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INTRODUCTION

Hypertension is a major cause of cardiovas-
cular disease and premature death worldwide.
Despite the widespread use of antihypertensive
drugs, the average blood pressure (BP) has re-
mained unchanged or decreased slightly over
the past four decades [1].

Being overweight is becoming an increas-
ingly common condition worldwide. Accord-
ing to current data, at least 750 million people
worldwide are overweight, as determined by
a body mass index (BMI) of 25.0 to 29.9 kg/m?,
and another 320 million are obese with a BMI
of 30.0 kg/m? and above. Recent data indicate
that 69.4% of the adult population in the United
States has overweight or obesity [2, 3]. In East-
ern Europe in 2017, the percentage of adults
with overweight did not differ significantly from
the US and was 21%. A recent study in Germany
found that 35.4% of the adult population suf-
fered from overweight and another 21.3% from
obesity [4].

In addition, it was found that increased acti-
vation of the sympathetic nervous system (SNS)
and the renin-angiotensin-aldosterone system
(RAAS) play a fundamental role in the physiopa-
thology of hypertension [5, 6].

Increased adipose tissue deposition, regardless
of whether it is assessed as overweight, obesity
or increased waist circumference, is significantly
associated with higher BP and the development
of hypertension. In particular, the Nurses’ Health
Study showed that BMI has a direct strong asso-
ciation with high BP: the relative risk of hyperten-
sion in women who gained 5.0-9.9 kg was 1.7
and who gained > 25.0 kg was 5.2 [7].

The relationship between body weight and
BP was first established in the 1960s in the
Framingham study [8]. However, the nature of
this correlation remained unknown until the
second half of the 1980s, when a number of
studies highlighted the possible mechanisms
that correlated the two conditions. Such stud-
ies were initiated by observation and noted that
metabolic and cardiovascular complications are
more common in patients with the “androgen-
ic" obesity phenotype (most adipose tissue is
localized in the upper part of the body). Con-
sistently, other population-based studies have
been conducted during the 1980s that used the
lumbar-hip ratio as a quantitative indicator of
visceral fat, demonstrating that the higher ratio

correlated with a significant increase in cardio-
vascular risk [8, 9.

One of the key mechanisms for the develop-
ment of elevated BP in patients with overweight
is hyperactivation of the SNS. A key role in this
mechanism plays the distribution of total body
fat, as microneurography studies have shown
that the degree of SNS activity is higher in pa-
tients with irrational distribution of visceral fat.
It has previously been shown that there is a di-
rect relationship between SNS activation and
waist circumference [10-13].

Numerous studies have shown that over-
weight and obesity induce changes in arterial
baroreceptor control of the SNS, which includes
inhibitory and excitatory components. As a rule,
in such situation there may be a decrease in para-
sympathetic tone with increasing sympathetic
activity with decreasing heart rate variability.
Conversely, with weight loss, parasympathetic
tone and heart rate variability increase [14].

To determine the relationship between high
BP and overweight and to study the effects of
obesity on the course of hypertension, a pop-
ulation-based multicenter randomized study
MESA was conducted, in which 3687 patients
participated. BMI and waist circumference were
used to assess obesity. In MESA patients who did
not have baseline heart disease, diabetes and
oncology were divided into groups with differ-
ent combinations of BMI: waist circumference
(normal, overweight, and obesity classes 1 and
2-3) and different ethnic and gender groups by
waist circumference (optimal or suboptimal).
The calculated absolute rates of cardiovascular
events per 1000 people per year and the relative
risks (95% confidence intervals (Cl)) for cardio-
vascular disease for patients with hypertension
compared with normal BP, calculated in the BMI
groups were: 13.2 vs. 4.2 and 3.13 (0.99-9.86) for
normal BMI/suboptimal waist circumference,
9.0 vs. 4.5 and 2.00 (1.19-3.36) for BMl/optimal
waist circumference, 8.4 vs. 5.6 and 1.50 (0.88-
2.54) for overweight /suboptimal waist circum-
ference, 14.1 vs. 2.1 and 6.75 (0.69-65.57) for
obesity/suboptimal waist circumference. This
study found a high relative risk of cardiovascu-
lar disease associated with hypertension for pa-
tients with overweight and obesity compared
to normal body weight.

