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GENETIC DETERMINANTS OF PSEUDORESISTANT ARTERIAL HYPERTENSION
IN PATIENTS WITH CONCOMITANT OBESITY

e-mail: valentinapsareva27@gmail.com

The article focuses on studying the genetic determinants affecting the development of pseudoresistant arterial hypertension in
patients with accompanying obesity. We examined 200 stage II hypertensive patients with class I-II obesity aged 45-55. Treatment is
provided following the 2018 European guidelines. If the target level of blood pressure after three months of dual antihypertensive therapy
with perindopril and amlodipine was not reached, the thiazide-like diuretic indapamide was additionally prescribed. Diet therapy aimed
at lowering blood pressure to target values and correcting body weight was prescribed as a non-drug treatment. Patients were advised to
increase physical activity by fast walking for at least 45 minutes daily. Resistant hypertension was diagnosed in 48 patients, while
pseudoresistance was detected in 27 patients. It was established that the determinants of pseudoresistant hypertension in patients with
concomitant obesity are the genetic polymorphism of IRS-1 and ADIPOQ, relative wall thickness of the left ventricular, HOMA index,
body mass index and mean blood pressure. Concurrently, the main predictors are IRS-1 and ADIPOQ polymorphisms.

Key words: genetic polymorphism, arterial hypertension, obesity, resistant hypertension , antihypertensive therapy,
logistic regression.
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TEHETAYHI JETEPMIHAHTHU IICEBJIOPE3UCTEHTHOI APTEPIAJIBHOI T'IITEPTEH3II
Y XBOPUX I3 CYIIYTHIM OKUPIHHAM

CraTTs NIpHUCBSIYCHA BUBYCHHIO T€HETUYHNX JETEPMIHAHT, 1110 BIUIMBAIOTh Ha PO3BUTOK IICEBIOPE3UCTEHTHOI apTepianbHOl
rinepTeHsii y XBOPHX i3 CyIyTHIM oxupiHHAM. Byno o6crexeno 200 xBoprx Ha apTepiaibHy rineprensito 11 crapii 3 oxxupinasam I-
II kmacy BikoM 45-55 pokiB. JlikyBaHHS MpU3HAYaIW BiANOBiAHO 10 €Bponelichkux HactanoB 2018 poky. Tum xBOpuM, sKi HE
JIOCSATIIN LUILOBOTO PIBHS apTepiajIbHOrO TUCKY depe3 3 Micsli Ha MOABIMHMN aHTUrINEpTeH3UBHIH Teparil 3 BUKOPHCTAHHIM
HNEePUHONPWIY H aMJIOAWIIHY MOIATKOBO INpH3HAYaIM Tia3WAOMOAIOHMII fiypeTwk iHmanmaming. B skocTi HemenUKaMEeHTO3HOTO
JKyBaHHS IPU3HAYAJIACh AI€TOTEPAITisl, COPsIMOBAaHA HA 3HIDKCHHS apTepiabHOTO TUCKY A0 IIJTbOBUX 3HAYCHD 1 KOPEKIIII0 MacH Tija.
Mamientam Oyno peKOMEHIOBAHO 30UTBIINTH ()i3MYHY aKTHBHICTh 32 PaXyHOK XOABOM y IIBUJIKOMY TEMIIi He MeHIe 45 XBUIMH Ha
neHb. PesucTenTHy apTepianbHy TilepTeHsio JiarHoCTyBalH y 48 marjieHTiB, BOJHOYAC IICEBJOPE3UCTEHTHA BHSBIICHA Y 27 XBOPHX.
BcTaHOBIIEHO, 1O JETEpMiHAHTAMH IICEBIOPE3UCTEHTHOI apTepiaibHOI TilepTeHsil y Mali€HTiB i3 CYMyTHIM OXHPIHHAM €
reHetnyHuii noniMopdizm IRS-1 ta ADIPOQ, BigHOCHA TOBIIMHA CTIHKH JIIBOrO IUTyHOYKa, iHnekc HOMA, iHgeke Macu Tina Ta
cepenHiit apTepianbHuil THCK. BoHowac reHeTnyHi MomiMopdi3Mu € OCHOBHUMH IPEIUKTOPAMH IICEBIOPE3UCTEHTHOCTI.

