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Assessment of the State of Metabolic Activity
In Young Patients with Arterial Hypertension
Against the Background of Abdominal Obesity
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Abstract 105 patients with arterial hypertension of | - 111 degree of young age from 18 to 44 years were examined. The
results of bioimpedance analysis in patients with arterial hypertension and abdominal obesity revealed significant differences
in parameters according to the data of metabolographic and bioimpedancemetric analysis indicating an unfavorable
metabolic and cardiovascular profile of patients with hypertension with abdominal obesity, as well as low metabolic activity
of adipose tissue, predominance of carbohydrate metabolism and insufficient ability to oxidize fats.
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1. Introduction

According to WHO experts, the spread of overweight and
obesity among young people and adolescents has reached
epidemic proportions in recent years. Epidemiological
studies show that up to 32% of young people in economically
developed countries are obese or overweight. At the same
time, the prevalence of obesity in the global population
continues to grow. The criticality of the situation is due to the
fact that along with the prevalence of obesity, the incidence
of concomitant diseases increases, in particular, cardiovascular
diseases, which are currently the leading cause of death
worldwide [4,12,14].

A sharp increase in the incidence of overweight and obesity
in young people was first noted in the 1980s, followed by a
rise in the incidence of hypertension and prehypertension.
Trends in blood pressure values lag behind the dynamics of
BMI values by approximately 10 years, which apparently
explains a certain variability in the relationship between
blood pressure and BMI. Long-term trends in changes in
these indicators in young people indicate a relationship
between overweight and hypertension [4,13,14].

A total of 105 patients with arterial hypertension (AH)
of stage I - Il (According to the classification of the
recommendations of the European Society of Hypertension
and the European Society of Cardiology) of young age
(according to the WHO classification of 2023 [2,11] from 18
to 44 years old) were examined. The examination of patients
with AH was carried out in the departments of interventional
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cardiology and cardiac rehabilitation of the Republican
Scientific and Practical Medical Center for Therapy and
Medical Rehabilitation of the Republic of Uzbekistan
(Scientific and Practical Medical Center for Therapy and
Medical Rehabilitation of the Republic of Uzbekistan) from
2023 to 2024. All examined patients with AH, depending on
the presence of abdominal obesity (AO) (based on measuring
waist circumference (WC): more than 102 cm in men, more
than 88 cm in women, determining the body mass index
(BMI) >30 kg / m ?and the waist-to-hip ratio (WHR): in
men > 0.95 and in women >0.85 U.S.) were divided into 2
study groups: Group 1 consisted of patients with grade I — 11
hypertension without AO (n = 55) and Group 2 consisted
of patients with grade | — 111 hypertension with AO (n = 50)
(Fig. 1).

The average age of patients in the 1st group was 26.744.5
years, and in the 2nd group 32.843.4 years (p<0.01). The
duration of hypertension in patients in the 1st group was
2.4542.22, in the 2nd group 3.48+2.31 years, without statistically
significant difference (p>0.05).

The gender distribution by groups was as follows: in the
1st group, the number of men was 23 (39.7%) and women
35 (60.3%), in the 2nd group of patients with hypertension
and AO, there were slightly more men than women and
amounted to a ratio of 37 (55.2%) to 30 (44.8%).

According to the oral survey of the clinical history of
young patients, a burdened heredity for hypertension in the
1st study group was detected in 29 patients (50%), in the 2nd
group in 36 (54%) patients. Also, from the risk factors for
hypertension, smoking was detected in 23 (40%) in the 1st
study group and in 35 (52%) in the 2nd group of examined
patients with hypertension of I-111 degree.
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105 young patients with stage I-III arterial hypertension

b 4
Patients with stage Patients with stage I- 20 relatively
I-IIT AH III AH healthy
without risk of metabolic with risk of metabolic = -
individuals

syndrome n=55

syndrome n=50

Research methods:
- Blood pressure level
- Waist-to-hip ratio (WHR) >0.80
- BMI >30 kg/m?
- Lipid profile
- Adiponectin level
- Metabolic activity of adipose tissue (leptin, adiponectin)
- Insulin resistance index (HOMA-IR), insulin level
- Bioimpedance analysis

