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Abstract: The vascular endothelium is one of the earliest damage-targeted hypertensive-mediated 

organs. The study aims to analyze the link of metabolic disorders with endothelial dysfunction (ED) 

and NOS3 (rs2070744) and GNB3 (rs5443) genes polymorphism in essential arterial hypertension 

(EAH). One hundred EAH patients (48 – healthy control) participated in the case-control study. 

Creatinine, glucose, triglycerides, total cholesterol (TC), low/high-density lipoproteins values (LDL-C, 

HDL-C), Atherogenicity Index (AI), Soluble Vascular Cell Adhesion Molecule, total NO metabolites 

(NO2-/NO3-) were studied. GNB3 (rs5443) and NOS3 (rs2070744) genotyping performed by TaqMan 

probes (CFX96™Real-Time PCR). Moderate-severe ED in EAH patients associated with higher blood 

pressure – by 6.90% and 4.69% (Р<0.05), creatinine blood increase – by 10.08% (Р=0.037), profound 

dysmetabolic changes but only in men: hyperglycemia by 46.46% (Р=0.004), hypercholesterolemia and 

lower HDL-C content by 15.79% (Р=0.024), AI elevation by 33.93% (Р=0.029). ТТ-genotype of GNB3 

gene patients has a higher TC blood content by 13.97% (Р=0.035). The one-way ANOVA analysis did 

not confirm the linkage of the NOS3 (rs2070744) and GNB3 (rs5443) genes polymorphic site with 

metabolic disorders. Meanwhile, the risk of obesity increases in EAH patients with C-allele of NOS3 

gene and T-allele of GNB3 gene almost 6 and 10 times [OR95%CI:2.11-14.82; P<0.001 and OR 

95%CI:2.25-45.44; P<0.001], respectively. 

Keywords: NOS3 (rs2070744) and GNB3 (rs5443) genes; arterial hypertension; endothelial 

dysfunction; metabolic disorders; obesity; risk. 
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1. Introduction 

Essential Arterial Hypertension (EAH) remains the most widespread cardiovascular 

disease worldwide and is often associated with metabolic disorders. EAH enchains to metabolic 

syndrome and is followed by visceral obesity, hyperglycemia, dyslipidaemia, and blood 

pressure (BP) elevation [1,2]. Each component, independently or in combination, may affect 

vascular endothelium. Moreover, vascular endothelium is one of the earliest damage-targeted 

hypertensive-mediated organs. On the other hand, the primary loss or change of physiological 

endothelial functions with vascular relaxation insufficiency can lead to atherosclerosis, 

hypertension, diabetes, hyperhomocysteinemia, etc. [3-5]. Healthy endothelium maintains the 

vascular tone and proper smooth muscle vascular dilation through the endothelium-derived 
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hyperpolarizing factors release, monoxide nitrogen (NO) synthesis, inhibition of leukocyte 

adhesion and migration with antioxidant and anti-inflammatory effects, suppression of 

Endothelin-1 production, angiotensin II influence, which prevent smooth muscle cell 

proliferation and migration and vascular wall remodeling afterward. The endothelial 

dysfunction (ED) is associated with the loss of physiological functions that are often caused by 

such metabolic disorders as hypercholesterolemia, dyslipidaemia, hyperglycemia, 

hyperhomocysteinemia, etc. [5] and may result in thrombosis, atherosclerosis, acute or chronic 

vascular catastrophes [6]. Endothelium responds to mentioned above pathological conditions 

by increasing the cyclooxygenases (COX-2) release, vascular reactive oxygen species (ROS), 

and Nox, nicotinamide adenine dinucleotide phosphate (NADPH) oxidases formation, and 

consequently the oxidative stress evoke and augment driving vascular growth and remodeling 

[7-10]. Therefore, metabolic syndrome can switch normal endothelium performance to a 

dysfunctional state, promoting ROS production and low/high-grade systemic inflammation via 

NADPH and adipocytokines synthesis increase and protective superoxide dismutase (SOD) 

attenuation. COX-2, ROS, and NADPH pathways activation results in diminished endothelial 

nitric oxide synthase (eNOS) production through the two key mechanisms: depressed soluble 

guanylate cyclase (sGC) activity and reduced L-arginine transformation. Furthermore, 

inactivation of 5′-AMP-activated protein kinase (AMPK) and tetrahydrobiopterin (BH4) 

enhance the reduced activity of eNOS. ROS, COX-2, and NADPH drive the synthesis of 

numerous endothelium-derived contracting factors (EDCF) like prostaglandin F2α, 

thromboxane A2, endothelin-1, phenylephrine, and pro-inflammatory adipokines release, 

deepening further endothelium imbalance and ED.  

