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ASSOCIATION BETWEEN 25-HYDROXYVITAMIN D AND METABOLIC DISORDERS

IN PATIENTS WITH ARTERIAL HYPERTENSION AND ASSOCIATED COMORBIDITIES
Kharkiv National Medical University (Kharkiv, Ukraine)
innadunaieva@gmail.com

The results of several studies suggest a close relationship between 25-hydroxyvitamin D (25(0OH)D) deficiency and
the development of metabolic disorders. Given the global increase in the prevalence of cardiometabolic diseases,
identifying the role of 25(0OH)D as a potential predictor of carbohydrate and lipid metabolism is particularly relevant
and warrants further investigation. Therefore, the present study aimed to assess the relationship between 25-hy-
droxyvitamin D (25(0OH)D) levels and metabolic disorders in patients with arterial hypertension (AH), type 2 diabetes
mellitus (T2DM), and obesity (OB). The study included 250 patients, divided into four clinical groups based on the
combination of pathologies, as well as a control group. It was demonstrated that patients with comorbid patholo-
gy had statistically significantly lower 25(0H)D levels compared to healthy individuals. Correlation and regression
analyses were performed, revealing inverse relationships between serum 25(0OH)D levels and markers of insulin re-
sistance, including body mass index (BMl) and glycated haemoglobin (HbA1c). The most pronounced changes were
observed in patients with concomitant AH, T2DM, and obesity. The identified associations confirm the role of vitamin
D deficiency in the pathogenesis of metabolic imbalance, insulin resistance, and disturbances of carbohydrate and
lipid metabolism. The findings of the study underscore the need to include serum 25(0H)D level assessment in car-
diometabolic risk screening programmes for individuals with comorbidities and highlight the potential importance

of correcting this deficiency in the management of this patient group.

Key words: 25-hydroxyvitamin D, arterial hypertension, type 2 diabetes mellitus, obesity, insulin resistance, met-
abolic syndrome, glycated haemoglobin, cardiometabolic disorders.

Connection of the publication with planned re-
search works.

This publication is part of the research work of the
Department of Clinical Pharmacology and Internal Med-
icine of Kharkiv National Medical University “To deter-
mine the characteristics of immunocytokine imbalance
in comorbid patients with arterial hypertension and type
2 diabetes mellitus and cardiovascular and renal compli-
cations” (state registration number 0123U101711).

Introduction.

An increasing body of scientific evidence suggests
a close relationship between 25-hydroxyvitamin D
(25(0H)D) insufficiency and deficiency and key path-
ways involved in metabolic disorders. Vitamin D not only
fulfils its classical functions in regulating calcium and
phosphorus metabolism but also plays an active role in
maintaining immune homeostasis, modulating cytokine
expression, reducing chronic inflammation, ensuring pe-
ripheral tissue sensitivity to insulin, and supporting the
normal functioning of pancreatic B-cells [1, 2].

Reduced vitamin D levels are associated with ele-
vated concentrations of pro-inflammatory markers, ac-
tivation of the renin—angiotensin—aldosterone system
(RAAS), reduced bioavailability of nitric oxide, increased
parathyroid hormone levels, vascular calcification, and
the development of diastolic dysfunction. All of these
mechanisms contribute to the development of insulin
resistance, metabolic syndrome, arterial hypertension
(AH), and obesity (OB) — conditions that often share a
common pathogenetic basis [2-4].

Type 2 diabetes mellitus (T2DM), as a chronic met-
abolic condition, is closely associated with insulin resis-
tance, dyslipidaemia, chronic inflammation, and visceral
obesity [5, 6]. It has been established that patients with
T2DM often exhibit lower vitamin D levels, which cor-
relate with disease severity, poorer glycaemic control,
an increased risk of cardiovascular complications, and

the progression of nephropathy [7-9]. In turn, vitamin
D deficiency may exacerbate the metabolic disturbances
characteristic of T2DM, thereby creating a vicious cycle
in the pathogenesis of cardiovascular and renal compli-
cations.

In light of the global increase in the prevalence of car-
diometabolic conditions, investigating the role of 25(0OH)
D as a potential predictor of carbohydrate and lipid me-
tabolism disorders has become particularly relevant.

The aim of the study.

To determine the association between 25-hydroxyvi-
tamin D levels and indicators of metabolic homeostasis,
in particular insulin levels, body mass index, and glycat-
ed haemoglobin (HbA1lc), in patients with arterial hyper-
tension, type 2 diabetes mellitus, and obesity.

Object and research methods.

The scientific study was conducted at the clinical
base of Kharkiv National Medical University in compli-
ance with the basic principles of the Declaration of Hel-
sinki and the Council of Europe Convention on Human
Rights and Biomedicine. It was approved by the Commis-
sion on Ethics and Bioethics of Kharkiv National Medical
University.

The study involved 250 patients with AH, with a
mean age of 55.26 + 8.00 years, who were divided into
four groups as follows: Group 1 — patients with isolated
AH (n = 49); Group 2 — patients with AH and OB (n = 62);
Group 3 — patients with AH and T2DM (n = 77); Group
4 — patients with combined AH, T2DM, and OB (n = 62).
The control group consisted of relatively healthy individ-
uals without confirmed metabolic disorders (n = 20).

Body mass index (BMI) was calculated for all partic-
ipants using the formula: body weight/height® (kg/m?).
Obesity was diagnosed according to WHO criteria (BMI
>30 kg/m?). AH was verified, and its grade and stage
were determined according to current European guide-
lines (ESH, 2021). T2DM was diagnosed based on the cri-
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teria of the American Diabetes Association (ADA, 2021).
All participants provided written informed consent to
take part in the study.

Exclusion criteria included type 1 diabetes, congeni-
tal heart or urinary tract defects, the presence of an ar-
tificial pacemaker or prosthetic heart valves, stage IIB or
Il heart failure, acute myocardial infarction, infectious
and severe inflammatory conditions, and haematologi-
cal disorders.

