses
(p=0.003). Instead of being associated with early implanta-
tion failure, anti-thyroglobulin antibodies seem to be more
strongly linked to processes that maintain pregnancy. Thus,
inflammation of the thyroid could explain why some preg-
nancies end in miscarriage.

Discussion

RPL remains challenging to identify and manage, as up to
fifty percent of cases remain unexplained following conven-
tional evaluations. This has resulted in increased research on
immune system mechanisms [2, 20]. When autoimmune re-
sponses, particularly thyroid autoimmunity, are present over
a lengthy period of time, they have the potential to alter the
outcomes of pregnancies. In a recent study that involved over
9,000 participants, it was found that women who tested posi-
tive for anti-thyroid peroxidase and/or anti-thyroglobulin an-
tibodies had a significantly higher likelihood of experiencing
another miscarriage compared to those who tested negative
for these antibodies. Odds ratio was about 2.0 and p < 0.001.
From this perspective, thyroid autoantibodies seem to have a
significant role in the touches of recurrent miscarriage [21].
New immunology studies support this: thyroid antibodies

are associated with early pregnancy loss in women without
hyperthyroidism. This indicates that immune tolerance and
placentation might be impaired by autoimmunity beyond the
direct impact of thyroid hormones [22, 23]. Thyroid auto-
antibodies may also interfere with adaptive immunological
mechanisms critical for normal pregnancy. This can occur
as a result of aberrant cytokine signaling, poor maternal-fetal
immunotolerance, or subclinical endocrine dysfunction [24,
25]. in the present study, ATG was significantly elevated in
patients compared with controls, aligning with evidence that
thyroid autoimmunity is enriched in women with RPL. Posi-
tive ATG results were most commonly observed in women
who experienced miscarriages during the second trimester of
their pregnancies. This suggests that thyroid autoimmunity
may have a more significant role in the formation of the pla-
centa and the continuation of the pregnancy than it does in
the process of implantation alone. Categorical positivity was
only detected in patients, despite the fact that ATPO did not
reach statistical significance when measured by concentra-
tion. This heterogeneity is consistent with broader findings
in the literature, which suggest that anti-TPO testing may be
affected by assay variability and population differences, and
that isolated anti-TPO positivity does not necessarily predict
clinical outcomes, despite the fact that it is associated with
early loss in some cohorts [21, 26, 27].

Current guidelines typically do not recommend wide-
spread use of immunomodulatory therapy for recurrent
pregnancy loss unless there are clear autoimmune condi-
tions, despite the fact that testing for autoantibodies appears
promising for assessing risk. This highlights the necessity
of further research to determine a etiology and effect of
treatment as well as personalized diagnostics. In addition to
thyroid-specific indications that may be present, systemic
autoimmunity seems also play a role in RPL. Patients had
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significantly higher levels of anti-CENP-B antibodies, in
concordance with evidence from reproductive immunology
studies suggesting anticentromere antibodies could be detri-
mental to egg development and early embryogenesis. How-
ever, the precise mechanisms underlying these effects have
not yet been fully elucidated. Also, anticentromere antibo-
dies, predominantly directed against CENP-B, have been
associated with impaired oocyte maturation, diminished
embryo cleavage, and decreased live birth. rates in women
undergoing IVF/ICSI [28]. Consistent with this, major RPL
guidelines do not recommend centromere antibodies as a
diagnostic tool for recurrent miscarriage. This is because
there is not yet enough evidence to classify anti-CENP-B
as a common cause in recurrent miscarriage evaluations,
with the exception of certain clinical phenotypes or systemic
autoimmune diseases [29].

These data provide credence to the idea that nuclear au-
toimmunity, when accompanied by other autoimmune signs,
can have an effect on reproductive outcomes. Anti-DFS70
antibodies, on the other hand, seem to be more abundant in
patients, despite the fact that they are sometimes classified
as non-disease-specific antibodies. The results of previous
research on anti-DFS70 have been inconclusive. This is due
to the fact that various studies have reported that there is no
direct association with recurrent pregnancy loss when using
particular immunoassays. This may be due to methodolo-
gical inconsistencies in detection [30]. Nevertheless, the fact
that DFS70 was discovered alongside other autoantibodies
in this particular group of individuals lends credence to the
notion that a general immunological imbalance may be more
significant for the risk of miscarriage than a single positive
autoantibody that is present. There is a correlation between
the growth in thyroid and nuclear autoantibodies and the
presence of an immune-endocrine signature in RPL. With-
in this context, organ-specific autoimmunity and overall
immune activity have the potential to disrupt the delicate
equilibrium that is necessary for mother and child to be able
to tolerate each other. There are larger concepts about the
immune system that focus on cytokine imbalance, altered
regulatory T-cell activity, and strange immunological control
at the site of implantation. This seems like a good fit with
those bigger ideas [31]. According to published literature in
broader immunology from the last 5 years [32], anti-DFS70
antibodies are often detected out with autoimmune/inflam-
matory contexts and their clinical relevance at times remains
unclear, resulting in suboptimal efficacy as a stand-alone
pathogenic marker. In RPL, guideline frameworks highlight
that several immunological biomarkers have no conclusive
demonstration of causation and this must determine treat-
ment outside the context of trials which is a critical aspect to
consider when evaluating isolated DFS70 positivity.

Limitations. The limited sample size and cross-sectional
nature of this study make it difficult to determine what
caused what and how it can be used in other scenarios. Au-
toantibodies were only measured once, with no long-term
follow-up. This suggests that potential confounding fac-
tors may not have been properly addressed. Furthermore,
the underlying immune systems’ functional mechanisms
were not examined, limiting our understanding of how they
function.

Conclusions

As a matter of fact, these findings indicate that multiple
pregnancy losses may be accompanied with a complex net-
work of immune abnormalities such as systemic or reproduc-
tive autoantibodies (anti-CENP-B, anti-DFS70, anti-hCG
and endometrial antibodies) and organ-specific autoantibo-
dies (ATPO, ATG). And yet, recent studies show that these
antibodies don’t always work when given alone. It seems that
the type of antibody, its concentration and the presence or
otherwise of other immunological parameters and the rest of
the patient’s diseases are determining factors in their thera-
peutic utility. Here are the findings: repeated miscarriage is
better understood as an immune-endocrine disorder than
an autoantibody positive one. Thus, a complete immuno-
logical profile could be more clinically relevant than that
of a single marker assay. The search for molecular pathways
and possible utility of combined autoantibody signatures in
improving risk assessment and personalized treatment in
women with history of recurrent pregnancy loss will require
large prospective studies.
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XAPAKTEePUCTUKA TUPEOTAHNX TA SASPHUX ABTOCHTUTIA
npuv 3BUMHOMY HEBMHOLLYBCAHHI BAFTHOCTI

Peswome. Axmyaavnicms. 3B1uHe HEBUHOLIYBAHHS BariTHOCTI
(3HBB) — 11e ckmamHe penpoayKTUBHE 3aXBOPIOBAHHS, IO BKITIO-
yae iMYHOJIOTiUHI i aBTOIMYHHi MeXaHi3Mu. BBaxkaeTbcs, 1110
aBTOAHTUTIJIA, IK opraHocnendivHi, Tak i CHCTEMHI, ITOB’sI3aHi 3
HEBMHOUIYBaHHIM BariTHOCTI, TIPU LIbOMY iX KJIiHIYHA 3HAYYILICTh
He 3’sicoBaHa. ABTOPH ITPOBEJIM OLIIHKY YaCTOTH U KJIiHiYHOI 3Ha-
YYIIOCTi crielu(piYHUX TUPEOITHUX, SIAEPHUX i PENIPOAYKTUBHUX
AaBTOAHTUTIJI, @ CaMe aHTUTIJ 10 TUPEOITHOI TEPOKCUA3U, TUPEO-
ro0yniHy, neHTpomepHoro 6inka B (antu-CENP-B), DFS70, y
XKiHoK 31 3HBB, a Takox mocmianian ixX 3B’430K i3 pU3MKOM BUKUJI-
H$I TIOPiBHSIHO 3 BariTHUMU XiHKaMyu KOHTPOJbHOI rpynu. Mema:
OLIHUTU MOLIMPEHICTh Ta 3HAUYILIICTh AaHTUTLJ 10 TUPEOITHOT
nepokcuaasu, Tupeoriaodyniny, antu- DFS70 ta antu-CENP-B
Y XiHOK 3i 3BUMHUM HEBUHOIIYBAHHSIM BaritHOCTi. Mamepiaau
ma memoodu. T1poBeiIeHO MPOCIEKTUBHE KOTOPTHE TOCIiIKEHHS
kiHOK 31 3HBB mopiBHSIHO 3i 310pOBMMM BariTHUMK KOHTPOJIbHOI
rpyrnu. AHTUTIJIA 10 TUPEOTIEPOKCUIA3M Ta TUPEOTIIO0YJIiHY, a Ta-
kox aHTU-CENP-B i antu- DFS70 Oynu BU3Ha4YeHi 32 JOTIOMOTOIO
meroniB IMDA it ninHiitHOro iMmyHogepMeHTHOrO aHamisy. I1pose-

NIEHO CTaTUCTUIHUIA aHAIi3 PiBHIB @aHTUTIJI | YaCTOTH O3UTUBHUX
pe3ynbTaTiB Mix rpynamu. Pesyssmamu. Y xinok 3i 3HBB ymict
AHTUTII 10 TUpeoraooyniny, antu-CENP-B ta antu-DFS70 6yB
BipOTiTHO BULIUIA, HiX Y KOHTPOJIbHIH rpymi. [loka3HUKM aHTUTIN
IO TUPEOIMHOI MepOKCUAa3N CTATUCTUYHO He BiIpi3HSIIUCS, aje
HeBeJINKa MiATpyna yJacHUIlb OyJia CEpOMO3UTUBHO0. AHai3
3aJIeXKHO BiJl TPUMECTPY BariTHOCTI MPOJAEMOHCTPYBAB, 110 MO-
3UTUBHI aHTUTLJIA 10 TUPEOTI00YIiHY YacTillle acolLiloBaIuCs 3
BUKUIHEM Y IpYroMy TpUMecCTpi. Bucroexu. 3BMUHI BTpaTH BariT-
HOCTi MOXYTb OYTH TTOB’sI3aHi K 31 3MiHAMM 3 OOKY IIUTOMNOIi0-
HOI 3aJ103H, TaK i 3 CUCTEMHUMHU aBTOIMyHHUMMU TOPYIICHHSIMU,
a He JIMIIe 3 130JIbOBAaHOIO HasIBHiCTIO aHTUTII. Lli pe3ynbTaTu
MiATBEPXKYIOTH TiMOTE3y MPO iHTErpoBaHy y4yacTh iMyHHOI Ta
eHIOKPUHHOI cucTeM y po3BuTKy 3HBB Ta migkpeciroioTs HeoO-
XiIHICTb TOJATKOBUX MPOCTIEKTUBHUX JOCIIIKEHb [T TOSICHEHHS
KJIIHIYHUX HACHiIKiB.

KimouoBi c1oBa: mumTononioHa 3a03a; BariTHiCTh;, aHTUTLIA 10
TUPEOIIEPOKCUIA3U; AaHTUTIJIA 1O TUPEOIJIOOYIIiHY; aHTUTIa 10
LIeHTpoMepHoro 6inka B; anturina no DFS70
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Cardiorenal and autonomic impairment
in war-stressed military relatives:
role of diabetic nephropathy

Abstract. Background. Prolonged war-related psychoemotional stress has emerged as an important non-tradi-
tional cardiovascular risk factor. Relatives of military personnel represent a particularly vulnerable population, as
sustained stress may modify the course of hypertension and coronary heart disease. In the presence of diabetic
nephropathy, this influence may be amplified through cardiorenal and autonomic mechanisms. Materials and
methods. The study tested these associations in a single-center observational cross-sectional design including
66 patients aged 40 years and older with hypertension and coronary heart disease. Participants were stratified
into two groups: patients with diabetic nephropathy without military family status; those with diabetic nephropathy
who were relatives of military personnel. The study assessed perceived chronic stress, anxiety and depressive
symptoms, heart rate variability indices, renal functional markers. Results. Patients with diabetic nephropathy who
were relatives of military personnel demonstrated the highest levels of perceived stress, anxiety, and depressive
symptoms. Consequently, this group exhibited higher prevalence of adverse circadian profiles. Heart rate vari-
ability analysis revealed a marked reduction in overall variability and parasympathetic activity, accompanied by
sympathetic predominance. Renal involvement was more severe, with lower estimated glomerular filtration rates
and higher levels of albuminuria; moreover, stress severity showed a positive association with urinary albumin
excretion. Conclusions. The combination of diabetic nephropathy and chronic war-related psychoemotional
stress is associated with the most unfavorable cardiorenal and autonomic profile in patients with hypertension
and coronary heart disease. These findings highlight a synergistic adverse effect of metabolic renal impairment
and sustained stress, supporting the benefits of integrating psychoemotional assessment into comprehensive
cardiovascular risk stratification and personalized patient management under conditions of prolonged stress.
Keywords: chronic psychoemotional stress; relatives of military personnel; diabetic nephropathy; heart rate
variability; ischemic load

Introduction features that differ from acute trauma, and is characterized

The full-scale war in Ukraine has caused an unprece-
dented level of prolonged psychoemotional stress among
the civilian population, even in relatively safe areas. A
particularly vulnerable group are relatives of military per-
sonnel — spouses, parents and other close people who
do not take direct part in hostilities, but are constantly
in a state of chronic expectation of a threat to the lives
of their relatives, uncertainty, anxiety — and emotional
exhaustion [1]. This type of prolonged stress has specific

by persistent activation of neuroendocrine and autonomic
mechanisms [2, 3].

Accumulated data over the past decades convincingly
indicate that chronic psychological stress, anxiety and de-
pression are independent factors of cardiovascular risk [4].
They are associated with an increased incidence of arterial
hypertension, coronary heart disease, arrhythmias and an
unfavorable prognosis in patients with pre-existing cardio-
vascular diseases. The biological basis of this connection is
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considered to be chronic activation of the hypothalamic-pi-
tuitary-adrenal axis, the sympathetic nervous system, sys-
temic inflammation, endothelial dysfunction and impaired
autonomic regulation of cardiac activity [3, 6].

In patients with type 2 diabetes, the presence of diabetic
nephropathy (DN) significantly enhances the negative im-
pact of psychoemotional stress on the cardiovascular system
[16]. Renal dysfunction is accompanied by activation of the
renin-angiotensin-aldosterone system (RAAS), sodium and
fluid retention, increased arterial stiffness, and changes in the
circadian profile of blood pressure [7]. Under conditions of
chronic stress, these mechanisms can mutually potentiate,
forming a pathological stress-heart-kidney axis, which leads
to poorer blood pressure control, decreased heart rate varia-
bility, and increased ischemic load [8, 9].

Despite the growing number of publications devoted to
the mental health of the Ukrainian population during war-
time, clinical studies that would simultaneously assess the
level of chronic stress, autonomic regulation of cardiac ac-
tivity, diurnal blood pressure profile, functional state of the
kidneys and manifestations of myocardial ischemia remain
limited [10, 11]. The group of relatives of military personnel
with chronic cardiometabolic diseases who are not directly
exposed to combat trauma but are in a state of prolonged
psychoemotional stress is particularly poorly studied [12, 13].

In this context, it is of scientific and clinical interest to
compare patients with arterial hypertension and coronary
heart disease depending on the presence of diabetic nephro-
pathy and a specific war-related stressor — being in a family
relationship with military personnel. This approach allows
not only to assess the contribution of nephropathy to the
formation of cardiovascular risk, but also to highlight the
role of chronic war-related stress as a potential modifier of
the course of cardiovascular diseases [14—16].

The aim of the study is to investigate the clinical associ-
ations of chronic psychoemotional stress caused by wartime
conditions with autonomic regulation of cardiac activity and
renal functional status in patients with arterial hypertension
and ischemic heart disease, comparing individuals with di-
abetic nephropathy depending on the status of the military
relative.

Materials and methods

The study was conducted in the format of a single-center
observational comparative study with a cross-sectional de-
sign. The survey was conducted among patients with estab-
lished diagnoses of arterial hypertension and ischemic heart
disease who were under outpatient or inpatient supervision in
the cardiology department of the Tysmenytsia City Hospital.

All participants provided written informed consent to
participate in the study. The study protocol was in accor-
dance with the principles of the Declaration of Helsinki and
was approved by the local ethics committee.

Patients were divided into two groups depending on the
status of the military relative:

1. Group 1, n = 32 (DN+, not a relative of m/p) — pa-
tients with arterial hypertension and ischemic heart disease
who had diabetic nephropathy (DN), but were not relatives
of military personnel (m/p) and did not have a direct mili-
tary-related stress factor.

2. Group 2, n = 34 (DN, relative of m/p) — patients
with arterial hypertension and ischemic heart disease who
had diabetic nephropathy and were related to military per-
sonnel who served in the Armed Forces of Ukraine during
martial law.

Military relative status was defined as having a close fami-
ly relationship (spouse, parents, adult children, or siblings)
with a person who was in active military service for at least
6 months at the time of inclusion in the study.

The inclusion criteria were as follows:

— age > 40 years;

— a diagnosis of arterial hypertension has been estab-
lished (according to ESC/ESH recommendations);

— a diagnosis of coronary heart disease (stable angina
pectoris or documented myocardial ischemia);

— the presence of type 2 diabetes mellitus with signs of
diabetic nephropathy;

— ability to fill out psychoemotional state questionnaires;

— written informed consent.

Patients with any of the following diagnoses or conditions
were excluded from the study:

— acute coronary syndromes or stroke within the last 6
months;

— heart failure of NYHA functional class IV;

— chronic kidney disease (CKD) of non-diabetic origin
(glomerulonephritis, polycystic kidney disease, obstructive
uropathy);

— clinically significant mental disorders requiring spe-
cialized psychiatric treatment;

— participation in hostilities or direct presence in a zone
of active hostilities;

— oncological diseases in the stage of active treatment;

— acute infectious diseases at the time of examination.

The psychoemotional state of patients was assessed
using validated self-assessment questionnaires, which are
widely used in clinical practice and epidemiological stu-
dies and do not require a specialized psychiatric examina-
tion. The Perceived Stress Scale and Stress Scale (PSS-10)
were used to quantify the level of chronic psychoemotional
stress.

Anxiety symptoms and depressive manifestations were
determined using the Generalized Anxiety Disorder-7
(GAD-7) and Patient Health Questionnaire-9 (PHQ-9),
respectively. The questionnaires were used for the purpose of
scientifically stratifying patients by level of psychoemotional
burden and severity of symptoms, and not for establishing
clinical psychiatric diagnoses.

The assessment was performed in an outpatient setting
during a scheduled visit, by the patient himself after pro-
viding brief standard instructions. The results were inter-
preted according to generally accepted threshold values of
the scales. Patients were stratified by the level of chronic
stress, anxiety and depressive symptoms for further com-
parative analysis of clinical, hemodynamic and cardiorenal
parameters.

Autonomic regulation of cardiac activity was assessed
using heart rate variability (HRV) analysis based on 24-hour
or short-term ECG recordings. The analysis included time
and frequency HRV parameters in accordance with interna-
tional recommendations.
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The functional state of the kidneys was determined by
albuminuria level and estimated glomerular filtration rate
(eGFR) calculated using the CKD-EPI formula. Diabetic
nephropathy was diagnosed according to current clinical
guidelines [17, 18].

Statistical processing of the obtained data was carried
out using the Statistica 12 software (StatSoft Inc., USA).
Before analysis, the nature of the distribution of quan-
titative variables was assessed using normality criteria
(Shapiro-Wilk). Given the predominantly non-normal
distribution of most indicators, the results are presented
as median and interquartile range (Me (Q1-Q3)) or mean
and standard deviation (M = SD) depending on the type
of distribution.

To compare continuous variables between two indepen-
dent groups Student’s t-test or Mann-Whitney U-test (de-
pending on the nature of the data distribution) were used,
and when analyzing categorical variables, the Pearson y? test
or Fisher’s exact test (if necessary) was used with Bonferroni
correction. Pairwise intergroup comparisons were performed
taking into account the multigroup study design. Continuous
variables were analyzed using multivariable linear regres-
sion. To test whether the association between psychoemotio-
nal stress and renal/autonomic status differs depending on
military-relative status, interaction models were fitted as
Y = fo + Bi(Relative) + B2(Stress) + [B3(Relative X Stress).
A composite psychoemotional burden index was construc-
ted as the mean of z-scores of PSS-10, GAD-7, and PHQ-9
and re-standardized to SD = 1. Urine albumin/creatinine
ratio (ACR) and LF/HF (low-/high-frequency component
of the heart rate variability spectrum) were log-transformed
(natural log) due to right-skewness. Robust (HC3) standard
errors were used. Effect modification was inferred from the
interaction term.

Differences were considered statistically significant at a
p value of < 0.05.

Results

Comparative analysis of the basic clinical and demo-
graphic characteristics of patients in the two groups did not
reveal statistically significant intergroup differences in age,

gender, body mass index (BMI), duration of arterial hyper-
tension, smoking history, and frequency of taking statins and
RAAS inhibitors (Table 1).

Analysis of studied variables demonstrated statistically
significant intergroup differences (Table 2).

In the comparative analysis of psychoemotional status,
renal function, and autonomic regulation, patients who were
relatives of military personnel (group 2, DN+) demonstrated
consistently less favorable profiles than DN+ patients with-
out a direct military-related stress factor (group 1).

With regard to psychoemotional burden, markedly
higher questionnaire scores were recorded in group 2: the
PSS-10 level reached 18.00 [17.00; 20.00] versus 10.50 [10.00;
13.00] in group 1 (p < 0.001). Similarly, anxiety symptoms
assessed by GAD-7 were more pronounced among rela-
tives of military personnel (9.00 [8.00; 11.00] vs 5.00 [4.00;
6.00], p < 0.001), while depressive symptom severity by
PHQ-9 was also higher (10.00 [9.00; 11.75] vs 6.00 [5.00;
7.00], p < 0.001). These findings indicate a substantially in-
creased psychoemotional load in the subgroup exposed to
wartime-related family stress.

Renal status likewise differed significantly. Estimated
glomerular filtration rate (CKD-EPI) was lower in group
2 (49.1 £ 10.2 ml/min/1.73 m?) compared with group 1
(58.4 +£ 9.6 ml/min/1.73 m?), confirming worse filtration
function in relatives of military personnel (p < 0.001). Along
with this, higher values of serum creatinine and markers of
renal damage were observed in group 2, including greater
albuminuria and higher ACR (all p < 0.001), which together
suggest a more severe nephropathic phenotype in the mili-
tary-relative subgroup. At the same time, the proportion of
patients meeting criteria for CKD > stage 3a was comparable
between groups (43.8 vs 44.1 %; p = 1.000), implying that
the observed differences are expressed mainly as shifts in
continuous renal markers rather than as a difference in the
categorical prevalence of advanced CKD stages.

Autonomic regulation assessed by HRV parameters
demonstrated a pattern consistent with greater sympathe-
tic predominance in group 2. Lower overall variability was
reflected by reduced SDNN (80.50 [69.03; 91.88] vs 112.25
[92.78; 131.97], p < 0.001) and reduced parasympathetic-

Table 1. Clinical and demographic characteristics of the examined patients

Indicator Group 1 Group 2 p
Age, years 61.8+7.4 62.5+6.9 0.521
Gender, m/f 18/14 19/15 0.99
BMI, kg/m? 294 +3.2 29.8+3.5 0.072
Duration of hypertension, years 11.2+4.6 11.8+4.2 0.174
Duration of type 2 diabetes, years 8.6 + 3.1 89+34 0.913
Smoking, % 28.1 29.4 0.125
Statin intake, % 46.9 50.0 0.450
Taking RAAS inhibitors, % 68.8 70.6 0.471

Notes: data are presented as mean * standard deviation for continuous variables and percentages or abso-
lute values for categorical variables; comparisons between groups were performed using Student’s t-test or
Mann-Whitney U-test (depending on the nature of the data distribution), and Pearson’s x*-test or Fisher’'s exact
test for qualitative variables; p values < 0.05 were considered statistically significant.
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Table 2. Analysis of psychoemotional state, renal function, heart rate variability of studied patients

Variable Group 1 Group 2 p
PSS-10, scores 10.50 [10.00; 13.00] 18.00 [17.00; 20.00] < 0.001
GAD-7, scores 5.00 [4.00; 6.00] 9.00 [8.00; 11.00] < 0.001
PHQ-9, scores 6.00 [5.00; 7.00] 10.00 [9.00; 11.75] < 0.001
eGFR (CKD-EPI), ml/min/1.73 m? 58.4 +9.6 49.1 +10.2 < 0.001
Serum creatinine, pmol/l 60.65 [53.40; 64.25] 47.65 [39.55; 57.08] < 0.001
Albuminuria, mg/day 110.10 [102.78; 129.50] 132.40 [119.60; 147.68] < 0.001
ACR, mg/g 171.90 [127.20; 239.75] 327.70 [246.00; 418.75] < 0.001
CKD = stage 3a 14/32 (43.8 %) 15/34 (44.1 %) 1.000
SDNN, ms 112.25[92.78; 131.97] 80.50 [69.03; 91.88] < 0.001
RMSSD, ms 27.25[18.73; 30.43] 16.50 [12.15; 21.45] < 0.001
LF, ms? 666.80 [503.40; 858.58] | 863.95 [725.52; 1152.28] < 0.001
HF, ms? 300.10 [219.12; 391.48] 155.85 [105.75; 303.68] < 0.001
LF/HF ratio 1.98 [1.53; 2.50] 3.66 [3.04; 4.23] < 0.001

Notes: most data are presented as median [lower; upper quartiles]; Mann-Whitney U-test was used for intergroup
comparison; p values < 0.05 were considered statistically significant; SDNN — the standard deviation of all NN
intervals; RMSSD — the square root of the mean square of the differences of consecutive NN intervals.

associated RMSSD (16.50 [12.15; 21.45] vs 27.25 [18.73;
30.43], p < 0.001). In parallel, LF power was higher in
group 2 (863.95 [725.52; 1152.28] vs 666.80 [503.40; 858.58],
p < 0.001), whereas HF power was lower (155.85 [105.75;
303.68] vs 300.10 [219.12; 391.48], p < 0.001). The LF/HF
ratio was consequently increased in group 2 (3.66 [3.04; 4.23]
vs 1.98 [1.53; 2.50], p < 0.001), supporting a shift toward sym-
pathovagal imbalance under conditions of wartime-related
psychoemotional stress.

Overall, Table 2 demonstrates that DN+ patients who
are relatives of military personnel have a significantly higher
psychoemotional burden, worse renal functional indicators
(lower eGFR with higher markers of renal damage), and
HRYV changes compatible with autonomic dysregulation
characterized by sympathetic dominance, compared with
DN+ patients without a direct military-relative stress factor.

The results of multivariate regression analysis is presented
in Table 3.

In the interaction model with e GFR as the dependent
variable, military-relative status significantly modified the
association between psychoemotional burden and e GFR
(Relativex Burden: § = —12.20, 95% CI [-21.50; —2.91],
p = 0.010). At the mean level of psychoemotional burden
(0 SD), being a relative of military personnel was associated
with a lower e GFR by 18.21 ml/min/1.73 m?> compared with
non-relatives (p < 0.001). The conditional group contrast
depended on stress severity: at high burden (+1 SD), rela-
tives demonstrated a markedly lower e GFR compared with
non-relatives (—30.42 ml/min/1.73 m?, 95% CI [—44.35;
—16.48], p < 0.001), whereas at low burden (—1 SD) the
group difference was smaller (—6.01 ml/min/1.73 m?) and
not statistically significant (p = 0.312). In terms of with-
in-group slopes, psychoemotional burden was directly as-
sociated with eGFR among non-relatives (g = +10.19 per
+1 SD, p = 0.004), while the corresponding slope among

relatives was close to null (f = —2.02 per +1 SD, p =0.524),
supporting effect modification by military-relative status.

For renal injury expressed by albuminuria, military-rela-
tive status showed a strong main association with ACR in the
log-linear model (B = 1.09 on In-scale, p < 0.001), corre-
sponding to an approximately 3-fold higher ACR in relatives
versus non-relatives at the mean psychoemotional burden
level (2.97%, 95% CI [1.91%; 4.61X]). However, stress-re-
lated effect modification was not statistically confirmed for
ACR (Relativex Burden p = 0.182), indicating that the sub-
stantial between-group difference in albuminuria is present
across the observed psychoemotional burden range rather
than being clearly amplified by higher stress in this dataset.

Regarding autonomic regulation, neither SDNN nor
In(LF/HF) demonstrated statistically significant interaction
effects (RelativeXBurden p = 0.353 and p = 0.657, respec-
tively; Table 1). The main effect for In(LF/HF) suggested a
tendency toward higher LF/HF among relatives (§ = 0.34;
~ 1.40%, p=0.064), but the burden-dependent modification
of this relationship was not supported.

Discussion

The results emphasize the need for a comprehensive as-
sessment of the psychoemotional state in patients with dia-
betes and hypertension, especially in the presence of diabetic
nephropathy. The identified relationship between chronic
stress, autonomic dysfunction, and ischemic load may be
important for personalizing cardiorenal risk and optimizing
therapeutic approaches.