Figure 1. Study design

All patients in the 2nd group had various degrees of
obesity, such as 1 degree of obesity (BMI) >30-34.9 kg/m?
was observed in 23 (34.3%) patients, 2 degree obesity (BMI)
>35-39.9 kg/m® in 31 patients (46.3%) and 3rd degree
obesity (BMI) >40 kg/m? was observed in 13 (19.4%)
examined patients with hypertension of young age. BMI in
the 1st and 2nd groups was 25.4+2.62 and 37.824.31 kg/m?,
which was 29.13% higher than the data of the 1st study group
(p<0.01). The values of waist circumference (WC, c¢cm) in
patients of the 1st and 2nd groups were 91.2643.21 cm and
106.849.54 cm, respectively, exceeding the data of the 1st
group with hypertension without obesity by 17% (p<0.01).
The waist-to-hip ratio (WHR, c.u.) in the 2nd group was 16.5%
higher than the data in the 1st study group and amounted to
0.8540.05 and 0.9940.07 (p<0.01), respectively.

Exclusion criteria: secondary forms of obesity and
hypertension, stage Ill hypertension, diabetes mellitus,
autoimmune diseases, bronchial asthma, oncological diseases,
neurological pathology, mental disorders, cardiovascular
pathology (coronary heart disease, chronic heart failure
(CHF), previous myocardial infarction, high-grade heart
rhythm disturbances), occlusive peripheral arterial disease,
severe liver dysfunction (increase in transaminases more
than two reference values), pregnancy, lactation, statins,
allergic reactions to antihypertensive drugs, refusal to
participate in the study, presence of inflammatory diseases of
the myocardium.

Body mass index assessment: BMI = Weight (kg) /body
area (height %) (m?)
(https://www.gensio.ru/tools/health/whr-calculator).
Waist circumference (WC) assessment to identify
abdominal obesity - measurement is taken horizontally,
at the navel level. Standard waist circumference values
(https://www.gensio.ru/tools/health/whr-calculator):
for men: > 102 cm or > 94 cm (depending on source).
for women: > 88 cm or > 80 cm (depending on source).
Calculation of the WHR ratio (Waist - Hip Ratio) or
OT/OB (waist-to-hip ratio) is an indicator that is calculated
by dividing the waist size by the hip size. Normal WHR
values: for men: WHR < 0.9, for women: WHR < 0.85
(https:// www. gensio. ru / tools / health / whr - calculator).
The blood biochemistry study included measurement of
total cholesterol, high-density lipoprotein cholesterol (HDL),
triglycerides (TG) and fasting blood glucose. All analyses
were performed using the state-of-the-art SYNCHRON CX
SYSTEMS “BECKMAN” automatic biochemical analyzer.
Bioimpedance analysis (BIA) is a non-invasive method
of assessing body composition, allowing to determine the
amount of fat, muscle, active cell mass and water in the body.
The bioimpedancemetry method was performed on Meta
equipment Lyzer 3 B - R 2 in the functional diagnostics
department at the Republican Scientific and Practical Center
for Sports Medicine. The following bioimpedancemetry
indicators were calculated: BMI, fat mass (%), visceral fat
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(points), volume of water component (%), volume of muscle
mass (SMM) (%), basal metabolism (BMR) [1,5,6].

The metabolography method was carried out on the Meta
Lyzer 3B-R2 device in the functional diagnostics department
at the Republican Scientific and Practical Center for Sports
Medicine. The most important metabolography indicators
were calculated: VO : (oxygen consumption), VCO : (carbon
dioxide release, RQ (Respiratory Quotient (respiratory
quotient) is the ratio of the volume of carbon dioxide to the
volume of oxygen, RMR (Resting Metabolic Rate (resting
metabolic rate) is the amount of energy that the body spends
in a state of complete rest to maintain basic functions
(breathing, circulation, thermoregulation) [7].

The data obtained during the study were subjected to
statistical processing on a Pentium - 1V personal computer
using the Microsoft software package. Office Excel -2012,
including the use of built-in statistical processing functions.
Comparison of three or more independent groups was carried
out by one-factor analysis of variations ANOVA. The level
of reliability P<0.05 was taken as statistically significant
changes.