The concentration of 25(0OH)D in serum was deter-
mined by enzyme-linked immunosorbent assay (ELISA)
using a Labline-90 device (Austria) and a test kit man-
ufactured by Monobind Inc. (USA), in accordance with
the manufacturer’s instructions. Insulin levels were
measured using the same method and equipment. Gly-
cated haemoglobin (HbAlc) was assessed using a photo-
metric method based on a reaction with thiobarbituric
acid, employing reagents from a Ukrainian manufactur-
er (Reagent LLC), in accordance with the kit instructions.
Lipid metabolism indicators — total cholesterol (TC),
high-density lipoproteins (HDL), and triglycerides (TG) —
were analysed using enzymatic tests from Human (Ger-
many). Very low-density lipoprotein cholesterol (VLDL-C)
was calculated using the formula TG/2.22, and low-den-
sity lipoprotein cholesterol (LDL-C) was calculated using
the Friedewald formula: LDL-C = TC — (HDL-C + TG/2.22).
Results are presented in mmol/L.

Statistical analysis included: comparison of inter-
group differences using Student’s t-test and ANOVA,;
construction of regression models using the Wald—Wol-
fowitz criterion and the quasi-Newton method; and cor-
relation analysis using Kendall’s T to assess relationships
between 25(0OH)D levels and metabolic parameters. The
level of statistical significance was set at p<0.05. Data
processing was performed using Statistica 13.0 software
(StatSoft Inc., USA).

Research results and their discussion.

We determined the serum levels of 25(0OH)D in dif-
ferent groups of patients and analysed its correlation
with several metabolic indicators (table 1). The obtained
data indicate significant differences between the study

Table 1 — Metabolic indicators in patients with AH, T”2DM and OB

groups and the control group. In particular, 25(0OH)D
levels were lowest in patients with AH and concomitant
T2DM and obesity OB. A tendency towards increased in-
sulin levels was observed in the groups with combined
pathology, which may indicate the presence of insulin
resistance. Other metabolic indicators, such as BMI and
HbAlc, also showed statistically significant differences
between the groups. Deficiency of 25(0OH)D is character-
istic of patients with cardiometabolic disorders, which
may suggest its role in the development of insulin resis-
tance and obesity.

A regression analysis was performed using the Wald—
Wolfowitz criterion, which demonstrated significant dif-
ferences in 25(0OH)D levels in patients with carbohydrate
and lipid metabolism disorders compared to the control
group (table 2). A quasi-Newton algorithm was applied
to construct the models. In the patient group, the com-
bined effect of variables was confirmed and showed a
high degree of statistical significance when comparing
25(0OH)D levels with insulin, BMI, and HbAlc levels. A
negative association was identified between 25(OH)D
levels and key metabolic disorders, highlighting the im-
portance of monitoring 25(OH)D status in patients with
AH, T2DM, OB to reduce the risk of cardiovascular and
metabolic complications.

Based on the results of the study, graphs were con-
structed to illustrate Kendall’s rank correlation coeffi-
cients between 25(0OH)D levels and metabolic indicators
(insulin and BMI) across different patient groups (figures
1and 2).

Thus, in the group of patients with isolated arterial
hypertension (AH), a significant inverse correlation was
found between 25(0OH)D levels and serum insulin con-
centration (t=-0.46, p<0.05) (fig. 1). It was also observed
that 25(OH)D concentration decreased with increasing
BMI, indicating an inverse relationship between these
variables (t=-0.38, p<0.05) (fig. 2).

In the group of patients with AH combined with OB,
a statistically significant inverse relationship was es-
tablished between 25(0OH)D and insulin levels (t=-0.64,
p<0.05), as well as between 25(0OH)D and BMI (1=-0.52,
p<0.05), indicating their mutual
dependence in the context of

Notes: * _ p<0,05 between group | and the control group; ** _ p<0,05 between group Il and the control
group; % _ p<0,05 between group Il and the control group; T - p<0,05 between group IV and the control

Indicators Groups, Mtm metabolic disorders.
AH AH+OB AH+T2DM [AH+T2DM+OB | Control group The results from the group
25(0H)D, ng/ml |42,38411,43**| 39,52412,42* | 40,63+12,25% | 39,31+11,161 | 52,7624,42 | with AH and T2DM showed a
Insulin, mIU/ml | 10,964,33* | 17,7749,63** | 25,84+15,71% | 19,25+7,95% | 9,38+1,69 | significant inverse correlation
HbA1c, % 5,79+0,76* | 5,95+0,92** | 7,57+1,11% 7,34+0,8+ 4,80+0,25 | between 25(OH)D levels and
BMI, kg/m? 26,81+1,44*% | 34,55+2,8*%* | 2825+1,6% | 3545+2,7t | 24,09+0,59 | insulin (t=-0.63, p<0.05). A less

pronounced but still significant
correlation was found between

group. 25(0OH)D levels and BMI (t=-
Table 2 — Characteristics of regression models for 25(OH)D 0.41, p<0.05).
and a series of metabolic indicators in different patient groups The indicators for patients
v with comorbid pathology
Indicators | 1 (AH), n=49 | ''(AH*OB), Jlll (AH+T2DM), |11, 5g 17Dy, [CONErOl 8rOUP, | (AH+T2DM+OB) showed statisti-
n=62 n=77 n=20 . .
n=62 cally significant correlations for
. 5,51 3,68 2,97 5,40 1,86 both parameters (p<0.05).

insulin R eren,58 | unkeehe1 03 | uns ehot 55 Ay prars Thus, the results of this
unit ch=s, unit ch=2, unit ch=2, unit ch=2, unit ch=>, study indicate a negative cor-

3,59 4,92 3,74 6,25 2,14 lation bet 25(0HID |
BMI p=0,01 p=0,01 p=0,02 p=0,01 p=0,01 relation between 25(OH)D lev-
unit ch=1,88 | unitch=2,57 | unitch=1,50 | unitch=3,27 | unitch=1,12 | €ls and both insulin and BMI.
4,85 3,61 5,22 4,81 2,42 Higher 25(0OH)D levels may be
HbA1c p=0,01 p=0,01 p=0,02 p=0,02 p=0,03 associated with better metabol-
unit ch=2,54 | unit ch=1,89 | unit ch=2,73 unit ch=2,52 unit ch=1,26 | jc regulation (lower obesity and
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Figure 1 — Kendall’s rank correlation between 25(0OH)D levels and
insulin in patients with AH group — 1=0.46; Tcrit=0.32; p<0.05.
Notes: T>Tcrit — the null hypothesis is rejected; a statistically signifi-
cant and strong rank correlation between the two variables was es-

tablished.

insulin levels), suggesting a potential protective effect
of sufficient vitamin D. The strongest correlations were
observed in patients with combined AH, T2DM, and
OB, emphasising the importance of simultaneously as-
sessing multiple metabolic risk factors. The correlations
identified confirm the influence of 25(0OH)D deficiency
on the development of insulin resistance, obesity, and
impaired glycaemic control. This is consistent with the
current understanding of the role of vitamin D in regu-
lating carbohydrate and lipid metabolism, inflammatory
processes, and insulin sensitivity. The results obtained
align with data from other researchers [10, 11] and may
be important for the development of personalised ap-
proaches to the prevention of cardiometabolic compli-
cations in patients with AH, T2DM, and OB.