This study demonstrates that the combination of diabetic
nephropathy with chronic military-related psychoemotional
stress is associated with the most unfavorable cardiorenal
profile in patients with arterial hypertension and ischemic
heart disease [19]. The main result is the identification of
a clear gradient of disorders, in which the group of patients
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Table 3. Primary interaction models (3, 95% CI, p)

Predictor B 95% CI o]
Outcome: eGFR
Relative status (1 vs 0) -18.21 -27.08; —9.35 < 0.001
Psychoemotional burden (+1 SD) 10.19 3.26;17.12 0.004
Interaction: RelativexBurden -12.20 —-21.50; —2.91 0.010
Outcome: In(ACR)
Relative status (1 vs 0) 1.09 0.65; 1.53 < 0.001
Psychoemotional burden (+1 SD) -0.31 —-0.66; 0.04 0.084
Interaction: RelativexBurden 0.28 -0.13; 0.70 0.182
Outcome: SDNN (ms)
Relative status (1 vs 0) -19.37 -46.66; 7.92 0.164
Psychoemotional burden (+1 SD) -12.30 —38.94; 14.33 0.365
Interaction: RelativexBurden 13.46 -14.93; 41.85 0.353
Outcome: In(LF/HF)
Relative status (1 vs 0) 0.34 -0.02; 0.69 0.064
Psychoemotional burden (+1 SD) 0.19 -0.17;0.55 0.304
Interaction: RelativexBurden -0.09 —0.48; 0.30 0.657

with diabetic nephropathy and family status of a military
serviceman demonstrated more pronounced deviations in
psychoemotional state, autonomic regulation, renal function
and ischemic load compared to other study groups [20, 21].

The obtained data indicate the significant role of chronic
psychoemotional stress as a potential modifier of the course
of cardiovascular and renal pathology [20]. Higher levels of
perceived stress, anxiety and depression in patients of group
2 were accompanied by signs of autonomic imbalance with
a predominance of sympathetic activity, which is consistent
with the results of previous studies indicating a close relation-
ship between chronic stress, impaired autonomic regulation
and the progression of cardiovascular diseases [22, 23].

Decrease in heart rate variability in patients with a com-
bination of diabetic nephropathy and chronic stress can be
considered as one of the key pathophysiological mechanisms
of increased ischemic load [24, 25]. It is known that a de-
crease in heart rate variability and an increase in sympathetic
activity are associated with a worse prognosis in patients with
ischemic heart disease, which is confirmed by the results of
this study [26].

Of particular interest are changes in renal function. Pa-
tients in group 2 had significantly lower glomerular filtration
rates, higher albuminuria levels, and albumin/creatinine
ratios, as well as a higher proportion of individuals with CKD
> 3 stage. This may indicate a potential synergistic effect of
diabetic nephropathy and chronic psychoemotional stress
on the progression of renal dysfunction, probably through
the activation of neurohumoral mechanisms, endothelial
dysfunction and increased inflammatory processes [27, 28].

From a clinical perspective, the results obtained indi-
cate the feasibility of a comprehensive approach to assessing
cardiorenal risk in patients with diabetes, hypertension, and
coronary heart disease, especially in the presence of chro-
nic psychoemotional stress. Inclusion of assessment of psy-

choemotional state and autonomic regulation may contribute
to earlier identification of high-risk patients and optimization
of treatment tactics.

The limitations of the study are its single-center design,
cross-sectional nature, and lack of dynamic observation,
which prevents causal conclusions. In addition, psychoemo-
tional state was assessed using questionnaires, which may be
accompanied by subjective errors. The specific composi-
tion of the cohort (relatives of military personnel exposed to
chronic war-related stress) may limit the external validity of
the findings and restrict their generalizability to the broader
population.

Conclusions

1. The combination of diabetic nephropathy with the
family status of a military serviceman is associated with the
most pronounced disorders of psychoemotional state, auto-
nomic regulation, renal function, and ischemic load.

2. Chronic psychoemotional stress is accompanied by the
development of autonomic imbalance with a predominance
of sympathetic activity, which may play a key role in the
progression of cardiovascular disorders.

3. In patients with diabetic nephropathy under chronic
stress, worse indicators of renal function were found, includ-
ing a decrease in glomerular filtration rate and an increase in
albuminuria levels.

4. The identified intergroup differences indicate a syner-
gistic negative impact of psychoemotional stress and diabetic
nephropathy on the formation of an unfavorable cardiorenal
profile.

The results obtained emphasize the feasibility of a com-
prehensive assessment of psychoemotional state along with
cardiorenal indicators to improve risk stratification and
personalize patient management in modern conditions of
chronic stress.
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BoavHcbkmi A A., Tumoyko H.b., BuiuvBaHiok B.fO., PyaHuik B.T., lepatueHko A.C., beaiHcbkmi M.B., BaHaXypa S1.A.
IBaHO-DPAHKIBCHKMK HALIOHQABHWE MEANYHWE YHIBEPCUTET, M. IBAHO-DPAHKIBCHK, YKpQiHO

KapaiopeHaAbHi Ta BereTaTtyeHi NOPYLUEHHS B POAUYIB BiCbKOBOCAY>X60BL,IB,
SKi 3A3HAAU CTPECY NiA YAC BiHU:
POAb Aia6eTuyHOT HedponarTii

Pe3tome. Axmyaavnicmo. XpoHidyHMii ICMXOEMOLIHMIA cTpEC,
00YMOBJICHHIA BiifHOIO, € BATOMUM HETPAaIULIiIHHUM YMHHUKOM
cepleBO-CyIMHHOTO pu3nKy. OcoOJIMBO BPa3IMBOIO IPYIOI0 €
poaunyi BiiCbKOBOCTYKOOBLIIB, Y SIKMX TPUBAIUIA CTPEC MOXKE MO-
nudikyBaTH nepebir apTepiaibHOI TilepTeHs3ii Ta ileMiyHoi XBo-
pobu cepiisl. 3a HasIBHOCTI niabeTnyHOI Hedponarii 1eil BriuB
MOXe MaTu CUHEPTiYHWI HEeraTUBHUI XapakTep. Mema: olliHUTH
KJIiHIYHi acoliaiii XxpOHiYHOTO IICUX0EeMOLIITHOTO CTpecy, 00y-
MOBJIEHOT'O BiliHOIO, 3 TOKa3HUKAMU aBTOHOMHOI peryJisiii cep-
1IeBOI [isIbHOCTI, (hyHKIIIOHAJIIBHOTO CTaHy HUPOK Y MAalli€HTIB
3 apTepiajbHOIO TIllePTEH3i€I0 Ta illIeMiYHOI0 XBOPOOOIO ceplst
3aJIe3KHO Bil HAsIBHOCTI AiaOeTMYHOI Hebpomarii Ta craTycy poauya
BilicbKoBOCITy:k00BLsl. Mamepiaau ma memoou. I1poBeneHO OHO-
LIEHTPOBE oOcepBalliiiHe MOPiBHSIbBHE TOTNEPeYHEe TOCITiIKEHHS
66 mawieHTiB BikoM > 40 poKiB 3 apTepiaJlbHOIO TilepTeH3IEI0 Ta
imemMiyHoOI0 XBopoOoio cepus. ChpopMoOBaHO ABi rpymnu: ocoou
3 niabeTuYHO0 HedporaTielo 6e3 pOAMHHOIO CTaTyCy BiliChbKO-
BOCJIY>K00BIISI; TALIEHTH 3 1ia0eTUUHOIO HedporaTielo — poauyi
BiliCbKOBOCIIY>K00BIIiB. OLIiHIOBaJIM piBEeHb XPOHIYHOTO CTpPECY,
TPUBOTH Ta IENPECUBHUX CUMIITOMIB, BapiaOeIbHICTh CEPLIEBOTO

PUTMY, TOKa3HUKU (PYHKIIiT HUPOK. Pe3yaomamu. HaiiBuiii nokas-
HUKW CIIPUMHSITOTO CTPECY, TPMBOTHU i JENTPECUBHUX CUMIITOMIB
BUSIBJICHO B IMALIIEHTIB i3 AiabeTMUHOIO HepOoIaTi€l0 — POINYiB
BiliCbKOBOCIIYXX0OBIIiB. AHaJIi3 BapiaOeJbHOCTI CEPLIEBOTO PUT-
My MPOJIEMOHCTPYBaB 3HMXKEHHS 3arajbHOI Ta MapacuMNaTUYHOL
AKTHUBHOCTI 3 MepeBaXKaHHSIM CUMIIaTUYHOTO BILIMBY. DyHKILisT
HUPOK Y X MAlli€HTIB XapaKTepu3yBasiacss HUXKUYOIO IIBUAKICTIO
KJIyOOUKOBOI (hiIbTpallii Ta BUIIIMM piBHEM albOyMiHYypii, TpUIOMy
BMSIBJICHO TMO3UTHUBHUI 3B’SI30K MiXX piBHEM CTpecCy i abOyMiHy-
pieto. Bucnoexu. IloeqHaHHs niabeTMYHOI He(ppomartii 3 XpOHIYHUM
TICUXOEMOLIITHUM CTpecoM, 0OYMOBJIEHUM BilfHOIO, aCOIIIIOETHCS
3 HAMOLIbILI HECTIPUSATIUBUM KapaiopeHaJIbHUM Ta aBTOHOMHUM
npodizeM y NalieHTIB 3 apTepiaJbHOIO TiNepTeH3ielo Ta ileMiy-
HO10 XBOpoOo1o ceplsi. OTpruMaHi pe3yIbTaTH MiATBEPIXYIOTh
CHHEPTiYHUI HETaTUBHUI BIUIMB LIMX (DAaKTOPIB i 0OIPYHTOBYIOTh
MOLIBbHICTh KOMIUIEKCHOI OILIIHKY MICUXOEMOLIIIIHOTO CTaHy IJIs
nepcoHaizallii crpatudikallii pu3uKy i BeIeHHsI Mali€HTiB.
Ki11040Bi c/10Ba: XpOHIYHMIA TICMXOEMOLIIHHUN CTPEC; POAMYi
BilIChKOBOCITYXO0OBIIiB; AiabeTnyHa HedpomaTis; BapiabeabHICTh
CepLIeBOTO PUTMY; illleMiuHe HaBaHTAXKEHHST
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Anti-inflammatory drug for correction of disorders
of carbohydrate and lipid metabolism
in pancreatogenic diabetes
with comorbid course of chronic pancreatitis
and chronic obstructive pulmonary disease

Abstract. Background. The rapid increase in the frequency of the combined course of chronic pancreatitis (CP),
pancreatogenic diabetes mellitus (PDM) and chronic obstructive pulmonary disease (COPD) is explained by the pre-
sence of fundamental mechanisms of mutual aggravation. CP and COPD are determinants of profound disorders of
carbohydrate and lipid metabolism, since both the pancreas and lung tissue play a strategic role in systemic metabolic
regulation. The purpose of this study was to conduct a comprehensive assessment of the parameters of glycemic
status, mechanisms of carbohydrate metabolism regulation and serum lipid profile in patients with exacerbation of
CP, occurring against the background of comorbid conditions (COPD and PDM) in the dynamics of treatment with the
inclusion of the drug with hepatoprotective and pancreatoprotective effects in the standard therapy regimen. Materials
and methods. The analysis on the effectiveness of treatment of patients with a diagnosis of CP complicated by
PDM and with concomitant COPD was conducted. The control group (group 1, n = 48) received only basic therapy,
which corresponded to the treatment protocols for CP, COPD and PDM. The main group (group 2, n = 45) in addition
to the identical basic treatment took the drug with hepatoprotective and pancreatoprotective effects. Results. The
study founded that when the hepato- and pancreaticoprotector was added to the treatment regimen on the 30" day
of therapy, the postprandial glucose level in patients of group 2 decreased by 2.5 times (in group 1, by 1.3 times), the
concentration of endogenous insulin increased by 1.6 times (in group 1, improbable), the glucagon level by 4.7 times
(in group 1, by 1.2 times), and the HOMA-B index by 6.6 times (in group 1, by 1.5 times). Analysis of lipid profile
indicators shows that on the 30" day of treatment in group 2 patients, the cholesterol content decreased by 21.7 %
(in group 1, by 8.6 %), triacylglycerols by 37.1 % (in group 1, by 8.6 %), the low-density lipoprotein cholesterol by
36.7 % (in group 1, by 11.1 %), the high-density lipoprotein cholesterol level increased by 14.8 % (in group 1, it did
not change), and atherogenic index decreased by 39.7 % (in group 1, by 12.3 %). The listed changes maintained
positive dynamics 30 days after the end of treatment. Conclusions. Including the drug with hepatoprotective and
pancreatoprotective effects in the comprehensive therapy of CP, PDM and COPD provides reliable stabilization of
the glycemic profile, demonstrates a powerful lipid-correcting effect, allows achieving remission and stabilization
of metabolic indicators, which are maintained for at least one month after the completion of the treatment course.
Keywords: chronic pancreatitis; chronic obstructive pulmonary disease; pancreatogenic diabetes mellitus; lipids;
carbohydrate metabolism

Introduction

In modern gastroenterology and pulmonology, the combi-
nation of chronic pancreatitis (CP), pancreatogenic diabetes
mellitus (PDM), and chronic obstructive pulmonary disease
(COPD) is becoming an increasingly common clinical pattern
[1—4]. The rapid increase in the frequency of such comorbi-

dity is explained by the presence of fundamental mechanisms
of mutual burden [5—8]. Both pathologies (CP and COPD)
act as determinants of profound disorders of carbohydrate
and fat metabolism, since both the pancreas and lung tissue
play a strategic role in systemic metabolic regulation [1, 9].
Inflammatory destruction of the pancreatic parenchyma ini-
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tiates a cascade of morphological changes: edema, atrophy of
acinar structures and islet apparatus (alpha and beta cells),
which is accompanied by active fibrosis, calcification and for-
mation of strictures of the ductal system [1, 4, 5, 10]. The final
result of these processes is persistent exocrine and endocrine
pancreatic insufficiency [8, 11]. Prolonged recurrent course
leads to a massive loss of functioning (3-cells, which leads to
the development of PDM (type 3c diabetes) due to absolute
insulin deficiency [10, 12—14]. Unlike classical diabetes, PDM
is characterized by a simultaneous decrease in insulin and
glucagon secretion, which creates a high risk of both hypergly-
cemia and unexpected hypoglycemic states [10, 15]. According
to modern protocols [11], the verification of CP complicated
by PDM is based on a combination of major and minor cri-
teria. The mandatory (major) criteria include: objective con-
firmation of exocrine pancreatic dysfunction (fecal elastase- 1
or direct tests); the presence of structural abnormalities of
the parenchyma according to sonography, MRI or CT; the
absence of specific immunological markers characteristic of
type 1 diabetes. Additional (minor) markers include: inhibition
of pancreatic polypeptide secretion, dysfunction of the incretin
chain (in particular glucagon-like peptide-1); the absence of
primary insulin resistance (HOMA-IR index within normal
limits); laboratory signs of deficiency of fat-soluble nutrients
(vitamins A, D, E, K) [1, 10—12].

It is also important to consider the ectopic role of the lungs
in lipid metabolism: they eliminate exogenous fats, use them
for surfactant synthesis and accumulate in macrophages as an
energy reserve [1, 6]. In COPD, systemic hypoxia becomes a
driver of decreased glucose tolerance, which exacerbates dis-
orders initiated by pancreatic pathology [1, 5, 6].

Our previous findings and a number of other studies have
confirmed the high clinical efficacy of antioxidant therapy for
exacerbations of CP and COPD [11, 16—18], in particular, the
efficacy of the medication tris| N-(2,3-dimethylphenyl)anthra-
nilato]aluminum monohydrate as a component of complex
therapy for COPD with comorbidity with COPD was studied
[5, 19]. Due to its regenerative, membrane-stabilizing and anti-
oxidant properties, the drug promotes the restoration of the
acinar epithelium and the leveling of oxidative stress during
exacerbations of CP on the background of COPD [5, 19].
However, the issue of correcting carbohydrate and lipid profiles
using the medication with hepatoprotective and pancreato-
protective effects in patients with PDM remains insufficiently
studied, which determined the vector of our scientific work.

The aim of the study was to conduct a comprehensive
assessment of the parameters of glycemic status, mecha-
nisms of carbohydrate metabolism regulation and serum lipid
profile in patients with exacerbation of chronic pancreatitis,
occurring against the background of comorbid conditions —
chronic obstructive pulmonary disease and pancreatogenic
diabetes mellitus in the dynamics of treatment with the in-
clusion of the drug with hepatoprotective and pancreatopro-
tective effects in the standard therapy regimen.

Materials and methods

Within the framework of a prospective open clinical trial,
an analysis of 93 medical histories of patients hospitalized
with a diagnosis of CP of mixed etiology (exacerbation stage,
moderate severity), complicated by PDM and concomitant

COPD (category E) was conducted. For comparative ana-
lysis, patients were divided into two groups: control group
(group 1, n = 48): received only basic therapy, which cor-
responded to the treatment protocols for CP, COPD and
PDM. The basis included normocaloric nutrition with the
elimination of extractive foods, proton pump inhibitors,
myotropic antispasmodics (mebeverine), enzyme replace-
ment support (Kreon), as well as inhalation therapy (f3,-ad-
renomimetics and anticholinergics). Correction of carbohy-
drate metabolism was carried out using individual selection
of insulin doses. The course lasted 1 month. The main group
(group 2, n = 45): in addition to the identical basic treat-
ment, patients took the tris|[ N-(2,3-dimethylphenyl)anthra-
nilatoJaluminum monohydrate (dosage 200 mg three times a
day for 30 days). The average age of the involved individuals
was 53.70 & 4.23 years. The state of the biological norm was
assessed using a comparison group, which included 30 prac-
tically healthy individuals (PHI).

The diagnosis of CP was made according to the unified
clinical protocol approved by the Order of the Ministry of
Health of Ukraine No. 638 of September 10, 2014 “On the
approval and implementation of medical and technological
documents on the standardization of medical treatment for
chronic pancreatitis” on the basis of classic clinical, ultra-
sonographic, biochemical methods, taking into account the
Order of the Ministry of Health of Ukraine No. 1204 dated
July 4, 2023 “On approval of the Unified clinical protocol of
primary and specialized medical care “Chronic pancreatitis”
[20, 21].

Diagnosis and treatment of COPD was carried out in
accordance with the recommendations of clinical guidelines
(Order of the Ministry of Health of Ukraine No. 555 dated
06.27.2013, taking into account the Evidence-Based Adap-
ted Clinical Guidelines for Chronic Obstructive Pulmonary
Disease, 2020). Belonging to groups A, B, E of patients with
COPD was assessed according to the COPD severity assess-
ment scale according to ABE (GOLD 2023) [22, 23].

Upon hospitalization, the functional capacity of the pan-
creas was assessed by the level of pancreatic enzymes in the
blood and the concentration of fecal elastase-1. Analysis of
the proteinogram and the activity of proteolytic processes
for proteins of different molecular weights was performed.

Carbohydrate metabolism parameters: blood glucose le-
vels were determined fasting and postprandial (after 120 min)
by the glucose oxidase method. Hormonal spectrum: insulin
and glucagon concentrations were investigated by ELISA
(DRG System, ELISA Kit). Blood glycated hemoglobin
(HbAlc): determined by the method of V.A. Korolov. The
presence of insulin resistance (IR) was assessed by body mass
index (BMI) and HOMA-IR and HOMA B, % calculated
using specialized software HOMA?2 Calculator (University
of Oxford).

Differential diagnosis and establishment of the type of
diabetes mellitus (PDM and type 2 diabetes) were carried
out in accordance with the orders of the Ministry of Health
No. 1118 (dated 21.12.2012) and adapted guidelines for type 1
diabetes (2014) [24, 25].

The blood lipid spectrum was studied by the content of
total lipids, total cholesterol (TC), triacylglycerols (TG),
low-density lipoprotein cholesterol (LDL cholesterol) and
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high-density lipoprotein cholesterol (HDL cholesterol) in
the blood using diagnostic standard kits from the company
Danush Ltd (Lviv). The atherogenic index (Al) was also
calculated using the formula:

_ TC — HDL cholesterol
HDL cholesterol

Statistical analysis of the results was performed in ac-
cordance with the type of study conducted and the types of
numerical data obtained. The normality of the distribution
was checked using the Lilliefors, Shapiro-Wilk tests and the
method of direct visual assessment of histograms of the dis-
tribution of eigenvalues. Quantitative indicators that had a
normal distribution are presented as the mean (M) * stan-
dard deviation. For comparisons of data that had a normal
distribution, parametric tests with the Student’s t-test or
Fisher F-test were used. In the case of non-normal distri-
bution, non-parametric methods were used: median test,
calculation of the Mann-Whitney U-rank test, for multiple
comparisons — Wilcoxon T-test (in the case of dependent
group studies). To conduct statistical and graphical analysis
of the obtained results, the software packages Statistica for
Windows version 10.0 (StatSoft Inc., USA), Microsoft Excel
2007 (Microsoft, USA) were used.

Al

Results

Analysis of glycemia indicators showed that the rate of
normalization of fasting blood glucose in patients of group 2
of the comparison on day 30 exceeded that of patients of
group 1 (p < 0.05), and significantly differed from the initial
indicators (by 2.3 times decrease, p < 0.05), and 1 month
after treatment, the indicator was fixed at the same level and
the decrease was by 2.3 times (p < 0.05), while in patients of

group 1, by the end of treatment, the fasting glucose level de-
creased by 1.2 times (p < 0.05), and a month after treatment it
returned to the initial numbers (p > 0.05). At the same time, a
significant difference was established between the postpran-
dial glucose content in the blood: on the 30" day of treatment
in groups 1 and 2 of observation — the decrease was by 1.3
and 2.5 times, respectively (p < 0.05), on the 30™ day after
treatment — by 1.2 and 2.7 times, respectively (p < 0.05) with
the presence of a significant difference between the groups at
both times after treatment (Table 1) (p < 0.05).

Positive shifts in the glycemic profile were due to the
powerful stimulating effect of the medication with hepato-
protective and pancreatoprotective effects on the incretory
activity of B-cells of the islets of Langerhans. The analysis
showed a statistically significant increase in the concentra-
tion of endogenous insulin in patients of group 2 on the 30"
day of therapy by 1.6 times (p < 0.05), while the achieved
level remained stable during the next month of observation
(Table 1). It is important that in the main group there was a
complete normalization of insulinemia.

In parallel, an increase in glucagon level was observed in
both cohorts, but the intensity of the changes was different.
In the 1* group, the indicator increased by 1.2 and 1.5 times
(after 30 days and 1 month, respectively), while in group 2,
which received the hepatoprotector, the increase was much
larger — by 4.7 and 6.4 times (p < 0.05). The presence of a
significant intergroup difference confirms the restoration of
the secretory potential of not only (3-, but also a-cells under
the influence of this medication.

The effectiveness of treatment with the adding of a drug
with hepatoprotective and pancreatoprotective effects is also
confirmed by the dynamics of the content of HbAlc in the
blood. In group 2, this marker decreased by 1.3 times at the

Table 1. Indicators of glucose, insulin, glucagon content in the blood, insulin resistance indices in patients
with chronic pancreatitis, diabetes mellitus and COPD in the dynamics of treatment (M = m)

5 . Observation period
Indicators, units PHI, Groups After 30 days 30 days after
of measurement n=30
Selgraleatment of therapy treatment
1 12.67 + 0.42* 10.23 + 0.35*** 11.60 £ 0.41*
Fasti | , I 455 +0.18
asting glucose, mmo * 2 12.59 + 0.45* 5.58 + 0.9 5.55 + 0.37*"
Postprandia| g|ucose, 6.86 + 0.20 1 17.83 £ 1.28* 18.44 +1.27* 15.22 + 0.25***
mmol/l R 2 17.91 +1.33* 7.23 £ 0.48*** 6.75 + 0.13***
Insulin. LIU/L 9.97 + 0.85 1 6.13 + 0.31* 6.31 +0.47* 6.36 + 0.61*
M R 2 6.21 = 0.35* 9.93 + 0.45**"* 10.02 + 0.52***
1 7.30 + 0.35* 8.87 + 0.52*** 10.71 £ 0.93***
Glucagon, pg/ml 67.59 + 6.53
2 7.24 + 0.32* 34.28 + 1.59***# 46.22 + 225%™+
1 6.83 + 0.07* 6.72 + 0.05* 6.57 = 0.06*
HbA1c, % 470 +0.05 = = =
2 6.89 + 0.08* 5.43 £ 0.04***# 5.30 £ 0.05***#
1 1.00 + 0.01 0.96 + 0.09 1.03 +£0.08
HOMA-IR 1.26 + 0.20 = = =
2 1.01 £ 0.01 1.32 £ 0.07** 1.35 + 0.06***
1 100.40 = 11.42 103.90 = 6.57 100.00 £ 7.12
HOMA S,9 79.50 = 6.27
OMA 8,% 9506 2 99.50 + 11.47 75.70 + 3.38*** 73.90 + 3.57***
1 13.40 + 0.22* 20.6 + 1.3*** 16.3 + 0.9***
HOMA B,% 136.70 = 30.27
° * 2 13.80 + 0.21* 91.0 + 1.3 93.6 + 0.9****

Notes (here and in Table 2): differences are significant (p < 0.05) compared to the indicator: * — in healthy indi-
viduals; ** — in patients with CP, COPD and DM before treatment; * — after treatment in patients with CP, COPD

and DM of group 1.
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end of treatment and remained stable during the follow-up
period (p < 0.05), although it did not reach the physiological
norm. In the control group, no statistically significant chan-
ges in HbAlc were recorded (p > 0.05).

Of particular interest is the analysis of IR indices. In
patients with a combination of CP, COPD and PDM, the
IR phenomenon was not registered. Under the influence of
treatment, the HOMA-IR index in group 1 remained without
significant changes, while in group 2 its moderate increase
was noted (by 1.3 times, p < 0.05) while maintaining the
indicator within the normative values. The HOMA-B index,
which reflects the functional reserve of beta cells, turned
out to be more indicative [12]. In group 2, this indicator in-
creased by 6.6 times by the end of therapy and remained by
6.8 times higher than the baseline after a month (p < 0.05),
which significantly exceeded the results of the control group
(increase of only by 1.5 and 1.2 times).

The mechanism of this action is explained by the syner-
gistic effect of complex therapy. Reducing the systemic in-
flammatory response and stopping the swelling of the pan-
creas create conditions for parenchymal regeneration [5].
The addition of drug with hepatoprotective and pancreato-
protective effects, due to its antioxidant and membrane-sta-
bilizing properties, enhances reparative processes in endocri-
nocytes, stabilizes cell membranes and optimizes hormone
secretion processes [5, 19].

Analysis of lipid profile indicators in patients with comor-
bid CP, DM and COPD indicates the presence of a signifi-
cant lipid distress syndrome. Thus, the content of total blood
lipids before treatment exceeded the indicator in PHI by 1.5
times (p < 0.05), the content of TC in the blood — by 1.6
times (p < 0.05), TG — by 2.5 times (p < 0.05). At the same
time, the content of LDL cholesterol in the blood exceeded
the indicator in PHI by 1.8 times (p < 0.05), and the content
of HDL cholesterol in the blood was within the reference
values (p > 0.05). Thus, with the comorbid course of CP, DM
and COPD, the atherogenic index increased by 1.8 times
(p < 0.05) (Table 2). Such changes in the lipid profile are a
critical risk factor not only for cardiovascular catastrophes,
but also for the progression of ischemic pancreatitis and the

formation of pancreatic steatosis, which closes the “vicious
circle” of pathogenesis [8].

Analyzing the indicators of the blood lipid spectrum
(Table 2) in the dynamics of treatment of the examined pa-
tients, it should be noted the powerful metabolic, lipid-cor-
recting properties of in terms of correcting lipid imbalance
in CP patients with COPD and PDM.

Since diabetes was registered in patients with CP and
COPD, statins, which have a diabetogenic effect, were not
prescribed. Dynamic indicators of blood lipid content in
patients of group 2 with inclusion of the tris|N-(2,3-dime-
thylphenyl)anthranilato]aluminum monohydrate in the
treatment program were significantly lower than the indicator
in patients of group 1, and also significantly lower than the
indicators before treatment (p < 0.05) (Table 2). In particular,
the cholesterol content on the 30™ day of treatment in group 1
decreased by 8.6 % (p < 0.05), in group 2 — by 21.7 %, on the
30" day after treatment in group 1 — the decrease was 10.9 %
(p <0.05), in group 2 — 23.7 % (p < 0.05) with the presence
of a significant intergroup difference between groups 2 and 1
(p < 0.05). In our opinion, an important aspect of the phar-
macological properties of hepatoprotector is its significant
effect on the correction of TG content in the blood, which
essentially constitute the pathogenetic basis of pancreatic
tissue steatosis in conditions of diabetes and COPD. This
hepato- and pancreaticoprotector can be attributed to the
class of lipid-correcting, hypolipidemic agents, since its ad-
ministration led to the optimization of the lipid spectrum.
The proof of this statement is the significant decrease in TG
content in the blood on the 30™ day of treatment by 37.1 %
in patients of group 2 (p < 0.05) versus 8.6 % in patients
of group 1 (Table 2). A month after treatment, the blood
TG levels still exceeded the control level in all comparison
groups, but in patients in group 2 the level steadily decreased
by 46.22 % (p < 0.05), and in group 1 it did not differ from
the initial levels (p > 0.05), i.e. it increased again. This fact
indicates that achieving a hypolipidemic effect is a matter of
time, which is possible only with long-term administration of
lipid-lowering therapy under the control of the lipid profile,
dose adjustment of drugs and their optimal combination [14].