2. Research Results

To determine the amount of fat, muscle, active cell mass
and water in the body, we used a non-invasive method for
assessing body composition - bioimpedancemetry, which
reveals characteristic disorders: high levels of visceral fat,
decreased muscle and active cell mass, and water balance
disorders. The results of bioimpedance analysis in patients
with hypertension and abdominal obesity revealed significant
differences between the parameters of groups 1 and 2, as
well as between the CG and group 2 data. Young patients
in group 1 with hypertension without obesity had statistically
insignificant differences in bioimpedance analysis data
compared to the control group data (p> 0.05). At the same
time, patients in group 2 with hypertension and obesity
differed significantly in the parameters of the fat component
by 66.3%, the muscle component by 56.02% and the water
component by 26.3%, in contrast to the CG data (p<0.005).
The volume of visceral fat in patients with hypertension and
AO was significantly higher by 2.8 times (p<0.005) compared
to the CG data. The level of basal metabolism (BMR, kcal) in
young patients of the 2nd group with hypertension and AO
was 1684.384276.8 versus 1984.84198.4 (p<0.01).

The results of the analysis of intergroup differences in
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bioimpedance analysis parameters in young patients with
hypertension depending on the presence of AO had the
following values: Fat component is 49.4% higher; muscle
component is less than 38.2%; water component is 20.2%
less (p<0.005). The volume of visceral fat in patients with
hypertension and AO was significantly 2.6 times higher
(p<0.005) compared to the data of the 1st study group with
hypertension without AO. The level of basal metabolism
(BMR, kcal) in young patients of the 2nd group with
hypertension and AO was 1684.384276.8 versus 1886.6+
227.6 (p<0.01), which was 12.0% lower compared to the
data of the 1st group (Table 1). The changes revealed by
bioimpedance analysis indicate an unfavorable metabolic
and cardiovascular profile in patients with hypertension and
abdominal obesity.

A study evaluating the effect of aerobic and strength PE
[1,5] on BIA indices demonstrated a significant decrease in
FMT and impedance values when measuring immediately
after training on a segmented 8-point analyzer. This confirms
that physical exercise, regardless of the energy supply mode
(aerobic or anaerobic), has a significant effect on body
composition indices and assessment of the body's hydration
status, thereby supporting traditional recommendations for
compliance with standard measurement conditions in terms
of excluding PE before conducting the examination. The
same authors, similar to the previous study, showed that after
a 30-minute cyclic load on a stationary bike, the proportion
of FMT statistically significantly decreases, and this decrease
directly depends on the intensity of the training [1].

Changes in bioimpedance analysis indices in clinical
conditions. M. R. Scheltinga et al. (1991) observed changes
in BIA indices after intravenous infusion of 1 | of physiological
solution, as well as after donation of 48 ml of blood. Infusion
of 1000 ml of physiological solution for 15 min affected the
BIA results by significantly decreasing resistance and
significantly increasing the total body water index; at the
same time, donation of 480 ml of blood caused the opposite
changes — the resistance of the body increased significantly
and the total body water index decreased significantly [1].

Next, to assess the key parameters of metabolic activity
and the basic level of energy needs of patients with hypertension
of young age, we conducted a metabolographic study
method - RMR (Resting Metabolic Rate (resting metabolic
rate), that is, an assessment of the amount of energy that the
body spends in a state of complete rest to maintain basic
functions (breathing, circulation, thermoregulation).

Table 1. Results of bioimpedance analysis in patients with arterial hypertension and abdominal obesity

Parameters Fat component, % Visceral fat, score | Muscle component, % | Water component, % | Basal Metabolic Rate (BMR, kcal)
CG (n=20) 24.44 £3.21 5.03 £1.36 64.5+4.3 58.6 £3.51 1984.8 +£198.4

Group 1 (n=55) 27,20%4,36 5.41+1.47 57.15+3.52 55.78 +£4.74 1886.6+227.6

Group 2 (n=50) | 40.64+4.99 *** # | 14.174+2.36 *** ## 41.34 £4.56 *** ## 46.42+4.59 *** #H 168 4.38+276.8 ** ##

**(p<0.01) ***(p<0.005) in relation to the data of the 1st group, ##(p<0.005) in relation to the data of the CG
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Figure 2. Results of bioimpedance analysis in patients with arterial hypertension and abdominal obesity

500

2252,8%*mn

22488

1988,3

2000

70,7
1763,5 ol

RMR (Kcal\day)

1549,5***

=]

RMR(Kcal\kg)