KurouoBi ci1oBa: reHeTHYHUH oTiMOp(hi3M, apTepianbHa TilepTeH31s, 0)KUPIHHS, Pe3UCTEHTHICTh, aHTHTiEPTEH3UBHA
Tepartisi, JJOTICTUYHA perpecis.

The study is a fragment of the research project “Cellular-molecular and neurohumoral echanisms of target organ
remodelling, their interconnections, and correction in patients with combined pathology”, the state registration No. 0117U006894.

Arterial hypertension (AH) is one of the most common and most powerful risk factors for the
development of cardiovascular complications. Despite a significant number of antihypertensive drugs in
the doctors’ arsenal, cardiovascular mortality continues to increase. It is expected that arterial hypertension
will cause about 13 % of deaths in the world in the coming years [2]. Systemic arterial hypertension has
become a serious health problem due to the progressive growth of the aging population combined with the
increasing prevalence of risk factors such as obesity, salt intake, physical deterioration and lack of physical
activity [7, 13]. In addition, according to a number of studies, resistance to antihypertensive therapy (AHT)
is associated with an almost threefold increase in the risk of cardiovascular events [1, 8, 12], and its
prevalence varies depending on the selected criteria and characteristics of patients and reaches
approximately 13 % in adults [3, 10]. It is difficult to estimate the true prevalence of resistant arterial
hypertension (RAH), since pseudo-resistant hypertension (PRAH) is determined in most patients, the main
reason of which is the insufficient adherence of patients to AH [15]. All factors that determine low
adherence to treatment can be divided into the patient related factors and the doctor related factors [5, 15].
In the 2018 European guidelines for the diagnosis and treatment of hypertension, PRAH is defined as being
caused, in addition to low adherence to treatment, by the “white coat phenomenon”, increased brachial
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artery calcification, especially in the elderly, inaccuracy of blood pressure measurements when using a
smaller cuff, clinical inertia of doctors, leading to the prescription of antihypertensive drugs in inadequate
doses or irrational combinations, obesity and a number of other reasons [15]. At the same time, if the
multifactorial etiology of AH itself has been proven, the mechanisms of its development have been
thoroughly studied, and the hereditary predisposition has been confirmed, then the issue of the influence
of molecular genetic factors on the development of resistance to AHT requires detailed and further research.

The purpose of the study was to establish the genetic determinants of pseudoresistant arterial
hypertension in patients with concomitant obesity.

Materials and Methods. We examined 200 stage Il hypertensive patients with class I-II obesity
aged 45-55, who provided informed written consent to participate in the study. Patients office blood pressure
was measured according to the generally accepted method (in accordance with the 2018 ESC/ESH), and home
blood pressure monitoring was performed to exclude white coat hypertension. In the absence of both office
control and blood pressure control at home, “uncontrolled persistent hypertension” was diagnosed. Mean BP
was calculated by the formula: Mean BP=0.42x(SBP-DBP)+DBP. Anthropometric examination was used to
assess the degree of obesity and diagnose abdominal obesity height, body weight, body mass index
(BMI=kg/m” where kg is a person’s weight in kilograms and m?is their height in metres squared), waist
circumference, thigh volume, index “waist-thigh” were determined. The degree of carbohydrate metabolism
disorders was assessed by determining fasting glucose, glycosylated hemoglobin (HbA1c) and performing an
oral glucose tolerance test. Serum insulin concentration was determined using Insulin ELISA kits (“DRG
Diagnostics”, Germany).The HOMA index was calculated by the formula: HOMA-IR=blood glucose
(mmol/L)xblood insulin (uU/mL)/22.5. HOMA-IR values of 2.77 or more were regarded as the insulin
resistance (IR) presence. The state of proinflammatory activity was assessed by the levels of interleukin-6
(IL-6) and C-reactive protein (CRP). Serum levels of CRP and IL-6 were determined by enzyme-linked
immunosorbent assay. The activity of RAAS was assessed by the content of aldosterone and plasma renin
activity. The functional state of adipose tissue was assessed by leptin and adiponectin parameters. Leptin was
determined in blood serum using Leptin ELISA kits (DRG Diagnostics, Germany). The Avi Bion Human
Adiponectin (Acrp30) Elisa Kit test system (Ani Biotech Oy Orgenium Laboratories Business Unit, Finland)
was used to determine adiponectin levels. The intensity of lipid peroxidation was evaluated by indexs of
prooxidant activity — levels of malonic dialdehyde (MDA) and diene conjugates, antioxidant capacity by the
index of general antioxidant protection.