Table 2. Blood lipid spectrum indicators in patients with chronic pancreatitis, pancreatogenic diabetes mellitus
and COPD in the dynamics of treatment (M £ m)

Indicators. units Observation period
. PHI,n=30 | Groups After 30 da 30d ft
of measurement 0 ys ays arter
Selgralzeatment of therapy treatment
1 8.67 = 0.21* 8.21 +0.18* 8.03 + 0.23*
Total lipi I/ .62 + 0.1
otal lipids, mmol/ 562013 2 8.62+019° 6.33 017" 578+ 015"
1 6.86 = 0.12* 6.27 + 0.13*** 6.11 + 0.12***
T I 4.33 +0.1
C, mmol/ 83015 2 6.83 + 0.15* 5.35 + 0.11**** 5.21 + 0.12***#
TG. mmoll 131 +0.03 1 3.25 + 0.07* 2.97 + 0.05*** 3.17 £ 0.05*
’ R 2 3.26 + 0.08* 2.05 + 0.07***"* 1.75 + 0.06****
1 5.51 + 0.05* 4,90 + 0.07*** 4,77 + 0.07***
LDL cholesterol, mmol/l 2.98 + 0.09
2 5.48 + 0.03* 3.80 + 0.05*/** 3.67 + 0.05*/***
1 1.35+0.02 1.37 £ 0.03 1.34 £ 0.03
HDL cholesterol, mmol/l 1.35+0.05 = = =
2 1.35+0.02 1.55 + 0.05*** 1.54 + 0.05***
* */k* */k*
Al 91002 1 4.08 +0.03 3.58 + 0.02 3.56 + 0.02
2 4.06 + 0.02* 2.45 + 0.02***# 2.38 £ 0.01
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On the 30™ day of treatment, the blood cholesterol level
of the main fraction of proatherogenic lipoproteins — LDL
in group 1 decreased by 11.1 % (p < 0.05), on the 30" day
after treatment — the decrease was by 13.4 % (p < 0.05), but
the normative level was not reached. In patients of group 2
on day 30 the indicator decreased by 36.7 %, 1 month after
treatment — the decrease was 33.0 % (p < 0.05) with a sig-
nificant difference with the indicators in the group. After
treatment, the blood cholesterol content of the main frac-
tion of antiatherogenic lipoproteins — HDL in group 1 did
not change (p > 0.05), being within the normative limits.
In group 2 on day 30 the indicator increased more signifi-
cantly — by 14.8 %, remaining at the same level throughout
1 month after treatment (p < 0.05).

Similarly to the changes in proatherogenic lipoprotein
fractions, Al changed, which in patients of groups 1 and 2 of
observation significantly decreased on the 30" day of treat-
ment by 12.3 and 39.7 %, respectively (p < 0.05), and also
during the examination a month after treatment: the decrease
was by 12.8 and 41.4 %, respectively (p < 0.05).

Discussion

Thus, the inclusion of tris|N-(2,3-dimethylphenyl)an-
thranilato]aluminum monohydrate in the comprehensive
treatment program of patients with CP, DM and COPD
provides a systemic metabolic effect: normalization of gly-
cemia and insulinemia, correction of glucagon levels and
optimization of the lipid profile. Such changes are a neces-
sary condition for reducing lipid distress syndrome, stopping
inflammatory edema and steatosis of the pancreatic paren-
chyma, which significantly accelerates reparative processes in
the organ. Analysis of the results obtained allows us to affirm
that the pronounced clinical effectiveness of this medication
in patients with comorbid CP, COPD and pancreatogenic
DM is based on a combination of its pancreatoprotective,
antioxidant and metabolic effects [5, 19]. The ability of the
medication with hepatoprotective and pancreatoprotective
effects to restore the endocrine function of the pancreas and
normalize glycemia has been established. The mechanism
of its influence on carbohydrate metabolism in PDM is re-
alized through direct and indirect action on the pancreatic
islet apparatus: this hepato- and pancreaticoprotector stimu-
lates the regenerative potential of beta cells of the islets of
Langerhans. This is confirmed by a significant increase in
the HOMA-B index (by 6.6 times), which indicates the res-
toration of the functionally active mass of insulocytes. Due
to its membrane-stabilizing action, the drug protects the
membranes of pancreatocytes from the destructive effects
of lipid peroxidation [8, 19]. This optimizes the process of
insulin exocytosis, which we observed due to increase by 1.6
times in insulinemia and the achievement of normoglyce-
mia. A significant increase in glucagon levels (by 6.4 times)
against the background of treatment indicates the restoration
of the sensitivity and secretory capacity of alpha cells. This is
extremely important in PDM, where a “flat” glycemic profile
with a tendency to unpredictable hypoglycemia is observed.

We have registered a positive effect of chosen medica-
tion effects on the blood lipid spectrum in conditions of
hyper- and dyslipidemia with overcoming the “lipid distress
syndrome”. A feature of drug’s action is its ability to correct

dyslipidemia without the use of diabetogenic statins, which
is implemented through the following pathways: the drug
contributed to a 46.2 % reduction in TG. Given that TG is
a substrate for the formation of pancreatic steatosis, their
reduction directly reduces fatty infiltration of the organ. This
is critical for patients with COPD, in whom chronic hypoxia
increases visceral fat deposition. In patients with COPD, the
lungs lose the ability to effectively eliminate lipids [1]. The
medication with hepatoprotective and pancreatoprotective
effects, by improving the detoxification function and op-
timizing intracellular metabolism, helps the body to more
effectively utilize proatherogenic fractions (reduction of LDL
cholesterol by 36.7 %). It has shown antiatherogenic protec-
tion: an increase in HDL by 14.8 % was noted, indicating
activation of reverse cholesterol transport, and reduces the
risk of ischemic pancreatitis.

Being an active anti-inflammatory agent, tris| N-(2,3-di-
methylphenyl)anthranilato]aluminum monohydrate reduces
the degree of systemic inflammation and oxidative stress
[5, 19]. Since the comorbidity of CP and COPD creates a
“vicious circle” of systemic inflammation, this medication
breaks this chain. The agent helps to reduce the level of en-
dogenous intoxication, levels the intensity of oxidative stress,
which reduces inflammatory edema of the pancreas [5, 19].
This leads to decompression of pancreatic microvessels and
improvement of organ perfusion. Against the background of
taking this drug with hepatoprotective and pancreatoprotec-
tive effects, a better response to basic therapy is observed,
since the reduction of inflammatory edema of the pancreas
contributes to the restoration of normal secretion outflow
and improvement of intestinal digestion.

Thus, this added to the treatment hepato- and pancreati-
coprotector acts as a multi-target metabolic corrector. It not
only reduces glucose or cholesterol levels, but also restores
the architecture and functional integrity of the pancreatic
islet apparatus, while stabilizing lipid metabolism, which is
a pathogenetically justified choice in the combination of CP,
PDM and COPD.

Conclusions

The combination of chronic pancreatitis, pancreatogenic
diabetes mellitus and COPD forms a stable syndrome of
mutual burden. This is manifested by a deep “lipid distress
syndrome” (an increase in TG by 2.5 times, Al — by 1.8
times) and decompensation of carbohydrate metabolism,
which requires specific metabolic correction.

The inclusion of the medication with hepatoprotective
and pancreatoprotective effects in the complex therapy of
chronic pancreatitis, pancreatogenic diabetes mellitus and
COPD provides a reliable stabilization of the glycemic profile
(reduction in fasting and postprandial glucose, increased
blood levels of insulin and glucagon) due to the restoration of
the incretin activity of alpha and beta cells with an increase in
the functional reserve of the islet apparatus according to the
HOMA-B index by 6.6 times, which indicates a reparative
effect of the drug on the pancreatic parenchyma.

This drug with hepatoprotective and pancreatoprotec-
tive effects is an effective alternative to statins in patients with
PDM, demonstrating a powerful lipid-correcting effect: a de-
crease in TG levels by 46.2 % and LDL cholesterol by 36.7 %.
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This contributes to a decrease in the risk of developing pan-
creatic steatosis and a decrease in atherogenic risk without
a negative effect on carbohydrate metabolism. The addition
of the tris|N-(2,3-dimethylphenyl)anthranilato]aluminum
monohydrate (200 mg three times a day for 1 month) allows
achieving remission and stabilization of metabolic parameters,
which are maintained for at least one month after the end of
the course, in contrast to the standard treatment regimen.

The prospect of further research in this direction is a sci-
entific search aimed at studying the effect of the medication
with hepatoprotective and pancreatoprotective effects on the
state of microcirculation and endothelial function of pan-
creatic vessels under conditions of chronic systemic hypoxia
caused by pulmonary pathology.
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" BYKOBUHCBKN ASPXKABHNN MEANYHU YHIBEOCUTET, M. YepHiBLi, YKkpQiHa
2 /\bBIBCbKIV HQLIIOHQABHA MEANYHI YHIBEPCUTET iMeHi AQHWAQ [QAMLIbKOro, M. /\bBiB, YkpQiHQ

NpoTU3aNAAbHUM 3ACI6 AASI KOPEKLiT PO3ACAIB BYTA€BOAHOIO TA AiNiAHOIO O6MiHY
Mpu NOHKPEeATOreHHOMY LLYKpOBOMY AicbeTi 3a komopbiaHoro nepebiry
XPOHIYHOrO NAOHKPEATUTY | XPOHIYHOTrO O6CTPYKTUBHOIO 30XBOPIOBAHHSI A€reHb

Pesiome. Axmyaavnicme. CtpivMKe 3pocTaHHS YaCTOTHU IIOEAHAHOTO
nepebiry xpoHiuHoro naHkpeatury (XI1), maHKpeaTOreHHOro I1y-
kposoro piabdery (ITLL) Ta XxpoHIiYHOrO 0OCTPYKTUBHOTO 3aXBOPIO-
BaHHs JiereHb (XO3J1) mosicHIOEThCST HASIBHICTIO (DyHIaMeHTaIb-
HUX MexaHi3MiB B3aeMHoro ootskeHHs1. XI1 i XO3J1 BUCTynaoTh
neTepMiHaHTaMU TJMOOKUX PO3JiadiB BYIJIEBOIHOTO i KMPOBOIO
0OMIiHIB, OCKIIBKY i IMiAIUTYHKOBA 3aJI03a, i JjereHeBa TKaHWHA
BiirpaloTh CTpaTEriyHy poJib Y CUCTEMHiil MeTaOOIUHII peTyIIsIii.
Mema: ipoBeCTH KOMILIEKCHY OLIIHKY MapaMeTpiB MIiKeMiYHOTO
cTaTycy, MeXaHi3MiB peryJsiiiii MeTabo/1i3My BYTJIeBO/IIB Ta JIiMia-
HOTO TIpodiJIfo CMPOBATKM KPOBi B MAILlIEHTIB i3 3arOCTPEHHIM
XI1, mo nepebirae Ha T1i Komopo6inHux craniB (XO3JI Ta ITLLI),
y IWHaMIL JiKyBaHHS i3 BKJIIOYEHHSIM IIperaparTy 3 renato- Ta
MaHKpPeaTOINPOTEKTOPHOIO €0 10 CXeMU CTaHAapTHOI Tepaltii.
Mamepiaau ma memoou. [1poBeneHo aHaji3 epeKTUBHOCTI JIiKy-
BaHHs oci6 i3 miarHo3om XI1, ycxkimamnenum ITLI Ta cymyTHIM
XO3JI. KontponbHa rpyna (mepiia, n = 48) oTpuMyBaJjia BUKIIOU-
HO 0a3uCHY Teparilo, 110 BilMoBimaja MPpOTOKOJIaM JiKyBaHHS
XI1, XO3J1i [MTUA. OcHoBHa rpyra (apyra, n = 45) Ha 101aTOK 10
IIEHTMYHOTO 0a3MCHOTO JIIKyBaHHS MpHiiMaJia Ipernapar i3 rermaro-
Ta MAHKPEaTONMPOTEKTOPHOIO fi€to. Pesyasmamu. BctaHosneHo,
10 MPU JOAAaBaHHI 10 CXeMM JIIKyBaHHSI MpernapaTy 3 rernaro- Ta
MaHKPEaTONPOTEKTOPHUMHM e(heKTaMU Y XBOPUX IPYToi TPy Ha

30-i1 meHb Tepamii y 2,5 pa3a 3HU3UBCS PiBEHb MOCTIIPaHIiaIbHOL
rmoko3u (y mepuiiii — B 1,3 pasa), KOHLIEHTpaLlisl €eHIOTeHHO-
ro iHcysiHy 3pocia B 1,6 pa3a (y mepuriii rpyrni — HeBiporiaHO),
rokarony — y 4,7 pasa (y nepiii rpyni — B 1,2 pasa), iHmekc
HOMA-B — y 6,6 pa3a (y nepuiii rpyni — B 1,5 pasa). AHani3s
IMOKA3HUKIB JIiMiTorpaMu mokasye, mo Ha 30-ii 1eHb JiKyBaHHSI
y IPYTiii TpyIi XBOPUX BMICT XoJiecTepoity 3Hu3uBcs Ha 21,7 %
(y nepuiiit rpymi — Ha 8,6 %), TpauwiriineposiB — Ha 37,1 %
(y nepuuiii rpyni — Ha 8,6 %), XC JITTHLL — Ha 36,7 % (y nepiuiit
rpyni — Ha 11,1 %), piBerbp XC JITIBIII 3pic Ha 14,8 % (y nep-
Wil rpyni — He 3MiHUBCS), iHAEGKC aTepOTeHHOCTi 3HU3MBCS Ha
39,7 % (y nepuwiit rpymi — Ha 12,3 %). IlepenivyeHi 3MiHu 36epiraau
MO3UTHUBHY IMHAMIKy Yepe3 30 IHiB Mmic/isl 3aKiHYeHHS JTiKyBaHHSI.
Bucnoeru. BxiiroueHHs npemnapary 3 rernaro- Ta aHKpeaToIpo-
TeKTOPHUMHM edekTaMu 1o KoMruiekcHoi Tepamii XI1, ITLJ Ta
XO3JI 3ab6e3neuye BiporinHy cTadiIizalliio IIiKeMiYHOTo ITPodiIio,
JIEMOHCTPYE MOTYXHY JIMIKOPUTYBAJIbHY {10, 103BOJISIE TOCSITTH
pewmicii Ta cTabinizauii MeTaboJiuHUX MOKA3HMKIB, sIKi 30epira-
IOTBCSI MPOTSTOM IIIOHAWMEHIIIE OTHOTO MICSILISI TTiCIIsI 3aBEePILICHHST
KypCy JIiKyBaHHSI.

Kim040Bi cj10Ba: xpoHiyHMi1 MAHKPEATUT; XPOHiYHE OOCTPYKTUB-
He 3aXBOPIOBAaHHS JIeTeHb; MAHKPEaTOreHHUI LlyKPOBUii iabeT;
Jliniau; oOMiH BYIJIEBOIB
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2 [IBH3 «KniBCbKi MEAMYHWA YHIBEDCUTET», M. KiiB, YKpQiHO

OUiHKQO NCUXOEeMOLINHOro CTAHY
TA KOTHITUBHMX QYHKUIN Y NALIEHTIB
3 MeTa60AIYHUM CUHAPOMOM

Pe3stome. AkTyanbHicTb. MeTabonidHui CUHAPOM aCOLitETLCA 3 MIABULLEHUM PUSUKOM KOTHITUBHUX MOPYLLIEHb
4yepe3s CrifibHi NaTtoreHeTUYHi MexaHiamMu, 30Kpema iHCYNiHOPE3UCTEHTHICTb, 3ananeHHs i OKCUZaTnBHUI CTPecC.
lMopylLLeHHSs [TIIKeMIYHOro KOHTPOSIHO, ITliKeMiyHa BapiabersibHICTb | fenpecis JoOAAaTKOBO MOripLLYOTh KOMHITUBHI
QYHKUIT, hopMmyrodn cknaaHui B3aEMO3B'I30K MK MeTabosliHHUMMU, CUXOEMOLIIHUMU Ta HelpoRereHepaTus-
Humy ripoyecamu. MeTa: oUiHUTV CTaH KOrHITMBHUX (OYHKUIV y nayieHTiB 3 MeTabosiYHuM CUHBPOMOM, POBECTH
aHarsnia rncuxoeMouiiHoro ctaHy, KOrHITUBHUX ¢OyHKUIV, yMicTy oniromepis B-aminoigy (AB) y CrivMHHOMO3KOBIV
piguHi Ta reHotunyBaHHs anoninonpoteiHy E (APOE) B nayieHTiB 3 METaboiqYHUM CUHEPOMOM 3aJ1EXHO Bif
HasiBHOCTI L{ykpoBoro giaberty, ctaHy rnikemii. MaTepianu ta merogu. Y focnigxeHHs1 BkatodeHo 100 nayieHTiB
3 meTabonidHum cuHgpomom (50 4qonosikis i 50 XxiHOK) Bikom 18—79 pokiB (cepegHivi Bik 55,27 + 1,26 poKy) i3
cepegHim iHgekcom macw Tina 33,34 + 0,62 kr/Mm?. [NpoBeneHo naboparopHe Vi iHCTPYMEHTAsIbHE O6CTEXEHHS,
BKJIFOHYHO 3 OLJiHKOIO BYIIeBOAHOIO Vi JIMIGHOro 06MiHY, FrOPMOHAIIbHOro cTaTycy Ta 3anajibHux Mapkepis. [JoboBy
r7ikemidyHy BapiabesibHICTb OUiHIoBann 3a 4OMOMOIro CUCTEMU 6E3NEePEepPBHOro MOHITOPUHIY [TIIOKO3U, CKlad
Tina — meTo[om bioiMnefaHcHoro aHaniay. BusHayann pisHi oniromepis B-aminoigy B nikBopi. [eHoTunyBaHHsA
APOE BuKoHyBaim MeTofoM rosnimepasHoi naHuyrorosoi peakuii. OLiHKY KOrHITUBHUX (OYHKLiV, MCUXOeMOLiNIHOro
cTaHy npoBoOAWIN i3 3aCTOCYBaHHAM CTaHAapTU30BaHUX HEMPONCUXONIOrYHUX TECTIB | BanigoBaHUX onuTyBasb-
HuKiB. Pesynbratun. Y 48,0 % nauieHTiB 3 MeTaboniYHUM CUHAPOMOM 3a faHumu wkaim MoCA BusBIeHO nerki
KOIHITUBHI NOPYLUEHHS. 30Kpema, HarbinbLL NOLUMPEHUMMN OYSin MOPYLLEHHS LLUBUAKOCTI 06pobku iHghopmauii
(70-88 % obcTexeHUx), BoOQHOYAC y YaCTUHM MaLieHTIB BUSB/ISISINCS OPYLLEHHS BUKOHaBYMX (OYHKLIN, @ TaKoxX
KOPOTKOTpUBAJIOi Vi LOBroTpmBasioi nam siti. Kpim Toro, y nayieHTiB 3 MetabosiYHnM CUHAPOMOM i LiyKPOBUM gia-
6eTOM 2-ro Tury NOKa3HUKN KOrHITMBHUX ¢OYHKLiV 6Ysin BipOrigHO ripLuvMmy MopIiBHSAHO 3 nayieHTamu 6e3 giaberTy.
Takox BUSIBIIEHO HeraTuBHWI KOPesaUIiViHuY 3B’ 130K MK piIBHEM [ernpecii Ta rnokasHukamm KOrHiTMBHUX QOyHKLIN,
30Kpema nam’siti i BUKOHaB4Y1X ¢oyHKUIV. BogHo4ac y nauieHTiB i3 3aghikcoBaHUMU rinoriikemismMy crioctepiranncs
BULL|i MOKa3HWKU TpuBOIrY vi genpecii. [JJogatkoBo BCTAHOBJIEHO, L0 3HWXEHHS PiBHS1 AB1—42 i criBBigHOLLEHHS
AB42/AB40 y criHHOMO3KOBIV piauHI HacTilue BU3Ha4Yasioch y nayieHTiB i3 LyKpoBUM [iabeToM 2-ro Tury T1a aco-
uitoBanocs 3 rikeMiqHoro BapiabesbHICTIO ¥ rinornikemiamu. Takox BUSBIIeHO 3B'30K Mk reHoturiom APOE Ta
PU3NKOM PO3BUTKY FiMorsiikeMiqHuX eni3ofis y nayieHTiB 3 MeTabosnivyHuM cuHApoMoM. BucHoBku. MetabonidHni
CUHAPOM acoUitoe€TbCS1 3 KOMHITUBHUMM MOPYLLEHHSIMY Ta 3MiHaMu 06MiHy B-aminoify, Lo NOCUIoTLCS 38 HasiB-
HOCTI LlyKpoBOro giabety 2-ro tury i rinornikemivi. Kopekuisi MoangikoBaHnx MeTabosiyHux hakTopis Moxe mMatu
3HaYeHHs 45 PoiNnaKkTUKY KOrHITUBHOIO 3HUXKEHHS.

Knto4oBi cnoBa: metabonidHuii cuHaPOM; KOrHITUBHI MOPYLLEHHS; Aenpecisi; rikeMidHa BapiabesibHICTb,; Ofli-
romepu -aminoigy; anoninonpoteid E
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Bctyn

BinmoBigHO 10 cydyacHUX YSIBJI€Hb META0OiYHUI CUH-
apoM (MC) miarHOCTYEThCSI B IALIi€EHTIB 32 HAasIBHOCTI
TpbOX abo OibIe KpUTepiiB: 1) abmoMiHaIbHE OXUPIHHS:
Tanist > 102 cm (> 40 groiiMiB) 11 40JI0BiKiB a00 > 88 cm
(> 35 mroiimiB) st KiHOK; 2) Tpuriitepuau > 150 Mr/mn;
3) ninonpoTeiHU BUCOKOI 1IiIbHOCTI < 40 MI/m1 1ist 4o-
JIOBIiKiB 200 < 50 Mr/mi mjis XiHoK; 4) apTepiajibHUI TUCK
> 130/= 85 MM pT.CT. 2060 TOTOYHU I TPUIAOM aHTUTIITEPTEH-
3WBHUX Mpenaparis; 5) piBeHb INIIOKO3M Hatiue > 110 mr/mi
[1]. MixxnaponHa denepaltist 1iabeTy BUKOPHUCTOBYE JEII0
3MiHeHe BU3HAUYEHHS, Ie OOHUM i3 TpbOX KPUTEPiiB Ma€e
OyTn abgomiHaIbHE OXMPiHHS Ha TOAATOK 10 JBOX i3 YO-
TUPHOX IHIIMX KPUTEPiiB, a aHOMAJbHUIA TTOPIr IJIs IJII0-
KO3 HaTIIe BCTAaHOBJIEHM Ha piBHi > 100 Mr/mi (abo pa-
Hille miarHocToBaHUiA LyKpoBuii giadet (L) 2-ro tumy
(LLA2)) [2].

MetabosiuyHMit CUHIPOM 3HAYHO ITiIBUIIYE PU3UK KOT-
HITUBHUX MOPYIIEeHb, BKIIOYHO 3 ITpobjeMaMu 3 TlaM SITTIO,
yBaromw Ta BUKOHABUMMU (DYHKIIISIMU, Yepe3 CITUIbHI ma-
TOTEHETUYHI LNUISIXU, TaKi SIK 3aMaj]eHHs], OKCUAATUBHUI
CTpeC Ta iHCYJIIHOPE3UCTeHTHICTh, BIUIMBAIOUM Ha CTPYK-
Typy Ta pyHKIii MO3KY [3, 4]. Mapkepu MeTaboJiuHOTO
CUHAPOMY, TaKi SIK iHCYJTiHOPE3UCTEHTHICTb i CITiBBiTHO-
LIEHHST TPUTJIILEPUIiB/TIMONPOTEiNiB BUCOKOI IIIJIBHOC-
1i (JITIBILL), KopeaooTh 3 paHHIMU KOTHITUBHUMMU T10-
pymeHHsMu. [HCcyniHOpe3ucTeHTHICTh (IP) € mpuunHoo
cuHanTUYHoOI nucdyHKIii Ta HelipoaereHepauii [5]. IP
MOB’s13y€e MeTabOIIvHI IMpobieMHu, TakKi sIK Aiaber, 3 Heil-
ponereHepaii€to. 30Kkpema, HasgBHicTb I P migBuiye akTus-
Hictb BACEI, ¢epMeHTy, IK1i1 pO3IIEIUIIOE MTONEePeTHUK
aMiJIOiTHOTO OiTKa aMiJIOIMOTeHHUM IIUISIXOM, 1110 TTPU3BO-
JIATH 10 301IbIIEHHS KiJIbKOCTI menTuaiB B-aminoiny (AP),
3HIDKYE piBeHb iHCYJIIHOPO3IIEILIIOIYOro (PepMEHTY, SIKIIA
3a3BMYail JoroMarae po3ueruiioBaT AR, 1o Npu3BOIUTh
10 MOT0 HAKOMUYEHHSI, TIOCUJIEHHS HEUpO3amaleHHs |
YTBOPEHHSI aKTUBHUX (pOPM KHUCHIO, 11O 1Ie Oiblle Mmo-
IIKOIKYE HEPOHU Ta CIPUSIE 30UIbIIEHHIO KiIBKOCTI AP
i rimepdocdoputoBaHHs Tay (YTBOPEHHIO KITYOOUKiB). A3
Oe3rnocepeHbO MEPEIIKOIXAE CUTHAJIIHTY iHCYJIHOBUX
PELEIITOPIB Y MO3KY, 3HIKYIOUN e(heKTUBHICTD iIHCYJIiHY i
Mocuioldu HeiipoHanbHy [P [6—8]. BUHMKHEHHS KOTHi-
TUBHUX IOPYIIEHb IIPU LIYKPOBOMY Hia0eTi OB’ sI3aHe He
JIVIIE 3 TiMePIJiKeMi€lo, ajie i 3 TIMOTIiKEMi€l0, sIKa CTAaHO-
BUTb O€3M0CEPENHIO 3arpo3y ISl KOTHITUBHUX (YHKILIH [9,
10]. Came ToMy BUIAETHCS BAXJIMBUM BUBUCHHSI T000BUX
MOKAa3HUKIB IJliKeMii a00 I1iKeMiuHO1 BapiaOeIbHOCTI 111010
X BIUTUBY Ha KOTHITUBHY nuc@yHKIio [11].

VY nitepaTypi aKTUBHO BUBYAETHCSI TUTAHHSI B3AEMO-
3B’SI3Ky MiX Oelpeci€eo Ta MeTa0OoJiYHUM CHUHIPOMOM
[12—14]. BinmoBinHO 10 cyyacHUX ySIBJIEHD JIETIPeCist MOXe
30i1bIIUTU pU3UK po3BuTKy 1P i L1112, i HaBmaku [12, 15].
CmiBicayBannsa LI/12 i gerpecii BABidi IepeBUIIYE YaCTOTY
BUHUKHEHHSI KOXHOTO i3 IIUX CTaHiB okKpeMo. I'imeprii-
KeMis Ta TUCIITAeMis CIIPUSIOTh BUHUKHEHHIO JeTIpecii,
MOCWJTIOI0UY 3alaJieHHs i 3MEHIITYIOUM PiBeHb CEPOTOHIHY
(5-rinpokcutpunraminy [SHT]) y mo3ky. I1opyieHHs pery-
Jisuii iHcyiHoBoro curHaitinry nipu LIJ12 noripiiye curHa-
JiHr SHT y Mo3Ky, 1110 TIpU3BOAUTH 10 PO3BUTKY IEMpPECii.
Kpim Toro, nenpecist moB’si3aHa 3 pO3BUTKOM TillepriiiKeMii

Ta IMOTAaHUM [IKEMIiYHUM KOHTPOJIEM. XPOHITYHUI CTpeC
MpH Aenpecii Moxe CipUuYUHUTHA po3BUTOK LIJ12 uepes mo-
PYILIEHHS peryJisilii rimotajaMo-rinodizapHo-HagHUPKOBOI
OCi Ta MiABUIIEHHS PiBHSI KOPTU30Jy B KPOBI, 1110 TIPOBOKYE
IPi A2 [15].

Mera: OLIiIHUTU CTaH KOTHITUBHUX (DYHKIIii1 y MAIliEHTIB
3 METAa0O0JIiYHMM CUHIPOMOM, IIPOBECTU aHai3 IICUXOEMO-
LIIIAHOTO CTaHY, KOTHITUBHUX (DYHKIIilA, YMiCTy OJIirOMepiB
[-aminoiny B CMIMHHOMO3KOBI PilMHI Ta TeHOTUITYBaHHSI
anoninornpoteiny E (APOE) B mauieHTiB 3 MeTabogiyHUM
CMHIPOMOM 3aJIeXKHO Bil HASIBHOCTI IIyKpOBOTO /iabeTy,
CTaHy TJliKeMil.

Marepiaau Ta metoamn

V mocimKeHHs 3 JOTPUMaHHSIM KPUTEPiiB BKIIIOUSHHST
yBiknum 100 mamieHTiB 3 AiarHOCTOBAaHUM META0OIIYHUM
CUHAPOMOM (cepenHiii Bik 55,27 £ 1,26 poky).

[lo xpuTepiiB BKJIIOUEHHST Hasiexau: Bik 18—79 pokis,
BiICYTHICTb HA MOMEHT BKJIIOUEHHS B JOCIIIXEHHS Jie-
MeHIIii, XBopobu AsbrreitMepa (XA), 4epeIrHO-MO3KOBUX
TpaBM, iHCYJbTY; HasBHICTb M€Ta0OJiYHOTO CUHIPOMY,
a caMe HasIBHICTb TPHOX i OiJIbIIIe METa0O0IiYHIX TOPYIIEHbD,
TaKUX SIK OXKUPIHHS, TUCTIITiaeMis, apTepiajibHa TilnepTeH-
3is Ta TOPYIIEHHS TOJEPAHTHOCTI A0 BYIJIEBOMIB; YMiHHS
YUTATH YKPATHCHKOI MOBOIO Ta MiANTMCaHHS iH(OPMOBaHOT
3roJy Ha y4acThb Y JOCIiIKEHHI.

