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Abstract: Background: Resistant hypertension (HTN) is associated with high risk of cardiovascular
complications. Our study aimed to assess prevalence, characteristics and treatment of patients with
resistant HTN; Methods: We screened 4340 consecutive cardiovascular patients and identified 3762
with HTN. Of them 128 fulfilled criteria for resistant HIN and were included in our study. We
matched these patients to 128 hypertensive patients with controlled HTN; Results: Resistant HTN
patients were 3.4% of all hypertensives. Most of these patients (67.2%) were at high or very high
cardiovascular risk compared to controlled HTN patients (40.6%), p<0001. Resistant HTN patients
had more frequently concomitant chronic kidney disease (CKD) (60.9%), overweight/obesity
(52.3%), dyslipidemias (35.2%), smoking (27.3%) and diabetes (21.9%) compared to controlled HTN
patients (37.5%, 29.7%, 28.1%, 14.1% and 7.8% respectively), p<0.001. Regression analysis showed
strongest association of resistant HTN with CKD (OR 6.64), stage III HTN (OR 3.07) and
obesity/overweight (OR 2.60). In contrast, single-pill combinations (SPCs) were associated with
lower likelihood of uncontrolled HTN (OR 0.58); Conclusions: Resistant HTN represented a small
proportion of all hypertensives in our study, but it was characterized by high/very high
cardiovascular risk. Optimized therapy including increased usage of SPCs could improve blood
pressure control and long-term prognosis of these patients.
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1. Introduction

Arterial hypertension (HTN) is defined as a sustained increase of the systolic blood pressure
(SBP) 2140 and/or diastolic blood pressure (DBP) 290 mmHg on repeated office measurements and
when necessary — confirmed by 24-hour ambulatory blood pressure (BP) measurement and/or
multiple home BP measurements [1-3]. Nowadays, HTN is a controllable disease for most patients
[1,2]. Modern therapeutic strategies based on single-pill combinations, including different
pharmacological classes could achieve target BP values in as many as 60% of patients on double
combinations and 90-95% of those on triple combinations [2]. Yet, some hypertensives remain
uncontrolled, irrespective of the therapeutic approach: many of these cases are referred as patients
with “Resistant HTN” [1-3]. According to most guidelines HTN is considered “true resistant” if
treatment with optimal or best tolerated doses of 23 drugs, including a thiazide/thiazide-like diuretic,
a blocker of renin-angiotensin-aldosterone system (RAAS) and a calcium channel blocker (CCB) plus
appropriate lifestyle measures fail to lower office BP to <140/90 mmHg [1-4]. After applying these
criteria, resistant HTN prevalence is estimated to be 5-10% of the entire hypertensive population in
most countries according to data from clinical studies and registries (up to 19% according to some
publications) [1-3,5]. However, true prevalence of resistant HTN is difficult to be estimated because
of its dependence on a large number of factors: clinical settings (general population, tertiary referral
center, clinical trials), classes and optimal doses of the antihypertensive drugs used, exclusion or
retention of patients not adhering to treatment, methods of BP measurement, definition of the target
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BP value representing BP control, etc. [2,3,5]. Exclusion of secondary HTN hypertension and
confirmation of good adherence to therapy are also required to define true resistant HTN and exclude
pseudo-resistant HTN [1-4] .

Resistant hypertension can be very common among patients some concomitant diseases and risk
factors (RF) such as a chronic kidney disease (CKD), type 2 diabetes mellitus (DM), obesity,
obstructive sleep apnea (OSA), high sodium intake, sedentary lifestyle, excessive alcohol
consumption, older age, etc. [2,3,5].

Regarding the pathophysiology of resistant HTN, it is probably involving an interplay between
multiple neurohumoral factors such as increased sympathetic activity and increased levels of
aldosterone, endothelin-1, vasopressin, etc. [2,3,5-11]. These factors contribute to increased
peripheral vascular resistance, retention of sodium and volume overload, increased arterial stiffness,
all of them leading to cardio-renal damage [3,5,8,9,11].

Patients with resistant HTN are considered by many to be at higher risk for development of
subclinical and clinically manifested hypertension-mediated organ damage (HMOD) such as left
ventricular hypertrophy, atherosclerotic vascular disease, atrial fibrillation, heart failure, ischemic
and hemorrhagic stroke, CKD (including end-stage renal failure) and premature cardiovascular
death [2,5,12]. According to some clinical studies many of these patients have a 10-year risk for fatal
or non-fatal cardiovascular event >20% at the time of diagnosis [2—4].

Unsolved issues regarding true prevalence of resistant HTN, clinical characteristics of this
heterogeneous group of hypertensive patients and therapeutic challenges many clinicians face, gave
us grounds to conduct our clinical study trying to find an answer to at least part of these questions
related to resistant HTN.

2. Materials and Methods

We conducted an observational, retrospective, non-interventional study in which as a first step
we screened consecutively 4340 patients for HTN. Screening included patients hospitalized at our
clinic for different cardiovascular pathologies/diagnoses for the period 01 July 2018 — 27 March 2024.
We found HTN in 3762 (86.7%) of all patients. At the next step, applying criteria recommended by
2018 Europeans Society of Cardiology (ESC)/European Society of Hypertension (ESH) Guidelines
and 2023 ESH Guidelines for the management of arterial hypertension were screened the
hypertensive population for resistant HTN [1,2].

Inclusion criteria for our study were: 1. Age >18 years; 2. Established diagnosis “Arterial
hypertension” according to 2018 ESC/ESH Guidelines or/and 2023 ESH Guidelines for diagnosis and
treatment of this disease; 3. Maintenance of SBP >140 and/or diastolic BP 290 mmHg after >1 month
of treatment with optimal or best tolerated doses of 3 or more drugs, including a thiazide/thiazide-
like diuretic, an RAAS blocker - either an inhibitor of the angiotensin converting enzyme (ACEi) or
an angiotensin II receptor blocker (ARB) and a calcium channel blocker (CCB); 4. Uncontrolled HTN
was confirmed by 24-h Holter-BP monitoring; 5. Good adherence (280% of the treatment period) to
the prescribed treatment; 6. Patient’s agreement and signed informed consent at hospital admission
to participate in all planned physical, instrumental and laboratory investigations.

