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Introduction

Arterial hypertension (AH) and obesity are among 
the most common non-communicable diseases. Given 
the negative contribution of obesity-associated met-
abolic disorders to the formation of cardiovascular 
complications, adequate blood pressure (BP) control is 
very important in patients with hypertension and obe-
sity comorbidity [1–3]. At the same time, the presence 

of resistant hypertension (RH) is a serious problem 
due to the increased risk of adverse cardiovascular 
events in this category of patients [4, 5].

According to the 2018 European Society of Cardi-
ology/European Society of Hypertension (ESC/ESH) 
Guidelines for the management of arterial hyperten-
sion, resistance can be talked about if the target BP 
levels are not achieved when three antihypertensive 
drugs are used in full (or maximum tolerated) doses, 
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which is confirmed not only by office data, but also 
by out-of-office BP measurement [1]. The American 
consensus has expanded this definition of resistance 
by adding a formulation to control BP when using 
four or more antihypertensive drugs [5].

It should be noted that in addition to true resis-
tance in some patients receiving antihypertensive 
therapy, there is pseudo-resistance due to a number 
of reasons, an important place among which is poor 
compliance with the prescribed therapy [1, 5, 6]. 
Although there is no gold standard for assessing pa-
tient adherence to therapy, it has been shown that 
compliance is inversely proportional to the frequen-
cy of antihypertensive drug use [6]. That is why 
the use of fixed combinations of antihypertensive 
drugs is important in increasing compliance to thera-
py, preventing the development of pseudo-resistance 
and masked uncontrolled hypertension [1, 3, 5].

Despite the large-scale studies evaluating resis-
tant hypertension, only a few studies have studied 
pseudo-resistance, in particular, with suboptimal 
drug dosages (medical inertia), poor compliance 
and white-coat hypertension [5–7]. In addition to 
these reasons, the formation of pseudo-resistance in 
obesity can be facilitated by lifestyle features such as 
insufficient physical activity, unhealthy diet and ex-
cessive salt intake [7–9].

That is why the establishment of possible causes of 
pseudo-resistance in obesity, as well as comparison of 
indicators for true and pseudo-resistance is an urgent 
problem that needs to be addressed.

This study is a continuation of our previous work 
on the establishment of the characteristics of hemo-
dynamic and metabolic parameters in RH in obese 
patients [10]. In this study, the sample of patients has 
been expanded and not only patients whose pseudo-re-
sistance is due to poor compliance with the therapy 
and non-compliance with the doctor’s instructions to 
increase physical activity (but also for other reasons) are 
included. In addition, it was presented with the results 
of ambulatory blood pressure monitoring (ABPM) 
and home BP measurements (HBPM), which are nec-
essary to confirm the concept of “resistant hyperten-
sion”, according to the current guidelines [1, 5, 11].

The aim was to establish the frequency of occur-
rence of different variants of RH in obesity and to 
conduct a comparative assessment between pseudo-re-
sistant (due to different causes) and true resistant AH.

Material and methods 

The study included 302 patients with uncon-
trolled AH and obesity (middle-aged patients 45–59 

years old) (Fig.  1). In accordance with the current 
European and international guidelines [1, 12], treat-
ment of all patients began with the implementation 
of dual antihypertensive therapy (fixed combination 
of ACE inhibitor and CCB). Initial treatment effica-
cy was assessed 3 months after dual therapy was ad-
ministered. Patients who achieved the target BP level 
on dual therapy (169 people) continued to receive 
dual therapy, and those patients in whom dual thera-
py did not sufficiently reduce BP to target levels (153 
people) were switched to triple therapy (fixed combi-
nation of ACE inhibitor, CCB and the thiazide-like 
diuretic indapamide). Among patients who received 
triple therapy, 69 people failed to achieve a decrease 
in BP to < 140 and 90 mm Hg. In accordance with 
the current guidelines [1, 5], these patients were re-
garded as patients with resistant hypertension (true 
or pseudo) and, in addition to triple therapy, they 
received the fourth antihypertensive drug, spirono-
lactone. Patients with sufficient physical activity who 
did not have target BP levels with triple antihyper-
tensive therapy (and the inadequate control of BP 
was confirmed by ABPM or HBPM) were patients 
with true RH. Those patients who had poor adher-
ence to prescribed medicines, and/or failure to follow 
the doctor’s instructions to increase physical activity, 
and/or failure to follow the doctor’s instructions for 
reducing calorie intake, and/or white-coat phenom-
enon, and/or high sodium intake, and/or obstructive 
sleep apnoea, and/or chronic kidney disease (CKD) 
were assigned to the group of patients with pseu-
do-resistance [1, 7, 13]. 