Genomic DNA was extracted from peripheral blood leukocytes using “DNA express blood” kit.
Identification of the G276T polymorphism of the ADIPOQ gene and the G972R polymorphism of the IRS-
1 gene was performed by the polymerase chain reaction followed by restriction analysis using sequences

of specific primers (direct - S5'GGCCTCTTTCATCACAGACC-3' and reverse —
5'AGATGCAGCAAAGCCAAAGT-3' for identification of G972T polymorphism; for identification of
G972T  polymorphism  direct - 5'AGTCTGGCTACTTGTCTGGC-3, reverse = —

5S'ATGAGTTGTCCCCGTCAGA-3"). The Bsml enzyme was used to cleave the polymerase chain reaction
products at genotyping the G276T polymorphism of the ADIPOQ gene, and the amplification products
were incubated with Alul restriction enzyme when genotyping the G972R gene of the IRS-1 gene. The
hydrolysis products were isolated in 3 % agarose gel and visualized. Three genotypes of the IRS-1 gene
(G/G, G/R and R/R) and three genotypes of the ADIPOQ gene (G/G, G/T, T/T) were identified.

Morphofunctional properties of the heart and blood vessels were evaluated on an ultrasound
scanner “IMAGIC Agile” (manufactured by “Kontron Medical”, France). The volumes of left and right
atria (LAV and RAV, respectively), end-systolic and end-diastolic diameters (LVESD and LVEDD,
respectively) of the left ventricle (LV) were evaluated. The thickness of the posterior wall of the LV and
the thickness of the interventricular septum in the systole (TPWs and TIVSs, respectively) and diastole
(TPWd and TIVSd, respectively) were measured. The relative wall thickness of the LV (RWT) was
calculated by the formula: RWT= (TPWd+TIVSd)/LVEDD, where TPWd — thickness of the posterior wall
of the left ventricle in diastole, TIVSd — thickness of the interventricular septum (diastole), LVEDD — end-
diastolic diameters.

Statistical methods were used for mathematical data processing: variation statistics, factor analysis,
correlation analysis, ROC-analysis, logistic regression method. The statistical processing of the obtained
data was carried out using the package of statistical software “SPSS 17” (IBM), Microsoft Office Exel-
2003. The data are presented as mean values=standard deviation. Significance was set at a p value of <0.05
in all cases. The study protocol was approved by the Ethics Committee. All participants were informed
about the aim of the study and signed a written consent form.

Results of the study and their discussion. According to 2018 ESC/ESH Clinical Practice
Guidelines for the Management of Arterial Hypertension, treatment started with the prescription of dual
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antihypertensive therapy (AHT). Patients received angiotensin-converting enzyme inhibitor (ACEI)
perindopril and calcium antagonist amlodipine. The primary target of blood pressure levels was <140/90
mm Hg. with a subsequent decrease in blood pressure <130/80 mm Hg. with good tolerability of treatment.