Cepen o0cTexkeHUX nalieHTiB 0yi10 50 9os10BiKiB i 50 XKi-
HOK, cepell SIKUX B aHaMHe3i MaJld 1[yKpOBUii 1iabeT 2-ro
tury 56,0 % oci6, aprepianbHy rinepreHsio — 79,0 % 006-
cTexxeHux, HaagMmipHy Bary — 21,0 %, oxupinus — 70 %,
auciinigemiro — 72,0 %. CraruHoTepario OTpuMyBaIu
32,0 %, rinoTeH3uBHY Teparmiio — 51 % manieHTiB. 3a iH-
nekcom Macu Tita (IMT) oTpuManu Takuit po3IoIii: 0xXu-
piHHs 1-ro c1. Manu 24,0 %, oxupinus 2-ro ct. — 33,0 %,
oxXupiHHs 3-ro ct. — 13,0 % ocib.

Vcim manieHTaM Oyj10 mpoBeaeHO JlabopaTopHe 00-
CTeXEHHS JUIsl BUSIBJICHHSI KJIIHIYHO 3HAYYIIMUX 3MiH, 110
MOTJIY BIUITMBATX Ha KOTHITMBHUI CTaH: BU3HAYEHO PiBHi
KOpPTHU30J1y, iHCY/iHY, BiTamiHy D, BiTaminy B,,, mporecre-
POHY, ecTpajiosy il 3araJbHOTO TECTOCTEPOHY; TIIOKO3H,
alaHiHamiHOTpaHcdepasu, aclmapTaTaMiHOTpaHchepasn,
raMMma-rjayTaMiHTpaHCIenThaa31, JyXHo1 (GocdarTasu,
aMmijla3u, CeYOBMHU, KpeaTUHiHYy, CEYOBOI KMCIOTHU, 3a-
rajpHOro 0inka, anboyminy, C-peakTuBHOro OiJika, XO-
JIECTePUHY, TPUTTILEPUIiB, XOJIECTePUHY JiMOMPOTEiaiB
HU3BKOI IIIJTBHOCTI, XOJIECTEPUHY JIIMOMPOTEiNiB BUCOKOT
winbHocTi (JITIBILL), amiaky, T1iKkoBaHOTO TeMOTJI00iHY.
V mociimKkeHHi BUKOPHUCTaHO CUCTEMY Oe3IIepepBHOIO MO-
HITOPUHTY I1I0K031 iPro™?2 kommnanii Medtronic 3 MoXxJu-
BiCTIO MAKCMMAaJIbHO TOUHOTO CIIOCTEPEKEHHSI 32 3MiHAMU
PiBHSI IJTIOKO3M TIPOTSITOM JIHSI, 11100 BUSIBJISITU €ITi3011
rinepriikemii, TinoraikeMii, iHIIi TPOOJIEeMHi 30HU, SIKi He-
MOXKJIMBO BUSIBUTH 3a JOTIOMOT'OIO 3a00py KPOBi 3 MasbIIs
abo TecTyBaHHs IIikoBaHOTO remoriobiny (HbAlc).

Byno Takox mpoBeaeHO OLIIHKY CTYIEHS OXUPiHHS,
>KMPOBOI MacH TiJla, BiICOTKA XXMPY B OpraHi3Mi, MeTadboJ1iu-
HOTO BiKy, piBH BicliepaiabHoOro oxupinasa, IMT, a Takox
piBHS 0a3aJibHOro MeTaboJi3My 32 TOMOMOTOI0 CEerMeH-
TapHOTo aHaji3atopa ckjuaay Tina Tanita MC-780 (Tanita
Corp., Tokio, fmoHis).
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3aificHeHO KiJIbKiCHe BU3HAYEHHS PiBHIB OJirOMEpiB
[-aminoigy B JIiKBOpi 3 BUKOPUCTAHHSIM TECTOBUX CUCTEM
Lumipulse G -Amyloid 1—40 i Lumipulse G -Amyloid
1—42. HopmanbHUMU 3HAYEHHSIMU BBaXKAETHCS Koedilli-
eHT criBBigHomeHHS AB1—42/AB1—-40 monanx 0,062 Ox, a
KoHUeHTpanist AB1—42 — nmonHan 599 nir/mur.

BuBueHHs cTaHy KOTHITUBHUX (DYHKIIIH 3AiiCHIOBAIM 3
BUKOPUCTAaHHSIM TaKUX HEMPOIICUXOJIOTIYHMX TecTiB: Trail
Making Test (TMT), 1110 cKJlaiaeTbecs 3 2 YACTUH i MPOBO-
JIUTHCS IJIsT OLIIHKY BUKOHABUMX (yHKIIil [16]; Digit Spane
(undpoBuit psia), 110 TO3BOJSIE BUSHAYUTH MOXKIUBOCTI
BepOasbHO1 poboyoi mam’aTi [17]; Stroop Color Test, 1110
CKJIQIAETHCS 3 3 YaCTUH, [JI51 OLIIHKM CEJIEKTUBHOI yBaru,
KOTHITUBHOI THYYKOCTi i IIBUIKOCTi 00poOKM iH(opMmaliii,
BUKOPUCTOBYETBCS SIK IHCTPYMEHT JIJIs1 OLIHKW BUKOHAB-
ynx (yHkuii [18]; Tect bpikcToHa st OLIIHKM BUKOHAB-
yux ¢yukiiit [19]; The Rey Auditory Verbal Learning Test
(RAVLT) (Tect Ha 3amam’siToByBaHHsI 15 ciiB), 1110 ckia-
JIA€EThCS 3 2 YACTUH i BUKOPUCTOBYETHCS JJIs1 OLIIHKU (DYHK-
mii mam’saTi [20]; MoHpeanbchKa IIKajla OLiHKA KOTHITUB-
Hux ¢yHkiin — MoCA (Montreal Cognitive Assessment),
1110 OLIiHIOE TaKi KOTHITUBHI IOMEHU, SIK KOPOTKOYacHa
nam’siTh (3amam’iTOBYBaHHSI CIiB), yBara, KOHIEHTpallist
i poboya mam’saTh (apudMeTHKa, 3BOPOTHUI paxyHOK),
BUKOHaBYi (pyHKIIiT (aOcTparyBaHHsI, KOHLENTyali3allis),
MOBJIEHHSI, 30pOBO-IIPOCTOPOBI HABMYKM, Opi€HTALlis B Yaci
Ta MIPOCTOPIi, i BAKOPUCTOBYETHCS ISl BUSIBJIEHHSI JIETKUX
KOTHITUBHUX po3iafis [21].

st BUSBIEHHST TICUXOEMOLIHUX TTOPYIIeHb BUKO-
pUCTOBYBaJIacsl TOCIIiTaJIbHA I1IKajia TPUBOTHU Ta Aenpecii —
T'LITH (Hospital Anxiety and Depression Scale — HADS)
Ta ONMUTYBAJILHUK OLLIHKY 310poB’st nauieHTa (Patient Health
Questionnaire (PHQ-9)) [22]. TIIT/I mimpoko BUKOPUCTO-
BYETBHCS B MEAWIHIN IPAKTUIIL IJII CKPUHIHTY TPUBOXKHMX i
NETTPEeCUBHUX PO3JIAJiB Y MALliEHTIB i3 COMATUYHUMMU 3aXBO-
PIOBaHHSIMU, BOHA CKJIaIa€Thes 3 14 mutanb. KoxkHe nutaH-
HSI Ma€ YOTHMPU BapiaHTH BilMOBizeil i oliHOETHCS Bia 0 10
3 6aniB. [lutanns 1, 3, 5,7, 9, 11, 13 BU3HaUal0Th HasIBHICTh
TPUBOTH; UTaHHA 2, 4, 6, 8, 10, 12, 14 — HasgBHICTB Aempe-
cii. banu cymyloThCcsi OKpeMo 3a KOXHOIO TPYIOI0 MUTaHb.
3a ganmmu T, 7 6amiB i MeHIIIE 03HAYAIO BiICYTHICTh
JETIPECUBHMX i TPUBOXHUX TPOsIBiB, 8—10 GaiB — CyOKi-
HiuHi iposiBM, 11 GatiB i BUIIle — KJIiHiYHi IIPOSIBU TPUBOTU
Ta genpecii. PHQ-9 — ne onurtyBanbHUK 3 9 MUTaHb IS
CaMOOLIIHKM CUMIITOMIB JieTpecii 3a OCTaHHi 1Ba TUXKHi, 1110
JIOTIOMAra€ OLiHUTH X TSKKICTb i MOKJIMBUI JiarHO3: Bif
MiHiMaJIbHOI 10 TSIKKOI JeMpecii, ajie He Ta€ OCTaTOYHUM
IiarHO3, a € JINIIIe iIHCTPYMEHTOM ISl CKPUHIHTY, SIKWI1 B~
Marae iHTeprpertauii Jikapsi. baau mincymoBytoThest (Bin 0
10 3 3a MMTAaHHS) i CIiBBITHOCATHCS 3 piBHIMU: 0—4 — He-
Mae neripecii/MiHimManbHa, 5—9 — nerka, 10—14 — cepenHsi,
15—19 — BupaxeHa, 20—27 — TsxKKa.

3 MeTOI0 MPOTHO3YBaHHS PO3BUTKY KOTHITUBHUX TO-
pYylLIeHb, I1eMeHIlii 0yJI0O MPOBeAeHO TeHETUYHUI aHai3
APOE. Buninenns renomuoi JJHK mpoBoguiu 3 Buko-
pucranHsMm Habopy Quick-DNA Microprep Kit Ne D3021
(ZymoResarch, CIIIA) 3rinHO 3 peKoMeHallisIM1 BH-
pooHuKa. ['eHoTnmu €2, €3 i €4 BU3HAYAIU 3a JOIIOMOIOIO
ajnesb-crieliu@ivyHoi mosiMepa3Hoi JaHIIOTOBOI peakllii B
peaJbHOMY Yaci 3 BAKOPUCTaHHSIM KOMEpPILIiitHOTO Habopy

GB Genetic APOE Ne 3206-050 (Generi Biotech, Yexist).
[eHOTHMN BU3HAYAIM aBTOMATUYHO 32 JJOTIOMOTI'O0 ITPOrpaM-
HOTO 3a0e3MedYeHHsI MpuiIaay Ha OCHOBI aHaJli3y KiHETUKU
dayopeciieHIIii 3a BiIITIOBiTHUMY ONTUYHUMHM KaHaJIaMH.
CraTucTuuHy 00OpOOKY Pe3yabTaTiB AOCTIIKEHHS IPO-
BOJIMJIM 3a Aoromoroto nporpamu SPSS, Bepcis 23 nis
Windows. 1151 06poOKu HemapaMeTpUYHUX JaHUX BUKO-
pucToByBas Kputepiii Diriepa 3 METOIO 3iCTaBIEHHS TBOX
BUOIpOK i BUSIBJIEHHST YaCTOTU BUTAIKIiB MPOBIAHOI O3HAKM.
J17151 HemapaMeTpPUIHOTO PO3MOAITY CTATUCTUYHY 3HAYYIIICTh
BiIMIHHOCTE! MiX IBOMa He3aJeXKHUMU rpyliaMU OLIiHIOBa-
JIM 3a KputepieM MaHHa — YiTHi, TpboMa Ta Oijblle — 3a
MetonoM Kpyckana — Yosutica. BinMiHHiCTh BBaxkasiach Bi-
porinHoo nipu piBHi 3HauyIocTi p < 0,05. 3aranbHy JiHiHY
mozenb (UNIANOVA) BUKOpHUCTOBYBaIM IJIsI TIOPiBHSIHHSI
rpy1. Takox U1sl TOPiBHSIHHS JaHUX MiX TpyraMUu BUKO-
pucroByBanu T-test. BubipkoBi mapameTpu, HaBeaeHi 1ajli B
TaOJIMLISIX i TEKCTi, MalOTh TaKi Mo3HayeHHs: M — BUOipkoBa
cepenHsl, m — CTaHIapTHE BiIXWJIEHHS, N — 00’€M BUOipKU
(4MCeNIbHICTh TPYNU, SIKa aHAJi3YEThCS), P — MOCITHYTHI
piBEHb CTATUCTUYHOI 3HAYYIIOCTI. Y 3B’SI3KY 3 TUM, 11O BCi
TECTU MaJIX Pi3Hi BeIMYMHU BUMIpY, a caMe TIePLEeHTII 200
0aj11, KOXEeH TeCT TPaHC(OPMYBAJIU B Z-1ITKAJTY 3 TIOAAJIBIIOK
TpaHc(opMalli€lo 17151 OTpUMAaHHS Pe3y/bTaTiB 1IoI0 3 ToMe-
HiB KOTHITUBHMX (DYHKIIiii: mam’sITi, IIBUAKOCTI OOPOOKHM iH-
¢opmalliii Ta BAKOHABYMX (DYHKIIiN. Y Ci TECTU, OKPIM TEKCTY
BpikcTona, mepeBommincs 3a ClieliaIbLHUMU TaOJIULISIMU B
MEePLEHTUJIi 3 ypaxyBaHHSIM BiKy Ta piBHsI OCBiTH. J1J11 BU3HA-
YEHHSI B3aEMO3B 513Ky MiX IMOKa3HUKaMU BUKOPUCTOBYBAIU
aHaJti3 JIiHifiHOI perpecii Ta mogaBaiv JaHi y BUIJISIII HECTaH-
naptrsoBaHoro koeditienra (B) i 95% nosipyoro iHTepBaty
(95% MI) nnst B 3 mompaBKoIo Ha CTaTh, BiK i piBeHb OCBITH.
PizHu1Ig BBaxkasach CTaTUCTUYHO 3HAUYII00 TIpu p < 0,05.

PesyAbTaTU

V pe3ynbTarti aHaJi3y TECTiB, IO OLIIHIOBAJIM CTaH KO-
HITUBHUX (DYHKILifl 0OCTEXEHUX MALli€HTIB 3 METAOOTIYHUM
cuHapomoM, y 48,0 % ocib BUSIBJICHO JIETKUil KOTHITUBHUI
posznan (22,04 + 0,56) 3a manumu mkanu MoCA. BinnosinHo
IO TIOKa3HUKIB 1-1 YaCTMHU TECTy Ha 3araM’sITOByBaHHS 15
CJIiB (KOPOTKOTpHUBAJIA 1AM SITh) BUSIBJICHO BiIXWJICHHS BilI
Hopmu B 19,0 % o6cTexkeHuX; y 2-if YaCTHUHI, 10 MOKA3ye
CTaH IOBrOTPUBAJIOL ITaM’sITi, BUSIBJIEHO MopylieHHs B 37,0 %
Mallie€HTIB; 3a JaHUMU TecTy bpikcToHa B 42,0 % mallieHTiB
criocTepiranucs nopyieHHs nam’ati. [lopyieHHs BUAKO-
CTi 06poOKu iHGopMalrii 3a manumu Tecty TMT, vactuam A
ta B, BusiBieno y 88,01 70,0 % o6cTexkeHMX MALiEHTIB BiAmo-
BigHO. 3a manuMu TecTiB TMT i Stroop BuKoHaB4i 30i0HOCTI
oymu nopymreHi B 19,0 i 3,0 % xBopux BignosimHo. Hamu
OyJ10 IIPOBEIEHO OLIIHKY KOTHITUBHUX (DYHKIIIH i IICUXOEMO-
wLiifHOTO cTaHy ManieHTiB 3 MC 3aJ1ekKHO Bil HASIBHOCTI B HIX
LIJI. BinmoBinHo 10 OTpMMaHUX HaMU NaHUX, Y Malli€HTIB
3 MC 3a nagBHocTi LI/l BiporigHo ripmmmu, IMOpiBHSIHO 3
obcrexxeHnmu 6e3 LI, Oyau moKa3HMKY HeraitHOT Iam’sTi i
BUKOHABUMX (pyHKIi#. Takox y mauieHTiB 3 MC 3a HassBHO-
cti LI] 6yB BiporigHo TripiimM moka3HuK 3a mkanown MoCA
MopiBHSIHO 3 xBopumu 6e3 LI (tab:. 1).

3a panumu 'IT/I, cyOkiiHiYHA TpUBOTA CIIOCTEpira-
nachy 18,0 % obcTeskeHuX, KIiHIYHO BUpaXkeHa TPUBOTra —
y 13,0 % oci6. CyoOkiiHiuHa aenpecist Bu3Havyanacby 17,0 %
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Tabnuysi 1. Xapaktepuctuka KOrHiTuBHUX ¢hyHKLIV i mcuxoemowiriHoro ctaHy nauyieHtis 3 MC
3anexHo Big HassBHocTi B Hux L

Hasga TecTy MauiexTtn i3 LA (n = 56) MauieHTn 6e3 LA (n = 44) P
LLikana MoCA 24,00 = 3,01 25,80 = 4,57 0,019
Stroop, yactuHa 1 14,17 + 13,79 14,70 £ 15,79 0,85
Stroop, 4actuHa 2 29,08 + 24,04 38,13 + 24,17 0,06
Stroop, yacTnHa 3 51,71 £ 25,02 64,91 + 26,17 0,012
TMT-A 1,33 £ 3,04 1,79 + 3,62 0,49
TMT-B 5,42 + 8,63 8,93 + 15,07 0,14
TecTt BpikcToHa 21,87 +7,70 18,54 + 4 54 0,008
Tect 15 cniB, yactuHa 1 42,08 + 35,23 66,75 + 32,12 0,0001
TecT 15 cniB, yactuHa 2 19,98 + 25,09 27,77 + 28,65 0,151
PHQ-9 6,73+ 4,15 7,29 +5,15 0,54

XBOpHX, a KJIiHiYHO BupaxeHa — y 10,0 % nauientis 3 MC.
Hamu BusiBIeHO BiporigHMI HETaTUBHUI KOPEJISAIiMHII
3B’S130K MixX Moka3HUKoM 1ikaiu MoCA i 6ajiom 3a cy6-
IIKAJIOIO IETPecii TOCITaaIbHOI IIIKAIX TPUBOTH Ta AeTpecii
B 00CTEXXeHMX MAIliEHTIB 3 META0OJIiYHNM CUHIPpOMOM — B
(95% 1) = —0,198 (—0,388...—0,008), p = 0,042 (puc. 1).
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PucyHok 1. B3aemMo3B’s130K MiX 6asiom
3a wkanoro MoCA i 6anom 3a cy6Lukasnoro genpecii
rocnitanbHOI LUKann TpuBoru Ta genpecii

IIpu nmpoBeneHHi aHai3y 111010 MOXJIMBOIO B3aEMO-
3B’S13KYy MiXK JIEIIPEeCi€lo Ta CTAHOM KOTHITUBHMX (DYHKIIIN y
naiieHtiB 3 MC HaMM BUSIBJIEHO BipOTiIHWIT HEraTUBHUIA
KOpeJSLiiHMI 3B’s130K MixX piBHeM aemnpecii 3a T'TIHT/ i
MOKa3HUKaM1 KOPOTKOTPUBAJIOI IaM’sITi 3a TECTOM Ha 3a-
mam’sitoByBaHHsI 15 ctiB y nawientis 3 MC 6e3 LII: B (95%
A1) =—-0,041 (-0,081...—0,000), p = 0,05 (puc. 2). Takox y
nauieHTiB 3 MC 6e3 LIJI BUsIBJIeHO HEraTUBHUIA KOPEJIsIIiii-
HUi1 3B’930K Mixk TMT ratio, 1110 O1IiHIOE CTaH BUKOHABUYMX
(byHkii, i 6anom 3a onuryBanbHUKOM aenpecii PHQ-9: B
(95% 1) = —0,061 (—0,118...—0,004), p = 0,036 (puc. 3).

Hamu npoBeneHo o1iHKY KOTHITUBHUX (DYHKILiH i TIcH-
XoeMolliiiHoro cTaHy (Ta6;a. 2) manieHTtiB 3 MC 3anexHo
BiJl HASIBHOCTI TiIOTJIiKeMii, SIKy BUSIBJISUIM METOIOM (hik-
callii mpu 1060BOMY MOHITOPMHTIY IIiKeMii. Y malieHTiB
3 (piKCOBAaHMMU TIMOITKEMisIMUA CIIOCTEPIiraloThCs BUIII
Oanu 3a onutyBagbHUKoM ['LIIT/I nomo miamkas TpUuBOTHA
Ta gemnpecii (Tabj. 2). Y Toii Ke yac MU He crocTepiraim
BipOTiHOI Pi3HUIII MiXX MOKa3HUKaMU HEHPOKOTHITUBHUX
TecTiB y nauieHTiB 3 MC i3 (hiKCOBaHMMMU TillOITiKeMisIMU
Ta 6e3 Hux (p > 0,05).

1000 ° ° °

T a, 6anm

4000 60,00 80,00 10000

Tect 15 cnis, yacTuHa 1, nepueHTUni

4000 60,00 80,00 10000

TMT ratio, nepueHTuni

PucyHok 2. B3aeMo3B’siI30K Mix 6asiom
3a cy6wkanoro genpecii MUT/ i nokasHukamm
HeraviHoi nam’siTi 3a TecToM Ha 3anam’SiToByBaHHS
15 cniB

PucyHok 3. Baaemoss’sizok mixc TMT ratio,
LYo OUiHIOE CTaH BUKOHaBYUX QPYHKLIN, | 6anom
3a onutyBanbHukom genpecii PHQ-9 y nayieHTis
3 MC 6e3 U

Tabnuys 2. lNopiBHsNIbHA XapaKTepUCTUKa NMOKa3HUKIB MCUXOEMOLIHOIro cTaHy nayieHTiB
3 MeTabosliYHUM CUHAPOMOM 3aJIeXKHO Bif HasiBHOCTI rinorsikemii

Moka3Hukun Be3 rinornikemin (n = 83) 3 rinornikemiamum (n = 17) p
Tpwusora, 6anu 5,76 7,41 0,041
Lenpecis, 6anu 517 8,23 0,002

Tom 22, N2 4, 2026

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

89



OpwuriHaAbHi AoocAipXeHHs / Original Researches

skl

I1pu mpoBeneHHI aHAJI3y JaHUX OO0 ITOKA3HUKIB OJTi-
roMmepiB -amiloiny B CIMHHOMO3KOBIH piiMHi B Malli€eHTIB
3 MCy 35 % crioctepiranocst 3HMKeHHs piBHSI AB1—42,y
8,0 % o6cTexXeHUX BUSIBICHO 3HIKEHHSI CITiBBiTHOIIEHHS
APB42/ABR40, 1110 BKa3ye Ha MiIBUIIEHE YTBOPEHHS TOKCUY-
HUX oJjiiroMepiB i ¢iOpuy AP y CHMHHOMO3KOBIi# pinuHi
nauieHTiB 3 MeTaboJiyHUM cuHapoMoM. Cepel nalieHTiB
i3 [IJ12 3nuxeHHs cniiBBinHo1eHHsT AB42/AB40 BusiBieHO
y 12,5 % oGcTeskeHUX, a 3HUXKEHHS piBHA AB1—42 — y
44,6 % xBopux. Y TOii XKe yac aumie y 2,3 % mauieHTis 3
MC 6e3 LIl cnocTepiranu 3HMKEHHS CHiBBiZHOILIEHHS
AB42/AB40 y CTMHHOMO3KOBI pinrHi. 3HVXKEHHST piBHS
AP1—42 y mikBopi nmamieHTiB i3 LIJI Moxe cBimuuTu mpo
MinBUIlleHEe HAKOMUYEHHS OTO B aMiIOiTHUX OJsIIIKax
rooBHOro Mo3Ky. OTxXe, BUIIA KiTbKICTb 0Ci0 3i 3HMKe-
HuM piBHeM AB1—42 cepen mauienTis i3 LI minTBepmxye
OLTBII BUPAXKEHUI MOXIMBUN HETaTUBHUI BIJIMB HasIB-
HocTi L] 2-ro Ty Ha BUHUKHEHHSI KOTHITUBHUX TTOPY-
1IEHb B 00CTEeXEHUX HaMU XBOpUX. TaKkoxX B 00CTEKEHUX
HaMmu TawieHTiB i3 11/12 BUSABIEHO 3B’SI30K MiX piBHEM
APB1—42 i BapiatTuBHicTio riikemii — B (95% 1) = 22,983
(2,67—43,28), p = 0,028; mix KoediliEHTOM CHiBBiIHO-
weHHs1 AR1—40/AB1—42 i yacoM y Aiana3oHi HUXKYE Bif
HOpMaJIbHMX 3HaueHb — B (95% 1) = —0,003 (—0,004...
—0,002), p = 0,0001. OrpumaHi HaMU pe3yJILTATU B I1a-
LiEHTIB 3 MeTaboJiuHUM cuHapomoM i LIJI BKa3yloTh Ha
Te, 110 BapiaTMBHICTD INIiKeMil Ta HasSIBHICTh TiIlTOITiKeMil
€ HeraTUBHUMMU (haKTOpaMu BIUIMBY Ha piBEHb OJliroMe-
piB, a came 3HMXKeHHSI AP31—42 y CHUHHOMO3KOBI pimn-
Hi Ta 3HMKEHHS KoedillieHTa criBBinHOmeHHs AB1—40/
AP1—42, 1m0 CBiIUUTH PO MiABUILEHHS HAKOMUYEHHS
OJIiIrOMEPiB y TOJIOBHOMY MO3KY, 1110 MOX€ MPU3BECTHU 10
MOJAJIBIIOrO MPOTPECYBaHHSI KOTHITUBHUX TTOPYILEHb.

Hamu mpoBeneHo aHami3 oo0cTexkeHuX mauieHTiBs 3 MC
3a reHoTunyBaHHsIM APOE. APOE — ue ninonpoteiH,
SIKUI Oepe y4acThb y TPaHCIIOPTI JIiIiaiB, MeTadoi3mi Ta
MOJYJISILIT 3alajibHUX MpoleciB. Bigomo, 1110 reHeTu4YHa
Bapiallisg anojinonpoteiny E BruinBae Ha pu3UK PO3BUTKY
xBopobu Anblireiimepa. Anenb APOE €4 e HalicuabHiIIMM
TeHeTUYHUM (PaKTOPOM PU3UKY PO3BUTKY Mi3HbOI CIO-
pagnaHoi XA. Pu3uk po3ButTKy XA 3aJeXUTh Bill O03U,
ockiJibku B HociiB ogHoro aneiss APOE &4 pusuk 306i1b-
IIyEThCA y 2—3 pa3u, a B HOCIiB ABoxX aneniB €4 — y 10—15
pa3iB. Ocobu, ski MaioTh airesri APOE €2, MaloTh HIKYMiA
puU3UK po3BUTKY XA, a Ti, xTo Mae aneni APOE €3, maloTb
HelTpaabHuil pu3uk [23]. Cneuundivni epektn i3odopm
APOE B M03Ky BKJIIOUalOTh 3MiHU A, Tay, Helipo3arajieH-
Hs Ta MeTa0oJIi3My.

Cepen ycix oocTexkeHnX HaMu TanieHTiB 3 MC 3a re-
HoTuIoM €2/€3 Oyso BusiBiieHo 27 % ocib, €3/e3 — 64 %
nauieHTiB, €2/e4 — 9 %. I1pu gocCHiaKeHHI MAlLliEHTIB 3
MC 6e3 1I/12 3a reHoTUIIOM £2/€3 OyJ10 BusiBieHo 26,8 %
ocib, £3/e3 — 69,6 % nauieHriB, £2/e4 — 3,6 % oci6. Ce-
pen nauieHTiB i3 L1J12 3a reHoTUIIOM £2/€3 OYJI0 BUSIBJICHO
27,3 % oci6, €3/e3 — 56,8 % martiienTis, €2/¢4 — 15,9 %
0ci0. TakoxX M1 BUBYAJIM B3a€EMO3B’ 130K MiX BapiaTUBHIiC-
TIO IJIiKeMii, 4acOM Y LJTbOBOMY AiaIla30Hi, YaCOM HIKYe
BiJl LIJTLOBOTO /Iiara30Hy i YacoM BUIIIE BiJl 1LJIbOBOTO Jliara-
30Hy i reHotunioM APOE. LlikaBuM BUsSIBUBCS (haKT BILIUBY
Buny reHotunyBaHHst APOE Ha yac y miama3oHi HIK4e Bif

rPaHNYHMX 3HAaYeHb, TOOTO 3B 30K 3 HASIBHICTIO TilTOTJIi-
KeMiif y MallieHTiB 3 MeTaboTiYHUM cMHIpoMoM — B (95%
AI) = 0,033 (0,011-0,054), p = 0,004. OTxe, 3HaiiIeHO
3B’s130K Mix reHoTurryBaHHsIM APOE Ta pusukowm rinorJii-
KeMil B MalliEHTIB 3 MeTa0OIiYHUM CUHIPOMOM.