Regardless of the therapy option, all patients were 
additionally examined 6 months after the initiation 
of antihypertensive therapy.

All patients were given recommendations for life-
style modification: increasing physical activity (as-
sessed using a pedometer with indication the number 
of steps taken during the day), limiting food intake 
and reducing salt intake. Adherence to treatment was 
evaluated on the basis of the patient’s diary, which 
included the time of taking a fixed combination of 
the antihypertensive drug and BP levels in the morn-
ing and evening hours.

ABPM was performed three times during the ob-
servation period: at the stage of enrolling patients 
into the study, 3 months after the start of therapy, 
and 6 months after the initiation of antihypertensive 
therapy. 

In addition to assessing the three main indica-
tors of ABPM (24 h average BP, daytime (awake) 
average BP and night-time (asleep) average BP), 
circadian rhythm was also determined in patients. 
Based on the assessment of the circadian rhythm, 
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patients with asleep BP fall by 10–20% were defined 
as “dippers”, those with asleep BP fall less than 10% 
— “non-dippers”, with asleep BP fall more than 20% 
— “over-dippers”, and with the daily index < 0% 
(the night-time BP is higher than BP during the pe-
riod of activity) — “night-peakers” [14].

Other research methods are described in detail in 
our previous work [10].

The statistical processing of the obtained data 
was carried out using the package of statistical soft-
ware “SPSS 17” (IBM), Microsoft Office Exel-2003. 
The data are presented as M ± s. The difference was 
statistically significant at p < 0.05.

Results

A comparative assessment of office BP, ABPM 
and home self-measurement of BP was carried out 
between non-resistant and resistant patients. As we 
can see from Table 1, at the initial stage of enrolling 
patients, there was no significant difference in BP 
levels between non-resistant and subsequently re-
sistant patients. At the same time, in the absence of 
a difference in BP levels, patients who subsequently 
become resistant, already at the stage of inclusion, 
significantly more often had a violation of the circa-

dian rhythm with a predominance of the non-dipper 
rhythm. After 3 months of follow-up (after prescrib-
ing double fixed combinations), there was a sig-
nificant difference in the indicators of both office 
and out-of-office BP in resistant and non-resistant 
patients. At the same time, the distribution of cir-
cadian rhythms remained the same as at the stage 
of inclusion in the study (Tab. 1). It should be 
noted that despite the achievement of target BP 
levels after 6 months of therapy (double or triple 
fixed combinations in non-resistant patients and tri-
ple therapy + spironolactone in resistant patients), 
in the presence of resistance, both office, home 
and most ABPM indicators were significantly higher 
than in non-resistant patients. At the same time, in 
the majority of patients without resistance, the circa-
dian rhythm normalized (91.42% and 93.56% (SBP 
and DBP, respectively) had a dipper rhythm), while 
resistant patients had a normal circadian rhythm 
only in 60.87% and 63.78 % for SBP and DBP, 
respectively (Tab. 1).

After determining the features of hemodynamic 
parameters in the presence and absence of resistance, 
the frequency of occurrence of various causes that 
could contribute to the development of pseudo-re-
sistance was estimated (Tab. 2). Most often, pseu-
do-resistance was observed in patients with non-com-

Figure 1. Design of the study. AH — arterial hypertension; BP — blood pressure; ACEI — angiotensin-converting enzyme inhibitor; 
CCB — calcium channel blocker

302 patients with AH 
and obesity

Dual antihypertensive therapy
(ACEI and CCB)

302 patients with AH 
and obesity

Triple antihypertensive
therapy continued

Triple antihypertensive therapy 
+ spironolactone

38 patients 
had pseudoresistant AH

31 patients had true
resistant AH

69 patients did not reach
target BP levels

Triple antihypertensive therapy 
(ACEI + CCB + indapamide)