Conclusions.

1. Patients with arterial hypertension, especially
those with comorbidities such as type 2 diabetes
mellitus and obesity, exhibited lower levels of 25(0OH)
D compared to the control group, confirming the high
prevalence of vitamin D deficiency among individuals
with cardiometabolic disorders.

DOI 10.29254/2077-4214-2025-2-177-169-175
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Figure 2 — Kendall’s rank correlation between 25(OH)D levels and

BMI in patients of Group | (AH) — t=0.38; Tcrit=0.21; p<0.05.
Notes: t>Tcrit — the null hypothesis is rejected; the rank correlation
between the two variables is strong.

2. Statistically significant inverse correlations
were found between 25-hydroxyvitamin D levels and
metabolic parameters (body mass index, insulin levels,
and HbAl1c) across all study groups. The strongest
correlations were observed in patients with combined
pathology (AH + T2DM + OB).

3. Decreased levels of 25-hydroxyvitamin D are
associated with impaired glycaemic control, increased
insulin resistance, and more severe obesity, suggesting
a pathogenic role of vitamin D deficiency in the
development and progression of metabolic imbalance.

4. The results of the study suggest the advisability
of including 25(OH)D level determination in screening
programmes for cardiometabolic risk assessment, as
well as the potential need for correcting hypovitaminosis
D in the comprehensive treatment of patients with AH,
T2DM, and OB.

Prospects for further research.

Further research should focus on studying the effect
of correcting 25(0OH)D deficiency on the dynamics of
insulin resistance, glycemic control, and lipid metabolism
indicators in patients with a combined pathology of
arterial hypertension, type 2 diabetes mellitus, and
obesity.

YAK 616.12-008.331.1+616.379-008.64]-056.257-008.9-078:577.161.2.088.6

AyHaesa l. 1.

B3AEMO3B’A30K 25-TAPOKCUBITAMIHY D | METABO/TIYHUX MOPYLLUEHDb Y
MALLIEHTIB 3 APTEPIA/IbHOIO MNNEPTEH3IEIO TA CYNYTHIMU CTAHAMU

XapKiBCbKUI HaLiOHaNbHUIT MeguuHUii yHiBepcuteT (M. XapkiB, YKpaiHa)
innadunaieva@gmail.com

Pesynbmamu pAdy 00cCaiO#eHb B8Kasyoms, WO ICHYe mMmicHUll 830€EMO038’A30K Mixt HedocmamHicmio i
degpiyumom 25-2idpokcugimamidy D (25(0OH)D) ma pozsumkom memabonidHux NopyuweHs. 38aMaro4u Ha
2n106asbHe 3pPOCMAHHA nowupeHocmi KapdiomemabosiyHUX 3aX80PHOBAHb, BU3HAYeHHA poni 25(0H)D Ak
nomeHyiliHoeo npedukmopa rnopyweHs 8y271e800H020 ma AinidHo20 0bMiHy Habysae ocobausoi akmyansHocmi
ma nompebye Nodasnbuio2o susyeHHsA. Tomy 0aHe 00cniOHeHHA bya0 CnpaMo8aHe Ha 8U3HAYEHHSA 830EMO38’A3KY
Mixc pieHem 25-2iopokcusimaminy D (25(0H)D) ma memaboniyHUMU NopyweHHAMU y nayieHmie i3 apmepiasnbHoo
einepmensieto (Al), uykposum Odiabemom 2 muny (LUA2) ma oxcupiHHam (OX). ObcmexceHo 250 nauieHmis,
p03M00dineHUX Ha Yomupu KAiHIYHI 2pynu 3a7aexHo 8i0 MOEOHAHHA NamosoRili, ma KOHMposbHy 2pyny. [JosedeHo,
wo y ocib 3 KomopbioHo namosozieto nokasHUK 25(0H)D 6ye cmamucmuyHO 3HAYYU,e HUXCYUM, HiXC Y 300p08UX
ocib. 3dilicHeHo KopensauiliHuli ma peepeciliHull aHani3u, AKi MOKA3a1U 380POMHI 3071EHHOCMI MiX CUPOBAMKOBUM
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pisHem 25(0OH)D ma mapkepamu iHcyniHope3ucmeHmMHocmi, MOKa3HUKamu iHoekcy macu mina (IMT) i enikosaHum
2emoznobiHom (HbAIc). Halibinbw supaxceHi 3miHU criocmepiaanuce y nayieHmis i3 noedHaHow HassHicmio Al
/12 ma O. BusiesieHi 83aemM038°3KU Miomeepoxcytoms poss deghiuumy eimamiHy D'y namozeHesi memabosniyHo20
oucbanaHcy, hopMy8aHHI iHCyniHOpe3uCMeHmMHocMi, NopyuweHs 8y2a1e800H020 Ma AinidHo20 06miHy. Peyasmamu
nposedeH020 00CAIOHEHHSA C8i0YaMb NPo HeobXiOHICMb BK/OYEHHA 8U3HAYEHHS CUPOB8AMK08020 pigHA 25(0H)D
y Npo2pamu CKpuHiHey KapoiomemaboniyHo20 pusuKy y KoMopbioHUx oci6 ma eaxcaugy nomeHuyiliHy pons lo2o

KopeKUii'y niKky8aHHi maKo20 302071y X80P UX.

Knwuoei cnoea: 25-2idpokcugimamin D, apmepianbHa 2inepmeH3is, yykpoesuli diabem 2 mury, OMCUPIHHSA,
iHCyniHope3ucmeHmMHicme, MemabosiyHuli CuHOPOM, 2niKkosaHuli 2emozs06iH, KapdiomemaboniyHi MopyuweHHS.

3B’A30K nyb6niKaLii 3 N1aHOBMMMU HayKOBO-A0CNIA-
HUMMK poboTamu.