A diet therapy aimed at blood pressure lowering to target levels and weight correction was
prescribed as a non-drug treatment. Patients were advised to increase physical activity, mainly by walking
at a brisk pace for at least 45 minutes per day. Physical activity considered sufficient in case of the increase
of the mean intensity of aerobic exercise not least than 300 minutes per week, and patients who did not
adhere to it — patients with reduced physical activity

Initially, three months after the start of treatment, the number of patients who reached or did not
reach the target BP levels was assessed. Those patients who reached the target blood pressure levels with
dual AHT, there were 102 of them, continued prescribed therapy. Among them, 73 people had sufficient
physical activity, and 29 — partially reduced physical activity. Thiazide-like diuretic indapamide was
additionally prescribed to 98 patients who had not reached the BP target after 3 months. If the target blood
pressure levels were not reached one month after indapamide administration (with sufficient daily doses of
antihypertensive drugs), such patients considered as patients with resistant hypertension (48 people), and
they were additionally prescribed the fourth antihypertensive drug spironolactone. Among the 48 patients
who did not achieve the target blood pressure levels, 27 patients had pseudoresistant hypertension (caused
by insufficient compliance with the doctor's instructions to ensure a sufficient level of physical activity),
and 21 patients had true resistance (failure to achieve the target blood pressure levels with prescribed triple
antihypertensive therapy and sufficient physical activity).

The second re-examination of patients was performed six months after the prescribed therapy,
during which, in addition to blood pressure levels, anthropometric, biochemical and cardiohemodynamic
parameters were assessed.

According to ESC/ESH 2018 criteria, 27 patients were diagnosed pseudo-resistance to AHT. The
use of logistic regression in such patients at the stage of the initial examination showed that the model of
pseudo-resistance included indices: genetic polymorphism IRS-1 (regression coefficient (CR) 4.13),
genetic polymorphism ADIPOQ (CR 2.34), HOMA index (CR 1.07), MDA (CR 0.41) and mean BP (CR
0.38) (p<0.05 for all indexs). The influence of these indices on the formation of pseudo-resistance was
confirmed by the odds ratio (OR) and 95 % confidence intervals (CI) and the area under the ROC curve
(0.982). For IRS-1: OR —62.43, 95 % CI — 7.79-500.19; for ADIPOQ: OR —10.37, 95 % CI — 1.47-73.20;
for HOMA index: OR —2.91, 95 % CI — 1.08-7.83; for MDA: OR —1.51, 95 % CI — 1.01-2.27; for mean
BP: OR - 0.68, 95 % CI — 0.48-0.99.

Given the above data, the model of pseudoresistance hypertension to AHT in patients with
concomitant obesity in the pre-treatment phase is as follows:

y=exp(bot1.07x1+0.38x,+4.13x3+2.34x4+0.41x5)/[ 1 +exp(bo+1.07x1+0.38x,+4.13x3+2.34x4+0.4 1x5)],
where bo=-15.43 — constant; x; — HOMA index; X, — mean BP; x3 — genetic polymorphism IRS-1; x4 —
genetic polymorphism ADIPOQ; xs— MDA.

After treatment, the model of pseudoresistance included some of the indices that impact the pre-
treatment phase (genetic polymorphism IRS-1 (CR 5.52); genetic polymorphism ADIPOQ (CR 4.52);
HOMA index (CR 4.31); mean BP (CR 2.09)), as well as new indices: RWT (CR 26.34); BMI (CR 2.19),
(p<0.05 for all indexs)). At the same time, the greatest influence on the formation of this model was exerted
by indices such as LV RWT, genetic polymorphisms of IRS-1 and ADIPOQ, the HOMA index, which was
confirmed by the largest values of regression coefficients. The influence of these indices on the formation
of pseudoresistance was confirmed by OR and 95 % CI and the area under the ROC curve (0.994). All
these parameters confirmed their influence on the formation of pseudo-resistance in hypertensive patients
with obesity. For genetic polymorphism IRS-1: OR — 250.44, 95 % CI — 4.33-14495.68; for genetic
polymorphism ADIPOQ: OR —91.99, 95 % CI — 2.25-3757.83; for HOMA index: OR — 74.17, 95 % CI
—3,30-1669.18; for mean BP: OR - 8.07, 95 % CI - 1.05 —61,95; for RWT: OR — 274E+009, CI — 3,25
23.1E+021;for BMI: OR —8.97, CI — 1.38-58.27. Thus, the model of pseudo-resistant arterial hypertension
in obese patients looks as follows:
y=exp(bot4.31x;+2.091x,+26.34x5+5.52x4+4.52x5+2.19%6)/[ 1+exp(bo+4.31x,+2.091x,+26.34x3+5.52x4+

4.52x5+2.19%6)],
where bg=-281.74 — constant; x;— HOMA; x, — mean BP; x3— RWT; x4— genetic polymorphism IRS-1; xs
— genetic polymorphism ADIPOQ); xs — BML.