O6roBopeHHs

V pesyabrari MpoBeaeHOTO HaMU TOCiIXeHHS B 48 %
naiieHTiB 3i 100 o6¢crexkeHnx 3 MC BUSIBIIEHO JIETKUA
KOTHITUBHUI pO3j1aj, IIPpU LIbOMY HaiOiIbIIe cCTpaxkKia-
JIM TOMEHU T1aM’sITi, BUAKICTh 00poOKHU iHdopMmallii Ta
BuKoHaBYi ¢pyHkuii. HeraruBuuii BB MC Ha KOrHi-
TUBHI (YHKIIIi BUSIBJICHO TaKOX i B iHIIIMX JOCIiIKEHHSIX
[24—26]. ¥ Toii ke yac H.Y. Yen Tta criBaBT. [27] Y cBoEMY
IOCIiIKEHHI BKa3yloTh, 1o MC He € 3HAaUHUM (aKTOPOM,
IO CIIPUSIE KOTHITUBHOMY 3HUXKEHHIO B JIIOAEH cepen-
HBOTO Ta MOXMJIOTO BiKy. ¥ CBOEMY IOCIiIXKEHHI MU CIIO-
crepiranu B nanieHTiB 3 MC 3a HasgBHocTi LI/ BiporinHo
riplii, mopiBHsSIHO 3 o0cTexxeHumu 6e3 LI, mokasHUKu
HeraiHoi maM’sTi Ta BUKOHABYMX (PYHKIIIN i TOKa3HU-
ku 3a mKajno MoCA. OTpumMaHi pe3ysbTaTH y3TOIXKY-
IOThCS 3 TaHUMMU JiTepaTypu. 30KpeMa, Y JOCTiIKeHHi
A.C. Oprescu Ta ciiBaBT. [28] moka3aHO, IIO MOKa3HUK
6ana 3a MoCA BiporinHo KopelioBaB 3 TapaMeTpaMH IJli-
KEMiUHOTO KOHTPOJIIO Ta JIETITUHY, Y TOH e Jac rapame-
TpU KOHTpOJIIO niabety i mokasHukK MMSE npoaemoH-
CTPYBaJIM CTATUCTUYHO 3HAUYIIY HETAaTUBHY KOPEJISILil0
(HbAlc i rikemist). ¥ nociimxeHHsIX MOMepenHiX poKiB 3a
y4JacTio nanieHTiB i3 LI/l TakoxX moka3aHo B3a€EMO3B’SI30K
MiX KOTHITUBHOIO TUC(HYHKIIIEIO, OIIIHEHOO 3a IIKajlaMUu
MMSE ta MoCA, i nokazHukamu riikemii [29]. Y xBopux
3 MC i (pikcoBaHUMU TiMOTJIiKEMisIMU HAMU BUSIBJICHO
BUILI 0ay 3a MigllKaJlaMy TPUBOTHY Ta IeTpecii 3a OMUTY-
BanpHuKOM ['III'T/I. OTpuMaHi pe3yabTaTH MIOI0 BILUIUBY
rinorjiaikeMii Ha TICUXOEMOLiHUI cTaH nmauieHTiB i3 LI
Y3TOIIKYIOThCS 3 JTaHUMM iHIIMX OOCIiIXeHb. 30Kpema,
Y. Kikuchi ta cniBaBt. [30] cnioctepiraau mo3UTUBHUIA
3B 130K TiMOIJIiKeMii 3 TSZKKICTIO AeMPeCUBHUX CUMIITOMIB
y SITIOHCHKMX TTAIi€HTIB i3 IYKPOBUM iabeTOM 2-TO TUITY.
3B’30K MiX AeNMPECUBHUMU CUMIITOMaMU Ta 4aCTOTOIO
rirorTikeMilt miaTBepIKeHUH y qocaimkeHHi A. Biggers Ta
cmiBaBT. [31]. BugatoTbes 1iKaBUMM 1aHi 111010 BUSIBJIEHO-
ro0 HaMH BipOTiIHOIO HeraTUBHOTO KOPEJISALIIHHOTO 3B 3Ky
MiX piBHEM Jenpecii Ta MoKa3HUKaMU KOPOTKOTPUBAJIO1
maMm’sITi i BAKOHaBYMX (QyHKIIii y mauieHTiB 3 MC. Otpu-
MaHi pe3yJbTaTU y3TOKYIOThCS 3 JAHUMU MOTMEPEaHIX
nocaigxens [13, 32]. ¥V nocnimxkenni H. Gong Ta ciiBaBT.
[33] moka3zaHo, 110 Aempecis MOXe IPU3BECTU IO OXKUPIiH-
Hs Ta TiNepTOHil, 110 MOXe MaTW HEeraTUBHUI BIJIUB Ha
KOTHITHBHI ¢yHKIIii. 1li BUCHOBKM IiIKpPeCI0I0Th BaX-
JIMBICTb CBOEYACHOTO BUSIBJICHHS 1 JIIKYBaHHS neripecii
B IMMAlIiEHTIB 3 KOTHITUBHUMU MOPYLIEHHSIMU Ta CBiT4aTh
PO Te, 110 JIiKYBaHHSI, CIIPSIMOBaHEe Ha 3HUXXEHHS Baru i
apTepiaJbHOIO TUCKY, MOXE IOMTOMOITH 3aM00irTH KOTHi-
TUBHUM TMOPYIIECHHSIM.

VY nocniKeHHSIX MOoNepeaHiX pOKiB OTpUMaHO 3B’ SI30K
MiX TTOKa3HUKAMU OJIIrOMePiB [3-aMiJIoimy B JIIKBOPi Ta KOT-
HITUBHMM 3HIDKEHHSM y nanieHTiB 3 XA [34]. Kpim Toro,
BiIMOBIAHO 10 CYYaCHUX YSIBJIEHb, OJliroMepH 3-aMiJoiny B
CIIMHHOMO3KOBII piIvHi MOB’s13aHi 3 METaA0OIIYHOIO THC-
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(YHKIIIEIO, 110 CIIOCTEPITa€ThCS IMIPU META0OIYHOMY CHH-
IPOMi, i CHPUYMHSIIOTh LIEHTPaJIbHi 3MiHU, SIKi MTOTiPIIYIOThH
nepudepuIHNii KOHTPOJIb IJIIOKO3H, YTBOPIOIOYM ITOPOYHE
KoJ10, y skoMy MC 30isbliye pu3uK po3BuTky XA [35, 36],
1110 HE CYIepeYuTh OTPUMAHMUM B HAIlIOMY TOCJiIXEHHIi
pe3yJibTaTtaM.

Hamu otpumano naHi mono BriuBy reHotuny APOE
Ha Jac y Aiana3oHi HWXK4Ye Bil TpaHUYHUX 3HAYEHD Y Ta-
mientiB 3 MC i LIJI. LlikaBi maHi 1ogo HOCiiB TeHOTHITY
APOE4 onucani B nocrmimkenni B. Sapkota ta cmiBaBT.
[37], 30kpema, BusBieHO, 110 Hocii reHoTuny APOE4
MaJIv BUILIMEI JiacToJdiYHMI apTepiaabHuii TUCK (p = 0,022)
i HK4mit piBeHb xonectepuny JITIBILL (p = 0,026) mopis-
Hs1HO 3 HeHocissmu E4. Y Toii Xe yac ctpaTugdikallist [aHux
nauieHTiB 3 giadbetoMm 3a reHoturiamu APOE ta anTurinep-
MIKeMIYHUMM TIpernapaTaMy BUSIBUJIA 3HAYHE 3HUKEHHSI
piBHs raoko3u dyepe3 2 roguHu (p = 0,004) i 3HMKeHHS
CHUCTOJIIYHOTO apTepiaibHOTO TUCKY (p < 0,001) cepen HO-
ciiB APOE4 nopiBHSIHO 3 HEHOCISIMU, SIKi OTpUMYyBaIU
KoMOiHOBaHy Tepamito. ¥ mocmimkenHi J.Y. Wang Ta crmi-
BaBT. [38] mauieHTu 3 MC mopiBHSIHO 3 KOHTPOJbHOIO
TPYIIOI0 MaJIX Tiplili KOTHITUBHI (PYHKIIiI Ta 3HIDKEHY 3IaT-
HiCTb OpaTH yyacTh y OBCsIKIeHHiit aisibHOCTi (P = 0,001
i 0,046 BimmosigHo). ITarieHTH 3 KOTHITUBHOIO TUC(YHK-
iero Maju 6inbiny nommmpenictb MC (62,1 ipotu 36,4 %,
P <0,001) i vacrime 6yau Hocisimu anenst APOE €4 (22,3
nportu 10,1 %, P = 0,019). Anani3 nucnepcii 3 TOBTOp-
HUMHU BUMIpIOBAaHHSIMU, NTPOBEICHUI HAa OCHOBI TaHUX,
3i0paHMX I YaC OMHOPIYHOTO CIIOCTEPEXKEHHsI, BUSIBUB
noctifitHuii BriuB MC ta anenst APOE €4 Ha noripuieHHs
KorHiTuBHUX ¢GyHKUi# (p < 0,001). OTxe, y diTepaTypi He
BigzHaueHo npsiMoro 3B’s13Ky reHoTuny APOE 3 pusu-
KOM Tinoriikemii npu MeTadoaiYyHOMY CUHAPOMi, OTHAK
BapianTu APOE BmmmBaioTs Ha MeTabo0JIi3M TIIIOKO3U 1
YYTJAUBICTb A0 iHCyniHy, npuuoMy APOE4 yacTto nos’s-
3aHUI 3 TipIIMMU pe3yJbTaTaMu (TAKMMU K iHCYJIiHOpe-
3UCTeHTHICTh i pusuk L1J12), Toni ik APOE2 moxe matn
3axucHuii edekr [39, 37].

3 orisimy Ha HaBeleHi BUILE JaHi MUTaHHS 100 TICU-
XOEMOLIIHHOIO CTaHy, KOTHITUBHUX (byHKIIi, BMICTYy OJIi-
roMepiB [3-aMioimy B CIIMHHOMO3KOBIl pioyHi Ta TeHOTH-
MyBaHHs anoJinonporeiny E B malieHTiB 3 MeTaboJIiuHUM
CUHAPOMOM 3ajIexkHO Big HassBHOcTi LI, cTaHy rmikemii
MOTpeOyIOTh MOAANBIIOr0 MOTAUOJIEHOTO BUBYCHHS Ha
OibLIMX BUOipKax Malli€HTiB.

BucHoBKkM

1. Jlerkuit KOTHITUBHUI po3JIaa AiaTHOCTOBAHO B Mali-
K€ TIOJIOBMHU obcTexkeHunX nauieHTiB 3 MC. [1pu nibomy B
nauieHTiB i3 LI/l mopiBHsiHO 3 oOcTexkeHnMu 6e3 LI/ Oynu
BIipOTiTHO TipIIMMU MOKa3HUKM HeraitHoi 1am’sTi Ta BU-
KoHaBuMX (pyHKIIi i 6ai 3a mkanoo MoCA, 1110 BKa3ye Ha
MOXJIMBUI HeraTuBHUM BrutuB LI Ha cTaH KOTHITUBHUX
¢yHkuiii y marientis 3 MC.

2. BusiBeHo HeraTMBHUI BIUIMB TiMOTJiKeMii Ha TICU-
XoeMolliitHuit craH nauieHTiB 3 MC.

3. Cepen ycix nauientis 3 MC y 9,0 % oci6 BusiBlIeHO
TeHeTUYHUI prU3uK po3BUTKY XA. KpiMm Toro, BusiBieHO
3B’930K reHotumiB APOE €2/e4 3 pu3aukoM rirnoriikeMii B
MALI€HTIB 3 META0OTIYHUM CUHIPOMOM.

4.'Y pe3yabTarTi JOCTiIKEeHHS IT0Ka3aHOo, 110 BapiaTHUB-
HICTb TJIiKeMil Ta HasIBHICTb TiMOTJIiKeMil BUSIBUINCS Hera-
TUBHUMM (paKTOpaMU BIUIUBY Ha piBeHb OJIITOMEPIB, a came
3HUXEHHS piBHS APB1—42 B CTMHHOMO3KOBIil pinvHi Ta
3HIXKEeHHS KoedilieHTa criiBBinHomeHHs1 AR1—40/AB1—42
y nauieHTis 3 MC.

5. OTxe, MeTaboJIIYHUI CUHIPOM aCOLIIIOETHCSI 3 KOT-
HITUBHUMU ITOPYIICHHSIMU i 3MiHaMU B PiBHIi OJirOMepiB
B-aminoiny. Bumineni HeratuBHi pakropu pusuky (LI,
TiToraikeMis) KOTHITUBHUX mopyiieHb npu MC € monu-
(ikoBaHUMU, 110 JA€E HAM 3MOTY HE TUIbKU JIIKyBaTH BXeE
iCHYI0Ui KOTHITMBHI ITOpPYIIIEHHS, a 1 TIPOBOAUTU Hpodi-
JIAKTUKY LIMX CTaHIiB 3 METOIO MOKpAIlaHHS SKOCTi XXUTTS
HAIlIMX Nalli€HTIB.

KondaikT inTepeciB. ABTOpU 3asIBJISIIOTH ITPO BiICYTHICTh
KOHJIIKTY iHTepeciB i Bi1acHOi (hiHaHCOBOI 3a11iKaBJIEeHOCTI
TIpH TiArOTOBLI 1aHOT CTaTTi.

Indopmanis npo dinancyBanna: KOHKypcHa poboTa 3a
pPaxyHOK Jiep>KaBHUX KOIIITiB.

Buecok aBTopiB. 2KepnroBa H.M. — KoHuenis ta qu-
3aiiH gocmimkeHHsT; Komuak O.0O. — HamucaHHS Ta penary-
BaHHsI TeKcTy cTaTTi; TomypoB I.M. — pemaryBaHHsI TEKCTY
crarTi; [lepexpecrenko O.B. — aHani3 oTpMaHUX pe3yab-
tariB; ['pureBuy K.O., Cremypa O.A., Opnuk O.C. — 30u-
paHHs Ta 00poOKa MaTepiaJiB.
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Assessment of psychoemotional state and cognitive functions
in patients with metabolic syndrome

Abstract. Background. Metabolic syndrome is associated with an
increased risk of cognitive impairment due to common pathogenic
mechanisms, including insulin resistance, inflammation, and oxi-
dative stress. Impaired glycemic control, glycemic variability, and
depressive symptoms may further exacerbate cognitive dysfunction,
forming a complex interaction between metabolic, psychoemo-
tional and neurodegenerative processes. The aim of this study was
to assess cognitive functions in patients with metabolic syndrome;
to analyze the psychoemotional state, cognitive functions, the con-
tent of amyloid-f3 oligomers in the cerebrospinal fluid and geno-
typing of apolipoprotein E (APOE) in patients with metabolic syn-
drome depending on the presence of diabetes mellitus, glycemic
status. Materials and methods. The study included 100 patients with
metabolic syndrome (50 men and 50 women) aged 18—79 years
(mean age 55.27 £ 1.26 years), with a mean body mass index of
33.34 + 0.62 kg/m?*. Laboratory and instrumental examinations were
performed, including assessment of carbohydrate and lipid metabo-
lism, hormonal profile, and inflammatory markers. Daily glycemic
variability was evaluated using continuous glucose monitoring, while
body composition was assessed by bioimpedance analysis. Levels
of amyloid-f oligomers were assessed in the cerebrospinal fluid.
APOE genotyping was performed using polymerase chain reaction.
Cognitive functions and psychoemotional status were assessed using
standardized neuropsychological tests and validated questionnaires.

Results. Mild cognitive impairment was detected in 48.0 % of pa-
tients with metabolic syndrome according to the Montreal Cognitive
Assessment. The most prevalent deficit was impaired information
processing speed (70—88 % of participants), with additional impair-
ments in executive functions, as well as short- and long-term memo-
ry. Patients with metabolic syndrome and type 2 diabetes mellitus
also exhibited significantly poorer cognitive performance compared
to those without diabetes. Furthermore, a significant negative cor-
relation was identified between the severity of depressive symptoms
and cognitive performance, in particular memory and executive
functions. Patients with hypoglycemic episodes demonstrated higher
levels of anxiety and depression. Moreover, reduced cerebrospinal
fluid levels of AB1—42 and decreased AB42/APB40 ratio were more
frequently observed in patients with type 2 diabetes mellitus and
were associated with glycemic variability and hypoglycemia. An ad-
ditional association was also found between APOE genotype and the
risk of hypoglycemic episodes in patients with metabolic syndrome.
Conclusions. Metabolic syndrome is associated with cognitive im-
pairment and alterations in amyloid-f3 metabolism. These changes
were more pronounced in the presence of type 2 diabetes mellitus
and hypoglycemia. Targeted correction of modifiable metabolic
factors may play a key role in preventing cognitive decline.
Keywords: metabolic syndrome; cognitive impairment; depression;
glycemic variability; amyloid-[3 oligomers; apolipoprotein E
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Expression of EMT transcription factors Twist1
and Slug in benign and malignant thyroid tumors

Abstract. Background. Papillary thyroid carcinoma (PTC) usually has a favorable prognosis; however, lymph
node metastases, extrathyroidal extension, and radioiodine refractoriness significantly contribute to recurrence and
reduced survival. Epithelial-mesenchymal transition (EMT) is a key mechanism driving invasive and metastatic
behavior in PTC, yet its central transcriptional regulators remain incompletely defined. The purpose of the study
was to compare the levels of the EMT-associated transcription factors Twist1 and Slug in histologically unchanged
conditionally normal (CN) tissue, nodular goiter, PTC tissues, and metastases. Materials and methods. Western
blotting was used to evaluate the expression of EMT transcription factors Twist1 and Slug (SNAI2) in tissues of
nodular goiter, PTC and metastasis. Results. No differences in Slug expression were found between CN tissue
and nodular goiter. A small but significant increase in Slug concentration was observed in PTC tissues without
metastases. In PTC tissues with metastases, Slug expression in the primary tumor was more than 12-fold higher
than in CN tissue and more than 4-fold higher than in PTC tissues without metastases. Extremely high levels of Slug
were also detected in metastatic tissues. In PTC tissues with and without metastases, Twist1 expression was higher
than in CN tissue. Conclusions. Current evidence identifies Twist1 and Slug as central regulators of EMT-driven
invasion and metastases in PTC. Mechanistically, a Twist1/Slug-EMT-lymph node metastases axis underlies loss
of epithelial differentiation, acquisition of invasive traits, and metastatic spread in PTC. Our data demonstrate sig-
nificant differences in Slug concentration between PTC tissues with and without metastases. Slug expression in
PTC tumor tissue with metastases may serve as a biomarker of metastatic potential and as a diagnostic marker for
distinguishing benign from malignant thyroid neoplasms.

Keywords: papillary thyroid carcinoma; Twist1; Slug (SNAI2); epithelial-mesenchymal transition; metastases

Introduction

Papillary thyroid carcinoma (PTC) accounts for approxi-
mately 80—85 % of all thyroid malignancies and generally
exhibits favorable prognosis. However, up to 30—40 % of
patients develop cervical lymph node metastases, which are
associated with increased recurrence risk and the need for
repeated surgical and radioiodine treatments [1—4].

Metastases remains the principal cause of cancer-related
mortality. Among the molecular drivers of metastatic dis-
semination, epithelial-mesenchymal transition (EMT)-as-
sociated transcription factors (EMT-TFs) play a central role
by reprogramming tumor cells toward a motile, invasive, and
therapy-resistant phenotype. Central to EMT are transcrip-
tion factors such as Twist1, Snail (SNAII), Slug (SNAI2),
ZEB1, and ZEB2, which repress epithelial genes and acti-
vate mesenchymal programs. Twistl and Slug (SNAI2) are

two key EMT-inducing transcription factors that orchestrate
cytoskeletal remodeling, cell-cell junction dissolution, extra-
cellular matrix (ECM) degradation, and survival in hostile
microenvironments. EMT has emerged as a central biological
program enabling invasive growth and lymphatic dissemina-
tion in PTC [5-7].

Twistl and Slug have attracted particular attention due
to their strong association with aggressive tumor behavior,
metastatic spread, and poor clinical outcomes across multi-
ple cancer types. Although both factors promote EMT, they
differ in structure, regulation, and functional specialization,
suggesting both overlapping and distinct roles during meta-
static progression [8].

Twist1 is a basic helix-loop-helix (b HLH) transcription
factor originally identified as a regulator of mesodermal de-
velopment and neural crest migration. In cancer, Twist] is
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aberrantly reactivated and functions as a master regulator of
EMT. Twist1 forms homo- or heterodimers with E-proteins,
enabling binding to E-box motifs within target gene promo-
ters. Its oncogenic activity is tightly regulated by post-trans-
lational modifications, including phosphorylation, acety-
lation, and ubiquitination, which influence its stability and
transcriptional activity [8§—11].

Slug belongs to the Snail family of zinc-finger transcrip-
tion factors and contains multiple C2H2-type zinc-finger
domains that mediate DNA binding. Slug primarily functions
as a transcriptional repressor by recruiting co-repressors and
chromatin-modifying complexes to epithelial gene promo-
ters. Compared with Snail, Slug often induces a partial or
hybrid EMT state, characterized by the coexistence of epi-
thelial and mesenchymal features, which is increasingly re-
cognized as highly metastatic [12—17].

The expression of Twist1 and Slug is regulated by a com-
plex network of signaling pathways and microenvironmental
cues. Growth factors such as TGF-3, EGF, FGF, and HGF
strongly induce their transcription via SMAD-dependent
and MAPK/PI3K/Akt pathways. Hypoxia, through HIF-1a
activation, is a potent inducer of Twist1, linking tumor mi-
croenvironmental stress to metastatic competence [11, 14].
Inflammatory cytokines, including TNF-a and IL-6, further
enhance Slug expression via NF-kB and STAT3 signaling in
PTC. In addition, epigenetic mechanisms such as promoter
methylation, histone modifications, and regulation by mi-
croRNAs-fine-tune Twist1l and Slug levels, contributing to
tumor heterogeneity and phenotypic plasticity [18].

Twist]l and Slug are multifunctional TFs involved in
many biological processes and are among the most important
regulators of the EMT process in tumor cells, which leads to
the formation of metastases [7, 14]. However, controversies
surround EMT and EMT-TFs in cancer. The role of EMT-
TFs in metastases was challenged by studies using genetically
modified mouse models of breast cancer, and in the model
of pancreatic cancer with depleted Snail or Twist1, in which
EMT was reported to be dispensable for metastases. In ad-
dition, concerns were raised that EMT activation is mainly
observed under experimental conditions, particularly in cell
culture models, but not consistently in human tumors [19].
These conflicting findings indicate that, although EMT and
EMT-TFs are key drivers of tumor progression toward metas-
tases, tissue context and the specific attributes of individual
EMT-TFs determine their precise functions in cancer biology
[20].

Thus, the purpose of the study was to compare the levels
of the EMT-associated transcription factors Twist1 and Slug
in histologically unchanged conditionally normal (CN) tis-
sue, nodular goiter (NG), papillary thyroid carcinoma (PTC)
tissues, and metastases (Mts).

Materials and methods

The study protocol was approved by the Institute’s Ethics
Committee. All patients signed informed consent for further
diagnostic and scientific studies of their biomaterials. Post-
operative samples of tumor tissue, Mts and CN, obtained
from the surgical department of the IEM clinic, were used for
the studies. Patients with PTC, MTC and NG participated
in the study.

The expression of the EMT transcription factors Twist1
and Slug was determined by Western blotting. Snap-fro-
zen tissue specimens were homogenized with using tissue
grinder kit (KONTES #884900) in lysis buffer (25 mM Tris
HCI pH 7.4, 1% Triton X100, 150 mM NacCl, 0.1% SDS,
I mM EDTA, 1% sodium deoxycholate) with 50 mM NaF,
1 mM Na,VO,, | mM PMSF and Protease Inhibitor Cocktail
Complete Mini (Roche). Lysate aliquots were mixed with
Laemmli buffer (30% glycerol, 3% SDS, 125 mM Tris HCI,
pH 6.8), resolved by 12% SDS-PAGE, and transferred to ni-
trocellulose membrane (GVS North America #1212602). The
nitrocellulose membranes were stained with Ponceau S (Sig-
ma), blocked with TBST (150 mM NaCl, 50 mM Tris-Cl,
Tween 20, pH 7.4) containing 5% BSA (Gold Bio A-421-50)
or 5% nonfat dried milk and incubated with primary anti-
bodies diluted in 5% BSA in TBST. After washing and in-
cubation with horseradish peroxidase-coupled secondary
antibodies, detection was performed with Western Blotting
Luminol Reagent (Santa Cruz, sc-2048).

Rabbit polyclonal antibody against Slug (Invitrogen,
PA5-85522) and rabbit polyclonal IgG anti-Twist1 (Merck,
T6451) were used. All primary antibodies were used at dilu-
tion 1 : 1000. Secondary goat anti-rabbit antibodies conju-
gated to horseradish peroxidase (Cell signaling, #7074S) were
used at dilution 1 : 3500.

All data were visualized using the Invitrogen™ iBright™
FL1000 imaging system. The signal obtained for housekeeping
proteins should be linear over a wide concentration range to
be used as a reliable reference for normalization. The linear
range of these proteins was assessed using a dilution series of
the tissue extracts tested. The linear range of 3-actin was tested
in tissue extracts using a 2-fold dilution series starting at 92 and
88 ug for normal tissue and metastases, respectively. Under the
experimental conditions used, the [3-actin signal was found to
be linear up to 44—46 ug of lysate using an exposure time of
1 minute and a primary antibody dilution of 1 : 1000.

Quantitative assessment of Western blotting results in
conventional units (integrated optical density) was performed
with GelPro 4.0 software.

Results

EMT transcription factor Twist1l expression was studied
using biomaterials from patients with PTC without metastases
(Mts) and PTC with Mts. Group 1 included 6 samples with
6 samples of PTC without Mts, group 2 included 15 samples
of PTC with Mts. Conditionally normal (histologically un-
changed) thyroid tissue in each group was used as a control.

Fig. 1 shows the results of Twist1 expression study. In tu-
mor tissue without metastases, the expression of the factor in
carcinoma tissue significantly higher than in the conditional-
ly normal tissue. In carcinoma tissue with metastases, Twist1
expression is also higher than in the conditionally normal
tissue, but the amplitude of changes is significantly lower
than in carcinoma without metastases. The level of Twist1
expression in metastases did not differ from the conditio-
nally normal tissue and lower that in primary tumor (Fig. 1).
This can be explained by necessity of Twist] inhibition for
EMT suppression and mesenchymal-epithelial transition
(MET) process, which is required in colonization or clonal
outgrowth at metastatic sites [7].
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Figure 1. The expression of Twist1 in the thyroid tissue of patients with tumor tissue without metastases and with
metastases: A — Western blotting result; B — three-dimensional diagram, the result of protein band scanning;
C — graphical assessment of Western blotting results in percentages relative to conventionally normal tissue

Notes: molecular mass of B-actin — 42 kDa, Twist1 ~ 26 (21-30) kDa; CN — conventionally normal (histologically
unchanged) tissue (100 %); PTC — carcinoma without metastases; PTC (M) — carcinoma with metastases; Mts —
metastases; * — differences from Twist1 expression in conventionally normal tissue and Mts are significant,
P <0.05.
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Figure 2. The expression of Slug transcription factor in thyroid tissue of patients with nodular goiter, PTC and PTC
with metastases: A — Western blotting result; B — three-dimensional diagram, the result of protein band scanning;
C — graphic assessment of Western blotting results in percentages relative to conditionally normal tissue (100 %)

Notes: molecular mass of B-actin — 42 kDa, Slug ~ 30 kDa; CN — conditionally normal (histologically unchanged)
tissue (100 %); NG — nodular goiter, PTC — carcinoma without metastases; PTC (M) — carcinoma with meta-
stases; Mts — metastases; * — differences from Twist1 expression in conditionally normal tissue are significant,
P < 0.05; + — significantly different from CN, NG and PTC tissues without Mts, P < 0.05.

96 MiKHAPOAHUIN EHAOKPUHOAOTIHYHUIN XKYPHAA, ISSN 2224-0721 (print), ISSN 2307-1427 (online) Tom 22, N2 4, 2026



[ d

OpuriHaAbHI AoocAipXeHHs / Original Researches

Slug expression was studied using biomaterials from pa-
tients with nodular goiter, PTC without metastases (Mts) and
PTC with Mts. Group 1 included 6 samples with nodular
goiter, group 2 included 6 samples of PTC without Mts,
group 3 included 15 samples of PTC with Mts. Conditionally
normal (histologically unchanged) thyroid tissue was used
as a control.

No differences of the Slug quantity were found between
normal tissue and nodular goiter. A small but significant
increase in the concentration of the transcription factor
Slug was observed in the PTC tissues without metastases
compared with the adjacent normal tissue (Fig. 2). In the
tissues of PTC with metastases, the level of Slug expression
in the primary tumor was more than 12 times higher than
in conditionally normal tissue and more than 4 times higher
than in tissues of PTC without metastases. Also, extremely
high levels of Slug were observed in the tissues of metastases
(Fig. 2).

Discussion

The EMT is regulating by several signaling pathways,
including TGF-f, NOTCH, Wnt, TNF-a, Hedgehog,
and receptor tyrosine kinases (RTKs). These pathways
converge on the main TFs, such as Snaill, Slug, Twist1/2,
and ZEB1/2 [14, 21]. The NF-kB signaling pathway is
another mechanism that regulates TFs expression through
different mechanisms [18, 22]. EMT-TFs are regulated at
transcriptional and posttranslational levels, such as protein
phosphorylation, ubiquitination, and RNA modification.
Moreover, EMT-TFs can regulate each other through com-
plex feedback networks [23]. Activated Slug inhibit E-cad-
herin expression by directly binding to E-box sequences
within the CDH 1 promoter, thereby blocking transcription
and causing epithelial cells to lose intercellular junctions —
an initial step toward acquiring mesenchymal characteris-
tics [24].