MpeactaBneHa nyb6nikauia € ¢parmeHTOm HayKo-
BO-40CNIAHOI pob0oTK Kadeapu KniHiYHOT dapmakronorii
Ta BHYTPIWHbLOI MeAnLMHM XapKiBCbKOro HalioHanb-
HOrO MegM4YHOro YyHiBepcuTeTy «Bu3HAUUTM 0cobau-
BOCTi iMYHOLIMTOKIHOBOro gucbanaHcy y KomopbigHux
NaL€EHTIB 3 apTepiasbHOK TiMepTeH3i€l0 i LyKpOoBUM
Aiabetom 2 TUNy Ta KapAioBacKy/NAPHUMM | peHasibHK-
MW YCKNaAHEHHAMW» (HOMep AepyKaBHOI peecTpauil
0123U101711).

Bcryn.

Ha cborogHi gepani 6inblle HayKOBMX AaHUX BKa-
3ylOTb Ha TiICHMI B3aEMO3B’A30K MiX HeAOoCTaTHICTIO Ta
nediuntom 25-rigpokeusitamiHy D (25(OH)D) Ta Kato-
YOBMMM NaHKaMW MeTaboniyHUX nopylleHb. BitamiH D
BMKOHYE He NINLLE KIAacuYHi dyHKUIT Y perynauii KanbLi-
€BOro Ta pocdopHOro 06MiHy, a 1 aKTUBHO 3a/y4eHUN
40 NiATPUMAHHA IMYHHOrO romeocTasy, MogynALl eKc-
npecii LMTOKIHIB, 3MEHLIEHHA XPOHIYHOro 3amnaseHHs,
3abe3neyeHHA YyTAMBOCTI NepudepuyHUX TKaHUH [0
iHCYNiHY, @ TAKOXX HOPMasibHOTrO PYHKLIOHYBaHHA B-KAi-
TUH NigWnyHKoBoi 3an103m [1, 2].

3HUXKEHHA piBHA BiTamiHy D acouitoeTbca 3 nigsu-
LWeHUM piBHEM NpO3anasibHUX MapKepiB, aKTUBALLE
peHiH-aHrioTeH3nH-anbaocTepoHoBoi cuctemn (PAAC),
3MeHLeHHAM B6ioA0CTYMHOCTI oKcuay a3oTy, NiasuLle-
HUM piBHEM MapaTropmMoHy, Kanbumdikauieo cyauH, a
TAKOX PO3BUTKOM AiacToNivHOI ANCHYHKLIT. Yci ui mexa-
Hi3MK cnpunAoTb POPMYBaHHIO iIHCYTIHOPE3UCTEHTHOCTI,
MeTaboniyHOro CUHAPOMY, apTepiasibHOI rinepTeHsil
(AT) Ta oxkmMpiHHA (OXK) — 3aXBOPIOBaHb, L0 YaCcTO MatoTb
Cni/fibHe NnaToreHeTMYHe NiarpyHTa [2-4].

Llykposuit giabet 2 tuny (LLO2), sK XxpoHiuHe meTa-
60niyHe 3axBOPHOBAHHA, TICHO NOB’A3aHMI 3 iHCyniHOpe-
3UCTEHTHICTIO, AMCAINIAEMIEI0, XPOHIYHUM 3ananeHHAM
i BicLuepanbHUM OXMPiHHAM [5, 6]. BCTaHOBNEHO, LLO Y
nauieHTiB i3 L2 YyacTo QiKcyroTbCa HUMKYI PiBHI BiTaMiHy
D, wo Kopentoe 3 TAxKicTo nepebiry xsopobu, ripwoto
KOMMEHCALED FNiKemii, NigBULLEHUM PU3UKOM cepLie-
BO-CYAMHHUX YCKAAAHEHb Ta NporpecyBaHHAM Hedpo-
natii [7-9]. ¥ cBoto yepry, aediunt BiTamiHy D morke
nocunoBatu metaboniuHi posnaaun, sractmsi L2, cteo-
pHOKOYM NOPOYHE KONO MaToreHesy cepueBo-CYAUHHUX i
HedpPONOriYHUX YCKNALHEHD.

Y KOHTEKCTi rnobanbHOro 3pOCTaHHA MOLMpPEHO-
CTi KapaiomeTabosiyHMX 3aXBOPOBaHb, BUBYEHHS POJIi
25(OH)D sk noTeHUjiHOro NpeauKTopa NopylleHb BYyr-
NleBOAHOrO Ta NinigHoro o6miHy Habysae ocobaMBOI ak-
TYaNbHOCTI.

MerTa pgocnigKeHHs.

Bu3HayeHHA B3aEMO3B’A3KY pPiBHA 25-TiApOKCUBI-
TamiHy D i3 nokasHMKamu meTaboniyHOro romeoctasy
— 30Kpema 3 piBHEM iHCYNiHYy, iHA4EKCOM macu Tina Ta

rnikoBaHum remornobiHom (HbAlc) — y naujieHTiB 3 ap-
TepiaNbHOO TinepTeHsieto, LyKpoBUM aiabeTom 2 TUny
Ta OXKMPIHHAM.

O6’eKT i meTOAM AOCNIAXKEHHA.

HaykoBse pocnigKeHHs NnpoBeaeHo Ha KAiHiYHilM 6a3i
XapKiBCbKOro HaLiOHaNbHOro MeaU4YHOro yHiBepcuTeTy
3 JOTPMMAHHAM OCHOBHUX NPUHLMNIB [enbciHCbKOT ae-
Knapauii Ta KonseHuii Pagn €sponu npo npasa AtoanHN
i BiomeaguMLMHY Ta yxBaneHo Komicieto 3 nMTaHb eTUKK Ta
6ioeTukn XHMY.

Y pocnipyxeHHi 3anyyeHo 250 xsopux Ha Al y cepea-
HboMY BiLi 55,26%8,00, AKi 6ynn po3nogineHi Ha 4 rpynu
HACTyNHUM YnMHOM: 1 rpyna — NaLi€HTM 3 i30/1bOBAHOIO
AT (n=49), 2 rpyna — naujeHtn 3 Al Ta OXK (n=62), 3 rpyna
- naujieHTn 3 AT i cynytHim UA2 (n=77), 4 rpyna - na-
LieHTM 3 noegHaHUm nepebirom AT, L2 Ta OX (n=62).
KoHTponbHa rpyna — yMOBHO 340poBi ocobu 6e3 Bepu-
dikoBaHMX meTaboniuHMX nopyweHb (n=20).