Another factor involved in the stimulation of
the SNS is leptin. It is an adipokine produced
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by adipocytes, and its plasma concentration directly correlates
with the amount of fat mass. Leptin suppresses appetite and
stimulates the SNS [15]. There are gender differences in the con-
centration of leptin: women have higher hormone levels and
greater expression of receptors compared to men. A plausible
explanation for this phenomenon may be that subcutaneous
adipose tissue in women produces more leptin than visceral
adipose tissue [16].

Numerous studies have emphasized that the concentration
of aldosterone in urine and plasma increases in patients with
overweight compared with those with normal weight. In partic-
ular, the results of its plasma concentration are directly correlat-
ed with the amount of visceral adipose tissue. Various authors
have shown how adipose tissue releases adipokines, which
stimulate the adrenal glands to produce aldosterone, regard-
less of the plasma activity of renin [17]. Therefore, activation of
RAAS is directly involved in the development of hypertension
associated with obesity.

People with overweight, especially if they have significant
amounts of visceral fat, often have increased plasma renin ac-
tivity, along with increased angiotensin-converting enzyme
(ACE), higher concentrations of aldosterone, angiotensinogen,
and angiotensin Il. RAAS activation in such patients is deter-
mined by a number of factors, some of which consist of phys-
ical renal compression induced by increased visceral fat, SNS
hyperactivity, and local RAAS activation in adipose tissue [18].
Adipose tissue is able to produce angiotensin II. Even if the ma-
jority of angiotensinogen continues to be produced by the liver
in obese individuals (as in healthy subjects), it has been shown
that obese patients show an increase in the level of angioten-
sinogen produced by adipose tissue [19, 20].

To support this conclusion, an interesting study in mice de-
ficient in adipocyte angiotensinogen (AgtaP2) showed that a
high-fat diet caused an increase BP in wild-type rats, but did not
cause an increase BP in AgtaP2 rats, even if both groups had an
equal increase weight and fat mass. Moreover, it should be not-
ed that RAAS of adipose tissue not only produces angiotensin
I, due to the enzymatic activity of ACE inhibitors, but also uses
a less common mechanism that relies on the enzymatic activity
of cathepsins and chymases [21, 22].

Objective of the study: to determine the clinical features of
hypertension in overweight patients.

MATERIALS AND METHODS

A total of 170 patients were included in the study and de-
pending on body weight were divided into two groups:

e group | - 86 patients with normal body weight;
e group Il - 84 patients with overweight.

Inclusion criteria were: patients aged 18 to 75 years; previous-
ly diagnosed with hypertension; prescribed antihypertensive
therapy (no more than three drugs from the five main classes
for treatment) more than 8 weeks before inclusion in the study;
lack of achievement of target blood pressure levels (poorly con-
trolled hypertension); BMI from 18.5 to 29.9 kg/m?

The diagnosis of hypertension and the distribution of respon-
dents by its degree and stage was carried out in accordance
with the recommendations of the European Society of Cardiol-

ogy (ESC) and the European Society of Hypertension (ESH) 2018
and the current classification of hypertension in Ukraine.

The study was approved by the Commission on bioethical
expertise and ethics of scientific research at the Bogomolets
National Medical University, protocol No. 144 of 29.03.2021. All
participants signed an in-formed consent.

BMI is the most common and widely used and practical
way to assess the degree of overweight. To determine it, it is
necessary to divide body weight in kilograms by body height
in square meters (kg/m?. Indicators 17.0-18.4 are defined as
insufficient body weight, indicators 18.5-24.9 is normal body
weight, indicators 25.0-29.9 is overweight, and more than 30.0
is obesity, which also divided into 3 stages [23].