Twist proteins can both repress and activate transcription
and play a crucial role in EMT by repressing epithelial genes
and activating mesenchymal gene expression. The interaction
between Twist and Slug demonstrates that Twist proteins
cannot activate EMT in mammary cells in the absence of
Slug, suggesting that Twist may not directly repress E-cad-
herin transcription but acts indirectly through other regu-
lators [24, 25]. This suggests that Twist proteins may not
directly repress the transcription of E-cadherin, but rather
act indirectly. Interestingly, Twist has also been reported to
suppress colonization and metastatic outgrowth in distant
organs, highlighting its context-dependent role in cancer
progression [7].

The core set of EMT-TFs comprises Zeb1/2, Snaill/2,
and Twist1/2, however information concerning their ex-
pression profile and clinical utility during thyroid cancer
(TC) progression is still incomplete. Baldini et al. showed
that among EMT-TFs, Twist1 plays a prominent role in the
partial EMT phenotype observed in PTC, being significantly
associated with high-risk clinicopathological features and
inversely correlated with E-cadherin expression. Although
multivariate analysis did not confirm its independent prog-
nostic value, Twist]l may represent a promising therapeutic
target in aggressive TC [26].

Other studies have shown that Twist1 is a key transcrip-
tion factor promoting thyroid cancer metastases by driving
EMT, leading to increased tumor cell invasion, migration,
stemness, and resistance to apoptosis. Twist1 is overexpressed
in aggressive TC, particularly anaplastic thyroid carcino-
ma (ATC) and advanced PTC, and is associated with poor
prognosis and LNM. Twistl induces EMT by repressing
E-cadherin and upregulating mesenchymal markers such as
vimentin, thereby enhancing migratory capacity. High Twist1
expression in PTC is specifically associated with invasive
and metastatic patterns in differentiated thyroid carcinomas.
Twist1 overexpression has also been linked to increased re-
sistance to chemotherapy drugs such as cisplatin, paclitaxel,
and vincristine in thyroid cancer cells [27].

A positive correlation between Twistl and vimentin
expression in PTC has been reported, with high levels of
both markers associated with lymph node metastases. Thus,
Twistl plays an important role in inducing EMT in PTC.
TNF-a has been shown to induce Twist1l and promote me-
tastases via NF-«B signaling in PTC [22, 27]. After TNF-a
treatment of the PTC cell line TPC-1, Snail and ZEB2
mRNA levels did not change significantly, whereas Slug,
Twistl, and ZEB1 expression increased; these effects were
reversed by NF-kB inhibitors [18].

In ATC cells, Twist1 directly binds to the promoters of
multiple upregulated genes. HS6ST2, COLI1AI, F2RLI,
LEPRELI1, PDZK1, and PDZKI1IP1 were shown to be
overexpressed in thyroid carcinoma samples compared with
normal thyroid tissue [28].

High protein expression of HIF-1a, metallothionein,
and Slug in PTC is significantly correlated with advanced
TNM stage, and concomitant high expression of all three
markers is strongly associated with lymph node metastases.
These findings suggest that combined evaluation of HIF-
la, metallothionein, and Slug expression may be useful for
predicting the risk of LNM and advanced disease stage [29].

Slug overexpression has also been implicated in promot-
ing migration and invasion of thyroid cancer cells, including
ATC. Evidence strongly supports the pro-metastatic role
of Slug in ATC in vitro and in vivo. Knockdown of Slug
may represent a therapeutic strategy to restore E-cadherin
expression and inhibit invasion and metastases, suggesting
that targeted Slug suppression could provide new treatment
approaches for ATC [30].

Slug also promote chemoresistance by antagonizing
p53-mediated apoptosis and by regulating genes involved in
cell death and stem cell maintenance [31].

Twistl and Slug are consistently upregulated in invasive
and metastatic PTC, follicular thyroid carcinoma (FTC),
and particularly ATC compared with normal thyroid tissue.
Their expression correlates with loss of epithelial differen-
tiation, enhanced migratory capacity, and adverse clinico-
pathological features, including extrathyroidal extension and
LNM [13—16]. In PTC, Twistl and Slug repress epithelial
junction proteins, most notably E-cadherin (CDH1), leading
to disruption of follicular architecture and loss of apical-basal
polarity. This repression is accompanied by upregulation of
mesenchymal markers such as vimentin and N-cadherin and
increased matrix metalloproteinase expression, facilitating
basement membrane degradation and stromal invasion.
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Increasing expression of EMT regulators (Twist, Slug,
and Snail) has been reported in follicular tumors across a
spectrum of morphological subtypes from low- to high-risk
malignancy. EMT regulator expression was higher in widely
invasive FTC, poorly differentiated FTC, and ATC, and lo-
wer in follicular adenomas and minimally invasive FTC. Dif-
ferential expression between the tumor center and invasive
front was observed. Loss of E-cadherin and EMT regulator
expression were significantly correlated with distant metas-
tases and vascular invasion in well-differentiated FTC [16].

Conclusions

Current evidence identifies Twistl and Slug as central
regulators of EMT-driven invasion and metastases in pa-
pillary thyroid carcinoma. Mechanistically, a Twist1/Slug-
EMT-LNM axis underlies loss of epithelial differentiation,
acquisition of invasive traits, and metastatic spread in PTC.
Our data indicate significant differences in Slug concentra-
tion between PTC tumor tissues with and without meta-
stases. Twist1 levels in PTC tissues with and without meta-
stases were largely comparable, although the magnitude of
expression changes differed. Our data demonstrate signifi-
cant differences in Slug concentration between PTC tissues
with and without metastases. Slug expression in PTC tumor
tissue with metastases may serve as a biomarker of metastatic
potential and as a diagnostic marker for distinguishing benign
from malignant thyroid neoplasms.
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Ekcnpecis TpaHckpunuinHnx ¢aktopie EMT Twist1 i Slug y Ao6posikicHnx
TA 3AOSKICHUX MYXAUHOX LLMTOMNOAIGHOT 3A03U

Pesiome. Axmyaavnicms. TlaninsipHa KapuuHOMa LIMTONONIOHOL
3ano3u (ITKII3) 3a3Buuait Ma€ copUsITAUBUIA TIPOTHO3, OJHAK
MeTacTa3yBaHHS B JTiM(aTU4Hi BY3JId, EKCTPATUPEOITHE O -

peHHs Ta pedpaKTepHiCTh MO0 padioioATepallii 3HAUHOIO MipOIO
00YMOBJIIOIOTh PELIMIMBY i 3HMKEHHSI BUKMBaHHS. EniTeniaabHo-
Me3eHxiManbHuit Tiepexin (EMII) € K1o4yoBUM MeXaHi3MOM,
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SIKUI Kepy€e iHBa3MBHOIO Ta METACTATUYHOIO TTOBEIiHKOIO MPU
TIKIII3, mpore i10T0 LEHTPaAIbHI TPAHCKPUIILIHI peryasTopu
3JIMIIAIOTHCS HE 10 KiHlIs BU3HaYeHUMU. Mema: 3iCTaBUTH PiBHi
TpaHckpuIiiHux dakropiB Twistl ta Slug (SNAI2), mos’s3a-
Hux 3 EMII, y rictosoriyHo He3MiHeHill YMOBHO HOpMaJIbHiii
(YH) tkanuHi, By3noBomy 300i, TkanuHi [1KII3 i meTtacraszax.
Mamepiaau ma memodu. J171s1 OLIiIHKY eKCTIpecii TpPaHCKPUTLIHHUX
dakropie EMII Twist1 Ta Slug y TkaHuHi By3noBoro 306a, [TKII3
Ta MeTacTazax BUKOPUCTAaHO BecTepH-OJOTUHT. Pe3yromamu. He
BUSIBJICHO BiIMiHHOCTel B ekcmpecii Slug mixk YH TkaHuHOIO Ta
BY3JI0BUM 3000M. HeBenuke, ajie BiporigHe 30iIbIIeHHS KOHIICH-
Tpailii Slug criocrepiranocst B tkanuHax [TKII3 6e3 meracrasis.
Ekcnpecist Slug y neppuanux nyxaunax [MKIL3 i3 meTacrazamu
Oysa Giible HiX y 12 pasiB BUIIOIO TTOPiBHSIHO 3 YH TKaHMHOIO
Ta niepeBuinyBaia piBeHb y [1KIII3 6e3 meTacTa3siB Oisbllie HiX y
4 pasu. Han3BuyaitHO BUCOKi piBHI Slug TakoX BHUSIBJIEHO B Me-

TactaTMYHUX TKaHUHax. Y TkaHuHax [TKII3 i3 meTacrazamu Ta 6e3
Hux ekcrpecis Twistl Oyna Bumor, Hixx B YH TkanuHi. Bucnosku.
CyuacHi gani ineHTH(}iKyoTh Twist]l Ta Slug sIK LIeHTpabHi pe-
TyJITOpU iHBa3ii Ta MeTacTazyBaHHs, 3ymoBieHux EMII, npu
TMKII3. Mexanictuuno Bichk Twistl/Slug — EMIT — metacrasu
JTiM@aTUIHUX BY3JIiB JIEKUTh B OCHOBI BTPATH EITiTEiaIbHOL TH-
depenuialii, HaOyTTS iHBAa3UBHMX O3HAK i MOLIMPEHHS METacTa3iB
npu [KII3. Hami naHi 1eMOHCTPYIOTh 3HA4YHI BiAMiHHOCTI B
KoHueHTpauii Slug mixx Tkannnamu [TKI3 i3 metactazamu Ta 6e3
Hux. Excripecist Slug y myxnmunHHi#i tkanuHi [TKII3 i3 MeTacTazamMu
MOXe CJIyryBaTu 0iOMapKepoM MeTacTaTMYHOTO MOTeHIliany i
NiarTHOCTUYHUM MapKepoMm audepeHiiiallii J0OposIKiCHUX i 3710-
SIKICHUX HOBOYTBOPEHbB LIIUTOIOIIOHOI 3aJ1031.

KimouoBi ciioBa: maninspHa KapuymHOMa IIMATOIMONIOHOI 3aI031;
Twistl; Slug (SNAI2); emiteniaabHO-Me3eHXiMaIbHUI TIepexin;
MeTacTazyBaHHsI
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KBepueTuH i cepLeBO-CYAUHHI 30XBOPIOBAHHS
npu LyKpoBsomy aiaberi 2-ro tTuny
(HOPATUBHUMN OTASIA)

Pe3tome. OcHOBHUM YuHHMKOM y naToreHesi cepLeBo-cyanHHUX 3axsoptoBaHb (CC3) npu LykpoBoMy giabeTi
(4A) 2-ro tuny e cuHepreTnyHa B3aemogis Mix okeugatusHum ctpecom (OC), cripuanmHeHnM rinepriikemiero, Ta
XPOHIYHMM 3ananeHHsIM H13bKoi iHTeHewBHoCTi (X3HI). MeTabonidHa gucperynayis, MiToxoHgpiansHa guceyHK-
Lisl, CTpec eHaonnaaMaTnyHoro pPeTuKyyMy Ta enireHeTnyHe nepenporpamyBaHHs B3AEMOLJIOTb | 3yMOBIIOOTh
aktmalito OC Ta kackagis X3HI. BTopuHHi MeTabonitn pOCIMHHOIO NMOXOAXEHHS, 0CO6/IMBO hriaBoHOIAN, Ha
BIAMIHY Bif TpaauuiviHuX CUHTETUYHUX NpenapariB i3 By3bKOHarpasieHow Aieto, AEMOHCTPYIOTL CUHEePriYHNM
BI1/IMB Ha Kiflbka 6ios1ori4HmX miLieHev. BoHn 3aaTHi ogHo4acHoO MOoZYoBaTy HU3KY KII0HOBUX NaTogisionoridHmx
rpouecis, LLO Cripusie BIHOB/IEHHIO OKMCHO-BIAHOBHOI piBHOBary Ta NPUrHiHeHHIo 3ananbHux peakuiv. Lle cripuse
MOMIMLLIEeHHIO (DYHKLIOHYBaHHS CyanH | yrnoBiribHeHHIo po3BuTtky CC3 npu L[] 2-ro tuny. lNonpu nepcrnekTusHi
eKcrepuMeEHTaslbHI pe3ynbTatu, Lo CBigYaThk rpo NMOTEHUIVIHO MO3UTUBHWI BI/IMB KBEPLETUHY Ha CTaH cepLeBo-Cy-
AnHHOI cuctemu npy L 2-ro tuny, faHi KiHIYHUX BOCTMKEHb 3anWwarTbcs cynepeydnnsmmm. Le nepesaxHo
roB’13aHO 3 OOMEXEHOK KINIbKICTIO paHAOMI30BaHuX KNiHiYHUX gocnigxeHb (PK/L), cripsmoBaHnx Ha BUBYEHHS
egheKTiB ¢hnaBoHoigy Ta vioro noxigHux. 3 ornsgy Ha e HeobxigHo nposecty PK/[ i3 6inbLu JOCKOHaMMM [u3avi-
HOM i pO3LUMPEHNM 06CAroM BUOIPKU, LLJO [JO3BOSINTL BUMNPOOYBAaTU PIi3HI KOHLUEHTpaLii KBepyeTuHy. Takuv nigxig
CrIPUATUME ITTMGLLIOMY PO3KPUTTIO MIOro TepaneBTUYHOro rnotexyiany B nikysaHHi CC3 y navieHTis i3 Lif] 2-ro tuny.
OcHOBHO METOI ornisigy € aHania posni ksepuetuHy y nikysaHHi CC3 y nayieHTis i3 L[ 2-ro tuny. JopatkosBo
BUCBITITIOIOTLCS CyHacHi TEHAEHLUI Ta BU3HA4YatoTbCs NepCrneKTUBHI HanpsMu A7 ManibyTHIX JOCHIOXeHb y Ui
ranysi. Moty npoBogmscsi B Scopus, Science Direct (Big Elsevier) i PubMed, Bxkno4Ho 3 6a3amu gaHux Medline.
BuikopucTtaHi Kto4oBi crioBa «LyKpoBUU fgiabet 2-ro Tury», «CepLeBO-CYANHHI 3aXBOPIOBAHHS», «KBEPLETUH».
[na BusBrieHHs1 pe3ynbTaTtiB JOCNIIKEHb, sIKi HE BAAIOCs 3HaVTU Mif Yac OHaviH-MoLLYKY, BUKOPUCTOBYBaBCS
PY4HWI roLLyk Gi6niorpadii nyonikawis.

Knrou4oBi cnoBa: yykposuii giabet 2-ro Tury; cepLeBo-CyanHHI 3aXBOPIOBaHHS; KBEPLETHH; Orfisg nitepatypu

Bctyn
IlaTtoreHe3 ceplieBo-cynuHHUX 3axBoptoBaHb (CC3)

glycation end products, AGEs) Ta ix peunentopom (Receptor
for advanced glycation end products, RAGE) [3, 4]. Taxi

npu 1ykpoBomy giadeti (LI/1) 2-ro Tumy 3Ha4HOIO Mipolo
3YMOBJICHU TTOPYILIEHHSIMU (DYHKIIIOHAJIbHOTO CTaHy B3a-
€MO3B’s13aH0i oci «okcunatuHuUii crpec (OC) — XpoHiuHe
3arajieHHs: Hu3bKoi inTeHcnBHOCTI (X3HI)» [1, 2]. XpoHiu-
Ha rinepriikemist BOOHOYAC aKTUBYE i 3aITyCKa€ KiJibKa B3a€-
MOTIOB’SI3aHMX MaTO(Di3i0N0riYHMX MEeXaHi3MiB, 30KpeMa Mo-
JTIOJIOBMI Ta TeKCO3aMiHOBUH LIIISIXW, CATHATbHUM MEXaHi3M
nporeinkiHazu C (Protein kinase C, PKC), a Takox B3ae-
MOJIi10 MixX KiHLIEBUMM IIPOAYKTaMH TJIikyBaHHS (Advanced

MOPYIIEHHS 3yMOBJIIOIOTh MiTOXOHIpiaJbHY AUCHYHKILIIO,
cTpec eHorazmMaTuyHoro petukyaymy (EP) i emirenetuune
nepenporpamyBaHHs, 1110 MPU3BOAUTD 10 aKTHUBALlil ITpolie-
ciB OC Ta 3amajabHKUX Kackamis [ 3, 6].

CyyacHi nigxonu no jikyBanHg CC3 y manienTis i3 LIJ],
2-To TUMY 30CepeKeHi Ha KOHTPOJIi piBHS JIITiIiB, TJIOKO-
31 B KPOBI Ta apTepiaIbHOTO TUCKY 3a JIOTTOMOIOI MeIu-
KaMEHTO3HOI Teparlii, KOpeKIlii XapuyBaHHS i peryJsipHUX
¢ismyHuX HaBaHTaxXeHb |7, 8]. TpamuiiiiHi MeToou, SIKi

© «MixHapogHuit eHoKpuHonoriuHmii XypHan» / «International Journal of Endocrinology» («MiZnarodnij endokrinologicnij zurnal»), 2026
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3aCTOCOBYIOTHCS B KJIiHIUHIN MTPaKTHIIi, IK-OT iHCYJIiHO-
ceHcubinizaTopu (biryaHinu i TiazoainuHAiOHM) Ta iHCYJTi-
HoceKpeTaroru (CyJa1b(MOHIJICEeYOBUHU i TJiHIAN), TeMOH-
CTPYIOTh CBOIO €(DEKTUBHICTb Y 3HUKEHHI PiBHS TJIiKeMil,
MpOTe He 3MaTHi BIUIMBATH Ha CKJIaHY MEPEXKY CTPECOBUX
mexaHi3miB [9, 10]. CyuyacHi HibOBI MpemnapaTu, Taki sIK
aKTHUBATOPU SIAEPHOTO (paKTOpa epUTPOINHOro 2-1oB’si3a-
Horo daxkropa (Nuclear factor erythroid 2-related factor 2,
Nrf2), iHTiGiTOpM HATPIii-IIFOKO3HOTO KOTpaHCIopTepa 2
(Sodium-glucose cotransporter 2 inhibitors, SGLT2) Ta aro-
HICTUM peuenTopiB rokaroHornoaioHoro mentuny-1 (Glu-
cagon-like peptide-1 receptor agonists, GLP-1RAs) oynu
po3po0JIeHi /IS TToI0IaHHS 0OMEXEHb TPATULIIMHUX METO-
NiB JIIKYBaHHS, 110 (POKYCYIOThCS JIUILIE HA 3HUXKEHHI PiBHS
rmoko3u. BonHovac 11i iHHOBaILiliHI 3acO00U BUSIBJISIIOTH
JokajizoBaHmii BB Ha ctaH oci OC — X3HI. IMpore ixHst
e(heKTUBHICTb 3aJUIIAETHCI OOMEXEHOIO Yepe3 OJHOBY3-
JIOBUM ITiOXid, SKWi He TO3BOJISIE BITIMBATA HA MHOXWHHI
B3a€EMOITOB’s13aHi MMaTodi3ioIoriyHi MexaHi3MU, XapaKTepHi
s CC3 nmpu L 2-ro Tumy [11, 12].

BonHouac BToprHHI MeTabOIiTU POCIUHHOTO MTOXO0-
IKeHHS (Taki K mojiieHoan, TepIeHOoIan Ta alKajlo-
inu) 3a0e3reuyoTh CUHEPIeTUYHUI BIUIMB Ha AEKiJbKa
MmilieHeit. BoHM MOXyTh OHOYACHO akKTUBYBaTu Nrf2-
OIoCcepeIKOBaHU aHTUOKCUIIAHTHUI 3aXUCT, iHTiOyBaTH
curHaizaiiio simepHoro dakTopa kanma-6i (Nuclear factor
kappa-B, NF-«kB) ta 306ipky indimamacomu, a TaKoX MO-
NIyJI0OBAaTU €MireHeTUYHi PEryasiTopu. Y pe3yabTaTi BTO-
PUHHI MeTa0oJIiTU POCIMHHOTO MOXOMKEHHS YyacTo 3a0e3-
MeYyoTh OUTbII BUPAXKEHUI 3aXKUCT, a caMe ITiIBUIILYIOTh
AHTHMOKCHMIAHTHY 3IaTHICTh Ta 3MEHIIIYIOTh BMIiCT MapKepiB
X3HI. Leit 6araTorpaHHuUii Miaxiga MPONIOHYE Pi3HOMAHIT-
Hi TepaneBTUYHI BapiaHTu y JikyBaHHi CC3 npu LI/ 2-ro
Ty [13].

[MonipeHONM € HANTIOMMPEHIIIMMM AHTUOKCHIAHTA -
MU B palliOHi JIOOAWHU Ta MICTSITHCS Y BEJIMKil KiJIbKOCTI Y
¢dpykTax, oBo4yax, a TaKoxX IMPOIyKTaX, BATOTOBJIEHUX Ha
1X OCHOBI, TaKUX SIK 3€pHOBI KyJIbTypH, Haroi [14]. Lli BTo-
PUHHI MeTa0OoIiTH TTOAISIOTh Ha (heHOIbHI KUCIIOTH, (iia-
BOHOIY Ta HE(PIABOHOIIM 3aI€XKHO Bif iX XiMiuHO1 OyTOBU
[15]. ®naBoHOinM HajexXaTh OO MigKJIACy MOIi(eHOITiB,
OJIHAaK X BUIIISIIOTh OKPEMO Yepe3 3HAYHYy TepareBTUYHY
LiHHICTh, 0CO0MMBO y KOHTeKCTi JiKyBaHHs CC3 mpu LIJT
2-to Tuty [16, 17].

Ha ocHoBI BuIlIe3a3HAYEHOTO B OIS CUCTEMATUYHO
aHaJi3y€eThbCsl 3HAUeHHS TiepexpecHoi B3aeMoii Mixk X3HI
i OC y marorenesi CC3 nipu LI 2-ro TUIly Ta MOXJIUBICTh
BUKOPUCTaHHS KBEPLETUHY B iX JTiKyBaHHI.

1. IlepexpecHa B3a€MoIisa MizK OKCHIATUBHHM CTPECOM
i XPOHIYHMM 3anajieHHsIM HU3bKOI iIHTeHCUBHOCTI

Bzaemonis rinepakruBoBanoro OC i mpo3amnajJbHUX
LUJISIXiB MTOCUJIIOE OTIOCEPEIKOBaHI TinepriikeMielo mo-
IIKOMKEHHS KIiTuHU. OKCUAATUBHU CTpec, iHTYKOBaHU I
peakTuBHUMU popmamu KucHio (PDK), i pisHoMaHITHI
npo3arnajbHi MPOLEeCU B3aEMOIIIOTh HA Pi3HUX PiBHAIX Ta
BUKJIMKAIOTh Oe3J1iu maTodizionorivunux nopyuieHs [4, 18].
linepriikemisi, IK BiIoMO, 30iJIbIIIYE TPAHCTIOPT IVIFOKO3U B
MITOXOHIpii, 1110 MPU3BOIUTH 10 Hee(heKTUBHOIO IIEPEHOCY
€JICKTPOHIB Yepe3 OKMCHIOBAJILHO-BiTHOBHI LIEHTPH i, OTXe,

reHepatilii cyrnepokcuja-aniona [ 19, 20]. HanmipHa npomyk-
11isl CyMepoKCHI-aHiOHa CIpUsi€E YTBOpeHHIO iHIux POK,
3o0kpeMa Takux sk H,0,, OH". Bzaemonis cynepokcu-aHi-
oHa 3 okcuzoM a3oty (Nitric oxide, NO) cynmpoBOIXKy€ETh-
cs nipoaykuieto nepokcuHitputy (ONOO™) — nmoTtyxHOi
CITOJTYKH, sIKa 3yMOBJTIOE€ HiITPO3YBaHHSI KiJIbKOX BasKJIMBUX
OiNKiB i MPU3BOAUTH 10 (DYHKILIOHAJTBHUX Ta CTPYKTYPHUX
VIIKOIKeHb. [TponykTn po3nany HeKpOTU30BaHUX KITITHH
CIIPUSIOTH TOSIBi TTPO3aNaJibHUX KJIITUH Y MOIIKOMIXEHI
TIJISTHII i, OT3Ke, aKTUBYIOTD JIOKAJIbHUI 3aaIbHUI IIPOIIEC
[21, 22]. OnocepenkoBaHuii rinepriikemiero OC akTuBye
TaKOX iHIII MeTaOOIiuHI IUISIXU KJIITUHM, 30KpeMa OiToK
Nrf2, ssKuii oTpuMaB Ha3BY «TPaHCKPUILIMHII (pakTop», i
NF-kB. Binomo, 1110 6i10K Nrf2 € K11040BUM PETYISITOPOM
y CUTHAJIbHOMY IIIJISIXY, SIKWI BKJTFOUAE TIEPIy JIiHiI0 3aX-
cty npotu OC i minBuiieHHs1 KoHeHTpauii POK, 3aBasku
MOJIETIIeHHIO aKkTuBalii N1f2-1uisixy, 1o cpusie eKcrpecii
AHTUOKCHUJAHTIB i TAKUX LIUTOIIPOTEKTOPHUX (PEPMEHTIB,
sk cynepokcuaaucmyrasza (CO/l), rayratioHnepokcuaasa
(I'TTO) Ta rmyration-S-tpancdepasa [23]. AktuBaiis Nrf2-
LUISIXY € OAHUM i3 TOMEOCTATUYHUX MEXaHi3MiB 3aXUCTy
kititTuH Bim TokcuuHoi aii OC [24, 25]. IIporte mocriiiHa
aktuBaliss Nrf2 B yMoBax XpoHi4HOI rinepriikeMii omno-
CepeIKOBYE ArcOagaHC OKMCHO-BiTHOBHOIO rOMEOCTa3y
[26, 27]. OxcunatuBHUMIA cTpec 3a yuacTi NF-kB, aktuBa-
Topa npoTeiny-1 (Activating protein-1, AP-1) i curnaab-
HUI 1IJISX TTPOTETHKIHA3M, 110 aKTUBYETHCS MiTOTeHaAMHU
(mitogen-activated protein kinase, MAPK), cnipusie maHi-
(ecrauii npozananbHux npouecis. AOK akrtusyiots [kB-
kiHasy (I kappa-B kinase, IxK), 110 Bukiaukae dochopu-
JIIOBaHHS iHTibiTOopa Kamnma-6i (Inhibitor kappa-B, IkB),
aktuBauito NF-kB i, sk Hacninok, 3arubens KiituH [28].
Bzaemonis BinbHoro rerepoaumepa NF-kB 3 IkB no3Bossie
oMy IoJjlaTu simepHy MeMOpaHYy i 3B’SI3yBaTUCS 3 HiISTH-
KOI0 XpPOMOCOMH, 1110 KOAYE K-JTaHUIOT iMyHOIIO0YJTiHIB
[29, 30]. Inaykuis mpoueciB TpaHCKPUIILIi i€l TiMTHKU
MOCKJTIOE TIPOIYKIIiIO IIUTOKiIHIB — (haKTOpa HEKPO3y MyX-
munu o (PHII-a), intepneiikiny (IJ1)-6 ta iHmux [31,
32]. OKCUIaTUBHUI CTpeC CTUMYJIIOE CTPECAaKTUBOBaHI
MpoTeiHKiHa3M, 30KkpeMa, c-Jun N-TepMiHaabHy KiHa3y
(c-Jun N-terminal kinase, JNK), sixa B momanbiioMy ak-
tuBye Jun-cy6onunuiiro AP-1 i, orxe, ctumyntoe AP-1-
oIlocepenKoBaHy KojareHasy, IpoayKIiilo TpaHC(hOPMYIO-
yoro ¢dakropa pocty 1 (Transforming growth factor beta
1, TGF-B1) ta uurtokiuis [33, 34|. AktuBaiiist AP-1 moxe
CIIPUSITH JIOKAJIbHOMY 3allaJieHHIO B CYOWHAaX i, TaKUM
YUHOM, MiATPUMYBATU MPOrpecyBaHHS Helipo3anaaibHUX
npoueciB. IlepexpecHa B3aemonis mixk Nrf2 i NF-kB € ¢i-
3i0JIOTiYHO i (hapMakosoTiyHO HeoOxinHow [4]. 3okpema,
ctumysiiisg Nrf2-1misxy, siK BimoMo, YIIOBUIBHIOE aKTHBA-
uiro NF-kB 3a paxyHok 3HmkeHHs POK -onocepeakoBaHol
aktuBalii IkK ta nuisxom npurHiueHHs aerpanaitii 1kB.
IMonanwma aktuBaiis NF-kB 6e3nocepentbo adbo omnoce-
PENKOBAHO 3aBIsIKM BUKOPUCTAHHIO TiCTOHAealeTUaa3u 3
(Histone deacetylase 3, HDAC3) konkypye 3 Nrf2 [4, 35].
B3aemonist 1BoX 1ISIXiB 3a0€e3Meuye MiATpUMKY TOMEOCTa3y
xititiau [36]. TIpore LIJI 2-ro Ty, ITOB’I3aHWIA 3 HAUTHLII -
KoBolo akTuBauieio OC, Moxe NMPU3BECTU 10 NHUCOAIaHCy B
oci Nrf2-NF-kB i cynpoBomkyBaTucst (haTalbHUMU HACITi/I -
Kamu s KinitvH [37, 38].
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2. CunepreTuyHa Moaudikauisi OKCUAATUBHOTO CTpecy
Ta XPOHIYHOrO 3anajeHHs1 HU3bKOI IHTEHCUBHOCTI 3a 0NOMO-
r0I0 BTOPMHHUX META0OJITIB POCIMHHOIO MOXOKEHHS

IlpuponHi criojykKu, Ha BiIMiHY Bill CUHTETUUYHMX
Mpernaparib, sKi MepeBaKHO BIUIMBAIOTh HA OAWH MOJIEKY-
JISPHUM LIJISIX, MAIOTh iCTOTHY TlepeBary 3aBIsiku 6araTo-
KOMITIOHEHTHIl cMHepriyHiii aii. BropuHHi MeTabotiT poc-
JIMHHOTO TTOXOKEHHSI, TaKi SIK IojlideHonu, (pIaBOHOIIN,
TEpIIEHOIAU U alKajoiau, 34aTHI OMHOYACHO PEryatoBaTh
KJIIOUOBI CUTHAJIbHI Mepexi, 30kpemMa AM@-aKTUBOBaHY
npoteinkiHazy (AMP-activated protein kinase, AMPK)/
ciptyin 1 (Sirtuin, SIRT1), Nrf2 i NF-«B. Lle 3a6e3neuye
MOTYXHi aHTUOKCUAAHTHI Ta IMIpOTU3aNaIbHi e(peKTH 3 Mi-
HiMaJIbLHUM piBHEM TOKCUYHOCTI. Cy4yacHi JOCTiIXKEHHS
MOKa3yl0Th, 1110 OKPeMi MPUPOIHi CITOTYKHA MOXYTh Ipsi-
MO BIUIMBATH Ha €IireHeTUYHi peryjasiTopu, 3MiHIOBaTU
€KCIIPEeCilo TeHiB i MiATPUMYBATHU iX 3aXMCHi BJIaCTUBOCTI.
3aBIsIKM CBOEMY 0araToliyibOBOMYy MeXaHi3My il TpUPOIHi
CMOJIyKU, TTIOPiBHSHO i3 BY3bKOCIIPSIMOBAHUMU CUHTETUY -
HUMM areHTaMu, 3/1aTHi OiJibllle BIUIMBATU HA TMAaTOJIOTIUHI
npouecu, nos’si3ani 3 CC3 nipu LI 2-ro tuny. Lle Bix-
KPHMBA€E MEePCHeKTUBU [IJIs PO3POOKU e(DEeKTUBHUX i MaJIO-
TOKCUYHUX JIIKyBIbHUX cTpaTerii [7]. [IpoTe KiniHiuHe BU-
KOPUCTaHHS TAKUX PEYOBUH 3HAYHO YCKJIAHIOETHCS Yepe3
X HU3bKY 0i0[I0CTYITHICTh, BapiaTUBHICTh €(DeKTUBHOCTI Ta
iHAUBiIyaJIbHiI OCOOJIMBOCTI Malli€HTIB [5].