Exclusion criteria were the following ones: 1. Patients with HTN at target BP values, achieved
by <3 antihypertensive drugs; 2. Patients with uncontrolled HIN by >3 drugs, but not in optimal
doses or not including ACEi/ARB + CCB + thiazide/thiazide-like diuretic or the treatment period is
<1 month; 3. Established diagnosis “Secondary HTN”; 4. Suspected/confirmed pseudo-resistant
HTN; 5. Patient’s clinical condition or/and concomitant factors/diseases made the planned
instrumental investigations not feasible.

After applying the aforementioned criteria we identified 128 patients with resistant HTN: they
represented 2.9% of all cardiovascular patients (n = 4340) we screened and 3.4% of the hypertensive
population (n = 3762) in our study. Of patients with resistant HTN 63 (49.2%) were males and 65
(50.8%) - females, p = 0.860. The median age was 58.0 years with interquartile range (IQR) 46.0-69.0
years.
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At the third step, we matched resistant HTN patients in a “case-control” manner of analysis to
128 consecutive hypertensive patients from the general hypertensive population in our study who
had achieved control on HTN. These patients had to fulfil the following inclusion criteria: 1. Office
SBP 130-139 mmHg for patients aged 265 years and 120-129 mm Hg for those aged <65 years; 2. Office
DBP 70-80 mm Hg; 3. Mean 24-h Holter-monitoring values <130 mm Hg for SBP and <80 mm Hg for
DBP; 4. Mean daytime Holter-monitoring SBP <135 mm Hg and <85 mm Hg for DBP; 5. Mean
nighttime Holter-monitoring SBP <120 mm Hg for SBP and <70 mm Hg for DBP; 6. Control of HTN
was achieved by <3 antihypertensive drugs (with a free or a single-pill combination if >1 drug used)
from different classes at standard or maximal doses taken for at least 4 weeks; 7. Patient’s agreement
and signed informed consent at hospital admission to participate in all planned physical,
instrumental and laboratory investigations.

The control group was matched to the resistant HTN group only for achieved control of HTN.
Figure 1 summarizes the participant’s inclusion process in our study.

4340 patients hospitalized between
01 July 2018 — 27 March 2024 screened for HTN

l 2018 ESC/ESH and 2023 ESH

criteria for “Arterial hypertension”

3762 (88.7%) of 4340 patients

with HTN
2018 ESC/ESH and 2023 ESH 2018 ESC/ESH and 2023 ESH
criteria for resistant HTN criteria for controlled HTN
Target group: Control group:
128 (3.4%) of 3762 patients 128 cosecutive patients with
identified with resistant HTN controlled HTN

| |

Inclusion in the study and data analysis

Figure 1. Screening and selection of participants for our study; ESC - European society of cardiology;
ESH - Europeans Society of Hypertension; HTN — arterial hypertension.

The study was conducted in accordance with the ethical standards, laid down in the 1964
Declaration of Helsinki and its later amendments, guidelines for good clinical practices, and local
regulations. Approval by a local ethics committee was not necessary for this type of clinical
studies/scientific research (observational, retrospective, non-interventional) in our country. All
participants had signed an informed consent at their hospital admission that they agree to be
examined and treated according the diagnostic and treatment plan proposed by the clinician/hospital
team in charge and the results could be used anonymously for scientific purposes. The study was
registered at https://www.clinicaltrials.gov/ on 7% of February, 2024 with reference number
KPVB0001RH.

Patients’ information was collected in a structured questionnaire form including demographic
characteristics, medical history (complaints, cardiovascular risk factors and comorbidities, treatment,
etc.), clinical, instrumental and laboratory findings of interest. We gathered the necessary data
directly from the medical documentation of patient’s hospitalization and other documents if
available. Instrumental investigations included electrocardiography (ECG), transthoracic


https://doi.org/10.20944/preprints202407.1848.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 July 2024 d0i:10.20944/preprints202407.1848.v1

echocardiography, 24-h Holter BP monitoring, routine laboratory parameters. Contrast computed
tomography (CT) imaging of the kidneys with renovasography was conducted to all patients with
resistant HTN and to patients with controlled HTN whose kidney echography plus duplex Doppler-
sonography showed abnormal findings. Additional investigations had been performed, if necessary.

Patient’s cardiovascular risk was calculated according to the 2021 ESC Guidelines on
cardiovascular prevention and 2023 ESH Guidelines for the management of arterial hypertension
[2,12].

Statistical Analysis

The statistical analysis was performed by SPSS statistical package, version 19.0 (SPSS Inc,
Chicago, IL). The data were summarized by frequencies and percentages for categorical variables and
by minimal, maximal, mean values and standard deviation for continuous ones with normal
distribution or a median and 25t -75t percentiles IQR for continuous variables with skewed
distributions. The normality of distribution of continuous data was assessed by Shapiro-Wilk test.
For comparison of categorical variables we used independent x2-test, Fisher’s exact test and Gamma-
test for categorical ordinal variables. Analysis of variance (ANOVA) was used for comparison of
parametric data, Mann-Whitney U test and Kruskal-Wallis H test — for nonparametric data. The
correlation between the variables was assessed by Pearson or Spearman correlation method
depending on data distribution. Association between the independent (concomitant
conditions/factors/diseases) and dependent variables (resistant/controlled HTN) was determined by
logistic regression analysis with the strength of each variable demonstrated by the odds ratio (OR).
All results were considered to be statistically significant at p-value <0.05.