An important risk factor for a number of diseases associated
with overweight and obesity is fat distribution. It is known that
an increase amount of abdominal fat (central obesity or abdom-
inal type) is also associated with a significant increase in met-
abolic cardiovascular risk. However, to accurately determine
the latter requires expensive instrumental research methods,
which are not always present in the clinical practice of the doc-
tor. In this regard, waist circumference, thighs and their index
are often used as a simple, inexpensive and universal way to
determine central obesity [24]. The WHO report on obesity, as
well as the conclusion of the obesity experts of the American
Heart, Lung and Blood Institute, recommends the use of waist
circumference as an additional indicator of metabolic risk fac-
tors, along with the allocation of BMI [25]. Measurements were
performed standing without shoes, on the exhale, with empha-
sis on both feet and with arms freely lowered along the torso.
We used the following guidelines: the middle of the distance
between the lower rib and the iliac tubercle. Measurement of
the length of the thigh circumference was performed at the lev-
el of the largest circumference of the buttocks parallel to the
floor [26].

In Europe, the recommendations of WHO experts are used
with two levels of waist circumference. The first one is a waist
circumference > 94 cm in men and > 80 cm in women is a level
above which should not be allowed. The second level is waist
circumference > 102 cm in men and > 88 cm in women corre-
sponds to body weight, which should be reduced [27].

RESULTS

There were slightly more women in the two groups (57.1%
and 60.2%, respectively) by gender, which had no statistically
significant difference (p = 0.736). The mean age of patients did
not differ significantly and in group | was 48.9 + 12.1 years, in
group Il -52.4 + 12.9 years (p = 0.39) (Table 1).

The total duration of hypertension in patients with normal
weight was 5.2 + 2.5 years, in patients with overweight - 5.9 +
2.2 years (p > 0.05). By age, patients in both groups had a dis-
ease duration of 3 to 5 years (70.9% and 64.3% respectively),
but a statistically higher proportion of patients in group Il had a
longer course (more than 5 years) — 20.3% (p = 0.014) in contrast
to group | (8.2%), where the duration of up to 3 years was 20.9%
against 15.4% of patients (Table 2).

The distribution by stage of hypertension was as follows:
stage 0-l is present in 12 patients with overweight (14.3%),
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Table 1. Gender and age characteristics of patients with normal weight
and overweight

Patients with Patients with
Indicators normal weight overweight p
(n=86) (n=284)
Men, n (%) 37(41.9) 33(39.8)
0.736'
Women, n (%) 49(57.1) 51(60.2)
Average age (years) 489121 524+129 039

"assessment of the significant difference between groups by the chi-square (y?).
2 comparison between groups by Student’s t-test.

another 56 patients (66.7%) had stage Il, which did not differ
from similar indicators in group 1 (20.9% and 71% respectively,
p = 0.068). However, a significantly higher percentage of pa-
tients in group Il had stage Il hypertension and amounted to
19% in contrast to patients with normal weight, where these
data were only 8,1% (p = 0.044).

The majority of patients had grade 1 of BP (65.1% in group |
and 58.2% in group l), slightly less grade 2 (32.6% and 32.1%,
respectively) without statistical difference in the study groups.
However, the number of patients with grade 3 hypertension
with overweight was significantly higher than with normal
weight (10.7% and 2.3% respectively, p = 0.039).

When comparing the data of office measurement of systolic
BP (SBP) and diastolic BP (DBP) in patients with hypertension
with normal weight and overweight, we did not find significant
differences. Thus, in the group | the average values of SBP were
154.1 + 23.9 mm Hg, in the group Il - 155.8 £ 24.8 mm Hg
(p > 0.05), and the average values of DBP was 96.1 = 21 mm Hg
and 95.4 + 19.1 mm Hg respectively (p > 0.05). When comparing
the average data of office BP measurement depending on the
stage of hypertension, we found some differences (Table 3).