It is widely known and scientifically proven that patients with resistant hypertension have a
significantly increased risk of target organ damage, adverse clinical events, and all-cause mortality [14].
One of the conditions that contributes to the increased prevalence of true resistant hypertension is
pseudoresistant hypertension. Approximately 50% of patients diagnosed with resistant hypertension

164



ISSN 2079-8334. Céim meouyunu ma odionozii. 2023. Ne 3 (85)

actually have pseudoresistance [6, 9]. PRAH is often caused by the patient's low adherence to therapy.
Therefore, there has been growing interest in the bioanalytical assessment of adherence to antihypertensive
medications, the study of potential determinants of non-compliance in the treatment regimen of resistant
hypertension, and the evaluation of objective screening of antihypertensive drugs in serum [9]. To rule out
pseudo-resistance to therapy, in addition to clarifying the etiology of hypertension (to exclude secondary
causes), several approaches are employed. These include 24-hour blood pressure monitoring, home blood
pressure measurements, adjustments to medication therapy, and lifestyle modifications [11, 13, 15].
Lifestyle modification is widely recommended as a first-line approach for managing high blood pressure,
but its impact on patients with resistant hypertension has not been extensively studied. Fernando Ribeiro
and colleagues conducted a comprehensive analysis of multicenter studies and presented data suggesting
that lifestyle changes, including increased physical activity, dietary modification, and weight control, may
contribute to reducing clinical and ambulatory blood pressure and improving cardiovascular risk
biomarkers. These new findings confirm the efficacy of lifestyle modifications in combination with
optimized drug therapy for lowering blood pressure and improving cardiovascular risk markers in patients
with resistant hypertension [11, 14].

Arterial hypertension is a multifactorial condition and is often associated with obesity and excess
body weight, which also increases the risk of developing resistance to antihypertensive therapy [15]. In our
study, using logistic regression with ROC analysis, we identified the main determinants of PRAH
formation. It was found that genetic polymorphisms in IRS-1 and ADIPOQ, the HOMA index, mean blood
pressure, and the marker of oxidative activity, malonic dialdehyde, should already draw the doctor's
attention during the initial examination regarding the possible development of PRAH in patients with
obesity. In other words, these determinants should be considered early diagnostic markers for the formation
of pseudoresistance in patients with hypertension and concurrent obesity. It's worth noting that when
studying the processes of genetic information realization, it's important to take into account the modifying
influence of the environment, which often plays a crucial role in genotype realization [4].

T BRI/, ) V00007 0047404407

1. Genetic markers play a leading role in the formation of pseudoresistant arterial hypertension in
patients with accompanying obesity.

2. It has been established that the main determinants of pseudoresistant hypertension in patients
with concomitant hypertension are the genetic polymorphism of IRS-1 and ADIPOQ, RWT LV, HOMA
index, BMI, and mean blood pressure.

3. For the purpose of early diagnosis of pseudoresistant hypertension in patients with concomitant
hypertension, it is necessary to determine the genetic polymorphism of IRS-1 and ADIPOQ, HOMA index,
mean BP and MDA.