3. Results
3.1. Patient’s Demographic and Clinical Characteristics

Table 1 presents demographic characteristics, concomitant risk factors and diseases, and the
cardiovascular risk of the participants in our study. Both genders were almost equally represented
not only in the general study population, but also in the two groups that were compared
(resistant/controlled HTN). Patients with resistant HTN were younger with a median age of 5 years
compared to controlled HTN. As visible from Table 1 both groups had comparable duration of
elevated BP, however patients with resistant-to-treatment HTN were more frequently with moderate
and severe HTN (SPB 2160 and/or DBP > 100 mm Hg). Subclinical and clinically manifested HMOD
were also more common among patients with resistant HTN indicating advanced stage of
hypertension. Risk factors and concomitant diseases that were more prevalent among resistant HTN
patients were active smoking, overweight/obesity, type 2 diabetes DM and chronic CKD. Ischemic
heart disease had borderline statistical significance and other RF and concomitant diseases had
comparable prevalence among both groups.

Table 1. Patient’s characteristics at inclusion in the study.

Characteristics Total Resistant HTN Controlled HTN P
n =256 n =128 n=128
Age (years), median (IQR) 61.0 (51.0-69.0) 58.0 (46.0-69.0) 63.0 (57.0-68.8) 0.003
Gender, n (%)
Males 130 (50.8%) 63 (49.2%) 67 (52.3%) 0.354
Females 126 (49.2%) 65 (50.8%) 61 (47.7%)
HTN grade, n (%)
Mild 74 (28.9%) 3(2.3%) 71 (55.5%)
Moderate 88 (34.4%) 53 (41.4%) 35 (27.3%) <0.001
Severe 94 (36.7%) 72 (56.3%) 22 (17.2%)
HTN stage, n (%)

I*t stage 79 (30.9%) 32 (25.0%) 47 (36.7%)
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5
IInd stage 109 (42.6%) 50 (39.1%) 59 (46.1%) 0.001
1114 stage 68 (26.6%) 46 (35.9%) 22 (17.2%)
HTN duration (years), median (IQR) 10 (5.3-18) 10 (5.3-20) 10 (5.3-16) 0.555
Smoking, n (%)

Active
Ex-smoker 53 (20.7%) 35 (27.3%) 18 (14.1%) 0.030
16 (6.3%) 8 (6.3%) 8 (6.3%) 1.000

Alcohol consumption*
33 (12.9%) 19 (14.8%) 14 (10.9%) 0.456
Overweight/obesity, n (%)
105 (41.0%) 67 (52.3%) 38 (29.7%) 0.001
Dyslipidemia, n (%)
81 (31.6%) 45 (35.2%) 36 (28.1%) 0.282
Type 2 diabetes, n (%)
IGT, n (%) 38 (14.8%) 28 (21.9%) 10 (7.8%) 0.034
20 (7.8%) 9 (7.0%) 11 (8.6%) 0.534
CKD, n (%)

126 (49.2%) 78 (60.9%) 48 (37.5%) 0.005

Heart rhythm

Sinus

AF 242 (94.5%) 120 (93.8%) 122 (95.3%)
Permanent car- 12 (4.7%) 6 (4.7%) 6 (4.7%) 0.565
diostimulator 2 (0.8%) 2 (1.6%) (0%)
Ischemic heart disease, n (%) Post-
myocardial infarction, n (%)
Post-stroke, n (%) 31 (12.1%) 21 (16.4%) 10 (7.8%) 0.054
TIA, n (%) 6(2.3%) 4 (3.1%) 2 (1.6%) 0.342
PAD

11 (4.3%) 8 (6.3%) 3(2.3%) 0.263
Heart failure 3 (1.2%) 1(0.8%) 2 (1.6%) 0.283
11 (5.5%) 7 (8.3%) 4 (3.5%) 0.208
38 (14.9%) 23 (18.0%) 15 (11.8%) 0.132

AF - atrial fibrillation; CKD - chronic kidney disease; HTN - arterial hypertension; IGT - impaired
glucose tolerance; IQR - interquartile range; Mild HTN - SBP 140-159 and/or DBP 90-99 mmHg;
Moderate HTN - SBP 160-179 and/or DBP 100-109 mmHg; Severe HTN - SBP >180 and/or DBP >180
mmHg; PAD — peripheral arterial disease; TIA — transitory ischemic attack; * >14 units per week for
males and >8 units per unit for females (1 unit = 25 ml of standard alcohol drink with 40.0% alcohol
content or 125 ml of wine with 12.0% alcohol content or 250 ml beer with 5.0% alcohol content), p - p-
value for statistical significance.

Among patients with CKD in the study population, 54 (42.2%) with resistant and 14 (10.9%) with
controlled HTN had a renovascular disease, 15 (11.7%) with resistant and 8 (6.3%) with controlled
HTN - a renal parenchymal disease and 10 (7.8%) with resistant, and 3 (2.3%) with controlled HTN
- both renovascular and renal parenchymal disease, p <0.001.

3.2. Laboratory and Instrumental Investigations

Table 2 shows some basic laboratory parameters that were investigated in patients from our
study. Patients with resistant HTN had higher levels of fasting blood glucose and creatinine, and
lower estimated glomerular filtration rate (eGFR), calculated according to the equation
recommended by the 2021 Guidelines of CKD Epidemiology Collaboration Group (CKD-EPI)
compared to patients with controlled HTN [13]. For all other laboratory parameters both groups were
comparable.
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Table 2. Basic laboratory parameters of the study population.

Parameter Total Resistant HTN Controlled HTN p
4.6 (4.2-4.9) 4.6 (4.3-4.9) 4.6 (4.2-4.9) 0.351

Potassium, mmol/L, median (IQR)

; . 142 (139-145) 142 (139-145) 142 (140-145) 0.546
;of;gnio ;I:OI/AL’ mejl.an ((1181;)) 148 (136-158) 147 (135-159) 148 (137-157) 0.606
Hzmafocﬂt ’LfL ’I:l:di?;‘ (10R) 0.44 (0.42-0.46)  0.44 (0.42:047)  0.44 (0.42-0.46) 0.126

Fasting gltcose, s/ \l, median (1K) 5.3 (4.8-6.2) 5.6 (4.9-6.3) 5.3 (4.8-5.9) 0.048
ngeI:hml?e’. “;;‘;gL’szd;n (I(%QI)Q) 76 (66-92) 79 (69-96) 73 (65-84) 0.007
CHER, MM/ 7oms, median 92 (75-101) 88 (71-101) 94 (65-97) 0.042

eGFR - estimated glomerular filtration rate (according to the equation recommended by the 2021
Guidelines of CKD Epidemiology Collaboration Group) [13]; IQR - interquartile range .