Y Bcix nauieHTiB po3paxosysanun IMT = maca Tina/
3pict (m?). OX BcTaHOBMOBaNM 3a KpuTepiamu BOO3
(IMT >30 kr/m?). Bepudikauito AT, ii ctyneHs i craaii
NPOBOAMM 338 YNHHUMW EBPOMNENCBKMMWU pEKOMEHa-
uiasmmn (ESH 2021), aiarHoctuky L2 3rigHO KpuTepiam
(ADA 2021). Yci nauieHTv Haganu iHpopmoBaHy 3rogy Ha
Yy4acTb Y AaHOMY AOCAIAXKEHHI.

Kputepiamu BuknatoyeHHa o6ynu: U4 1 tuny, ypo-
AKeHi Bagn cepuA Ta CEYOBUBIAHUX LWINAXIB, HAABHICTb
LWITYYHOTO BOAiA PUTMY, HAABHICTb LUITYYHUX KAanaHis
cepus, cepuesa HegocTaTHicTb Il b Ta lll cTagil, roctpuit
iHbapPKT MioKkapAay, iHPeKLilMHI Ta BaXKKi 3anasbHi npoue-
CW, FeMaToN0riYHi 3aXBOPIOBAHHSA.

Bu3HaueHHA KoHueHTpauii 25(0H)D y cupoBsat-
ui npoBoAMAN MeToAOM iIMyHODEPMEHTHOro aHanisy
(ELISA) Ha anapari Labline-90 (ABcTpin) 3 BMKOpUCTaH-
HAM TecT-cuctemu BupobHMUTBa Monobind Inc. (CLUA),
3rilHO 3 pernameHTom BUPOOHMKA. 3a aHaNoriyHow
METOAMKOI | Ha TOMY K 0b6n1aZHaHHI BM3HAYanu BMicT
iHcyniHy. Mniko3mnboBaHuit remornobid (HbAlc) BusHa-
Yanu GOTOMETPUYHUM METOLOM Ha OCHOBI peaKLii 3 Ti-
06apbiTypPOBOIO KMUCOTOKO 3 BUKOPUCTAHHAM peareHTiB
yKpaiHcbKoro BupobHuKa (TOB «PeareHT»), AoTpumyto-
YMCb IHCTPYKLiM A0 Habopy. MoKasHUKKM AinigHoro obmi-
HY — 3ara/sibHuiA xonectepuH (3X), ninonpoTeian BUCOKOI
winbHocTi (INBLL) Ta Tpurniuepmngm (Tr) — aHanisyBanm
33 ONOMOrOK eH3MMATUYHUKX TecTiB Human (Himevun-
Ha). Po3spaxyHok XC JINAHLL 3giicHioBanu 3a dopmy-
noto Tr/2,22, a XC INHLL, - 3a dopmynoto dpigesanbaa:
XC INHLL, = 3X — (XC INBLL + Tr/2,22), 3 nogaHHAM pe-
3yNbTaTiB Y MMOJIb/ /1.

CTaTUCTUYHWUI aHani3 BKAKOYAB: aHani3 BigMiHHOC-
TeW MiXKrpyrnoBmux MOKA3HMKIB 3a LONOMOTo0 t-KpuTepito
CtbtogeHTa Ta ANOVA; nobyzoBy perpeciiHux mogenen
i3 BMKOpPUCTAHHAM KpuTepito Banbpa-Bonbdosiua Ta
KBa3iHbIOTOHIBCbKOrO MeToAy; KopenauiiHuii aHanis 3a
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meTogom KeHganna (t) 418 OLiHKM 3B’A3KY MiXK piBHEM
25(0OH)D Ta meTaboniuHMmM napameTpamu. PieHb cTa-
TUCTUYHOT 3HAYYLLLOCTI NpUiiMaBcs Ha piBHi p<0,05. O6-
pO6Ky AaHWX 34iMCHIOBANM i3 BUKOPUCTAHHAM NpOrpam-
Horo 3abe3neveHHs Statistica 13.0 (StatSoft Inc., CLUA).

Pe3ynbTatu gocnigyKeHHA Ta ix 06roBopeHHs.

Hamu npoBefeHO BM3HAYEHHS CUPOBATKOBOTO PiBHSA
BiTamiHy 25(OH)D y pi3HuUx rpynax obcTexkeHux nalieH-
TiB Ta NpPoOaHani3oBaHO MOro B3aEMO3B’A30K i3 pALOM
MeTaboNiYHNX MNoKasHMKiB (Tabn. 1). OTpumaHi AaHi
CBig4aTb NPO 3HAYHI BigMIHHOCTI MiXK 40CNIOXKYBAaHUMMU
rpynamu Ta KOHTPONbLHOW Fpy-

MOHITOPUHTY piBHA 25(0OH)D y nauiexTis 3 Al, LLA2 Ta OXK
ONA 3MEHLUEHHA PU3UKY PO3BUTKY KapAioBaCKYIAPHUX
Ta MeTaboNiyHMX YCKNAAHEHD.

3a pesynbTaTaMu NPOBEAEHOr0 AOCNIAKEHHA HaMU
6yn0 nobynoBaHo rpadikuy, WO NpeacTaBAAlOTb PAHIOBY
KOpenAuifnHy OuiHKy 3a KeHganom mixK piBHem BiTami-
Hy 25(OH)D Ta meTaboniyHMMM NOKasHUKAMK (iHCYAiH,
IMT) y pisHux rpynax naujeHTis (puc.1, 2).