3. KBepuerun

dnaBoHOIAM € MPUPOTHUMU TT10JiHEHOIBHUMU BTO-
PUHHUMM MeTaboJtiTaMu, 1110 (DOPMYIOTh OHY 3 HAUTIONIN -
PEHIILIMX IPYI HOJi(heHOIbHUX CIIOAYK Y pallioHi JTIOAUHU
[39]. Ix mominsoTh Ha MIiCTh OCHOBHUX MinKAaciB: da-
BOHOJIU, (bJIJaBOHU, (hJIaBAaHOHHU, i30(hJIaBOHU, (hJlaBaHOJIU
Ta aHTouiaHu [40]. YucieHHi OCIiIKeHHS, BKIIIOYHO 3
eKCIepUMEHTAMU in Vitro, 1OCIifaMy Ha TBApUHAX Ta KJi-
HIYHMMM BUIIPOOYBaHHSIMM, CBiIUaTh PO 3MATHICTH (h1a-
BOHOI/IiB BIJIMBATH Ha Pi3Hi MeTaboiuHi mpouecu nipu LIJ1
2-ro tumy. 3okpema, (JIaBOHOIAU CIPUSIOTh 3HMKEHHIO
akTuBHOCTI OC, peryyoTh CTPECOPHI CUTHAIBHI ITUISIXU Ta
3HUXKYIOTh iHTEHCUBHICTb 3anajbHuX peakiliii [5]. KBepie-
TUH, TIPEICTABHUK KJ1acy (p1aBOHOJIIB, € TMOIIMPEHUM KOM-
MOHEHTOM Y parlioHi JtonuHu [41]. KBepiieTuH € Haiino-
LIMPEHIIIUM (DJIaBOHOJIOM, MOTYKHUM noriuHadyeM POK,
sikuii 3ano6irae cnpuunHeHUM OC MaKpOMOJIEKYJISIpHUM
MOIIKOIKEHHSIM, TAaKUM SIK TTepeKUCHE OKMCHEHHS JIiMi-
nis (ITOJI). Kpim Toro, kBepueTrH 3amnobdirae yTBOpeHHIO
POK, inrioyroun NADPH-okcuaa3sy 2 (Nicotinamide ade-
nine dinucleotide phosphate (NADPH) oxidase 2, NOX2).
[Ile onHi€l0 aHTUOKCUIAHTHOIO €10 KBEPLIETUHY € XeaTy-
BaHHs Cu** i Fe**. KBeplLieTUH TaKOX MOCUIIOE €HIOTEHHY
aHTUOKCUIAHTHY 3IaTHICTh, cripusioun ekcrpecii CO/I,
karana3u (KAT) ta I'T1O [42].

3. 1. Aumuoxcudanmui ehexmu Keéepuemumy

AHTHOKCUIAHTHI BJIACTUBOCTI KBEPLIETUHY 3HAYHOIO
MipOI0 peani3yroThesl 3aBASIKU MOro 31aTHOCTI HEHUTpaJli-
gyBatu PMDK, xenatyBaTtu ioHM MeTaliB Ta 3MEHIIYBAaTU
IHTEHCHUBHICTh OKMCHOTO TTOLIKO/>KEHHS JIIMONPOTEiHIB
Hu3bKoi miabHocTi (JITTHILL) [43, 44]. A npuponHuii aH-
TUOKCUIAHT KBEPIETUH 30aTeH YCYBaTH TilPOKCUIIbHI pa-

nukanu, nepokcun BoaHio (H,0,) Ta cynepokcuaHi aHioHH,
1110 HAKOMMUYYIOThCS B KJIITUHAX SIK in vivo, Tak i in vitro. 1le
3abe3Ieuye cTabiTi3alio CTpyKTYpr O€H30IbHOTO KiJIbIIs
LIJISIXOM 3011bIIEHHST KiJIBKOCTI aTOMiB KUCHIO [45, 46].
KpiM Toro, KBeplLeTUH CTUMYJIIOE CUHTE3 FTeMOKCUTeHa3u- 1
(Heme oxygenase-1, HO-1), ¢pepMeHTy 3 aHTUOKCUOAHT-
HUMU BIACTUBOCTSIMM, SIKUI CIIPUSIE 3aXUCTY KJIITUH Bijl
OC [47]. OTxe, OCHOBHA aHTUOKCHIAHTHA [Iisl KBEPLUETUHY
MOB’s13aHa 3 MOT0 3AaTHICTIO MOTJIMHATY BiUTbHI pagvuKain
[48]. OkcupatuBHMit cTpec, cipuunHeHuii POK, Heratus-
HO BIUJIMBA€E Ha KJIITUHMU, i LIeii TTpoliec 31e0iIbIIIOro OB’ sI-
3aHUH i3 aKTUBALIi€I0 TAKUX CUTHAJbHUX HIISAXiB: NrF2,
AMPK, MAPK, no3akjiiTMHHO CUTHaJI-peTyIbOBaHi Ipo-
teinkiHasm (extracellular regulated protein kinases, ERKS),
a Takox p38 i JNK [5]. Ksepuetun epexruBHO abcopOye
P®OK, mio cripusie miaTpuMIli BHYTPilIHbOKJIITUHHOTO
OKMCHIOBaJIbHO-BiIHOBHOTO OasiaHcy [49]. KBepiieTuH 3na-
TeH ounmaTtu POK y ¢ibpobiactax ceplis i MpUTrHidyBaTH
ixHIO Tpoutidepaliiio yepe3 0J10KyBaHHS aKTUBaIlil CUTHAIb-
Horo nusixy MAPK Ta 3HIKeHHS piBHIB (hocOpMITIOBAaHHS
ERK, p38 i JNK [50]. Takox Oyj10 mokasaHo, 110 KBep-
LIETUH aKTUBYE Kacma3y-3 (caspase-3, CASP3) i perymoe
NF-«xB uepe3 curnanbHmii misx ¢pochaTuavIiHO3UTON-3-
kiHa3a (Phosphatidylinositol-3-kinase, PI3K)/npoteinkiHa-
3a B (Akt), o cripusie 3MeHIeHHI0 mpoaykitii POK i Tum
caMuM IOJIiMIIeHHIo nepeodiry arepockiepornyHux CC3 ta
HelipoaereHepaTUBHUX 3aXBOPpIOBaHb [51].

¥ moneni H,0,-innykoBanoro OC nornepenHst o6podka
KBEPIIETMHOM iCTOTHO 3HWXKYBaJIa BHYTPIllTHbOKIIITHUHHUIM
piBeHb POK [52]. Lle neMOHCTpYE MOTEHIIial KBEPLIETUHY
y 3MeHIleHHi HakonnyeHHs1 POK y kiiTHHAX, 110 CIIpUsIE
3aXMCTY Bifl OKMCHIOBAJIbHO-MOIU(iKOBAaHUX TTOIIKOIKEHb
[48]. KpiM Toro, KBepLIETUH IOJIMIIYE XUTTE3AATHICTh
KIIITUH 3a paXyHOK 3HIKeHHS piBHSI OC, CIpUYMHEHOTO
H,0,. Lle cynpoBOIKYEThCSI 3MEHIIIEHHSIM eKCTpecii OiJIKiB,
siki aconirooTbest 3 OC [53]. IMoBipHO, aHTUOKCUIAHTHUIMN
edeKkT KBeplLeTHHY 3yMOBJIEHUI 1OTO XiMiUHOIO CTPYKTY-
pOI0, 30KpeMa HasIBHICTIO (P€HOJIbHUX TiIPOKCUIBHUX IPYII,
SIKi 31aTHI 3a0e3rmeyyBaT aHTUOKCUIAHTHY aKTUBHICTh
[54]. DeHONBHI TiAPOKCUIIbHI TPYITU MOXYTb MPOSIBISITH
AHTMOKCHUIAHTHY Iifo i 3a0e3mevuyBaT aKTUBHUI BOJIEHb
(H,) nng iHakTuBauii BiAbHUX paguKalliB, OMHOYACHO
OKMCHIOIOUNCH IO BUCOKOCTAOUIbHMX BIIbHUX paauKaliB
JITTHIII [49].

OKpiM 11bOT0, KJIIOYOBY poJib B 3axucTi Big OC Bimirpa-
I0Th aHTUOKCUIAHTHI (pepmeHTH, Taki sk KAT ta CO/ [55].
[IpoaeMOHCTpOBaHO 31aTHICTh KBEPLIETUHY 3aM00iraTu mo-
IIKOKEHHIO Ceplisl 3a paXyHOK ITiABUIIEHHST aKTUBHOCTI
CO/1, KAT i I'TIO y mtypiB 3 roctpuM iH(apKTOM MioKapaa
[56]. BcTaHoBeHO, 110 KBEPLUETUH 3HAYHO 3HUXYE KOH-
LeHTpallito 6iomapkepiB OC, Takux SIK MaJJOHOBUI Aiajibe-
rim Ta iHgynubenbHa cuHTaza okcuay a3oTy (Nitric oxide
synthase, iNOS), y TKaHMHAxX MioKap[a 3a YMOB TiITOKCil.
OpHoYacHO KBepleTUH miaBuinyBaB akTuBHicTh COJI i
KAT [49]. ¥V monensix 3 Cd-ingpykoBanumu CC3 KBeplLeTHH
3a0e3reuyBaB KapAioNmpOTEKTOPHUI e(PeKT yepe3 CTUMYJTIO-
BaHHs aktTuBHOCTI COJI, KAT i I'TIO [57].

OKUCHEHHS i0HIB 3aJli3a Ta Milli B OpraHi3Mi € OTHUM i3
YHHUKIB MiIBUILEHHS PiBHS BUIBHUX paauKaiiB. Y 11bO-
MY KOHTEKCTi KBEPILIETUH IEMOHCTPYE BUCOKY 3MATHICTh 10
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XeJIaTyBaHHS i0OHIB METaJIiB, 110 CIIPUSIE OJIOKYBaHHIO peak-
1ii deHTOHA, 3HMKEeHHIO yTBOopeHHs1 POK [58, 59]. Hocni-
JKeHHS MOoKa3aju, 1110 Y CTabiIbHUX XeJIaTHUX KOMILIEKcaxX
3 iOHAaMM MeTaJliB KBEPILICTUH TPOSIBJISIE OLTBII BUpaXKeHi
AHTUOKCHUAAHTHI BiacTuBoCTi [43]. 30KpeMa, B yMOBaX eKC-
MePUMEHTaIbHOTO MOJIETIOBAaHHS aJIKOTOJIbHOI XBOPOOU T1e-
4iHKM BCTAaHOBJIEHO, 10 KBEPLETHH iHTiOye Fe’-inmykoBaHe
IT1OJ1, akTBHO Xxesaryiour ionu Fe**, 1110 cripusie 3ano6iraH-
HIO TIEpeBaHTAXKEHHIO OPraHi3My 3aj1i30M Ta MPUTHIYEHHIO
OKHCHIOBAJIbHUX ITOLIKOMKEHb [58]. KpiMm Toro, KBepieTnH
3MATHUI OKHMCHIOBaTHC Tin gieo Cu?* 3 yTBOpEHHSIM CTa-
OLTbHMX TOXiTHUX OEH30XiHOHY. Y pe3yJbTaTi KaTaliTUuHa
akTuBHicTh Cu** oo onocepenkyBaHHs [TOJI 3HIKYEThCS.
Taxox Oys10 TPOIEMOHCTPOBAHO, 1110 XeJIaTyBaHHS KBEp-
LETUHY 3 MiIII0 3HAYHO MPUTHIYYE 11 3MaTHICTb iHIyKyBa-
T YTBOPEHHS TiAPOKCUIBHUX PalKaliB, a caM KBEPLETUH
moxe 3axuinaty JJHK Bin ymkomkenns POK [59, 60].

IMimBumenuii piBenb okucHenux JITTHIL in vivo He
JIMIIIEe CIIPUYMHSIE HEKpo3 abo amnoITo3 eHAO0TeTiOLUTIB,
3aIaIbHUX KJIITUH, (piOpo0IacTiB Ta IIagKMX MiOLIUTIB, a i1
CIIpUSIE MpOrpecyBaHHIo atepockiaepornyHux CC3 [61, 62].
Binomo, 1110 KBEPIIETUH MOXeE 0CITaTH AHTUOKCUIAHTHOTO
edekTy 1uUIssxoM iHrioyBaHHst okucHeHHs JITTHII ta 3Hu-
JKEHHSI BHYTPIlIHOKIITUHHOI KoHLieHTpalii POK [49].
ITponeMoHCTpOBaHO, 1110 MiIBUIIEHHST PiBHSI KBEPLIETUHY
y IIJIa3Mi KPOBi 3yMOBJIIOE 3HMKEHHS MOKA3HMKIB 3arajib-
Horo xonecTepuny Ta xoiectepuny JITTHIL (XC JITTHILL).
Lle mosicHIOETBCS 30ATHICTIO KBEPLETUHY aKTUBi3yBaTH
dochopunoBanisgs MAPK i ERK, 1o cripusie aBrodarii
Ta 30UIbIIYE BUXKUBAHICTh KIITUH. KpiM TOro, KBepueTuH
npurHiuye OC, innykoBanuii okucHeHumu JITTHIL, uepes
3HuXkeHHs ekcnpecii Toll-monioHoro petuenropa 4 (Toll-
like receptor 4, TLR4) y curHanbHOMYy 111Xy POK/TLR4.
TakuMm yrHOM, KBEepILETUH €(DEKTUBHO CTPUMYE KaJIbIIM-
¢ikalito KJITUH Ta OCTeOreHHY AudepeHIiallito MioIUTiB,
iHnykoBaHy okucHenumu JITTHILL [49].

3.2. Keepuemun i Xponiune 3anaieHHsa HU3bK0i iHmMeH-
cugnocmi

Maxkpodaru BigirparoTb KJIIOYOBY pOjb Y PO3BUTKY
X3HI. BoHn akTHBHO IPOAYKYIOTh ITpO3anaibHi IIUTOKIHM,
npocrarinanauH E2 (prostaglandin E2, PGE2) i NO, sxi ic-
TOTHO BIUIMBaOTh Ha nepebir i Hacninku X3HI [63]. [Torpu
CKJTAJIHICTh KJITHHHUX CUTHAJIbHUX MEXaHi3MiB, PETYJISIIList
3arajJeHHsI 3Ha4HOIO Mipolo 3a1eXuTh Bia nusixiB MAPK i
NF-«B. 1li nursaxu BU3HAYalOThCS K OCHOBHI MeXaHi3MU
KOHTPOJIIO eKcrpecii meniaTopis 3ananeHHst [28]. HagmipHa
akTtuBawisga NF-xB 3amyckae excripeciio reHiB IIMPOKOTo
CTIEKTPY Mpo3alaIbHUX IIMTOKIHIB i XeMOKiHiB, MOJIEKYJ
KJIITMHHOI anre3ii Ta O6inKiB roctpoi da3u (C-peakTuBHO-
ro 6inka (CPB), mpokaiblIMTOHiIHY, (hepUTUHY, LIEpYJIO-
maasMiny Ta if.) [64, 65]. TIpu akTuBalii Makpodaris 6ak-
TepiaibHUM JtinornosnicaxapuaoM (Lipopolysaccharide, LPS)
MAPK cnpusie NoCUI€HHIO BUBLIbHEHHS TAKMX MEiaTOPiB
3amajieHHs, K nukKinookcureHasa-2 (Cyclooxygenase-2,
COX-2), iNOS i pisHOMaHITHiI LIUTOKiHU [66, 67].

HemonaBHi mocmimkeHHS 3aCBiTYMIn, 110 MOTiheHOIb-
Hi CIIOJIyKM 31aTHi 3B’s13yBatucs 3 6inkamu MAPK, 1o
NIO3BOJISIE 3HUXKYBATU aKTUBHICTh CUTHAJIbHUX KiHa3HUX
HIsxiB [68]. OgHUM i3 HaBaXIIMBILINX e(EKTIB KBEple-

TUHY € MOTO 3JaTHICTh MOJIYJIFOBATH 3amajibHi TPOLIECH.
BiH eeKTUBHO 3HMXYE piBeHb MpO3anaJbHUX MeIiaTopiB,
30KpeMa IIpoCTarjaHIMHIB i IEMKOTPIEHIB, a TAKOXK iHTi0y€e
akTUBHicTh JinmokcureHasu ta COX-2 [69].

V KIITUHHUX JiHisIX TeNaTOLUTIB JIOAUHY MTPOAEMOH-
CTPOBAHO, 10 KBEPLIETUH CIIPUSIE BUPAXKEHOMY 3MEHIIICH-
HIO piBHSI MeaiaTopiB 3ananeHHs, Takux sk NOS, COX-2
i CPB [70]. YucneHHi OoCHimKeHHS in vitro TITBEPIXKY-
10Tb, 1110 KBEPLETUH 31aTeH npurHidyBatn LPS-inaykoBaHy
aktuBatito IJI-8 y kinitnnax A549 (eniteniajibHi KJIITUHU
aJICHOKapIIMHOMU JIETeHb JIIOIMHU), a TAKOX 3MEHIITYBaTU
LPS-crumysnboBany npoaykitiro @HIT-o y makpodarax [71].
OkpiMm 1BOTO, 1LIeii (PIaBOHOIN CIIPUSIE 3HIKECHHIO PiBHIB
JT-1a i ®HII-a, o yrBoprotothes mia BruiuBoM LPS. Le,
CBOEIO YePror0, MPU3BOAUTH 10 3MEHILIEHHS allONTOTUYHOT
3arn6esti HeMPOHiB, 3yMOBJIEHOI aKTUBOBAHOIO MiKPOTJIi€0
[72]. Y Mmomensx 11ypiB i3 rocTpuM IaHKPEaTUTOM, iHIYKO-
BaHUM TilepTPUTITILIEPUAEMIEI0, KBEPLIETUH BUSBUB TPO-
TU3amajibHi BJIaCTUBOCTI, 3HKYOuM piBHi @HIT-a, 1JI-1f3,
NF-«B 1a 1JI-6, 1110 cripusijio 3MeHILIEHHIO CTYIIEHS TiCTO-
raroJsioriyHux 3miH [73]. Takox BCTaHOBJIEHO, 110 KBEpIIe-
THUH TTO3UTHUBHO BIUIMBAE Ha aKTUBHICTD nusixy AMPK, 110
cIpusi€ 30TbIIEHHIO CUHTE3Y IIFOKO3HOTO TpaHCIIopTepa
4-ro tuny (GLUT4) [74]. Jocninu Ha TBapMHAX MPOAEMOH-
CTPYBaJIV 3HWXKEHHSI PiBHSI TJIFOKO3M B KPOBI ITiCJIsI BBEICHHS
KBepLeTuHY y no3ax 10, 25 ta 50 mr/kr macu tina [50]. Kpim
TOTO, OYJIO BUSIBJIEHO, 110 (hJIABOHOI CIIPUSIE 3HUXKEHHIO
GLUT2-omnocepenkoBaHOr0 BCMOKTYBaHHSI TJTFOKO3U B TOH-
KoMy KulreuyHuky, 3meHinye [1OJI i npuraivye iHcyiHO3a-
siexxny akrusauio PI3K [68, 75].

IIpoTtusananbHi MexaHi3MU KBEPLETUHY BKIIIOYAIOTh
npurHiyeHHs kpionipuHy (Cryopyrin, nucleotide-bind-
ing domain, leucine-rich-containing family, pyrin do-
main-containing-3, NLRP3), indinsrpatii HeiTpodinis,
a takoxX 1nisixiB NF-kB i POK/AMPK [76]. Keepuetux
3gaTeH npurHidyBatu TLR4-omocepenkoBaHy eKcrpecio
MeIiaTopiB 3amajieHHsI Ta IIMTOKiHIB IUISIXOM OJIOKYBaH-
Hsa aktuBalii TLR4 [77]. Kpim Toro, ¢1aBoHOIN 3HUXKYE
HaIMipHY eKCITpecilo MOJIeKYT aare3ii Ta XeMOKiHiB [68].
KBepueTuH 3anobirae po3Butky LPS-iHaykoBaHoi cuctem-
HOI 3aIaJIbHOI BimmoBigi nursixoMm iHridyBaHHs Src i Syk-
orocepenkoBaHoro dochopmmobanHs PI3K [78].

3anajbHi mpolecH, OB sI3aHi 3 HelipoaereHepaTUBHU-
mu 3axBoproBaHHsIMuU (HI3), sik-oT xBopoba ITapkiHcoHa
(XIT) abo xBopobOa Anblreiimepa (XA), XapakTepu3yloThCs
aKTUBALII€0 TiaJIbHUX KJIITUH, YTBOPEHHSIM BiUIbHUX PaIy-
KaJliB i MiABUILIEHHSIM PiBHSI MapKepiB 3ananeHHs [79, 8§0].
JlocmimKeHHs MiATBEPIKYIOTh IIPOTHU3aNaIbHy aKTUBHICTh
kBepuetuny nipu HA3 [81]. ¥V Bumanky 3 XIT kBepuieTuH
3HIKYE Helipo3amnajeHHs IIUISIXOM IIPUTHIYeHHS eKCIIpecii
1J1-6, 1IJI-1B3, iNOS i amenmenHs npoaykuii POK [45].
AmnanoriyHo, npu XA 3amnajieHHsI, CIIPUYMHEHE OKCUCTe-
poJIaMM, 3MEHIITYETHCS 3aBASIKM PETYJTIOBAHHIO CUTHAJTBHUX
nutsixiB TLR4 i COX-2 min miero kBepuetuHy [68]. Kpim
TOTO, TTO3UTUBHUI BIUIUMB (hJIABOHOIMY AOCIIIKYBaBCS Y
KOHTEKCTi 3aXBOPIOBaHb, IMOB’sI3aHMX 3i cTapiHHIM [82]. 30-
KpeMa, 0yJI0 BUCYHYTO IIPUMYIIEHHS 1010 10r0 3MaTHOCTI
BruinBaTu Ha SIRT1 sk MoTeH11iiiHy TepaleBTUUHY MillleHb
IIJISI JTiKyBaHHSI TaKMX BiKOBUX 3aXBOpIoBaHb, sIK XI1, XA ta
xBopoOa ['anTinrToHa [83, 84].
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KBepueTnH MposiBise MpOTU3analbHy Iil0 HIISIXOM
3MEHILIEHHSI eKCITpecii Mpo3anajbHUX reHiB, aK-oT IJI-1[3,
COX-2, I/I-6 i ®HII-o B amunouuTax i Makpodarax. Edekr
NOCSITAETHCS LIJISIXOM TIPUTHIYEHHSI aKTHUBALIil SIIEPHOTO
daxropa NF-«B i JINK. TLR BimirpaioTh KJIt0o4OBY pojb B
IMYHHI1 crcTeMi, 3a0e3MeuyI0ur po3ITi3HaBaHHSI ITATOTEHHIX
MiKpOOpraHi3MiB i 3aIlycK iMyHHOI BilMOBii. AKTUBALLisI
curHanpHuX nursixiB TLR ctuMymioe BupoOIeHHS IIpo3a-
MaJIbHUX IIMTOKIHIB 3aBISKU 301/IbILICHII eKcIpecii (hpakTopiB
TpaHcKpuii, Takux Ik NF-«B ta Tpanckpurnuiiinuii pak-
top AP-1 (activating protein-1) [50]. JlocaimkeHHs neMOH-
CTPYIOTb, 1110 KBEPLIETUH 3JaTHUI MOAYJIIOBATU 3anajbHi
npolecyu yepe3 BB Ha curHaibHuit 1uisx TLR4/NF-kB
[77]. Y HOBOHapOMXKEHUX IIYPIB i3 FIMOKCUYHO-IIIEMIYHUM
ypakeHHsIM LieHTpaibHoi HepBoBoi cuctemu (LIHC) 3acTo-
CyBaHHS KBEPLIETHHY TTOM SIKIITYBaJIO MepeOir MaToJoriYHuX
MPOLIECIB Y KOPi TOJIOBHOTO MO3KY IIISIXOM iHTiOyBaHHS 3a-
3HayeHoro nuisixy [85]. KpiM 1iporo, 3a (iziosioriyHux yMmoB
11ei1 (p1aBoHOI 3HAYHO MTOCUITIOBAB €KCIIPECilo iHTepdepoHy
vy T-xenmnepax 1-ro tumny (T helper 1, Thl) i 3HUXYBaB pi-
BeHb 1JI-4 y Th2-kjtiTuHax MOHOHYKJIeapHOi (ppakilii rmepu-
GepuaHoi KpoBi [72]. [lomaTKOBO KBepLIETHH 3HIKYBAB KOH-
LIEHTpAllil0 TIpo3arajbHUX MOJIeKyJ, BKIovyaoun COX-2,
NF-xB, AP-1, MAPK, NOS Tta CPB [68, 72].

3.3. Enicenemuune mapeemyeanHs 3a 00nomoz0r0 Keep-
uemuny

EnireHetnuHe TapreTyBaHHs 3a JOIIOMOTOX0 BTOPUHHUX
METa0OIITIiB POCIMHHOTO MOXOMXKEHHS IPYHTYETHCS Ha iX
3MaTHOCTI BIUIMBATU Ha MEXaHi3MM €MireHeTUYHO1 peryJIsiil
opradizmy. [IpuponHi ciojyku, Taki sSIK pOCIMHHI eKCTpaK-
TH Ta iX aKTUBHI KOMIIOHEHTH, MOXYTh BITJIMBATH Ha KITIO-
YoBi Ipolecu, 30kpema MetumoBaHHs JAHK, Monudikartii
TICTOHIB Ta iHII MEXaHi3MHU, 3 METOIO PETYJISLIi eKcIIpecii
TeHiB i KIiTUHHUX GyHKIII [86]. KBepiieTnH 3a6e3mneuye
aneTwIoBaHH ricToHy H3, BucTynae noreHIiiitHUM iHTi0i-
TopoMm HDAC3 Ta cTumyInioe MorjiMHaHHS TJII0KO3U Yepe3
MAPK -3anexnuii Mmexati3m [72]. Taki emireHeTUYHI MOIU-
¢ikallii BruiMBaroTh Ha OCHOBHI MaTodi3ionoriyHi mpoiiecu,
CIIPUSIIOTH MOJIIIIEHHIO CTaHy iHcyIiHope3rucTeHTHOCTI (IP),
3axucTy QyHKIII1 B-KmituH, mpurHideHHio X3HI, a Takox pe-
TYJISILT TTIOKOHEOreHe3y i MpoayKilii rmoko3u. Lle minsuiiye
TepaneBTUYHY e(HeKTUBHICTb KBEPLIETUHY MPU KOMIUIEKCHO-
my JjikyBaHHi LIJI 2-ro Ty Ta CC3 nipu LI 2-ro Tumy [87].

3.4. Keepuemun, uyykposuii diabem 2-20 muny i cepue-
60-CYOUHHI 3aX80PIOBAHHS

PesynbTatt HU3KY BUIIPOOYBaHb MTPOAEMOHCTPYBAJIH,
110 i1 Vitro KBEpPLETUH MPUTHIUYE aKTUBHICTb (DEPMEHTIB,
3aJIy4eHUX Y MeTabo0JIi3M BYIJIEBOIIB, 30KpeMa O-IJIIOKO3U-
Na3y Ta TaHKpeaTUYHoI a-aminasu. Lle ynmoBiabHIOE Tinposti3
KPOXMAaJII0, 3HVIKYE IIBUAKICTH a0COPOILil IJTIOKO3U Ta CIIPUSIE
perysuii nmocrnpannianbHoi rinepriikemii [88, 89]. Hociri-
JDKeHHST Ha 1iypax i3 crpenrro3otounH (CTL)-iHmykoBaHUM
niabeToM ITOKAa3aJIi 3MaTHICTh KBePLIETUHY 3HIDKYBATH PiBEHb
ITIOKO3M B KPOBi Ta MOJIIMIITYBaTH TOJIEpaHTHICTE 10 Hel [90].

