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DETERMINANTS OF FORMATION OF TRUE RESISTANCE
TO ANTIHYPERTENSIVE TREATMENT IN PATIENTS WITH
ARTERIAL HYPERTENSION WITH CONCOMITANT
OBESITY

The aim of the research: identify combinations of genetic and
neurohumoral factors that influence the development of true resistance to
antihypertensive therapy (AHT) in patients with concomitant obesity
(OB).

Materials and Methods. The study included 200 patients aged 45—
55 with uncontrolled hypertension and obesity. Treatment was
prescribed in accordance with the European Guidelines 2018. Thiazide-
like diuretics were additionally prescribed to those patients who did not
reach the target blood pressure (BP) level after 3 months of dual therapy.
Resistant hypertension was diagnosed in 48 patients who had an
uncontrolled course of hypertension at the optimal doses of three
antihypertensive drugs during the next month of their reception, while
true resistance was found in 21 patients. The effectiveness of
comprehensive treatment was evaluated after 6 months.

Results. The application of the logistic regression method at the
stage of initial examination of patients showed that the early predictors
of the formation of truly resistant hypertension in obese patients are
CIMT, HOMA index and genetic polymorphism IRS-1.

After treatment, the model of truly resistant hypertension in patients
with obesity included indicators that influenced its formation at the pre-
treatment stage, as well as the new ones: adiponectin, waist
circumference and genetic polymorphism ADIPOQ.

Conclusions. Genetic markers, insulin resistance, and vascular wall
status play a leading role in the development of true resistance to AHT in
obese patients. It is established that the main determinants of the
formation of true resistance to AHT in patients with this comorbidity are
IRS-1 polymorphism, HOMA index and CIMT.

Key words: resistant hypertension, antihypertensive therapy,
obesity, genetic polymorphism, logistic regression.
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JETEPMIHAHTH OOPMYBAHHA ICTUHHOI
PE3UCTEHTHOCTI O AHTUTINEPTEH3UBHOI TEPAIIIQ
Y XBOPUX HA APTEPIAJIBHY I'lNTIEPTEH3IIO 13 CYITYTHIM
OKUPIHHAM

Meta pmociailskeHHsI: BUSBUTH KOMOIHAIil TeHETHYHHUX 1 HEHpOTy-
MOpaJIbHUX YMHHHKIB, IO BIUIMBAIOTh HA PO3BUTOK ICTHHHOI PE3UCTEH-
THOCTI 10 aHTHTinepreH3uBHOi Tepamii (AI'T) y marmieHTiB 3 cymyTHIM
oxupinaaM (0X).

Martepianu i meroau. Y gocnimpxeHHs BKiIroueHO 200 malieHTiB y
Bini 45-55 pokiB i3 HekoHTpoJboBaHO Al Ta OX. JlikyBaHHS nmpu3Ha-
YaJM BiANOBIAHO 10 €Bpornericbkux HactaHoB 2018 poky. Tum xBopumM,
SKi HE IOCSAINIM IITBOBOrO piBHS aprepianbHOoro tucky (AT) uepes 3
MICSII Ha TOABIMHMI Teparii, JOAaTKOBO MPHU3HAYAIN Tia3UIO0MOIOHUH
niyperuk. Pesucrentny Al miarHocTyBamm y 48 mamieHTIiB, SKi Mand
HEKOHTPOJIbOBaHMH 1epedir AI' Ha ONTHUMaIBHUX J03aX TPHOX TiNOTCH-
3MBHHX IIpeIapaTiB MpOTATOM HACTYITHOTO MICSIS iX MpuioMy, BOAHO-
Yyac ICTHHHA PE3WCTCHTHICTh BUsBIeHa y 21 xBoporo. EdexruBHicTh
KOMILICKCHOTO JIIKYBaHHS OILIiHIOBAJIH Yepe3 6 MICHIIiB.