Figure 2 shows CKD stage based on eGRF, calculated according to 2021 CKD-EPI equation.
Patients with resistant HTN had more advanced CKD compared to patients with controlled HTN,
but for both groups kidney dysfunction was moderate to severe (IlIb stage) at worst: there were not
patients from either group with severe (IV stage) and terminal (V stage) CKD.

%40
35.9 p =0.001
35 —
30
25 234
20
15 ‘
10.2 10.2
10
5.5
. 47 E 47 39
, L W
I stage II stage IIla stage IIIb stage

M Resistant HTN i Controlled HTN

Figure 2. CKD stage of patients with resistant and controlled HTN according to the equation
recommended by the 2021 Guidelines of CKD Epidemiology Collaboration Group [13].

Table 3 shows office BP values, 24-h Holter-BP monitoring values and office-measured heart rate
(HR) of the study population. Patients with resistant HTN had significantly higher BP values both
from office and Holter-BP measurements compared to patients with controlled HTN. We found no
statistically significant difference between the two groups for HR.

Table 3. Office BP measurement, 24-h Holter-BP monitoring and office HR measurement.

Total Resistant HTN Controlled HTN n =

Characteristics n=256 n=128 128 P
Office SBP (in mm Hg), median 139.0 (130.0-150.0) 150.0 (145.0-160.0) 130.0 (122.0-134.8) <0.001
(IQR)
Office DBP (in mm Hg), median 85.0 (80.0-90.0) 90.0 (90.0-97.0) 80.0 (77.0-82.0) <0.001
(IQR)
Daytime Holter-monitoring SBP (in ~ 134.0 (128.5-145.0) 145.0 (139.0-152.0) 128.5 (123.0-132.0) <0.001

mm Hg), median (IQR)
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Daytime Holter-monitoring DBP (in

mm Hg), median (IQR) 84.0 (78.0-90.0) 90.0 (88.0-95.0) 78.0 (72.0-82.0) <0.001
Nighttime Holter-monitoring SBP
(in mm Hg), median (IQR)
123.0 (115.0-137.0) 137.0 (130.0-145.0) 115.0 (111.0-118.0) <0.001
Nighttime Holter-monitoring DBP
(in mm Hg), median (IQR)
24-h Holter-monitoring SBP (in mm 74.0 (65.0-85.5) 86.0 (79.0-92.0) 65.0 (62.3.5-68.0) <0.001
Hg), median (IQR)
24-h Holter-monitoring DBP (in mm
Hg), median (IQR) 132.0 (122.0-141.0) 141.0 (137.0-147.0) 122.0 (118.0-126.0) <0.001
Heart rate (beats/min.), median (IQR)
79.0 (71.0-88.0) 88.0 (84.0-93.0) 71.0 (68.0-75.0) <0.001
74 (67-80) 74 (65-80) 75 (68.0-80.0) 0.406

DBP - diastolic blood pressure; HR — heart rate; IQR — interquartile range; SBP - systolic blood pressure.

Figure 3 shows the circadian BP dipping status of the study population, assessed by 24-h Holter-
BP monitoring. According to our results non-dipping and reverse dipping state were significantly
more common among patients with resistant HTN.

100%
90 87.5 p <0.001
80
70
60
50 44.5 43.0
40
30
20 10.2 12.5
p L O
0 —
Normal Non-dipping Reverse dipping
M Resistant HTN & Controlled HTN

Figure 3. Dipping state of patients with resistant and controlled HTN. Normal dipping state — 10-20%
decrease of the nighttime SBP and DBP to the daytime values; Non-dipping — 1-9% decrease of
nighttime SBP and/or DBP compared to the daytime values; Reverse dipping — nighttime SBP and/or
DBP increase compared to the daytime values;.

3.3. Risk Profile of the Study Population

Figure 4 demonstrates the cardiovascular risk of the participants in our study. The risk was
calculated according to the algorithms, proposed by the 2021 ESC Guidelines on cardiovascular
disease prevention in clinical practice and 2023 ESH Guidelines for the management of arterial
hypertension. According to the results significant percentage of all hypertensive patients
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participating in our study (~54%) were at high and very high cardiovascular risk: >67% of patients
with resistant and >40% of those with controlled HTN, p<0.001.

%

40
35 32.8 :
28.9
- 266
25.0 250
2 219
20 184 17.6
14.8 | s
15
8.6
10 7.8
5.9 7.0
: 3.9 43
| R
0 H e L] ! L
Low Low-moderate = Moderate = Moderate-high High Very high

i4Overall M Resistant HTN  Controlled HTN
Figure 4. Cardiovascular risk of the study population. HTN - arterial hypertension.

3.4. Treatment of the Study Population

Table 4 shows the antihypertensive classes of drugs, used by our patients prior to re-evaluation
of their therapeutic approach. Calcium channel blockers, mostly dihydropyridine -type (DHP-CCB),
diuretics (mostly thiazide/thiazide-like) and ARBs were most frequently prescribed classes in
patients with resistant HTN. The same classes were most preferred for patients with controlled HTN
too, but prescription rates were significantly lower compared to resistant HTN. Prescription of
second-line antihypertensive drugs - mineralocorticoid receptor antagonists (MRA), al-receptor
blockers and centrally acting agents was higher in patients with resistant HTN.

Table 4. Antihypertensive classes used by the patients, included in our study.