Various studies demonstrate that metabolic disorders and ED-related hypertension 

pathways might be partially genetically determined by genes regulating RAAS or NO activity 

or code the enzymatic synthesis or expression, or associate with vascular smooth muscles 

remodeling and hypertrophy [11-19]. Howsoever, the mechanisms that couple metabolic 

disorders with ED and genetic factors in hypertensive patients still have to be determined. 

Therefore, the study aims to analyze the link of metabolic disorders with ED and 

polymorphic variants of NOS3 (rs2070744) and GNB3 (rs5443) genes in EAH patients. 

2. Materials and Methods 

2.1. Compliance with bioethics. 

The study fully adhered to European Convention on Human Rights and Biomedicine, 

GCP, GLP principles, EUC directive #609, and other EU and international legislation on 

bioethics. The Study Protocol was approved by the Ethics’ Committee of the Bukovinian State 

Medical University (Protocol №2 from 14.10.2021). The research is defined as a prospective, 

cohort, case-control study. 

2.2. Diagnosis of arterial hypertension. 

Hypertension was defined as office systolic BP (SBP) values ≥140 mmHg and/or 

diastolic BP (DBP) values ≥90 mmHg at least for three measurements during a month, 

according to European Societies of Hypertension and Cardiology (ESH/ESC) 

recommendations [20, 21].  
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All enrolled patients underwent a complex of examinations: general clinical 

examinations,  complete blood count, creatinine, glucose, total cholesterol (TC) level, 

triglycerides (TG) and low/high-density lipoproteins level cholesterol (LDL-C, HDL-C), 

Atherogenicity Index (AI = (TC – HDL-C) / HDL-C, Unit),  body mass index (BMI, kg/m2) 

for evaluation of overweight and abdominal obesity (AO), Waist circumference (WC), Waist-

to-Hip ratio (WHR), office measurement of SBP, DBP, heart rate (HR), GFR calculation 

(according to Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation with 

Creatinine level), ECG in 12 leads, EchoCG, consultations of ophthalmologist and neurologist 

according to European recommendations (ESC 2018, 2021). 

2.3. Inclusion/exclusion criteria.  

The study included EAH patients with hypertensive-mediated organ damage (HMOD) 

estimated according to European Societies of Hypertension and Cardiology recommendations 

(ESH/ESC 2018, 2021) [20,21]: target-organs damage – 2nd stage (asymptomatic EAH), from 

the 1st through to the 3rd grade of blood pressure (BP) elevation; moderate-high cardiovascular 

(CV) risk; aged from 45 to 65 years.  

Exclusion criteria have been described in previous publications [11,17,18,22-25]: we 

excluded patients with EAH stage 3 (established CV disease, chronic kidney diseases (CKD) 

– with estimated glomerular filtration rate (eGFR) decline <30 ml/min/1,73 m2); secondary 

arterial hypertension; EAH patients with complications of HMOD, chronic heart failure (CHF) 

higher than II functional class (NYHA III-IV); diabetes mellitus type I (DM 1), sub- and 

decompensated diabetes mellitus (DM) type 2 (with diabetic target-organ damage); malignant 

or uncontrolled arterial hypertension; sub- and decompensated liver diseases (triple growth 

over the normal level of aspartate aminotransferase, alanine aminotransferase); bronchial 

asthma, chronic obstructive pulmonary disease of III-IV stage with C or D risk value (GOLD 

2019); acute or exacerbated infectious diseases, or during unstable remission; psychological 

disorders; malignancies of any location; administration of oral corticosteroids or 

contraceptives; pregnancy or lactation. 

After screening of matching inclusion and exclusion criteria, 100 patients were selected 

for further examination (75% women, 25% men, mean age 59.87±7.98 yo). The genetic 

examination was performed in 72 patients. The control group included 48 practically healthy 

individuals who were not relatives of the patients and without reliable differences in gender 

distribution (62.5% females, 37.5% males) and mean age (49.13±6.28 yo) with the study group. 

All enrolled subjects signed a consent form to participate in the study.  

2.4. Genotyping of the endothelial nitric oxide synthase (NOS3, rs2070744) and guanine 

nucleotide-binding protein beta-3 (GNB3, rs5443) genes polymorphisms. DNA isolation, amplification 

and genotyping.  

Venous blood was collected in a sterile vacutainer, stabilized by K2-EDTA. DNA was 

isolated from the whole venous blood lymphocytes’ nuclei and purified according to GeneJET 

Genomic DNA Purification Kit Manufacturer’s Guidance (Thermo Fisher Scientific, USA). 