Dual antihypertensive
therapy continued

153 patients did not reach 
target BP levels

149 patients reached 
target BP levels
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Table 2. Possible causes of pseudo-resistant arterial hypertension (AH) in obese patients

Causes of pseudo-resistance Number and percentage of patients

Poor adherence to prescribed medicines 16 (42.11%)

Failure to follow the doctor’s instructions to increase physical activity 21 (55.26%)

Failure to follow the doctor’s instructions for reducing calorie intake 17 (44.77%)

White-coat phenomenon 2 (5.26%)

High sodium intake 9 (23.68%) 

Obstructive sleep apnoea 5 (13.16%)

CKD 7 (18.42%)

Note: with a total of 38 patients with pseudo-resistant hypertension, 24 patients (63.16%) had a combination (from 2 to 5) of several causes of resistance; CKD — chronic kidney disease

Table 1. Comparative assessment of blood pressure (BP) levels and circadian rhythms in obese patients with and without resistant arterial 
hypertension (AH)

Indicators

BP levels before starting 
antihypertensive therapy

p

BP levels 3 months after 
starting antihypertensive 

therapy
p

BP levels 6 months after 
starting antihypertensive 

therapy
pPatients 

without 
resistant AH 

(n = 233)

Patients with 
resistant AH 

(n = 69)

Patients 
without 

resistant AH 
(n = 233)

Patients with 
resistant AH 

(n = 69)

Patients 
without 

resistant AH 
(n = 233)

Patients with 
resistant AH 

(n = 69)

Office SBP [mm Hg] 168.48 ± 3.92 170.12 ± 3.65 > 0.05 137.48 ± 2.65 146.91 ± 3.61 < 0.001 134.45 ± 1.93 138.18 ± 1.86 < 0.001

Office DBP [mm Hg] 103.13 ± 2.37 103.95 ± 2.92 > 0.05 87.92 ± 1.97 93.29 ± 2.11 < 0.001 86.12 ± 1.32 88.72 ± 1.13 < 0.001

Home SBP [mm Hg] 166.53 ± 4.52 165.89 ± 3.96 > 0.05 136.64 ± 2.58 143.85 ± 2.96 < 0.001 132.84 ± 1.59 135.93 ± 2.54 < 0.001

Home DBP [mm Hg] 101.24 ± 2.45 102.11 ± 2.84 > 0.05 86.75 ± 1.96 91.54 ± 1.84 < 0.001 83.67 ± 1.61 86.25 ± 1.42 < 0.001

24 h average SBP 
[mm Hg] 141.29 ± 1.65 141.97 ± 1.89 > 0.05 128.25 ± 1.99 136.13 ± 2.71 < 0.001 127.92 ± 2.68 129.34 ± 1.98 < 0.05

24 h average DBP 
[mm Hg] 95.23 ± 1.48 95.93 ± 1.94 > 0.05 79.21 ± 1.83 85.44 ± 2.36 < 0.001 78.82 ± 1.95 79.02 ± 1.87 > 0.05

Daytime (awake) 
average SBP [mm Hg] 144.41 ± 2.26 144.89 ± 2.67 > 0.05 134.12 ± 1.65 139.38 ± 2.51 < 0.001 133.12 ± 1.62 134.33 ± 1.52 < 0.05

Daytime (awake) 
average DBP [mm Hg] 96.45 ± 2.14 96.81 ± 2.38 > 0.05 84.42 ± 1.92 91.57 ± 2.33 < 0.001 83.91 ± 1.59 84.03 ± 1.97 > 0.05

Night-time (asleep) 
average SBP [mm Hg] 129.92 ± 2.37 130.08 ± 2.56 > 0.05 118.94 ± 1.65 124.81 ± 1.98 < 0.001 117.91 ± 1.71 119.42 ± 1.35 < 0.01

Night-time (asleep) 
average DBP [mm Hg] 79.13 ± 1.96 79.75 ± 2.07 > 0.05 69.24 ± 1.59 74.33 ± 1.74 < 0.001 68.32 ± 1.48 69.19 ± 1.27 < 0.05

Asleep SBP fall 
10–20% (dipper) 178 (76.39%) 29 (42.03%) < 0.001 185 (79.39%) 32 (46.38%) < 0.001 213 (91.42%) 42 (60.87%) < 0.001