Thus, in group Il with grade Il hypertension, the level of
SBP was significantly lower compared to the SBP in grade Ill
(147.7 + 24.1 mm Hg vs. 158.9 + 25.5 mm Hg, p < 0.05). There
were no differences in the level of DBP (96 + 18.8 mm Hg and
97.1 £ 19.1 mm Hg respectively, p > 0.05). No statistical differ-
ence was found in group | (153 £ 24.9 vs. 154.2 + 26.3 mm Hg,
p > 0.05).

Regarding anthropometric indicators, the growth of patients
in the two groups had no significant differences and amount-
ed to 1745 £ 62.2 cm and 172.5 + 56.87 cm, respectively
(p=10.984). Body weight in patients of group Il was 87.3 + 21.4 kg,
which significantly exceeded the corresponding figure in group
[(72.9 £ 20.89 kg, p = 0.0034). Based on this, the BMI was also
significantly higher in group Il (28.3 + 6.2 vs. 22.9 + 6.1 kg/m?,
p < 0.001), as well as the average waist circumference (94
18.45 cm vs. 85.3 = 18.21 cm, p = 0.036) and the ratio of waist
circumference to hip circumference (0.86 + 0.2 vs. 0.81 £ 0.17,

Table 2. Characteristics of patients with normal weight and overweight by features of the course of hypertension, M + SD

Indicators

The total duration of the disease, years

upto 3 years
Duration of the disease, years, abs (%) 3-5years
more than 5 years
| (uncomplicated)
Stage of hypertension, abs (%) II'(asymptomatic disease)

IIl (established disease)

1

Grade of hypertension (level of BP), abs )
(%)

3

*p < 0,05

Patients with normal weight (n = 86)

Patients with overweight (n = 84)

52+25 59+))
18(20.9) 13(15.4)
61(70.9) 54 (64.3)
7(82) 17 (20.3)%
18(20.9) 12(143)
61(71) 56 (66.7)
7(8.1) 16 (19)*
56 (65.1) 49 (58.2)
28(32.6) 27 (32.1)
2(23) 9(10.7)*

Table 3.The average SBP and DBP in patients with hypertension with normal weight and overweight at different stages of hypertension, M + SD

BP II'grade Il grade
Patients with normal weight (n = 86)
SBP mmHg 15304249 15424263
DBP, mmHg 95+18 959+194
Patients with overweight (n = 84)
SBP mmHg 147.7£241 158.9 +25.5%
DBP. mmHg 96 +18.8 97.1+19.1

*p < 0,05
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Figure. Frequency of comorbidities

p =0.029). A correlation between body weight and waist circum-
ference was found in overweight patients (r = 0.64, p < 0.05).

In addition, considering the increased risk of abdominal
obesity in overweight patients and current ESH/ESC 2018 rec-
ommendations, we calculated the proportion of patients with
abdominal obesity (waist circumference in men > 102 cm and
in women > 88 c¢m) and in group Il it was 38% (as opposed to
3.1% of group 1), which has a statistically significant difference
(p < 0.0001).

In our work we also analyzed a concomitant pathology ac-
cording to the available medical documentation and anam-
nesis. The frequency of pathology and the results of statistical
analysis are shown in Figure.

DISCUSSION

Concomitant diseases were found in patients of two groups.
These include coronary heart disease, history of stroke/tran-
sient ischemic attack, impaired glucose tolerance, diabetes
mellitus, asymptomatic hyperuricemia, gout and others. Thus,
according to the above results, patients with overweight were
statistically more likely to have impaired glucose tolerance
(35.1% vs. 12.9% of patients, p < 0.001), nonalcoholic fatty liv-
er disease (NAFLD) (66.2% vs. 28.9% of patients, p < 0.001), dy-
scholesterolemia (29.9% vs. 13.1% of patients, p = 0.021) and
gastroesophageal reflux disease (GERD) (41.3% vs. 14.6% of
patients, p = 0.0032). The incidence of coronary heart disease,
history of stroke, diabetes mellitus, asymptomatic hyperurice-
mia, gout, gallstone disease, bronchial asthma, autoimmune
thyroiditis did not differ statistically from patients with normal
body weight (p > 0.05).