Total Resistant HTN Controlled HTN P
Antihypertensive classes n =256 n=128 n=128

ACEi, n (%) 78 (30.5%) 34 (26.6%) 44 (34.4%) 0.222
ARB, n (%) 147 (57.4%) 82 (64.1%) 65 (50.8%) 0.037
CCB, n (%) 181 (70.7%) 107 (83.6%) 74 (57.8%) <0.001
DHP-CCB 177 (69.1%) 104 (81.3%) 73 (57.0%) <0.001
Non-DHP-CCB 4 (1.6%) 3(2.3%) 1 (0.8%) <0.001
Diuretics, n (%) 183 (71.5%) 106 (82.8%) 77 (60.2%) <0.001
Thiazide/thiazide-like 120 (46.9%) 63 (49.2%) 57 (44.5%) <0.001
Loop 50 (19.5%) 32 (25.0%) 18 (14.1%) <0.001
Thiazide + Loop 13 (5.1%) 11 (8.6%) 2 (1.6%) <0.001
Beta-blockers, n (%) 125 (48.8%) 76 (59.4%) 49 (38.3%) 0.001
MRA, n (%) 27 (10.5%) 21 (16.4%) 6 (4.7%) 0.002
al-receptor blockers, n (%) 17 (6.6%) 15 (11.7%) 2 (1.6%) 0.001
Centrally acting agents, n (%) 59 (23.0%) 47 (36.7%) 12 (9.4%) <0.001

ACEi - Angiotensin- converting enzyme inhibitors; ARB — angiotensin II receptor blockers; CCB -
Calcium channel blockers; DHP-CCB - dihydropyridine calcium channel blocker; HTN - arterial
hypertension; MRA - mineralocorticoid receptor antagonists; Non-DHP-CCB - non-dihydropyridine
calcium channel blocker; p — p-value for statistical significance.

Most frequently prescribed representatives of each antihypertensive class were the following
ones:
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e  Perindopril in 34 (43.6%) of 78 patients on ACEi: 15 (44.1%) of 34 patients with resistant HTN
and 19 (43.2%) of 44 patients with controlled HTN, p = 0.637;

e  Valsartan in 87 (59.2%) of 147 patients on ARB: 54 (65.9%) of 82 patients with resistant HTN and
33 (50.8%) of 65 patients with controlled HTN, p = 0.072;

¢ Amlodipine in 80 (44.2%) of 181 patients on CCB: 37 (34.6%) of 107 patients with resistant HTN
and 43 (58.1%) of 74 patients with controlled HTN, p <0.001.

e  Hydrochlorothiazide in 90 (49.7%) of 181 patients on diuretics: 45 (42.5%) of 106 patients with
resistant HTN and 45 (58.4%) of 77 patients with controlled HTN, p = 0.001;

e  Bisoprolol in 82 (65.6%) of 125 patients on beta-blockers: 50 (65.8%) of 76 patients with resistant
HTN and 32 (65.3%) of 49 patients with controlled HTN, p = 0.537;

e  Spironolactone in 23 (85.2%) of 27 patients on MRAs: 17 (80.9%) of 21 patients with resistant
HTN and 6 (100.0%) of 6 patients with controlled HTN, p = 0.006

e  Doxazosin in 11 (64.7%) of 17 patients on al-receptor blockers: 10 (66.7%) of 15 patients with
resistant HTN and 1 (50.0%) of 2 patients with controlled HTN, p = 0.012;

¢  Moxonidine in 52 (88.1%) of 59 patients on centrally acting agents: 40 (85.1%) of 47 patients with
resistant HTN and 12 (100.0%) of 12 patients with controlled HTN, p <0.001.

Regarding the number of antihypertensive classes participants in our study had been prescribed,
the median was 3 (IQR 2-4): 3 (IQR 3-4.5) in patients with resistant HIN and 2 (IQR 2-3) in patients
with controlled HTN, p <0.001.

The median of the number of antihypertensive tablets patients from our study took daily was 3
(IQR 1-5): 4 (IQR 3-6) in patients with resistant HTN and 1.5 (IQR 1-3) in patients with controlled
HTN, p <0.001.

The median of all tablets the patients from our study took (for HTN and concomitant diseases)
was 4 (IQR 2-8): 6 (IQR 4-10) in patients with resistant HTN and 2 (IQR 1-4.5) in patients with
controlled HTN, p <0.001. There was not statistically significant difference between males and
females regarding the median of the number of antihypertensive classes, number of antihypertensive
tablets and the number of all tablets taken daily.

Single-pill combinations including 2 to 3 antihypertensive classes were used by 145 (56.6%): 64
(50.0%) of patients with resistant HTN and 81 (63.3%) of patients with controlled HTN, p = 0.002.
Figure 5 shows the percentage of patients with resistant versus controlled HTN treated with double
SPCs and a triple SPCs.

%
60 55.5

50.0
50 46.9

p=0.014

40 36.7

30

20

10 7.0
3.1

. ;‘0.8 0 H

No SPC 1 double SPC 2 double SPCs Triple SPC

M Resistant HTN  w Controled HTN

Figure 5. Treatment with double and triple single-pill combinations. HTN - arterial hypertension;
SPC - single-pill combination.
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We analyzed also the prescription rate of some other classes of drugs, frequently used by HTN
patients for concomitant diseases/conditions:

e  Oral anticoagulants —in 34 (13.3%) of 256 patients (mostly direct oral anticoagulants - 33 of 256,

12.9%): 21 (16.4%) of patients with resistant and 13 (10.2%) with controlled HTN, p = 0.250;

e  Antiplatelet drugs —in 20 (7.9%) of 256 patients: 12 (9.4%) with resistant HTN and 8 (6.3%) with

controlled HTN, p = 0.381;

e Lipid-lowering drugs —in 68 (26.6%) of 256 patients (mostly a statin - 61 of 256, 23.8%): 41 (32.0%)

with resistant and 27 (21.1%) with controlled HTN, p = 0.045;

e  Sodium-glucose cotransporter-2 (SGLT2) inhibitors — in 17 (6.6%) of 256 patients: 8 (6.2%) of

patients with resistant and 9 (7.0%) with controlled HTN, p = 0.761.