Asleep DBP fall 
10–20% (dipper) 185 (79.39%) 32 (46.38%) < 0.001 190 (81.54%) 35 (50.73%) < 0.001 218 (93.56%) 44 (63.78%) < 0.001

Asleep SBP < 10% 
(non-dipper) 48 (20.60%) 34 (49.27%) < 0.001 46 (19.75%) 35 (50.73%) < 0.001 19 (8.15%) 27 (39.13%) < 0.001

Asleep DBP < 10% 
(non-dipper) 44 (18.89%) 33 (47.82%) < 0.001 42 (18.03%) 33 (47.82%) < 0.001 15 (18.03%) 25 (36.22%) < 0.001

Asleep SBP > 20% 
(over-dipper) 5 (2.15%) 1 (1.45%) 2 (0.86%) – 1 (6.44%) –

Asleep DBP > 20% 
(over-dipper) 3 (1.29%) 1 (1.45%) 1 (0.43%) – – –

Asleep SBP fall < 0 
(night-peaker) 2 (0.86%) 5 (7.25%) – 2 (2.89%) – –

Asleep DBP fall < 0 
(night-peaker) 1 (0.43%) 3 (4.35%) – 1 (1.45%) – –

SBP — systolic blood pressure; DBP — diastolic blood pressure
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pliance with recommendations to increase physical 
activity (55.26%) and reduce the calorie intake of 
food consumed (44.77%), as well as with poor com-
pliance with the prescribed therapy (42.11%). At 
the same time, high salt intake, chronic kidney disease 
(CKD), obstructive sleep apnoea, and the white-coat 
phenomenon also contributed to the development 
of pseudo-resistance. It should be noted that more 
than half of the patients (63.16%) had a combination 
of several factors that could contribute to the develop-
ment of pseudo-resistance (Tab. 2).

An important stage of the study was the establish-
ment of possible features of office and out-of-office 
BP, as well as types of circadian rhythm in patients 
with true and pseudo-resistance (Tab. 3). While 
at the stage of enrolling patients into the study 
and 3 months after the start of therapy there was no 
significant difference in BP levels between patients 
with true and pseudo-resistance, after 6 months of 
antihypertensive therapy, patients with true resis-
tance had significantly higher levels of office SBP 
(p < 0.01) and 24 h average SBP according to ABPM 

Table 3. Comparative assessment of blood pressure (BP) levels and circadian rhythms in obese patients with pseudo-resistant and true 
resistant arterial hypertension (AH)

Indicators

BP levels before starting 
antihypertensive therapy

p

BP levels 3 months after 
starting antihypertensive 

therapy
p

BP levels 6 months after 
starting antihypertensive 

therapy
pPatients 

with pseudo-
resistant AH 

(n = 38)

Patients true 
resistant AH 

(n = 31)

Patients 
with pseudo-
resistant AH 

(n = 38)

Patients true 
resistant AH 

(n = 31)

Patients 
with pseudo-
resistant AH 

(n = 38)

Patients true 
resistant AH 

(n = 31)

Office SBP [mm Hg] 169.89 ± 3.42 170.83 ± 3.51 > 0.05 146.34 ± 3.82 146.99 ± 3.37 > 0.05 135.13 ± 1.29 138.11 ± 1.42 < 0.01

Office DBP [mm Hg] 103.03 ± 2.53 103.99 ± 3.85 > 0.05 93.05 ± 2.86 93.44 ± 2.51 > 0.05 88.31 ± 0.91 88.54 ± 0.87 > 0.05

Home SBP [mm Hg] 165.51 ± 3.84 165.93 ± 3.84 > 0.05 143.31 ± 3.03 143.98 ± 2.99 > 0.05 135.11 ± 2.67 135.93 ± 2.52 > 0.05

Home DBP [mm Hg] 102.01 ± 3.01 102.35 ± 2.95 > 0.05 91.12 ± 2.03 91.86 ± 1.59 > 0.05 86.03 ± 1.55 86.88 ± 1.33 > 0.05

24 h average SBP 
[mm Hg] 141.55 ± 1.93 141.99 ± 2.07 > 0.05 135.93 ± 3.04 136.52 ± 2.86 > 0.05 128.91 ± 1.83 129.82 ± 1.71 < 0.05