Pe3yabraTH: 3acTocyBaHHS METOMY JIOTICTHYHOI perpecii Ha eTarmi
MEPBUHHOTO OOCTEXEHHS MaIli€HTIB MPOAEMOHCTPYBAJIO, L0 PaHHIMHU
npeaukTopaMu (GopMyBaHHS ICTUHHO pe3ucTeHTHOi Al y mami€eHTiB 3
oxupinHaM € nokasHuku TIM 3CA, ingexkcy HOMA #i reHeTn4HuiA mo-
nimopodism IRS-1.

ITicns mpoBeseHOTO JiKyBaHHSA B MOJENb iICTUHHO pe3ucTeHTHOI Al y
xBopux 3 OXK BXomumu SIK iHIMKATOpPH, IO BIUIMBAIH HA ii popMyBaHHS
Ha eTari JI0 JIIKyBaHHS, a TAKOXK HOBI IHAWKATOPH: aJUIIOHEKTHH, MOKa3-
HUK oKkpykHOCTi Tamii (OT) Ta renernunnit momimopdizm ADIPOQ.

BucHoBkn. ['eHeTH4HI MapKepH, iHCYJTIHOPE3HCTEHTHICTh Ta CTaH
CYJAMHHOT CTIHKHM BiZirpaloTh MPOBIJHY POJIb B PO3BUTKY ICTHHHOI PE3U-
crenTHOCTI 10 AI'T y maiieHTiB i3 0XupiHHsIM. BcTaHoBIEHO, 1110 OCHO-
BHUMHU JieTepMiHaHTaMK (opMyBaHHs iCTHHHOT pe3uctenTHOCTI 10 AI'T
y XBOpHX 13 1i€t0 KoMopOiaHicTio € nmoiaiMopdizm IRS-1, innekc HOMA
ta TIM 3CA.

KoarouoBi ciioBa: pe3ucTeHTHA TillepTEeH3is; aHTUTINIEPTEH3UBHA Te-
partist, OKUpiHHS, TCHETUYHU MOJIIMOP(i3M, JIOTICTHIHA PETpecis.
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Introduction/Beryn with significant social consequences increasing
disability and mortality [1]. At the same time,
according to the World Health Organization in
2018, obesity is one of the independent risk factors

for the development of cardiovascular pathology

According to the epidemiological studies, the
definition of "non-infectious" epidemics can be
applied to both hypertension (AH) and obesity
(OB). AH takes an important place among diseases
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and a frequent comorbid condition in patients with
hypertension [2]. The simultaneous presence of
hypertension and obesity in patients is associated
with the earlier development of cardiovascular
catastrophes, as well as an increase in the number
of cases of treatment-resistant hypertension [3]. The
prognosis in patients with resistant hypertension is
particularly unfavorable. The risk of developing
cardiovascular complications in the form of stroke,
myocardial infarction, heart failure, end-stage renal
disease is many times greater than in the absence of
resistance to treatment in patients [4-6].
Multifactorial diseases (MFDs) are pathogenetically
dependent on the interaction of exogenous,
endogenous and epigenetic factors. Regardless of
the cause that triggers the pathological process, its
manifestations, taking into account the individual
characteristics of each person's genotype, are
always unique. The study of any MFD, assessment
of hereditary risk factors, and construction of
appropriate  models require consideration of all
these components [7-9]. To date, there are many
questions about the contribution of molecular
genetic and neurohumoral factors in the
pathogenesis  of  cardiovascular  remodeling,
methods for early diagnosis of non-resistant and
resistant hypertension in patients with metabolic
syndrome are in the process of developing [10-13].

Aim of the research. Identify combinations of
genetic and neurohumoral factors that influence the
development of true resistance to antihypertensive
therapy (AHT) in patients with concomitant obesity
(OB).

Materials and Methods.

We examined 200 stage Il hypertensive patients
with class 1-11 obesity aged 45-55, who provided
informed written consent to participate in the study.

Patients underwent a comprehensive general
clinical examination  with  assessment of
anthropometric parameters, office blood pressure
was measured according to the generally accepted
method, 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.