The therapeutic decision for patients with resistant HTN in our study was optimization of the
pharmacological treatment in 110 (85.9%) of 128, of them 58 (92.1%) males and 52 (80.0%) females.
Interventional treatment was indicated to 18 (14.1%) of 128: 5 (7.9%) males and 13 (20.0%) females, p
= 0.011. It included renal artery revascularization because of a significant stenosis in 10 (7.8%) and
renal denervation in 8 (6.3) of 128 resistant HTN patients in whom further pharmacological
optimization was not possible for any reason.

3.5. Impact of Concomitant Risk Factors/Diseases and Drug Treatment on HTN Control

Table 5 shows the variables (demographic factors, concomitant clinical conditions/diseases,
treatment) with strongest association with resistant HTN in our study. We found significant positive
association of resistant HTN with CKD, advanced stage of HTN, obesity/overweight, concomitant
IHD and type 2 DM, and active smoking, while gender, age, dyslipidemia, cerebrovascular disease,
PAD, AF, HF and other analyzed factors did not exert significant influence on the odds ratio for
resistant HTN. Treatment with single-pill combinations and certain classes of drugs were associated
with higher likelihood for controlled HTN.

Table 5. Association of different factors with resistant HTN.

95% confidence interval for OR

Variable OR Lower limit Upper limit p

Risk factors/concomitant diseases

Active smoking 1.944 0.626 6.037 0.033
Type 2 DM 2.072 1.132 3.790 0.018
IHD 2.316 1.044 5.140 0.039
Stage Il HTN 2.467 1.311 4.644 0.005
Obesity/overweight 2.601 1.556 4.349 <0.001
Stage IIl HTN 3.071 1.559 6.051 0.001

CKD 6.642 3.779 11.674
<0.001

Treatment

SPC 0.580 0.352 0.956
ARB 0.799 0.645 0.989 0.033
Diuretics 0.726 0.618 0.854 0.038
CCB 0.692 0.585 0.817 <0.001
Beta-blockers 0.645 0.496 0.838 <0.001
MRA 0.286 0.119 0.684 0.001
Centrally acting agents 0.255 0.142 0.458 0.004
a-1 receptor blockers 0.133 0.031 0.571 3005)051

Logistic regression analysis was used to assess the association of various variables with resistant
HTN. Prior independent x2-test was applied to identify categorical variables with statistically
significant relationship with resistant HTN. These variables were entered into the univariate logistic
regression model; ARB — angiotensin II receptor blocker; CCB — calcium channel blockers; CI —
confidence interval; CKD - chronic kidney disease; DM — diabetes mellitus; IHD — ischemic heart
disease; MRA — mineralocorticoid receptor antagonist; HTN — arterial hypertension; OR — odds ratio;
p — level of significance; SPC — single-pill combination.
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4. Discussion

In our study patients with resistant HTN were 3.4% of all hypertensive patients — prevalence
that is slightly lower, but generally comparable to published data by other authors [2,14,15].
According to the 2018 ESC/ESH and 2023 ESH Guidelines patients with true resistant HTN are ~5%
of all patients with high BP [1,2]. The percentage of resistant HTN patients in our study and other
studies on this topic may not seem so significant at first glance, but having in mind the number of all
hypertensive patients worldwide — approximately 1.28 billion adults aged 30-79 years, it means >43
million people with HTN resistant to treatment, constantly exposed to high and very high
cardiovascular risk.

What is important to be discussed is that the definition of resistant HTN adopted by many
guidelines is based on maintenance of office BP values 2140/90 mmHg after appropriate lifestyle
measures have been taken by the patients and they are treated with optimal or best tolerated doses
of at least three drugs (a thiazide/thiazide-like diuretic, a RAAS blocker and a CCB) [1,2,4,5].
However, the proposed cut-off BP values are discrepant to the target BP values which are <130/80
mm Hg for many hypertensive patients [1,2,12]. For this reason, some authors suggest lower office
BP values (<130/80 mmHg) for the definition of resistant HTN or values dependent on the target BP
for the corresponding HTN population, which we completely agree with [6,16-18]. 2017 American
Heart Association/American College of Cardiology taskforce defined resistant hypertension as
uncontrolled BP >2130/80 mm Hg while on optimal doses of at least three antihypertensives with one
being a diuretic [18]. This amendment of the criteria for resistant HTN may increase considerably
percentage of patients with true resistant HTN [3,6,16,18]. On the other hand, prevalence will be
lower if patients with normal out-of-office BP values are excluded from statistics: data from meta-
analyses show that the percentage of patients that could be removed for this reason may vary from
14% to 37% [3,6,18].

When discussing our results, we actually prefer to talk about “resistant HTN” instead of “true
resistant HTN”, although we have practically applied ESC/ESH criteria for the latter [1,2]. To our
opinion, this approach is more applicable for studies conducted in real clinical settings and also more
important from clinical point of view. Definition of true resistant HTN requires exclusion of
secondary (symptomatic) HTN due to a concomitant disease/condition [1,2,4]. As seen from our
results the majority of our patients with uncontrolled HTN have concomitant conditions/diseases,
whose influence on BP cannot be ruled out, i.e. patients with HTN uncontrolled by >3 drugs who do
not have any concomitant conditions, that may interfere with BP control are just a few. And even for
them it is impossible to perform all possible laboratory and instrumental investigations that exist to
completely exclude a symptomatic component of HTN (secondary HTN). As recommended by most
guidelines on HTN, laboratory and instrumental investigations for detection of secondary HTN are
justified only in the presence certain clinical features and/or pathological findings from routine
investigations [1,2,4,18]. The problem is that absence of characteristic symptoms and signs of a
secondary HTN does not exclude secondary HTN at all [2,3,15,16].