Tak, y rpyni XxBopux Ha i3onboBaHy Al byno Buasne-
HO 3HauyLWMi 3BOPOTHI KOpenAauiinHuiA 38’A30K piBHA
25(OH)D Ta cMpOoBaTKOBOI KOHLEHTPALLIE iHCYNiHY (T=-

Ta6bnuua 1 - MeTtaboniuHi NoKasHUKK y nauieHTie 3 Al 142 Ta OX

noto. 30Kpfzma, piseHb 25(OH) Foynu, Mem

D 6ys HaNHWMXUMM Y XBOPUX Ty — Kortponona
Ha Al Ta cynyTHim LLJ2 Ta OXK. Al AT+OXK AM+UA2 | AT+LA2+0XK IO
BUABNIEHO TEHACHLIIO AO NIABM- | 25(0H)D, Hr/mn [42,38+11,43**| 39,52+12,42* | 40,63£12,25% | 39,31+11,16t | 52,76+4,42
:ﬁﬁlﬁ;iﬁomﬂgx% e:gy'zg :;',fﬂyg'/';n 10,96+4,33* | 17,77+9,63** | 25,84+15,71% | 19,25¢7,95t | 9,38+1,69
MOM)e CBIiAYNTM Npo HaABHIcTb |HbAlc, % 5,79+0,76* | 5,95+0,92** | 7,57+1,11% 7,34+0,8t 4,80+0,25
iHCcyniHope3ncTeHTHOCTI.  IHWI | BMI, kg/m? 26,81+1,44* | 34,55+2,8** | 28,25+1,6% 35,45+2,7t | 24,09+0,59

meTaboniuHi MoKasHUKK, TaKi AK
IMT Ta HbAlc TakoXX manu cTa-
TUCTUYHO 3HAuYyL BiAMIHHOCTI
MixK rpynamu. Aediymt 25(0H)
D € xapaKTepHMM A NaLieHTIB

TPOJIbHOIO PYMOI0.

Mpumitku: * _ p<0,05 mixK | rpynoto Ta KOHTPONbHO rpynoto; ** - p<0,05 mix Il rpynoto Ta KOHTPOb-
Hoto rpynoto; ¥ - p<0,05 mix Il rpynoto Ta KoHTponbHot rpynoto; T - p<0,05 mik IV rpynoto Ta KoH-

Tabnuua 2 — XapaKTepucTuKa perpeciiHux mogeneii 25(0H)D
Ta cepii MeTaboNiYHNX NOKA3HUKIB Y Pi3HUX rPyn NaLLieHTIB

I3 kapaiomerabonimmm nopy- I (A+0XK), | 1l (Ar+L,A2), IV (Ar+OMK+L1A2),| K
. _ 3 ’ | KoHTponbHa
LLIEHI:I’HMM, WO MOXKe CBI,CI,.LIMTM MokasHukm | | (Al), n=49 n=62 n=77 =62 FRyRaie26
npo MOro posnb Y PO3BUTKY iHCY-
niHopesucTeHTHOCTI Ta OXK. e 5'0531 3b6(8)1 2:0952 56‘81 1:5583
T HCYAiH p=0, p=0, p=0, p=0, p=0,
Mposeaero  perpecivknii unit ch=2,88 | unit ch=1,93 | unit ch=1,55 | unitch=2,83 | unit ch=0,97
aHanis 3a Kputepiem Banb- 359 192 374 625 214
na-Bonbodosiua, AKMN A0BIB 3Ha- IMT p=0,01 p=0,01 p=0,02 p=0,01 p=0,01
yywi BigMiHHOCTI piBHA 25(0OH) unit ch=1,88 | unit ch=2,57 | unit ch=1,50 | unitch=3,27 | unitch=1,12
D y obcTereHux naLieHTiB i3 4,85 3,61 5,22 4,81 2,42
NOPYLIEHHAMW  BYIJIEBOAHOTO HbAlc _P=?]r021 P=?{01 _P=%022 P=%022 , P=?{032
Ta ninip,Horo 06MiHy nopiBHHHO unit ch=2,54 | unitch=1,89 | unitch=2,73 unit ch=2,5 unit ch=1,26

KOHTpOJIbHOLO rpynoto (Taba. 2).

Mpwn nobyaosi mogenet 6ys 3aCTOCOBAaHWUIN KBa3iHbIOTO-
HIBCbKMIM anropuTm aHanisy. [na rpynu nauieHTiB cno-
NlY4YeHHA BNAMBIB AOBEAEHI Ta MatoTb BUCOKY CTYyMiHb
CTaTUCTUYHOT cBObBOAM NpU MOPiBHAHHI piBHA 25(0OH)D
Ta piBHiB iHcyniHy, IMT Ta HbAlc. BctaHOBNEHO HeraTue-
HUI 3B’A30K Mix piBHem 25(0OH)D Ta oCHOBHMMM MeTa-
60/1YHUMM NOPYLIEHHAMM, WO NiIAKPECNIOE BAaXKAMUBICTD

-

35

Incyamn, mMO/sa
& ] ] g
o

L]
L 20 W &0 50 &0 i 80
Vit D25 OH, mriva

PucyHoK 1 — PaHroBa KopensuiiiHa oujiHKa 3a KeHgana mix piBHem
25(OH)D Ta iHcyniHy y xBopux rpynu (AT) — 1=0,46; Tkp=0,32; p<0,05.
Apumitku: T > Tkp — HYNbOBY riNOTE3y BiAXW/IEHO; BCTAHOBNEHO CTa-
TUCTUYHO 3HAYYLLMIA Ta TICHUI PAHrOBUI KOpenALiinHMiA 3B’A30K Mix
pesynbTaTamu ABOX TECTIB.

0.46, p<0.05) (puc. 1). TaKOXK BCTAaHOB/NEHO, LLLO KOHLLEH-
Tpauia 25(0OH)D 3HuxKyBanacsa 3i 36inbweHHAmM IMT, wo
CBiZlMMTb NPO 3BOPOTHIN XapaKTep B3aEMO3B’A3KY MiX
UMMM NoKasHuKamm (t=-0.38, p<0.05) (puc. 2).

Y rpyni xsopux Ha Al y noegHaHHi 3 OX BCcTaHOB-
JIEHO CTATUCTMYHO 3HAYYLMIM 3BOPOTHIM 3B'A30K MiXK

nokasHuMkamu 25(0OH)D Ta piBHem iHcyniHy  (t=-0,64;
30
-l " »
2%
3
S
=
-
M
23
" 20 3 40 50 &0 T ]

Vit D25 OH, wr/ma

PUCYHOK 2 — PaHroBa KopensuiitHa ouiHKa 3a KeHgana mix pisHem
25(0OH)D Ta IMT y xBopwux | rpynu (Al) — t=0,38; Tkp=0,21; p<0,05.
Mpumitkn: T > Tkp - BiAKMAAEMO HYNbOBY riNOTE3Y; PAHrOBUIA KOpens-
LiHWIA 3B’A30K MiXK OLiHKaMK NO ABOX TECTax Ma€ BUCOKE 3HAYEHHA.
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p<0,05), a TakoK Mix 25(0OH)D i IMT (t=-0,52; p<0,05),
LLLO CBiAYUTb NPO IXHIO B3AEMHY 3a/1€XKHICTb Y KOHTEKCTI
MeTaboNiyHNX NopyLIEHb.