The degree of carbohydrate metabolism
disorders was assessed by determining fasting
glucose, glycosylated hemoglobin (HbAlc) and
performing an oral glucose tolerance test. Serum
insulin concentration was determined using Insulin
ELISA kits («kDRG Diagnostics», Germany). The
HOMA index was calculated by the formula:

HOMA-IR = blood glucose (mmol/L) x blood
insulin (uU/mL) / 22.5

HOMA-IR values of 2.77 or more were
regarded as the insulin resistance (IR) presence.

The functional state of adipose tissue was
assessed by leptin and adiponectin parameters, the
state of proinflammatory activity was assessed by
the levels of interleukin-6 (IL-6) and C-reactive
protein (CRP), the activity of RAAS was assessed
by the content of aldosterone and plasma renin
activity. The intensity of lipid peroxidation was
evaluated by indicators of prooxidant activity —
levels of malonic dialdehyde and diene conjugates,
antioxidant capacity - by the indicator 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 -
5'GGCCTCTTTCATCACAGACC-3' and reverse —
5'AGATGCAGCAAAGCCAAAGT-3' for
identification of G972T polymorphism; for
identification of G972T polymorphism — direct —
5'AGTCTGGCTACTTGTCTGGC-3, reverse —
5'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
(GIG, GIT, 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). Ultrasound scanning
of the arteries was performed according to the
standard method with a linear broadband sensor 5-
12 MHz in duplex mode with color mapping. The
pulse wave velocity in the carotid artery (cPWV)
and the abdominal aorta (aPWV) was determined
using the W-track method. The degree of
endothelium-dependent vasodilation (EDVD) was
determined in a sample with reactive hyperemia
according to the method of D. S. Celermajer in the
modification of O. V. Ivanova [14].
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Statistical methods were used for mathematical
data processing: variation statistics, factor analysis,
correlation  analysis, ROC-analysis, logistic
regression method.

Research results and their discussion.

According to the European guidelines for the
management of patients with hypertension in 2018,
drug treatment of patients starts with the double
AHT prescription. Patients received a combination
of angiotensin-converting enzyme (ACE) inhibitor
perindopril and calcium channel blocker (CCB)
amlodipine. The primary target blood pressure
levels were < 140/90 mm Hg. As a non-drug
treatment, patients with hypertension  with
concomitant obesity were prescribed diet therapy
aimed at correcting body weight and reducing
blood pressure to target values. Patients were also
advised to increase physical activity, mainly by
walking at a fast or moderately fast pace for at least
45 minutes per day.

After 3 months from the beginning of the
prescribed therapy, the patients' achievement of the
target blood pressure values was assessed with
double AHT. Patients who achieved BP targets
continued to receive prescribed therapy. The rest
were prescribed a third antihypertensive drug, the
thiazide-like diuretic indapamide. At this stage, a
fixed combination of perindopril arginine,
amlodipine, and indapamide (Triplixam) was
recommended to improve adherence to treatment,
and a diagnostic test was performed to rule out
secondary hypertension. If after 1 month treatment
patients did not reach the target blood pressure
levels with the use of optimal daily doses of three
antihypertensive drugs, they were considered as
patients with resistant hypertension and were
additionally prescribed aldosterone antagonist -
spironolactone.  Physical activity considered
sufficient in case of the increase of the average
intensity of aerobic exercise not least than 300
minutes per week, and patients who did not adhere
to it — patients with reduced physical activity.

According to ESC/ESH criteria, 21 patients
were diagnosed true resistance to AHT. The use of
logistic regression in such patients at the stage of
the initial examination showed that the model of
true resistance included indicators: CIMT
(regression  coefficient (CR) 7.06), genetic
polymorphism IRS-1 (CR 2.90) and HOMA index
(CR 1.62) (p < 0.05 for all indicators). The
influence of these indicators on the formation of
true resistance was confirmed by the odds ratio
(OR) and 95% confidence intervals (CI) and the

area under the ROC curve (0, 953). For HOMA-IR:
OR - 5.03; 95% CI — 2.50-10.11; for IRS-1: OR —
18.15; 95% CIl — 4.46-73.91; for CIMT: OR -
1161.53; 95% CI — 1.5386-25047.42.