In our study CKD was the strongest predictor of resistant HTN: ~60% of patients with resistant
HTN had CKD and chronic kidney dysfunction increased ~6.6-fold the odds ratio for difficult-to-
control HTN. According to other authors ~60-80% of patients with a kidney disease have high BP and
CKD increases 2-3 the likelihood for resistant HTN [2,3,5,19]. It is important to mention, that kidneys
diseases are a very heterogeneous group of pathologies, not all of them related to BP elevation and
progression to CKD [3,5,13,19]. In addition, many hypertensive patients have high BP preceding
development of CKD for years as the scenario was for many of our CKD patients (data from the
medical documentation) [3,5,20]. Occurrence of CKD frequently deteriorates BP control, sometimes
to the level of resistant HTN, but according to us it does not classify these patients as cases of
secondary HTN [2,3,5,18]. For this reason, we regarded patients with CKD and uncontrolled HTN in
our study as “resistant HTN patients”, but not “secondary HTN patients”, which should exclude
many of them from the analysis.

Other factors in our patient’s population strongly associated with resistant HTN were
overweight/obesity, insulin resistance/type 2 diabetes, increasing the odds ratio for uncontrolled
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HTN ~2.6, 2.1 and 1.9-fold respectively. According to other authors diabetes increases the likelihood
for resistant HTN ~ 2-fold and obesity - 2 to 4.5-fold [3,5,21-23]. For smoking most publications we
found mentioned only that it more common among patients with resistant HTN, but no details about
the level of association was presented [2,18,22,24] . These concomitant pathologies must be taken into
consideration, when planning therapeutic strategy because they are very common among patients
with high BP. Interestingly, despite there is strong evidence that obesity and smoking are involved
in BP elevation, these conditions/diseases are usually not regarded as etiologies for “secondary HTN”
in contrast to kidney diseases [1-4].

Other conditions strongly associated in our study with development of resistant HTN were IHD,
stage II and stage III HTN. In the study of Smith et al. 38% of patients with coronary artery disease
had resistant HTN [25]. In addition, these patients had much worse cardiovascular outcomes
compared to patients with IHD with controlled HTN [25]. According to us, the very IHD and drugs
used for it are unlikely to cause directly resistance to HTN treatment. The link between these 2
diseases is probably increased activity of renin-angiotensin-aldosterone and sympathetic nervous
system, causing vasoconstriction, increased arterial resistance, endothelial damage and vascular
remodeling [6,9-11,26,27]. These processes are involved not only in the mechanisms of development
of HTN, but also in coronary atherosclerosis, clinically manifested with IHD [9,11,20,26]. Some of the
discussed mechanisms are probably responsible also for the changed circadian BP rhythm and
impaired dipping state [5,28,29]. In our study pathological deviations in BP dipping state were
significantly more common among patients with resistant (in ~53%) versus controlled HTN (~12%).
Other authors (Ingabire et al.) have found a non-dipping pattern of BP in up to 78% of their patients
with uncontrolled HTN [30]. High prevalence of non-dipping and reverse dipping we found among
our population with resistant HTN is important for 2 main reasons: 1. These conditions are
recognized risk factors for major adverse cardiac events; 2. They require careful elaboration of
antihypertensive strategy (choice of antihypertensive classes, preference of drugs with high through-
to-peak ratio, regiment for drug intake, etc.).

Regarding higher prevalence of HMOD (II and III stage of HTN) in resistant HTN and strong
association between these conditions we found in our study, it is logical and could be explained by
the harmful effect of high BP on the heart and arteries (cardiovascular remodeling), the kidneys, brain
and the eyes - target organs for high BP [3,5].

We did not find statistically significant sex difference between resistant and controlled HTN
patients (percentage of males and females patients was comparable within the very groups too). Most
of the other publications we came upon during literature search showed similar prevalence of
resistant HTN among males and females, however there were a few in which resistant HTN was
more prevalent among males [14,28,31-33]. Our patients with resistant HIN were younger compared
to patients with controlled HTN, although we expected the opposite. Aging of vessels with loss of
elastic fibers is resulting in stiffening of the arterial wall which is considered one of the main
pathogenic mechanisms for development of high BP (particularly for the SBP) [5,20,28]. Correlation
and regression analyses we conducted did not show statistically significant association of resistant
HTN with age. Aging matters for increased incidence of HTN, but other factors/mechanisms
probably have more important role for resistance of HTN to treatment. Most of the other publications
we found showed increased incidence and prevalence of resistant to treatment HTN with aging,
however these studies were mostly outpatient [14,22,28,32,34]. We admit that some important factors
for HTN control (such as patient’s adherence to therapy, concomitant medications, physician’s inertia
to treatment optimization, etc.) could be expressed at different level in in-hospital and outpatient
conditions.

Regarding treatment, we found that the majority of our patients were on guidelines-
recommended first-line treatment: ~88% were on a RAAS inhibitor (ARB in 57.4% and ACEi in
30.5%), ~71% on CCB and ~72% on a diuretic (~1/2 of them on a thiazide/thiazide-like diuretic). Our
results differ to some extent from the results of one of the largest clinical studies that have been
recently published in the same field - the HYPEDIA study [35]. It evaluated the implementation of
the 2018 European guidelines for treating hypertension in 3122 patients (mean age 64 +12.5 years)
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and showed that ARBs were used in 69%, CCBs in 47%, ACEi in 19%, diuretics in 39% and beta-
blockers 19% [36]. In our study we included patients from tertiary medical care which may be
associated with the difference in the therapeutic approach to patients [2,17,28,35].

Our subgroup analysis showed that percentage of patients with resistant HTN on ARB, CCB
and diuretics was significantly higher compared to controlled HTN, but it could be explained by the
necessity of more drugs from different classes to achieve BP control: the median of number of tablets
used by patients with uncontrolled HTN was the median was 3 (IQR 3-4.5) compared to 2 (IQR 2-3)
in patients with controlled HTN, p <0.001. ACEi were more prescribed to patients with controlled
HTN, but difference with resistant HTN group was not statistically significant. We did not find
objective results from other studies performed in real clinical settings about the prescription rate of
different antihypertensive classes to patient with resistant HTN which we could compare to our data.