PesynbTaT obcTexkeHHs xBopwux B rpyni Al Ta L/A2
NPOAEMOHCTPYBAIM 3HAYHWUIN 3BOPOTHUI KOpenALinHUIA
3B'A30K MiXK piBHem 25(OH)D Ta iHcyniHom (1=-0.63,
p<0,05). BcTaHOB/NEHa MeEHLI BUparkeHa, ane 3Hady-
Wwa Kopenauia Mik pieHem 25(OH)D Ta IMT (1=-0.41,
p<0,05).

MoKa3HMKM NauieHTIB Ha KomopbigHy nartonorito
AT+LJ2+0X 3a 060ma NOKasHMKaMM NOKa3anm ctaTuc-
TMYHO 3HAYYLLMIN KopensauiiHuii 38’a30K (p<0,05).

TakMM 4YMHOM, pe3ynbTaTM [AHOF0 AOCAIAMKEHHA
CBigYaTb MPO HEraTMBHWUI KOPenAuiMHUI 3B’A30K MiX
pisHem 25(OH)D Ta piBHem iHcyniHy 1 IMT. Buwmii pi-
BeHb 25(0OH)D moske ByTu acoLiioBaHNi i3 KpalLoto me-
TaboniyHoto perynauieto (MeHWwmi cTyniHb OX, HUKUNIA
piBEHb iHCYAiHY), WO CBIAYMTb NPO MOTEHLiNHUI 3axuc-
HUI edeKT A0CTaTHbOro piBHA BiTamiHy D. Haibinbw
BUpaAXKeHa Kopenauia cnoctepiranacb y NaLieHTiB i3 no-
€AHaHMMm nepebirom Al U2 ta OX, wo nigkpecntoe
BaX/IMBICTb OAHOYACHOI OLHKMN KiIbKOX mMeTabonivuHmnx
daKTopiB pM3MKy. BuasneHi Kopenauii nigTeepaxytoTb
Bname gediunty 25(0H)D Ha poO3BUTOK iHCyniHOpe-
3UCTEHTHOCTI, OMMPIHHA Ta MOTiPWeEHHA FNiKeEMIYHOro
KOHTpoOAt0. Lle y3rogKyerbca 3 Cy4aCHUMM yABAEHHAMM
LLoAo y4acTi BiTamiHy D y perynauii ByrnesogHoro ta ni-
niagHoro obmiHy, 3amanbHUX MPOLECIB i YyTAUBOCTI A0
iHcyniHy. OTpUMaHI pe3ynbTaTh Y3roAXKyHTbCA 3 AAHU-
MW iHWKX gocnigHukis [10, 11] i MOXKYTb MaTu Baxanee
3HayeHHA ana GopMyBaHHA NepcoHani30BaHUX Niaxoais
00 npodinakTUKM KapaiomeTaboniyHUX yCKNaAHEHb Y
nauieHTie 3 Al, L2 Ta OXK.

BucHoBKM.

1. Y nauieHTiB i3 apTepianbHOO rinepTeH3iet, 0Co-
6A1BO Mpu HasBHOCTI KomopbigHoi naTonorii — LyKpo-
BOro AjiabeTy 2 TNy Ta OXXUPIHHAM BUABNEHO 3HUXKEHUN
piBeHb 25(OH)D nopiBHAHO 3 KOHTPO/ILHOLO FPYMNOO, WO
nigTeepaKye nowunpeHictb gediunTy BitamiHy D cepes
oci6 i3 KapaiomeTaboniYHMMM NOPYLEHHAMMN.

2. BcTaHOBNEHO CTAaTUCTUYHO 3HAYYLLi 3BOPOTHI KO-
penaAuiriHi 38’A3KK MiXK piBHeM 25-rigpoKkcusiTamiHy D Ta
MeTaboniyHMMKM MapameTpamm — iHAEKCOM Macu Tina,
piBHem iHcyniHy Ta HbAlc - y BCix AocniasKyBaHUx rpy-
nax. Hanbinbw BupaxeHi B3aEMO3B’A3KM cnocTepiranu-
€Ay rpyni nauieHTiB i3 noegHaHoto naTonorieto (Al + L2
+ OX).

3. 3HMXKEeHHA pisHA 25-rigpoKcusiTaminy D acoduito-
€TbCA 3 MOTiPWEHHAM TNiKEMIYHOIMO KOHTPOAO, NigBu-
LWEHHAM iHCYNiIHOPE3UCTEHTHOCTI Ta Biflbll BUParKEHUM
OXMPIHHAM, WO MOXe BKa3yBaTW Ha NATOreHeTUYHy
ponb HeaocTaTHOCTI BiTamiHy D y ¢dopmyBaHHI Ta npo-
rpecyBaHHi metaboniyHoro gucbanaHcy.

4. Pe3ynbraTM [OCAIXEHHA CcBig4aTb npo  Ao-
LiNbHICTb BKAIOYEHHA BU3HauyeHHA piBHA 25(0OH)D po
CKPUHIHFOBMX MpOrpam OLiHKM KapaiomeTaboniyHoro
PU3KMKY, @ TAKOXK NOTEHLiNHOI NoTpebu y KopeKLii rinosi-
TamiHo3y D y KomnaeKcHOMY NliKyBaHHI NaLieHTiB i3 Al,
LAa2 ta OXK.

MepcnekTMBM NOAANBLUNX AOCNIAMKEHD.

Mopanbli AOCNigXKEHHA AOUINbHO CNpAMYBaTU Ha
BMBYEHHS BNIMUBY Kopekuii gediunty 25(0H)D Ha anHa-
MiKy iHCYNiHOPE3UCTEHTHOCTI, MiKeEMIYHOrO KOHTPO/O
Ta NOKa3HUKIB NinigHOro o6MiHy y nawieHTiB i3 noeaHa-
HOIO MNATOJ/IOTIEHD apTepiaNbHOI rinepTeHsii, LyKpPOBOro
AiabeTy 2 TMNY Ta OXKUPIHHA.
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B3AEMO3B’A30K 25-TIAPOKCUBITAMIHY D | METABOJTIYHUX MOPYLUEHDb Y MALLIEHTIB 3 APTEPIAJ/IbHOIO
FINEPTEH3IEIO TA CYNYTHIMU CTAHAMU

AyHaesa l. M.