4. The application of the model of pseudoresistant hypertension at the stage of primary examination
of patients with hypertension and concomitant hypertension provides an opportunity to develop a
comprehensive treatment program for such patients in advance.
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USING LASER PHOTODYNAMIC THERAPY IN THE TREATMENT
OF AUTOIMMUNE THYROIDITIS

e-mail: fetta.sadixov@gmail.com

The purpose of the study was to comparatively assess the effectiveness of treating patients with a diffuse form of
autoimmune thyroiditis using laser photodynamic therapy and traditional treatment. The work was based on examination and
treatment data of 90 patients in whom the concentrations of a number of hormones were examined: TSH, FT3, FT4, and Anti-
TPO. In each group, the relative values of the analyzed indices, their mean error (m), and the reliability of intergroup differences
(according to the ¥ criterion) were calculated. Conservative therapy in patients of the control group brought a positive result only
in 32 (64 %) patients, while in 18 patients out of 50 (36 %), signs of subclinical hypothyroidism, as well as structural changes in
the thyroid gland, persisted in later dates (=21 days). In the main group, hormone levels clearly improved, approaching normal
values, indicating the absence of hypothyroidism signs in this group.

Key words: autoimmune thyroiditis, photodynamic therapy, photoditazine.
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3ACTOCYBAHHSI JIABEPHOI ®OTOJIUHAMIYHOI TEPAIIII ITPU JIIKYBAHHI
AYTOIMYHHOI'O TUPEOIJIUTY

Meroto pmocmipKeHHsT OyJIO IPOBEICHHS IMOPIBHSUIBHOI OLIHKM €(QEKTHBHOCTI JIIKyBaHHS INAI[i€HTIB 3 AU(Y3HOIO
(hopMOI0 ayTOIMYyHHOTO THPEOINUTY i3 3aCTOCYBAaHHAM JIa3epHOi ()OTOANHAMIUHOI Tepartii Ta TpaJunifHIM METOJIOM JIIKYyBaHHSI.
PoGora rpyHTyBanacs Ha maHMX OOCTeXeHHS Ta JiKyBaHHS 90 mamieHTIB, y SKuUX OyJO MOCTIIPKEHO KOHIEHTpANII0 HHU3KU
ropmoniB: TTIL, cB. T3, cB. T4 ta AT-TIIO. V KOXHIH Tpymi XBOPHX PO3PaxOBYBAIMCS BiJHOCHI 3Ha4YEHHS aHaJi30BaHHX
MOKA3HMKIB, iXHS cepenHs mommika (m), 95 % moBipumii iHTepBan (+2m) Ta JOCTOBIPHICTH MDKIPYIOBUX BiIMiHHOCTEH (3a
kputepieM ¥*). KoHcepBaTHBHA Teparisi y XBOPHX KOHTPOJILHOI IPyNy MpPUHECHA ITO3UTUBHUN pe3yJsbTar TilbkU y 32 (64 %)
HalieHTiB, y TOH 4ac sKk npuonusHo y TpetuHu 18 (36 %) 3 50 narieHTiB 03HaKH CyOKIIHIYHOrO TiNOTHUPEO3y, TaKOXK, K i
CTPYKTYpHI 3MiHM B LIMTOBHIHIN 3a503i, 30epiramucs i y mizHimi Tepmind (21 mHiB i Oimbiue). Y XBOpUX OCHOBHOI TPYyIH
MMOKAa3HUKU TOPMOHIB SIBHO TIOKPALIAJIH 1 HAOIMU3MIKCS 10 IOKa3HUKIB HOPMAJIbHUX HUQD, II0 CBIAYUTH PO BIACYTHICTD Y XBOPHUX
i€l rpynu 03HaK TiHOTHPEO3Y.

KnrouoBi ci1oBa: ayToiMyHHMI THpeoinuT, GpoToanHaMiuHa Teparnis, GpoToauTasuH.

The problem's urgency is due to the continuous growth of morbidity and insufficient effectiveness
of existing treatment methods. The frequency of autoimmune thyroiditis reaches 25-35 % among all
thyroid diseases and, after diabetes mellitus, ranks second among endocrinological diseases. Autoimmune
thyroiditis (AIT) mainly affects the population aged 25 to 65 years [12, 14]. Long-term courses of
conservative therapy have a temporary positive effect, but following the cessation of therapy, 40—60 % of
patients have a relapse of autoimmune thyroiditis since the drugs help alleviate the symptoms but do not
solve the real problem — the elimination of autoimmune inflammation [8, 10].
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