What was also important from our results was the less usage of SPCs by patients with resistant
HTN (~57%) compared to those with controlled HTN. It could be at least partially related to
insufficient HTN control in the first group according to us. Free combinations are characterized by
worse compliance and persistence to therapy (particularly in chronic diseases) which could
compromise the effect of any drug [36-38]. On the other hand, SPCs improve significantly adherence
and the rate of achieving target BP values [2,36,37]. According to 2023 ESH Guidelines on HTN
double combinations are expected to achieve sufficient BP control in ~60%, and triple SPC —in ~90%
of all hypertensive patients [2]. Our results showed that patients treated with SPCs had 42% lower
odds for resistant HTN compared to patients on free combinations after statistical adjustment for
other influencing factors. We did not find clinical data from other studies showing exact numbers by
which SPCs reduce the risk/OR for development of HTN or/and improve control of BP in patients
with resistant HTN compared to free combinations, however most publications on this topic agree
that SPCs improve significantly BP control.

The therapeutic approach to the majority of our patients (~86%) was optimization of the drug
treatment. Detailed analysis of our data outlined the following possibilities to achieve better BP
control in resistant HTN:

1. Increased prescription rate of SPCs: a guidelines-based double SPC as initial therapy;

2. Early addition of a third component to the SPC (a triple SPC) if target BP has not been achieved
within 2-4 weeks: therapeutic inertia should be avoided.

3. Drugs in the combination should be at standard doses that could be increased in a step-wise
approach to maximal doses, particularly the thiazide/thiazide like diuretics, RAAS inhibitors and
CCBs;

4. Long-acting representatives of each classes with highest trough-to-peak ratio should be used;

5. If a combination with an ACEi in optimal doses and duration of treatment fails to achieve
target BP values within a reasonable period of time or if it has stopped working, the ACEi should be
replaced by an ARB. Development of tachyphylaxis with ACEi is not uncommon (up to 30%
according to some data) [39]. Results from the largest clinical trial comparing an ARB (telmisartan)
to ACEi (ramipril) - ONTARGET also supports switch from an ACEi to an ARB in patients with
insufficient BP control from the first class, particularly in high-risk patients [40].

6. In patients who have not achieved BP target values by a triple combination with a RAAS
inhibitor, CCB and a thiazide/thiazide-like diuretic at standard/maximally tolerated doses within 4
weeks of treatment, a second-line drug must be added to therapy: preferably a MRA or a beta-blocker
(preferably bisoprolol) or an a-1 receptor blocker (preferably doxazosin) or a centrally acting agent
or a combination of them in lower or standard doses. Thiazide/thiazide-like diuretics could be
switched to a loop diuretic (preferably torasemide), particularly if eGFR is <45 ml/min/1.73m?.
Current ESC/ESH Guidelines on HTN recommend a MRA (spironolactone or eplerenone) to be
added to the therapy of patients who have not achieved BP control by first-line drugs [1,2]. These
recommendations came after results from PATHWAY-2 clinical trial were published [27]. They
showed that the average reduction in home SBP was greater with spironolactone compared with
placebo (-8.70 mm Hg), doxazosin (-4.03 mm Hg), and bisoprolol (-4.48 mm Hg) [27]. In our study
only ~16% of resistant HTN had been prescribed a MRA. Oher therapeutic options recommended by
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the current guidelines - al-receptor blockers, beta-blockers, centrally acting agents were also
underrepresented in the therapy of our patients with resistant HTN. In contrast to PATHWAY-2 our
results showed that al-receptor blockers (most of our patients were on doxazosin) were associated
with lower likelihood for resistant HTN compared to MRAs (spironolactone or eplerenone).

7. Renal denervation or novel device-based therapies (carotid baroreceptor stimulation, cardiac
neuromodulation therapy, iliac arteriovenous anastomosis, etc.) remain an option for patients with
true resistant HTN who have not achieved target BP by the strategies discussed above [2].

8. In all patients with HTN efforts should be made at individual and public levels to increase
awareness about the importance of strict adherence to therapy and regular home BP measurements.
Any deterioration of BP control, if sustained and not due to obvious temporary causes should urge
patients to attend their treating physicians.

In our study >50% of hypertensives were at high or very high cardiovascular risk, particularly
patients with resistant HTN (~67%). Epidemiological data published by other authors show variable
level cardiovascular risk, dependent on the analyzed hypertensive populations and the concomitant
RF/diseases [2,5,14,28]. However, most authors agree that patients with resistant HTN should be
regarded as patients at high or very high cardiovascular risk 2152832 This should be observed in the
holistic therapeutic approach necessitating sufficient control of all concomitant factors/diseases
(obesity/overweight, dyslipidemia, DM/IGT, smoking, etc.) [2-4,12]. After all, reduction of BP should
not be an end in itself, but a part of the global therapeutic strategy, aiming to lower the total
cardiovascular risk [2,4,12].

Study Limitations

1. Number of patients included in our study does not allow extrapolation of our results over the
entire population of patients with resistant HTN; 2. We analyzed prevalence and influence of some
of the most common, but not all factors/diseases that could be associated with development of
resistant HTN; 3. Results and analysis represent just a momentary “snapshot” of the situation because
we conducted a retrospective, cross-sectional study - the results after treatment optimization were
not available for analysis.

5. Conclusions

Patients with resistant HTN represented a relatively small proportion of all hypertensives in our
study, but they were characterized by high or very high cardiovascular risk. Factors with strongest
association with resistant HTN were CKD, Stage II and III HTN, obesity/overweight, IHD, Type 2
DM and active smoking, whereas treatment with SPCs, a-1 receptor blockers, centrally acting agents
and MRA were associated with lower likelihood for uncontrolled BP. The therapeutic strategy to
patients with resistant HTN should be holistic, aiming to achieve control not only of HTN but also of
all concomitant RF/diseases because the ultimate goal is reduction of the total cardiovascular risk.
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