24 h average DBP 
[mm Hg] 95.74 ± 1.98 95.98 ± 2.12 > 0.05 85.23 ± 2.61 85.84 ± 2.52 > 0.05 78.95 ± 2.31 79.02 ± 3.12 > 0.05

Daytime (awake) 
average SBP [mm Hg] 144.32 ± 2.73 144.91 ± 3.12 > 0.05 139.07 ± 3.02 139.85 ± 2.77 > 0.05 134.01 ± 2.56 134.69 ± 1.99 > 0.05

Daytime (awake) 
average DBP [mm Hg] 96.41 ± 2.56 96.95 ± 2.53 > 0.05 91.23 ± 3.07 91.85 ± 2.88 > 0.05 83.89 ± 2.18 84.09 ± 2.63 > 0.05

Night-time (asleep) 
average SBP [mm Hg] 129.97 ± 3.12 130.81 ± 3.83 > 0.05 124.13 ± 2.57 124.95 ± 2.41 > 0.05 119.03 ± 2.39 119.89 ± 3.03 > 0.05

Night-time (asleep) 
average DBP [mm Hg] 79.03 ± 2.93 79.92 ± 3.01 > 0.05 74.02 ± 1.95 74.67 ± 1.65 > 0.05 68.98 ± 2.67 69.39 ± 2.55 > 0.05

Asleep SBP fall 
10–20% (dipper) 20 (52.63%) 9 (29.03%) <0.001 22 (57.89%) 10 (32.25%) <0.001 27 (71.05%) 15 (48.39%) < 0.001

Asleep DBP fall 
10–20% (dipper) 20 (52.63%) 12 (38.71%) <0.001 23 (60.53%) 12 (38.71%) <0.001 27 (71.05%) 17 (54.84%) < 0.001

Asleep SBP < 10% 
(non-dipper) 16 (42.11%) 18 (58.06%) <0.05 15 (39.48%) 20 (64.52%) <0.001 11 (28.95%) 16 (51.61%) < 0.001

Asleep DBP < 10% 
(non-dipper) 17 (44.74%) 16 (51.61%) <0.05 14 (36.84%) 19 (61.29%) <0.001 11 (28.95%) 14 (45.16%) < 0.001

Asleep SBP > 20% 
(over-dipper) – 1 (3.23%) – – – –

Asleep DBP > 20% 
(over-dipper) – 1 (3.23%) – – – –

Asleep SBP fall < 0 
(night-peaker) 2 (5.26%) 3 (9.68%) 1 (2.63%) 1 (3.23%) – –

Asleep DBP fall < 0 
(night-peaker) 1 (2.63%) 2 (6.45%) 1 (2.63%) – – –

SBP — systolic blood pressure; DBP — diastolic blood pressure



Anna Shalimova et al.  Resistant hypertension in obesity

89www.ah.viamedica.pl

data (p < 0.05) compared with pseudo-resistant pa-
tients. It should also be noted that already at the stage 
of inclusion in the study, the normal circadian rhythm 
in patients with true resistance was significantly less 
common than in patients with pseudo-resistance, 
and during the prescribed therapy, a similar trend 
persisted: after 6 months of antihypertensive therapy, 
71.05% of pseudo-resistant patients had a normal cir-
cadian rhythm, while with true resistance, even with 
a decrease in BP to target levels, only about half of 
the patients had a normal circadian rhythm (Tab. 3).

Considering the fact that, in comparison with our 
previous work [10], the group of patients with resis-
tant hypertension was expanded, including the ad-
dition of patients with pseudo-resistance of various 
origins, it was important to determine whether this 
affected the emergence of any new differences be-

tween the indicators (Tab. 4). It was found that, 
similar to the results of our previous study, obese 
patients with true resistance had significantly low-
er BMI (p < 0.05) and higher levels of aldosterone 
(p < 0.05) compared with pseudo-resistant patients 
[10]. At the same time, in this work, new data were 
obtained on the difference in the levels of SBP (sig-
nificantly higher with true resistance) and LDL-C 
(significantly lower with true resistance), which was 
not obtained with a smaller sample of patients with 
a narrower range of pseudo-resistance factors.