The most significant association was observed between pa-
tients with overweight and NAFLD (objective data (OD) 3.25;
95% Cl 1.55-5.13) and with impaired glucose tolerance (odds
ratio (OR) 3.54; 95% Cl 1.12-5.68). The percentage of patients
with dyscholesterolemia was also statistically higher, although
slightly lower than in previous cases (OD 2.61; 95% Cl 1.05-3.87)
and with GERD (OD 3.14; 95% Cl 1.56-5.99).

A direct correlation was found between patients with ab-
dominal obesity and GERD (r = 0.56, p < 0.01), dyscholesterol-
emia (r = 0.53, p < 0.05) and with diabetes (r = 0, 45, p < 0.05).

WWW.REPRODUCT-ENDO.COM.UA / WWW.REPRODUCT-ENDO.COM Ne° 1(71)/6epeserb 2024

In addition, patients who smoked significantly more often had
coronary heart disease (p = 0.044), and those who drank more
than 8 doses per month were more likely to suffer from gout
(p<0.01).

CONCLUSIONS

Overweight patients had a significantly longer course of the
disease (in particular longer than 5 years, p < 0.005), in patients
with grade 3 hypertension and stage Il hypertension, the lev-
el of SBP was significantly lower compared to SBP in stage Ill
(p < 0.05). In addition, it was found that more than a third of
overweight patients have abdominal obesity, although the
BMI is less than 30 kg/m2. Among the comorbidities there is a
statistically significant association of overweight with NAFLD
(OR 3.25; 95% Cl 1.55-5.13), GERD (41.3% vs. 14.6% of patients,
p = 0.0032), dyscholesterolemia (29.9% vs. 13.1% of patients,
p = 0.021) and impaired glucose tolerance (35.1% vs. 12.9% of
patients, p < 0.001).
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Objective of the study: To determine the clinical features of arterial hypertension in overweight patients.

Materials and methods. There were 170 patients included in the study and depending on body weight were divided into two groups: group | — 86 patients with normal body weight and group I — 84 patients with
overweight. In our work we calculated the proportion of patients with abdominal obesity and also analyzed concomitant pathology according to the available medical documentation and anamnesis.

Results. There were slightly more women in the two groups. Comparing the data of office measurement of systolic and diastolic blood pressure in patients with hypertension with normal weight and overweight didn't
show significant differences. The most significant association was observed between patients with overweight and nonalcoholic fatty liver disease (objective data (OD) 3.25; 95% confidence interval (Cl) 1.55-5.13)
and with impaired glucose tolerance (OR 3.54; 95% CI 1.12-5.68). The percentage of patients with dyscholesterolemia was also statistically higher, although slightly lower than in previous cases (0D 2.61;95% Cl
1.05-3.87) and with gastroesophageal reflux disease (0D 3.14; 95% (1 1.56—5.99). A direct correlation was found between patients with abdominal obesity and the presence of gastroesophageal reflux disease (r =
056, p < 0.01), dyscholesterolemia (r=0.53, p < 0.05) and with diabetes (r=0.45, p < 0.05). In addition, patients who smoked significantly more often had coronary heart disease (p = 0.044).

Conclusions. The article summarizes information on the clinical features of arterial hypertension in overweight patients. The prevalence of hypertension among the adult population is 30-45%, with overweight and
obesity continuing to occupy leading positions among young and mature people in the developed world and in middle-income countries. Determining the features of the course, duration of the disease, the distribution
between stage and degree in this category of patients will help to develop optimal algorithms for patient management.
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MeTa OCTIZKeHHA: BU3HAUUTY KAIHIYHI 0C0BAMBOCTI apTepianbHoT rinepTen3ii y XBopix i3 HAANMLLKOBOI Macol0 Tina.