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

y = exp (by +1.62x; + 2.90x, +7.06x3)/[1+ exp
(bo +1.62X1 + 290X2 + 706X3)],

where by = — 19.64 — constant; x;— HOMA-IR;
X, — polymorphism IRS-1; x; — CIMT.

After treatment, the model of true resistance
included some of the indicators that impact the pre-
treatment phase (CIMT (CR 11.08). HOMA index
(CR 1.06)), as well as new indicators (adiponectin
(CR (-2.08)), waist circumference (CR 0,13) and
ADIPOQ polymorphism (CR 2,34), (p < 0.05 for
all indicators)).

The effect of these indicators on the formation
of true resistance to AHT in patients with obesity,
assessed by logistic regression at the after treatment
stage confirmed by the odds ratio and 95%
confidence intervals, as well as the area under the
ROC curve (0.960). For adiponectin: OR — 7.98;
95% CI — 2.36-27.01; for HOMA-IR: OR - 2.89;
95% CI — 0.97-8.60; for waist circumference: OR—
1.14; 95% CI - 1.02-1.27; for CIMT: OR -
65058.06; 95% CI — 20.81-2033729.38; for
ADIPOQ polymorphism: OR -10.40; 95% CI —
1.14-95.02.

Thus, the model of true resistance hypertension
in patients with concomitant obesity:

y = exp (bo—2.08x; + 1.06x, + 0.13x5 + 11.08x4
+ 2.34x5)/[1+ exp (bo—

—2.08x; + 1.06x, + 0.13x3 + 11.08x4 + 2.34x5)],

where by = — 49.94 — constant; x; — adiponectin;
X, — HOMA-IR; x; — waist circumference; x, —
CIMT; xs — genetic polymorphism ADIPOQ.

The results of the study bring some clarity to the
understanding of the features of the differentiated
integration of molecular genetic, neurohumoral, and
environmental factors involved in the formation of
resistant hypertension (RAH) in patients with
concomitant obesity. We have defined the leading
role of genetic markers, insulin resistance and
vascular wall condition in the development of true
resistance to AHT and proved the feasibility of
studying polymorphisms ADIPOQ and IRS-1,
HOMA-IR and CIMT as markers of RAH. It is
important despite significant advances in genetic
research, there is still insufficient data on the
contribution of molecular genetic factors in
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cardiovascular remodeling in patients  with
hypertension, there are quite conflicting views on
the role of gene expression and genetic
polymorphism in development and course of
diseases in different populations of patients [13].
Our proposed methods of mathematical modeling
are quite promising in terms of predicting the
development of RAH in patients with obesity, and
their use expands opportunities for physicians to
individualize a comprehensive therapeutic approach
at the stage of treatment.

According to a number of studies, resistance to
AHT is associated with almost a threefold increase

Conclusions/BucHoBKH

Genetic markers, insulin resistance, and
vascular wall status play a leading role in the
development of true resistance to AHT in obese
patients. The IRS-1 polymorphism, HOMA

in the risk of cardiovascular events [4, 6, 15], and
its prevalence varies depending on the selected
criteria and characteristics of patients. Given the
use of European criteria in 2018, the prevalence of
RAH in adults reaches 13% [4, 16]. The prognosis
in these patients is much worse than in the general
population of patients with hypertension [6, 15].
This justifies the need for a further comprehensive
and balanced approach both to search for new
markers of the disease and to assess their suitability
for accurate risk prediction.

index, and CIMT have been defined to be the
main determinants of the formation of true
resistance to AHT in patients with this
comorbidity.

Prospects for future research/IlepcneKTHBH MOAAIBIINX JOCTIIKEHD

Search for new markers of resistant hypertension and assess their suitability for accurate risk prediction.
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