Pe3stome. Pe3ynbTaTh YNCIEHHUX AOCAiIAXKEHDb CBiAYaTb NPO TiCHMI 3B’A30K MiXK HeAoCTaTHIM piBHemM 25-ria-
pokcuiTamiHy D (25(0OH)D) i BUHUKHEHHAM MeTaboNiuHMX PO31aiB. Y KOHTEKCTi CTPIMKOro 3pOoCTaHHA molmnpe-
HOCTi KapaiomeTaboniuHMx XBopob 0cobAnBOI BaxKAMBOCTI HabyBae BMBUYeHHSA 25(0OH)D K MOXK/IMBOro NpeauKTopa
nopyLUeHb BYrNEBOAHOrO Ta AiNiAHOro 06MiHy, Lo noTpebye noAasbluMX HAYKOBUX AOCAIAKEHD.
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Tomy meToto poboTn 6yN0 BU3HAUEHHA B3aEMO3B’A3KY PiBHA 25-riapoKcuBiTamiHy D i3 noKasHMKamu meTtabo-
NIiYHOro romeocTasy — 30Kpema 3 PiBHEM iHCY/iHY, iIHAEKCOM Macu Tina Ta rnikoBaHum remornobiHom (HbAlc) —y
NnauieHTiB 3 apTepia/ibHO rinepTeHsielo, LYKPOBMM AiabeToM 2 TUMY Ta OXKUPIHHAM. Y AocnigxeHHi 3anyyeHo 250
XBOPMX Ha apTepianbHy rinepTeHsito, AKi 6yan po3nogineHi Ha KOHTPOIbHY Ta YOTUPU KANIHIYHI FPynKY 3a1eXHOo Big,
NOEAHAHHA NaTo/OriN.

YCTaHOB/EHO, WO Y NALLEHTIB i3 KOMOPHIAHMMM 3aXBOPIOBAHHAMM piBeHb 25-rigpokcusiTamiHy D (25(0OH)D) y
CcMpoBaTLi KpoBi ByB AOCTOBIPHO HUMKUYMM NOPIBHAHO 3 MOKa3HWKamM ocib 6e3 cynyTHboi natonorii. MposeaeHui
KOpenAuiMHNIA Ta perpecinHuii aHani3s suasuB obepHeHi acoujalii mixk KoHueHTpauieto 25(0H)D Ta iHAMKaTopa-
MW iHCYNiIHOPE3UCTEHTHOCTI, 3HAYEHHAMM iHAEKCY Macu Tina i piBHeM rnikoBaHOro remornobiHy. Haibinbw 3Havywi
3MiHV BUSIB/IEHO Y XBOPMX i3 NOEAHAHOI apTePia/IbHO riNepTeHsielo, LLyKPOBMM AiabeTom 2 TUNY Ta OXKUPIHHAM.
OTpuMaHi pesynbTaTi NiATBEPAKYIOTbL yyacTb AediunTy BiTamiHy D y mexaHiamax po3BuTKy meTtaboniuyHoro guc-
6anaHcy, GopmMyBaHHi iHCYNiIHOPE3UCTEHTHOCTI, @ TAKOX Yy MOPYLIEHHAX BYI/IEBOAHOrO Ta AinigHOro obminy. AaHi
[OCNIAXKEHHA NiIAKPECNIOTb AOUiNIbHICTb BKAOYEHHSA BU3HAYEHHSA KOHUEHTpaUL,ii 25-riapoKkcusitaminy D y cupoBsa-
TUi KPOBI 40 NPOTOKO/IB CKPUHIHTY KapAioMeTaboniyHOro pU3MKy cepes NauieHTiB i3 KomopbigHO naTonorieto, a
TAKO 3aCBiAYYHOTb NePCNEKTUBHICTb MOro KOPEKL,i K CKNaA0BOT TepaneBTUYHOI TAaKTUKM Y L€ KaTeropii XBopux.

Knrouosi cnosa: 25-rigpoKkcusitamin D, apTepianbHa rinepTeHsis, LyKpoBUiA AiabeT 2 TUMY, OXKUPIHHA, iHCYNiHO-
PEe3UCTEHTHICTb, MeTaboNiuHMIA CUHAPOM, NiKoBaHUA remornobiH, KapaiomeTaboniuHi NopPyLLEHHS.

ASSOCIATION BETWEEN 25-HYDROXYVITAMIN D AND METABOLIC DISORDERS IN PATIENTS WITH ARTERIAL
HYPERTENSION AND ASSOCIATED COMORBIDITIES

Dunaieva l. P.

Abstract. Numerous studies have demonstrated a strong association between insufficient levels of 25-hydroxyvi-
tamin D (25(0OH)D) and the development of metabolic disorders. Given the rapid increase in the prevalence of
cardiometabolic diseases, investigating 25(0OH)D as a potential predictor of carbohydrate and lipid metabolism dis-
turbances is particularly important and warrants further scientific research.

Therefore, the aim of this study was to assess the relationship between 25-hydroxyvitamin D levels and markers
of metabolic homeostasis — specifically insulin levels, body mass index (BMI), and glycated haemoglobin (HbAlc) —
in patients with arterial hypertension, type 2 diabetes mellitus, and obesity. The study included 250 patients with
arterial hypertension, who were divided into a control group and four clinical groups according to combinations of
comorbid conditions.

It was found that patients with comorbidities had significantly lower serum levels of 25-hydroxyvitamin D (25(OH)
D) compared to individuals without comorbidities. Correlation and regression analyses revealed inverse associations
between 25(0OH)D concentration and markers of insulin resistance, body mass index, and glycated haemoglobin
levels. The most pronounced changes were observed in patients with a combination of arterial hypertension, type
2 diabetes mellitus, and obesity. These findings confirm the involvement of vitamin D deficiency in the mechanisms
of metabolic imbalance, the development of insulin resistance, and disturbances in carbohydrate and lipid metab-
olism. The results highlight the advisability of including serum 25-hydroxyvitamin D assessment in screening proto-
cols for cardiometabolic risk in patients with comorbid conditions and support the potential value of its correction
as part of therapeutic strategies in this patient population.

Key words: 25-hydroxyvitamin D, arterial hypertension, type 2 diabetes mellitus, obesity, insulin resistance, met-
abolic syndrome, glycated haemoglobin, cardiometabolic disorders.
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