. 1 group with AH without AO - 2 group with AH and AO Control group
N=55 N=50 n=20
Parameters RMR RMR % deviation of RMR
Kcal\day Kcal\kg
CG(n=20) 1763+112,5 2248,8+8,93 3,1+0,33
1 group (n=55) 1988+212,3 1870+176,8 2,47+0,55
2 group (n=50) 2252+10913%**## 1549+202,3***4## 0,3240,03***

**(p<0.01); ***(p<0.005) in relation to the data of the 1st study group;
##(p<0.005) in relation to the KG data

Figure 3. Results of the metabolographic study of RMR (Resting Metabolic Rate) in patients with hypertension and AO of young age

The results of the study showed that in patients with
abdominal obesity, despite the high total RMR, it was 27.7%
lower than in the control group (p<0.005) and 13.3% lower
than in the 1st group (p<0.01) (Fig. 3). At the same time,
a decrease in specific energy expenditure per kg of body

weight was also noted compared to the control group by
45.1% (p<0.005) and by 20.7% (p<0.005) compared to the
data obtained in the 1st study group. This is due to the low
metabolic activity of adipose tissue in young patients with
hypertension and AO.
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Figure 4. Results of the metabolographic study of RMR (Resting Metabolic Rate) in patients with hypertension and AO of young age

In patients with hypertension and abdominal obesity of
young age, a decrease in VO . - the volume of oxygen
consumption due to low physical activity and reduced
muscle mass was observed. The value of VO » (ml / min) in
the 2nd study group statistically significantly differed from
the control group data by 33.6% (p<0.005) and by 21.2%
from the data of the 1st study group (p<0.005). The VO 2 (ml
/ kg / min) indicator of the 2nd study group had statistically
significant differences in relation to the control group data by
37.25% and by 21.6% in relation to the data of the 1st study
group (p<0.005).

CO . released (VCO : - ml/min) in the 2nd group with
hypertension and obesity also had statistically significant
differences in relation to the CG data by 17.8% and by 12.6%
in relation to the 1st study group data (p<0.01) (Fig. 4). The
revealed moderate increase in VCO 2 (carbon dioxide release)
in patients of the 2nd group with hypertension and obesity at
rest is a sign of increased glucose metabolism.

A meta-analysis by Naci et al. [15], which included 391
randomized controlled trials (RCTs), found that aerobic
exercise reduced BP in a similar manner to antihypertensive
drugs [8]. Overall, 33 systematic reviews (including 25
meta-analyses) covering healthy individuals and individuals
with health complications found that high-intensity aerobic
exercise (high - intensity interval High intensity intra-
intensive training (HIIT) improved cardiorespiratory fitness,
anthropometric parameters, vascular function, cardiac function,
and muscle mass compared to inactive controls [3].

Thus, an increased RQ value (>0.9) (Respiratory Quotient
is a respiratory coefficient, which indicates the prevalence of
carbohydrate metabolism and insufficient ability to oxidize
fats. The results of the analysis of metabolographic data of

young patients with hypertension and obesity noted a
significant decrease in this coefficient by 36.4% and 28.0%,
respectively, compared with the data of the CG and the 1st
study group. The obtained metabolographic data between
patients of the 1st study group with hypertension without
obesity and with the data of healthy individuals of the CG did
not have statistically significant differences.

3. Conclusions

e The results of bioimpedance analysis in patients with
arterial hypertension and abdominal obesity revealed
significant differences in the parameters of the fat
component: 49.4% higher; muscle component less than
38.2%; water component less than 20.2% (p<0.005), a
decrease in the level of basal metabolism (BMR, kcal)
by 12.0% (p<0.005), compared with the data of the 1st
group, which indicates an unfavorable metabolic and
cardiovascular profile of patients with hypertension and
abdominal obesity.

o Significant reduction in specific energy expenditure
of the body according to the RMR study (Resting
Metabolic Rate) in patients with abdominal obesity
indicates low metabolic activity of adipose tissue.
In patients with hypertension and abdominal obesity of
young age, there was a decrease in VO -, - the volume
of oxygen consumption (21.6%; p<0.01) due to low
physical activity and reduced muscle mass, an increased
RQ value (20.8; p<0.01), which indicates the predominance
of carbohydrate metabolism and insufficient ability to
oxidize fats.
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