DNA fragments of analyzed genes amplified by Quantitative Real-Time PCR (qRT-PCR) with 

specific for each gene TaqMan probes and genotyping with TaqMan Genotyping Master Mix 

on CFX96 Touch™ RT-PCR Detection System (Bio-Rad Laboratories, Inc., USA). The 

genotyping protocol was described in our previous publications [11,17,18,22-25]. Alleles’ 
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discrimination of NOS3 (rs2070744) and GNB3 (rs5443) genes polymorphisms were analyzed 

by licensed CFX96 RT-PCR Detection System Software (Microsoft, USA). 

2.5. Markers of endothelial function.  

Soluble Vascular Cell Adhesion Molecule (sVCAM-1; CD 106) level in serum was 

determined by the Enzyme Linked-Immuno-Sorbent Assay (ELISA) according to the 

Manufacturer’s Guidelines with highly sensitive sVCAM-1 ELISA KIT® (Diaclon SAS, 

France) on a “StatFax 303” equipment (USA). The sVCAM-1 assay has a sensitivity of 0.6 

ng/mL. 

The Monoxide Nitrogen metabolites (NO2-/NO3-) concentration was evaluated in 

serum, stabilized with EDTA (1 mg/ml), by colorimetric method with Total NO/NO2-/NO3- 

Assay Kit (RDS, UK) on a 550 nm Spectrophotometer (TS8210, China). Detection principle: 

after recovery of nitrate to nitrite by nitrate-reductase enzyme, nitrite reacts with chromogenic 

agent producing light red azo-compound, and the content of nitrite can be calculated by 

measuring the OD value at 550 nm. 

  

2.6. Carotid Intima-Media Thickness and Endothelium-Dependent Flow-Mediated Dilation of 

the Brachial Artery Ultrasound Assessment 

 

Endothelial-Dependent Flow-Mediated Dilation of the Brachial Artery (FMD BA) 

measurement according to the FMD assessment Guidelines [26-29] using ultrasonographic 

complex “ACCUVIX A30” (Samsung Medison, South Korea) with duplex scanning of 

brachial arteries (BA), high-frequency vascular transducer, color, and spectral Doppler and 

internal ECG monitor. A blood pressure cuff was applied to the forearm and inflated to a 

pressure that was 50 mm Hg above the baseline SBP for 5 min. From 30 s before to 2 min after 

cuff deflation, the BA diameter was recorded on ultrasound. Cuff deflation induces reactive 

hyperemia – a brief high-flow through the brachial artery to accommodate the dilated resistance 

vessels. An increase of internal BA diameter was expressed in the percentage of the baseline 

BA diameter. The diameter increase of less than 10% was determined as Endothelial 

dysfunction (ED) or FMD insufficiency.  

 

2.7. Statistical analysis. 

 

Statistical analysis performed using StatSoft Statistica v.7.0 software (StatSoft Inc., 

USA). To verify the differences between groups, we applied the Student’s t-test (two-tail 

distribution and equal variances between the two samples), ANOVA, Pearson’s χ2 test, or the 

Wilcoxon-Mann-Whitney U-test (in case of uneven data distribution according to W-Shapiro-

Wilk or Kolmogorov-Smirnov test results). The risk of pathology was assessed by a binary 

logistic regression model using relative risk (RelR); risk ratio (RR) was estimated by odds ratio 

(OR) with 95% confidence interval [95% CI] using a chi-square (χ2) test (df=1). Differences 

were regarded as significant at P<0.05 values. 
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3. Results and Discussion 

3.1. Metabolic disorders, Endothelial Dysfunction, and genes polymorphism of NOS3 

(rs2070744) and GNB3 (rs5443) in hypertensive patients. 

The cohort of patients (n=100) was divided into groups depending on ED severity 

considering FMD BA deviations, total NO metabolites decrease, and sVCAM-1 concentration 

elevation (Table 1). Mild ED grade (1st degree) was regarded by reduced FMD BA below the 

upper quartile  (percentile) of the patient’s group (10.0-8.0%), and total NO metabolites (25-

21 µmol/l) as well, with normal sVCAM-1 level (<1050 ng/ml); Moderate ED grade (2nd 

degree) – a decrease of the examined variables within the interquartile range (Q2): FMD BA – 

7.9-7.0%, NO2/NO3 – 20.9-18.0 µmol/l, with increased sVCAM-1 value of 1050-1390 ng/ml; 

Severe ED grade (3rd degree) was extrapolated by FMD BA, and total NO metabolites decrease 

below the lower quartile (Q1): FMD BA <7.0%, NO2/NO3 <18.0 µmol/l, and an increase of 

sVCAM-1 >1390 ng/ml.  