Discussion

It is known that in assessing the effectiveness of 
antihypertensive therapy, it is important to control 

Table 4. Comparative assessment of anthropometric, hemodynamic and metabolic parameters in obese patients with pseudo-resistant 
and true resistant arterial hypertension (AH) 6 months after starting antihypertensive therapy

Indicators Pseudo-resistant AH (n = 38) True resistant AH (n = 31) p

Weight [kg] 102.71 ± 9.51 100.31 ± 6.21 > 0.05

BMI [kg/m2] 35.92 ± 1.14 34.22 ± 1.23 < 0.05

Waist [cm] 103.13 ± 7.12 102.83 ± 6.82 > 0.05

Hip [cm] 106.72 ± 6.71 105.56 ± 7.75 > 0.05

Waist-to-hip ratio 0.98 ± 0.09 0.97 ± 0.08 > 0.05

SBP [mm Hg] 135.13 ± 1.29 138.11 ± 1.42 < 0.05

DBP [mm Hg] 88.31 ± 0.91 88.54 ± 0.87 > 0.05

Pulse BP [mm Hg] 49.15 ± 1.71 49.11 ± 1.83 > 0.05

Average BP [mm Hg]g 103.81 ± 0.93 104.02 ± 0.81 > 0.05

Heart rate [bpm] 69.01 ± 5.82 68.52 ± 4.63 > 0.05

IMT CA [mm] 0.93 ± 0.09 0.91 ± 0.11 > 0.05

IMT CA bifurcation [mm] 1.32 ± 0.15 1.30 ± 0.13 > 0.05

PWV CA [m/s] 7.96 ± 1.13 7.59 ± 0.81 > 0.05

PWV AA [m/s] 7.87 ± 1.05 7.68 ± 1.11 > 0.05

EDVD (%) 7.87 ± 1.05 7.98 ± 0.81 > 0.05

Total cholesterol [mmol/L] 5.81 ± 0.45 5.72 ± 0.41 > 0.05

Triglycerides [mmol/L] 1.73 ± 0.41 1.65 ± 0.32 > 0.05

LDL-C [mmol/L] 4.77 ± 0.24 4.68 ± 0.32 < 0.05

HDL-C [mmol/L] 1.07 ± 0.13 1.05 ± 0.11 > 0.05

Glucose [mmol/L] 4.63 ± 0.42 4.58 ± 0.51 > 0.05

Insulin [μU/mL] 16.32 ± 3.08 17.03 ± 3.05 > 0.05

HOMA-IR 3.37 ± 0.61 3.46 ± 0.59 > 0.05

HbA1c (%) 4.68 ± 0.41 4.73 ± 0.39 > 0.05

Aldosterone [ng/dL] 14.27 ± 1.19 15.34 ± 1.25 < 0.05

Renin [ng/mL/hour] 2.51 ± 0.58 2.49 ± 0.77 > 0.05

АRR 5.96 ± 1.49 6.27 ± 1.78 > 0.05

BMI — body mass index; SBP — systolic blood pressure; DBP — diastolic blood pressure; BP — blood pressure; IMT — intima-media thickness; CA — carotid artery, PWV — pulse 
wave velocity; AA — abdominal aorta; EDVD — endothelium-dependent vasodilatation; LDL — low-density lipoprotein; HDL — high-density lipoprotein; HOMA-IR — HOmeostatic 
Model Assessment — Insulin Resistance; HbA1c — glycated haemoglobin; ARR — aldosterone–renin ratio
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both office and out-of-office BP [1, 14]. The data 
obtained during ABPM allow assessing the circadian 
rhythm, violations of which are associated with an 
increased risk of cardiovascular events [15–18]. At 
the same time, the regulation of the circadian rhythm 
is a complex and not fully understood process that 
stimulates the participation of the central nervous 
system, the sympathetic activity of the autonomic 
nervous system, cardiac, vascular and renal regulation, 
molecular genetic mechanisms [16, 18]. It can be 
assumed that in this study, more pronounced distur-
bances of the circadian rhythm in RH are associated 
with a higher renin-angiotensin-aldosterone system 
(RAAS) activity even at the stage of inclusion of pa-
tients into the study, which is more pronounced with 
a difference in BP levels during the prescribed therapy.