HemonaBHi nocmimkeHHS MiATBEpANIN, 110 KBEPLETUH
y no3yBaHHi 150 MI/KT cripusie MOJIIILIEHHIO TIepediry pe-
TuHomnatii y mypiB 3i CTL-innykoBaHum giadetom. Edexr
TMOCSITAETHCS 3aBASIKU 3HMXKEHHIO eKCIpecii MOHOIIUTap-

HOTO XeMOaTpaKTaHTHOTO mpoTeiny-1 (Monocyte chemo-
attractant protein-1, MCP-1), MaTpuKcHOI MeTaIoOnpoTe-
iHazu-9 (Matrix metalloproteinase-9, MMP-9) i dakrTopa
pocty eHpotelnito cynuH (Vascular endothelial growth factor,
VEGF), a Takox 3MeHIIIEHHIO MOIIKOMXEeHHsI OiKiB, 3y-
MosisieHoro OC [75, 90]. locnimKeHHsI in vitro Ha eHIOoTe-
JliaJIbHUX KJIITMHAX CiTKiBKM OKa JIIOAVUHU IEMOHCTPYIOTb,
110 KBEPLIETUH 30aTHUM IMPUTHIYYBAaTH KJIITUHHY IpoJtide-
paillito, CIIpUYMHEHY BUCOKMM PiBHEM TJIIOKO3U, LIJISIXOM
3HukeHHs1 BupoosieHHss VEGF [91]. Kpim toro, npone-
MOHCTPOBAHO, 110 KBEPLIETUH OJIOKYE CUTHAJIBHUM HIJISIX
Sphingosine kinase 1 (SPHK1)-Sphingosine-1-phosphate
(S1P) i, oTke, mpUrHiYy€e po3BUTOK (Pidpo3y HUPOK [13].

KniniyHi gocaimxeHHs MiATBEPIKYIOTh, 110 TPUHOM
I00aBoOK KBepleTHHY (= 500 Mr Ha IeHb IPOTITOM IIIOHAM-
MeHIIe 8 TUXXHIB) CIIpUsie 3HAYHOMY TTOJITIIIEHHIO PiBHSI
IJIIOKO3M HaTIIEe, MOKA3HUKIB TOMEOCTATUYHOI MOAEi iH-
nekcy iHcyniHope3ucTeHTHOCTI Homeostatic Model As-
sessment of Insulin Resistance (HOMA-IR) i 3HUKeHHIO
KOHILIEHTpallil MapkepiB 3amnaneHHs (Hanpukian, OHIT-a
ta 1JI-6) y mamienTis i3 LI 2-ro TUITy Ta MeTaGOJiIHUM
cuaapomoM (MC). IloxiOHi MO3UTHUBHI 3MiHM MeTabOJTiv-
HUX TIpolieciB Oy/u 3adikcoBaHi y XiHOK i3 CUHAPOMOM
MOJIiKiCTO3HUX sieuHMKiB [13]. Binble Toro, KBepueTuH
aKTUBYE iHCYJIiHO3aexXHUI curHaabHuil nmisix MAPK i
crpusie pochopriiroBaHHIO cUTHaIbHOro Kackany PI3K/
AKkt, 1110 TIOSICHIOE OTO aHTHAia0eTUYHI BJIACTUBOCTI Ha
MOJIEKYJIIpHOMY piBHi [75]. 3arajioM Lieit 6araTouiiboBuUii
MeXaHi3M il KBepLeTUHY 3a0e3Ieuye aHTUOKCUAAHTHUM
3aXUCT, 3HUXKYE 3amajibHi MPOLIeCH Ta MOPYIIEHHS MeTa-
00J1i3My ITI0KO31. TakuM YMHOM, KBEPLETUH Ma€E 3HAUHUMI
roteHuian 1jst npodinakTuku i aikyBanHst LI 2-ro tumy Ta
iioro yckiaaHeHs [13, 92].

KBepuerna OyB BU3HaHUN €(PEKTUBHUM Yy 3MEHIIICHHI
o3Hak MC [93, 94]. EcdbexkTrBHE ynpaBliHHS METa0OiYHM -
MM po3J1alaMU 32 JOTIOMOTOIO KBEPLIETUHY OTIOCEPEIKOBY-
€ThCS KiJTbKOMa MeXaHi3MaMU, 30KpeMa UISIXOM 301IbIIEeH-
HS1 PiBHSI aAUMNOHEKTUHY, 3HIKEHHST BMICTY JIeNnTUHY, 1P,
MiIBUILIEHHST aHTMOKCUIAHTHOT aKTUBHOCTI, PiBHSI iHCYJIiHY
ta 6;10KyBaHHsT Ca**-kaHaniB [93]. KpiM Toro, KBepLeTuH
BUSIBJISIE KapIiOIPOTEKTOPHY Mil0 B Pi3HUX KYJIbTypax KJli-
THH i TBapuHHUX Monesissx CC3 3aBAsiku aHTMOKCUAAHT-
HUM i TpoTU3anaibHUM BiIacTUBOCTAIM [95]. Jlo OCHOBHUX
0COOJIMBOCTEH KBEPIETUHY MTPU OXUPiHHI HaJIeXXaTh MOTO
y4acTh y Ipoliecax TepMOIreHe3y, ITOTeMHIHHS 01101 Xu-
poBoi TkKaHuHM (White adipose tissue, WAT) Ta perynsiiii
3anajeHHsI KOpUYHeBOi X1poBoi TkKaHMHU (Brown adipose
tissue, BAT) [42].

Pe3ynbTaTi paHIOMi30BaHOTO MOABIHHOIO CIIIOro Ie-
peXpecHOTo MOCTiIKeHHS 3a yyacTio 24 namieHTiB 3 LI/
2-T0 TUMY MoKa3aju, 1o 3actocyBaHHs 400 Mr KBepLIETUHY
crpusie eeKTUBHOMY 3HVKEHHIO ITOCTIPpaHAiaIbHOI Tirep-
rJlikeMii. ABTOpY BBaXKalOTb, 1110 MEXaHi3M [lii KBepLETUHY
TMOB’SI3aHM i3 MPUTHIYEHHSIM aKTUBHOCTI O-TJIIOKO3UIa3U B
KUILIEYHUKY, 110 MOXE 3pOOUTH HOTO NIEPCTIEKTUBHUM IPH -
POAHUM 3aCO00M JIJIsI KOHTPOJIIO TTOCTIPAHAiabHOI TIiKeMil
[96]. IHIIe KITiHIYHE TOCIIIKEHHSs, IIPOBEICHE 3a y4acTIO
47 nauieHtiB i3 LIJ1 2-ro TuIy, Majgo Ha MeTi OLIIHUTU aH-
TUOKCUIAHTHUN BIUIMB KBEPLIETUHY Y 1031 250 MT Ha 100y
MIPOTSATOM 8 TIDKHIB. ¥ XOIi TOCTiIKEeHHS OYyJI0 BCTAaHOBJIC-
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HO, III0 TTOPiBHSHO 3 IIJ1a11e00 KBepLEeTUH 3HAYHO MiIBUIITY -
BaB 3arajibHy aHTMOKCUIAHTHY 31aTHICTb i 3HMKYBaB PiBeHb
oxucHeHux JITTHIL y cupoBatui kpoBi. OmHaK XOITHOTO
BIUIMBY Ha TJIiIKEMiYHi MOKa3HUKM, TaKi SIK PiBEHb iHCYJIiHY
y KpOBi, IIperpaHaiajibHa IJ1iKeMis a0 BMICT INIIKOBAaHOTO
remomno0iny (HbAlc), He criocrepiranocs. [TapameTpu Ji-
migHOro mpodiaio TaKoX 3aIMiuarcs 6e3 3MiH. Ha ocHoBI
OTPUMAaHMX Pe3yJIbTaTiB aBTOPU 3a3HAYAIOTh, 110 KBEPLIETHH
MO3UTUBHO BIJIMBA€ HA aHTUOKCUIAHTHUIA CTaTyC OpraHi3-
My, TIpOTe HEe BIUIMBAE Ha TJIiKEMIUHMH i JiIMigHUI cTaTyC
[97]. BomHOYac BUCHOBKM MeTaaHali3y Ta CUCTEeMaTUYHO-
ro orjsany, ski Bkirounan naxi 9 PKJI, cBimuaTh mpo Te,
10 MPU3HAYEHHS TAlliEHTaM 3 MeTabOTiYHUM CUHIPOMOM
KBEPLETUHY y 103yBaHHi > 500 MT Ha 100y MPOTATOM > 8
TIDKHIB 3IIaTHE 3HIDKYBATH PiBEHb IPeTpaHIiaIbHOI [IIiKeMil
Ta 3HaYHO 3MEHIITYBAaTH KOHIIEHTpaIlilo iHCyminy [98].

AHTUTITIEPTEeH3UBHi, aHTUATEPOCKIIEPOTUYHI Ta CyIM-
HOPO3UIUPIOBaIbHI e(heKTH KBEPLUETUHY, a TAKOX Oro
y4acTh y mpoliecax CeJeKTUBHOTO BUIAIEHHS CTapilounx
eHIOoTeliaIbHUX KITIITUH BKa3yIOTh Ha Te, 110 11eii (h1aBoHO-
I Mae KapIiompoTeKTOPHi BIacTUBOCTI [76, 93]. Y xBopux
Ha LIJI 2-To Ty MpoaeMOHCTPOBAHO, IO XapyoBi 100aB-
KM, SIKi MICTSITh @aHTOLlIaH!, MOJIIMIIYIOTh MeTabO0J1i3M [0~
KO3 Ta JiniaiB, a Takox nepedir X3HI [99]. 3actocyBanHs
KBEPLETUHY CIIPpUSIE TTO3UTUBHUM 3MiHaM JilliTorpamu,
3HMXKEeHHIO Macu Tina ta IMT. OTxe, 11eii aHTUOKCUIAHT
MOXe TIPUTHIYYBaTU MeXaHi3MU, IMOB’SI3aHi 3 OXUPIHHIM,
o 6epyth yyacth y natoreHesi MC [99]. Pesynbratu
CUCTeMaTU4YHOTOo orjsany, mpoBeaeHoro H. Gouveia et al.
(2022), cBiguath Tpo Te, 10 (PIABOHOIIN MOXYTh 3HAYHO
MOJIYJIIOBaTU KiJbKa MeTa0OJIiYHUX IMapaMeTpiB, 30KpeMa
JinigHuit npodins, AT i piBeHb ITI0KO31 B KPOBi. Y KJIiHIU-
HOMY OOCJIIDKeHHI 3a y4acTIo XiHoK i3 LI/] 2-ro Tumy 0yJ1o
MOKAa3aHO 3HAYHEe 3HWXEeHHS piBHS cuctoiiuHoro AT npu
3aCTOCYBaHHI 100aBOK KBepleTuHy [100], ToMy € mincTaBu
pO3IIsiAaTy BXUBAHHS (hJIaBOHOITHUX JIETUMHUX 100aBOK
SIK CTPATETII0 MIJIsI TIOJIIIIEHHS AeSIKMX MeTa0OoIiYHUX Ta-
paMeTpiB i, SIK HACIiMOK, 3HUKEHHS pU3UKY 3aXBOPIOBaHb,
noB’sa3anux i3 MC [101].

KgBepueruH ninBuiiye KapaionpoTeKIito IUISIXOM CTH-
MYJISIIii aKTUBHOCTI €HIOTEIIHOBUX PELEITOPIB i 30i1b-
meHHst cuHTe3y NO npu moaemoBanHi CTL-iHnykoBaHoro
niabety [75]. Y TBapuH i3 rinepimnigeMiero ¢h1aBoOHOII Ipr-
THIYYBaB aKTUBHICTh 3-Tigpokcu-3-metunraotapui- KoA-
PeIyKTa3u, 110 CIPUSLIIO 3MEHILIEHHIO PiBHS TPUTILIEPUIIB,
3arajibHoro xojiectepuny, a Takox XC JITTHIL i nimonpo-
TeTHiB Ay>XXe HU3bKOI 1IiJIbHOCTI. BomHouac crocrepiraioch
HiIBUIIEHHS PiBHIB agunoHeKTUHY Ta XC JIMonpoTeiHiB
Bucokoi mibHOCTi [90]. Tako:xk Oy710 Big3Ha4YeHO, 110 KBEpP-
LETHUH 30aTHUU MPUTHIYYBaTU HaOIMipHY eKCIpeciio ¢ak-
Topa pocty crnojygyHoi TKaHuHU (Connective tissue growth
factor, CTGF) i TGF-1. Lle cripusijio noJtinineHHo GyHK-
LIOHAJILHOTO CTaHY HUPOK Y IIYpPiB 3 AiabeTUUHOI0 XBOPO-
6010 HUpOK [102].

JocmimKeHHs 3aCBiIUIIIN, 110 KBEPLIETUH MOXe e(PeK-
TMBHO 3anobiratu Ta noJjermyBaTtu nepedir CC3 npu L]
2-ro tumy [103]. KopucHi epekTtn KBepLeTUHY 3yMOBJIEH
MOTY>KHUMU aHTUOKCUJIAHTHUMM Ta MPOTHU3aNAJIbHUMU
BiacTUBOCTIMU. KBeplieTHH BIIMBA€E HA pi3HOMAaHITHI MO-
JeKynspHi mitteni, 3okpema @HIT-a, NF-kB, AMPK, Akt

ta Nrf2. KBepuetun ctumymoe ekcrpecito Nrf2 i cripusie
fioro nepemillieHHIO 10 siipa, 1110 3a0e3Mevuye aKTUBaLlilo
aHTHOKcHIaHTHUX TeHiB [104]. BomHoYac KBepLeTUH Mpu-
rHiuye migBuileHy ekcripecito iNOS uepe3 iHTiOyBaHHS
3aMajibHUX CUTHAJIbHUX HUISIXiB, TakuX sk NF-kB. Lle mpu-
3BOJUTH 10 3MEHIIEHHS HaaMipHoTro BUpoOseHHs NO i
3HmkeHHs akTuBHOCTI OC [50]. KBepueTrH BIUIMBa€E Ha
aktuBHicTh COX-2, 110 moc1a0/1i0€ BUBLIBHEHHS IIpO3a-
MaJbHUX IUTOKiHIB, ak-oT ®HII-a, 1JI-6, IJI-13 Ta 1JI-8
[68]. Kpim Toro, 6yj0 qoBeaeHO, 110 KBEPLETUH CIIPUSIE
cekpellii mporusanaabHoOro HuToKiny IJI-10 [72].

OcHoBHOI0 MeTo10 TTpocnekTuBHOoro PKJI Gyna orinka
KJIiHIYHOI e(heKTMBHOCTI 3aCTOCYBaHHS KBEPLIETUHY Y I'PYITi
3i 100 xBopux, siki crpaxnatoth Ha LI/ 2-ro tuny. I1awieH-
™™ Oy paHIOMi30BaHi B KOHTPOJIbHY a00 iHTEpBEHIIIHY
rpynu. KoHTposibHa rpyna oTpuMyBaja JIMIIEe CTaHIapTHE
JIIKyBaHHSI, TOMi SIK Y iHTepBEeHIiMAHiIA TPYIIi XBOPi 10AaTKO-
BO BXXMBaJIM KBepLEeTUH Y 103i 500 MT 1110HSI IpoTsrom 12
TvkHiB. [licas 1poro 0yB 8-TUXKHEBMIA TIepio BUMMBaH-
Hsl, SIKWI 3aBepIITyBaBCs 11e OMHUM |2-TUXKHEBUM eTarioMm
MpUIiOMY KBEpLETUHY. 3arajibHa TPUBATICTh AOCTiIKEHHS
cTtaHoBWJIA 32 TWXKHI, KBepLIETMH 3aCTOCOBYBAaBCS SIK JIO-
IMOBHEHHS JI0 CTaHIapTHOTIO JIiKyBaHHS. BcTaHOBIEHO, 1110
MOPiBHSIHO 3 KOHTposieM BMicT HbAlc 3Ha4YHO 3HU3UBCS.
Kpim Toro, KBepueTHH CIPUSIB CYTTEBOMY TOJIMIIEHHIO
MOKa3HUKiB cucToiaiyHoro AT, TpuBaaoCTi HIYHOTO CHY,
PiBHSI TPMBOXKHOCTI Ta 3arajbHOI SIKOCTi KUTTsI, BKIIOUHO
3 (hi3MYHUMHU Ta MICUXOJOTIYHUMU CKIanHUKaMu. Takum
YUHOM, KBEPIETUH IEMOHCTPYE MEPCTIEeKTUBHICTD SIK 10-
0aBKa TSI MATPUMKU CITOCOOY XUTTS Mpu JikyBaHHi LIJI
2-ro tumy [105].

OKCUIaTUBHUI CTpeC, 3yMOBJICHUI XPOHIYHOIO Timnep-
[JIiKeMi€l0, € KJIIOUYOBUM (PAKTOPOM Y PO3BUTKY YCKJIaI -
HeHb, 1o BimBaioTh Ha LIHC, ta moxe criprmanssatn HJ13,
taki sk XIT i XA [106, 107]. Pe3ynpraTii ocTaHHIX DOCTi-
JDKeHb TEMOHCTPYIOTh, 1110 BBEJCHHS KBEPLIETUHY CIIPUSIE
TMOJITIIIIEHHIO KOTHITUBHUX (DYHKIIii1, 30KpemMa mam’siTi, a
TaKOXX HOpMaJli3allii eHepreTUYHOro OOMiHYy B MO3KY IIIypPiB
3 CTU-inmykoBanuM miadetom [90]. B po6oTi P. Bellavite
(2023) posrasnaiTbes HEUPONPOTEKTOPHI edekTu da-
BOHOINIB (0COOJMBO TeCIIEPUANHY Ta KBEPIUETUHY, SIKi €
HaOLIBII MOIMPEHUMU) HA IPUKJIA/li TBADMHHUX MOJIEIei
nemnpecii, HelipoToKcuuHOCTi, XA i XI1. BoHu cBiguats mmpo
3HUKEHHSI aKTUBHOCTI (pepMeHTIB, 1110 MpoayKyioTh POK
i peponTo3, iHriOyBaHHSI MOHOAMiHOOKCHIA3U, CTUMYJISI -
11if0 CUCTEMHU «TpaHCKpunuiiHuit pakrop Nrf2/aHTHOKCU-
JIAHT-PECIIOHCUBHUI eJleMeHT» (Antioxidant response ele-
ment, ARE), iHoyKiIiro cuHTe3y HelipoTpogidyHOro hakTopa
mo3Ky (Brain-derived neurotrophic factor, BDNF), a npu
XA — 3anobiraHHs arperaiiii 6eta-aminoiny (A3). Bctanos-
JIEHO, 1110 iHTiOyBaHHS Helpo3analbHUX MPOLECIB 3MEHIITYE
MPOYKIIilo IIMTOKiHiB, 30kpema ®HII-a ta IJI-13, Mikpo-
[JIi€I0 Ta aCTPOLMTAMU Yepe3 MOAYJSILII0 PEryIsTOPHUX
6inkiB, Takux sk NF-kB ta NLRP3-indnamacom [108, 109].

BucHoBKMU

[MaTorene3z CC3 nipu LI/l 2-ro Tumy — 1e Hag3BUYAHO
CKJIAIHMI1 poliec i3 6araTbMa acreKTaMu, SIKi 111e 3aIula-
IOTHCSI HEIOCTAaTHBO 3’sICOBAaHUMM. BincyTHICTh MOBHOIO
PpO3yMiHHSI MeXaHi3MiB BUHMKHEHHS i rTporpecyBaHHst CC3
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00MeXY€ IOCTYITHICTh afeKBaTHUX METOMIB iX JiKyBaHHSI.
XpOHiyHa TiNnepriikemisl € KJIOYOBUM YMHHUKOM, SIKUM
CIIpUsSIE TIATOJIOTIYHMM 3MiHaM 4epe3 MOoETHAHHS MeTabo-
JIIYHOI AUCPETYJISIII, MiTOXOHAPiaTbHOI TUCHYHKILII, CTpeCy
EP Tta enirenetnuHux moaudikaiii. Yci Ha3BaHi hakTopu
npu3BoasTh 1o OC i X3HI, 110, y cBoIO uepry, 3yMOBIIIOE
MOIIKOKEHHSI CYAMHHOI cucTeMu. BoaHouyac TpaHCKpUII-
mifiauit paxtop Nrf2 € HeHTpaaIbHUM PEryIsiTOpOM MeXa-
Hi3MiB aHTHMOKCHAAHTHOI'O 3aXMCTy Ta MPOTU3aMaIbHUX
peaxiiiii, skuii 3ab6e3neuye KiaiTuHHui 3axuct Big OC Ta
X3HI. V¥ 3B’s13Ky 3 MM po3poOKa papMaKoIOTiuyHUX areH-
TiB, 3IaTHUX aKTUBYBaTU Nr1f2, € MepCIeKTUBHOK CTpaTe-
rieto y mpodimakruii Ta Teparii CC3 mipu LIJI 2-ro Tumy.

Cepen nepcrnekKTUBHUX PEYOBUH 3HAUHY yBary mpuBep-
TalOTh BTOPUHHI METa0OJiTU POCAUHHOIO MOXOIKEHHS,
Taki sIK paBoHoinu. Lle conyku, siki MalOTh YHiKaJIbHUN
TepaneBTUYHUM MMOTEeHIIia] 3aBAsSIKN CBOili 0araToBeKTOp-
Hilt mii. Ha BimMiHy Binm TpagumiiiHUX JiKapChbKMX 3ac00iB,
1110 crieniyHO BILIMBAIOTh JIMILIE HA OAUH MeTaO0OoIiYHMM
nUIsIX, JIABOHOIAY 3IaTHI OMHOYACHO aKTUBYBaTU Nrf2-
OIIOCepPeIKOBaHi aHTUOKCUIAHTHI MeXaHi3MM, IPUTHIYyBa-
™1 curHaiabHi nistxu NF-«B Ta ingramacoMmHoi akTuBariii,
a TaKoX MOMYJIIOBAaTH €Iir€HeTUYHi IMPOLIECH PETYJISILII.
3aBasKu 1IbOMY (hJIABOHOIIU MOXKYTh 3a0e3MeuyBaTi KOMII-
JIEKCHUIA 3aXMCT OPTraHi3My IIIJISIXOM TTOCUJIEHHST aHTUOKCH-
JIAaHTHUX MEXaHi3MiB Ta 3HMKeHHs noka3HukiB X3HI. Lleit
0araToBUMipHUIA TepaneBTUYHUI e(heKT YacTO NEPEBUIILYE
(GYHKIIIOHAIBHICTb JiKyBaJIbHUX MiXOMiB, OPiEHTOBAHUX
BUKJIIOUHO HA KOHTPOJIb IJIiKeMii, i Haga€e IMPpOKi MOXKIM-
BocTi st nikyBanHst CC3 ipu LI 2-To Tumy.

KgepuietuH € nommpeHuM (p1aBOHOINOM, SIKMIA XapaK-
TePU3YETHCSI 3HAUHUMU aHTUOKCUJIAHTHUMU Ta TIPOTU3a-
NaJIbHUMU BJIACTUBOCTSAMMU. Bimomo, 1110 1 criosiyka B3ae-
MOJIi€ i3 curHaabHUM IUIsIxoM Nrf2 i cripusie mocaadieHHIO
OC i X3HI. Kpim Toro, KBepueTUH IEMOHCTPYE 30aTHICTh
perymoBaTi QYHKIIIOHYBaHHSI MiTOXOHOpPili, MeXaHi3-
MM anoriTo3y Ta aBTodarii, a TakoX BIUIMBATU Ha PiBEHb
OioMapKepiB KJIITUHHOIO YIIKOMXKEHHS. 3aBIsIK TaKUM
BJIACTUBOCTSIM KBEPLIETUH BBAXKAETHCS e(heKTUBHOIO Tepa-
MEeBTUYHOIO orieto st JikyBaHHs: CC3 y maiieHTis i3 LIJT
2-ro Tuty. [lompu 3HAaYHMIT TTOTEHIIIa KBePLETUHY, I0TO
e(eKTUBHICTb 0OMEKYETHCSI HU3bKOIO 010I0CTYITHICTIO TIPU
TepopaabHOMY 3aCTOCYBaHHI, SIK 11€ OyJIO BUSIBICHO B HU3LI
nociimkeHb [110, 111]. Y 3B’13Ky 3 IMM CIpSIMOBaHi 3yCHJI-
JIsl Ha BIOCKOHAJIEHHSI TEXHOJIOTii J10CTaBKU KBEPLETUHY
yepe3 TMoJA0JIaHHS TaKMX MEePelIKo, SIK oraHa BoJ0po3-
YUHHICTb i HECTAOIBHICTD Y (bi3i00TIYHOMY CEPEAOBUILII.

Ilomnpu nepcneKTuBHI eKCIIepUMEHTaNIbHI pe3yIbTaTH,
110 CBiMYaTh MPO MOTEHIIHHO MTO3UTUBHUI BITJIUB KBEpIIE-
TUHY Ha CepleBO-CYIUHHY CUCTEeMY, HaHi KIIIHIYHUX M0~
CJIIIKEeHb 3aJTUILIAaThCs cyrepewinBuMu. Lle mepeBaxxHO
MOB’s13aHO 3 00MexkeHo10 KinbKicTio PK]I, cripsimoBaHux Ha
BUBYEHHSI e(peKTiB (hj1aBOHOIMY Ta Oro MOXiqHUX. 3 OTJISIAY
Ha 1e HeoOxinHo nposectu PKJI i3 6inbll foCKOHATUM
IU3aiHOM i pO3IIMPEHNUM 00CSATOM BUOIPKM, 1110 T03BOJIUTH
BUIPOOYBATH Pi3Hi KOHUEHTpAllil KBepueTUHy. Takuii min-
XiI cnpusiTUMe TAUOIIOMY PO3KPUTTIO MOTO TepareBTUY-
Horo noteHuiany y jJikyBanHi CC3 y mauieHriB i3 L] 2-ro
Ttumy. Kpim Toro, ciiig npuaiidTy 0COOIMBY yBary OILHIL
MOXJIMBHX ITOOIYHMX e(DEKTiB.

KondurikT inTepeciB. ABTOpU 3as1BISIIOTH PO BiICYTHICTh
KOHMIIIKTY iHTepeciB Ta BlIacHOI (piHaHCOBOI 3alliKaBlIeHO-
CTi IIpY MiATOTOBIIi JAHOI CTATTI.

Indopmauis npo dinancyBannsa. CtarTs MiAroToBieHa
B paMmKax OromxeTHoro ¢iHaHcyBaHHsI MOH VYkpainu 3a
IJIAHOM HayKOBO-I0CTiTHOI poboT «ETiosorist, maToreHes,
JIIKYBaHHSI Ta Mpo@ilakTrKa 3aXBOPIOBaHb CEPLIEBO-CYIUH-
HOI, IMXaJIbHOI, eHIOKPMHHOI Ta TPABHOI CUCTEM Y BiliCHKO-
BMX i LIUBIIbHUX» Kadeapu eHnokpuHoorii JJTHIT «JIbBiB-
ChKUI1 HaIliOHATbHUIM MEANYHUM YHiBepcUTeT iMeHi [lanmnia
lanuibkoro» (Homep nepxpeectpattii 0125U000933).
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Quercetin and cardiovascular disease in type 2 diabetes mellitus
(narrative review)

Abstract. The main factor in the pathogenesis of cardiovascular
disease (CVD) in type 2 diabetes mellitus (T2DM) is the syner-
gistic interaction between oxidative stress caused by hyperglycemia
and low-grade chronic inflammation. Metabolic dysregulation,
mitochondrial dysfunction, endoplasmic reticulum stress, and
epigenetic reprogramming interact and cause the activation of
oxidative stress and low-grade chronic inflammation cascades.
Secondary metabolites of plant origin, especially flavonoids, unlike
traditional synthetic drugs with narrow-targeted action, demon-
strate a synergistic effect on several biological targets. They are
capable of simultaneously modulating a number of key pathophy-
siological processes, which contributes to the restoration of redox
balance and suppression of inflammatory reactions. As a result,
this contributes to improved vascular function and slows down the
development of CVD in T2DM. Despite promising experimental
results indicating the potentially positive effect of quercetin on the
cardiovascular system in T2DM, clinical trial data remain contro-
versial. This is mainly due to the limited number of randomized

clinical trials aimed at studying the effects of flavonoids and their
derivatives. In view of this, it is necessary to conduct randomized
clinical trials with a more sophisticated design and an expanded
sample size, which will allow testing different concentrations of
quercetin. This approach will contribute to a deeper understanding
of its therapeutic potential in the treatment of CVD in patients
with T2DM. The main objective of the review is to analyze the role
of quercetin in the treatment of CVD in patients with T2DM. In
addition, current trends are highlighted, and promising directions
for future research in this area are identified. The search was con-
ducted in Scopus, ScienceDirect (from Elsevier), and PubMed,
including MEDLINE databases. The keywords “type 2 diabetes
mellitus”, “cardiovascular disease”, and “quercetin” were used.
To identify research results that could not be found during the
online search, a manual search of the bibliography of publications
was used.
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