Martepianu Ta metoau. JlocnigxenHa oxonniosano 170 naujienTis, ki 3anexHo Big Macu Tina bynn po3nozineni Ha ABi rpynut: | rpyna — 86 xBopyx 3 HOPManbHOI Macoto Tina, Ta Il rpyna — 84 nauiexTu

3 HAZLNMLLKOBOIO McOI0 Tina. Y 3anponoHoBakiii po6oTi aBTopy BU3HaUMAY KINbKICTb NaLlienTiB, AKi MaioTb abAOMiHaNbHE OXVPIHHA, @ TAKOX NPOBENY aHaAi3 CynyTHbOT NATONOri 33 HAABHOK MeANYHOK
JOKYMEHTAL|i€t0 Ta aHaMHE30M.

Pe3ynbratu. BusgneHo, Lo B 060X rpynax nepeBaxani iHku. lput nopiBHAHHI AaHIX OQICHOTO BUMIPIOBAHHS CUCTONIYHOTO A ZiACTONIYHONO ApTEPianibHOro TUCKY Y XBOPUX Ha apTepianbHy rinepreiio 3
HOPMIbHOK0 Ta HAANMLLIKOBOIO MaCOt0 Tina A0CTOBIPHUX BIMIHHOCTeN! He BUABNEHO. HailbinbLu 3HauyLwmii 38'A30K CMOCTepiraBCA B MALEHTIB Mix HAANMLLKOBOIO BAroko Ta HEANKOrOMIbHOK XUPOBOI0 XBOPOGOID
neuikw (objective data (OD) 3,25;0,95% nogipunit iHtepsan (L) 1,55—5,13) | nopyLLeHHAM TonepaHTHOCTI A0 FtoK03u (BiGHOCHNI pusik 3,54; 0,95% [lI 1,12-5,68). BiacoTok nallienTia i3 AucxonectepuHemieto
TaKOX ByB CTaTUCTUYHO BIILLIMM, X0Ua il FELLIO HIDKYUM, HiX Y nonepeaHix Bunaakax (0D 2,61;0,95% LI 1,05-3,87), a Takox Y naietTi 3 ractpoe3ogareansHoto peiiokcHoto xeopoboio (0D 3,14; 0,95%
[111,56-5,99). BcraHoBneHo npamuii KopenLiitHuii 3830k Y NaLlieHTiB Mix abAOMIHANBHUM OXVUPIHHAM | HAABHICTIO racTpoe3odareansHol pedniokcHol xeopobut (r= 0,56, p < 0,01), AncxonectepuHemieso
(r=0,53, p < 0,05) Ta uykpoBum giabetom (r= 0,45, p < 0,05). Kpim Toro, nawlieHT, AKi nanunK, 3HauHo YacTilue Manv ilwemiyHy xBopoby cepua (p = 0,044).

BucHoBKu. Y CTaTTi y3aranbHeHo BiaoMocTi Npo KNikiuki 0cobnvBoCTI apTepianbHoi rinepTeHsi B NaLlieHTiB i3 HaAMMLIKOBOK Macoio Tina. lowwpeHicTb apTepianbHoi rineprex3ii cepes 40POCIOro HaceneHHa
CTaHoBUTb 30—45%, BOAHOYAC HAANMLLKOBA Bara Ta OXUPIHHA NPOAOBXYIOTb NOCAATIA NPOBIAHI NO3WLT Cepe/s MONOA0TO Ta 3PiN0ro HaceneHHA PO3BUHEHNX KpaiH CBITY Ta KpaiH, Lo Po3BIMBAIOTHCA. BU3HaYeHHA
0C067MBOCTeVi Nepebiry, TUBANOCTi 3axBOPIOBAHHA, PO3NOLINY MiX i0r0 CTajli€l Ta CTyneHem Y AaHol KaTeropii XBopux J0NOMoe po3pobuTiA ONTUMANbHI anrOpUTMI BEAEHHA XBOPOTO.
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