According to the literature data, poor adherence to 
therapy is the most common cause of RH [7, 13]. In 
this study, it was shown that failure to comply with 
the doctor’s recommendations for lifestyle modifi-
cation (as well as a combination of various factors 
associated with resistance) plays an equally important 
role as poor adherence to therapy. This may also be 
due to the fact that the study initially included only 
patients with comorbidity of hypertension and obe-
sity, and in the management of obese patients it is 
the lifestyle change (which helps to reduce metabolic 
disorders) that plays an important role, including in 
the BP control.

In our previous article describing the initial phase 
of the study, we have already explained the reasons 
for the lower BMI and higher aldosterone levels in 
the presence of true resistance [10]. At the same time, 
our new data regarding the difference in SBP levels 
in true and pseudo-resistance even when target BP 
levels are reached can be explained by the difference 
in aldosterone levels and its effect on the sympathet-
ic tone of the autonomic nervous system, which in 
turn leads to poorer BP control as reflected by office 
and out-of-office BP [19–22]. At the same time, low-
er LDL-C levels with true resistance can be explained 
by better adherence to therapy, including the imple-
mentation of recommendations for lifestyle mod-
ification (in particular, increased physical activity 
and reduced caloric intake of food), which positively 
affected the level of atherogenic lipoproteins.

The difference in circadian rhythms of BP between 
patients with pseudo-resistant and true RH is consis-
tent with the data of a number of authors [15–18] 
and can be explained by the fact that violations of 
the circadian rhythm (most often in the form of 
non-dipper) are associated with an increased cardio-
vascular risk, target organs damage and the formation 
of RH [19, 21]. Therefore, not only good control of 

office and out-of-office BP, but also of the circadian 
rhythm is important in assessing the effectiveness of 
antihypertensive therapy, and in patients with true 
resistance, even against the background of relatively 
satisfactory BP control, normal circadian rhythm 
is more difficult to achieve than in pseudo-resistant 
patients.

Despite the fact that in recent decades, inter-
ventional techniques (renal denervation, carotid 
baroreceptor stimulation, arteriovenous fistula, 
etc.) have begun to be used for the treatment of 
RH as an alternative to traditional medical treat-
ment (intensification of antihypertensive therapy 
with the addition of spironolactone), perhaps in 
the future they will prove themselves as effective 
options for influencing RH (and those hemody-
namic and metabolic disorders that are associated 
with it), but so far they do not belong to rou-
tine methods [7].Therefore, in the management 
of patients with RH and obesity, clinicians should 
first of all prescribe a quadruple antihypertensive 
therapy and control adherence to it, try to modify 
the patients’ lifestyle and take into account the co-
morbid pathology that is present in patients.

Limitations of the study

Despite the fact that, in comparison with our pre-
vious study, in this work we slightly extended the age 
of the patients (up to 59 years inclusive), never-
theless, our study was limited only to middle-aged 
patients. When enrolling patients in the study, we 
only included patients with a BMI in the range of 
30–39.9 kg/m2. Perhaps, with more pronounced 
obesity, as well as with overweight, there are other 
features of resistance. Our study included 69  pa-
tients with resistant hypertension (both true 
and pseudo-resistant), so it can be assumed that with 
a larger sample, slightly different changes in hemo-
dynamic, metabolic and anthropometric parameters 
in obese patients will be noted. It should also be 
noted that despite the inclusion of ABPM data in 
the study, which is the most sensitive method for 
assessing the effectiveness of antihypertensive thera-
py, the data obtained from patient’s diary regarding 
compliance with therapy and lifestyle modification 
are somewhat subjective.

Conclusions

Thus, in our work it was found that even when 
target BP levels in antihypertensive therapy (triple 
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fixed combination + spironolactone) are achieved, 
obese patients with resistant hypertension are charac-
terized by more pronounced disturbances of the cir-
cadian rhythm (most often in the form of non-dip-
per) and higher levels of office and out-of-office BP, 
compared with non-resistant patients. In the major-
ity of obese patients, a combination of several fac-
tors plays a role in the development of pseudo-resis-
tance, the most frequent of which is non-compliance 
with recommendations to increase physical activity 
and reduce the calorie intake, poor adherence to pre-
scribed medicines. Compared with pseudo-resistant 
patients, the presence of true resistance in obesity is 
associated with higher SBP and aldosterone levels, as 
well as lower BMI and LDL-C.
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