Eighteen EAH patients had a mild ED (1st degree), 82 individuals – had moderate and 

severe ED (2nd and 3rd degree). Clinical and biochemical parameters considering ED severity 

are presented in Table 1. SBP and DBP in moderate and severe ED patients are higher than 

those with mild ED – by 6.90% (Р=0.001) and 4.69% (Р=0.024), respectively. On the contrary, 

the WHR in males with mild ED is higher than in moderate-severe ED cases – by 14.43% 

(Р=0.005). It should be noted that WHR and GFR (CKD-EPI by creatinine) in males are higher 

than those in females depending on ED severity: with WHR – by 26.14% (Р=0.002) and 7.78% 

(Р=0.001), with GFR – by 17.01% (Р=0.01) and 20.46% (Р<0.001), respectively. The EAH 

patients with the 2nd-3rd stages ED had higher Creatinine levels. On the contrary, GFR (CKD-

EPI) was lower irrespective of gender than those with mild ED: after blood Creatinine – by 

10.08% (Р1=0.037), GFR in males – by 8.41% (Р1=0.004), in females – by 11.03% (Р1=0.027), 

respectively. There were no significant differences found, emphasizing the rest of the 

parameters. 

Table 1. Clinical and biochemical parameters depending on the endothelial dysfunction severity and gender, 

M±SD. 

Parameters Control Mild ED (1st degree) 
Moderate, severe ED  

(2nd, 3rd degree) 

SBP, mmHg 117.0±2.32 152.0±3.80 Р<0.001 
162.49±2.54  

Р<0.001 Р1=0.001 

DBP, mmHg 76.05±2.79 
93.33±2.10 

Р<0.001 

97.71±1.65  

Р<0.001 Р1=0.024 

BMI, kg/m² 24.82±1.25 30.83±1.58 Р<0.001 
31.39±1.32 

Р<0.001 

WC, sm 

M 96.10±2.24 117.0±2.83 Р=0.001 106.56±3.85 Р=0.018  

F 
78.79±2.93 
рM<0.001 

95.67±4.38 
P=0.001 РM=0.02 

101.04±2.36 Р<0.001 

WHR, U 

M 0.93±0.03 1.11±0.03 Р=0.002 0.97±0.02 Р1=0.005 

F 
0.78±0.02 

рM<0.001 

0.88±0.02  

P,РM =0.002 

0.90±0.01  

Р<0.001 РM =0.001 

Plasma Creatinine, µmol/l 71.60±3.22 73.23±2.55  
80.61±3.09  

Р=0.045 Р1=0.037 

GFR by Creatinine CKD-

EPI, ml/min/1.73m² 

M 129.11±6.95 95.26±1.13 Р=0.003 87.25±2.48 Р=0.001 Р1=0.004 

F 
91.12±6.45 

РM=0.005 
81.41±4.02 РM=0.01 

72.43±5.20 Р1=0.027 

РM<0.001 

ED – endothelial dysfunction; SBP / DBP – systolic/diastolic blood pressure; BMI – body mass index; M – males; 

F – females; WC – waist circumference; WHR – Waist-Hip ratio; GFR – glomerular filtration rate by Creatinine 

(CKD-EPI); P – significance of differences with a control group; P1 – significance of differences with patients’ 

group with Mild ED; PM – significance of differences between genders (with males).  
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Analysis of the carbohydrate-lipid metabolism values depending on ED severity 

showed that the 2nd-3rd degrees of ED was associated with higher glucose level and AI – by 

46.46% (Р1=0.004) and 33.93% (Р1=0.029) with lower HDL-C content than in mild ED 

patients – by 15.79% (Р1=0.024), though it concerns only males (Table 2). 

Table 2. Lipids’ panel and glucose value depending on the endothelial dysfunction severity and gender, M±SD. 

Parameters Control Mild ED (1st degree) 
Moderate, severe ED (2nd, 

3rd degree) 

Glucose, mmol/L 5.08±0.17 6.81±0.66 Р=0.001 7.57±0.86 Р<0.001  

Glucose, mmol/L 
F 5.0±0.16 7.12±0.72 Р=0.002 7.55±0.86 Р=0.001 

M 5.28±0.13 5.23±0.23 PF=0.042 7.66±0.79 P=0.004 P1=0.004 

TC, mmol/L 5.57±0.22 5.62±0.31 5.65±0.30 

TG, mmol/L 1.64±0.16 2.12±0.18 Р=0.019 1.94±0.25  

LDL-C, mmol/L 3.90±0.24 4.32±0.30 4.14±0.26 

HDL-C, mmol/L 1.40±0.09 1.28±0.07 Р=0.019 1.17±0.06 P=0.006 

HDL-C, mmol/L 

F 1.53±0.07 1.32±0.07 P=0.003 1.22±0.06 P<0.001 

M 
1.24±0.09 

РF=0.015 
1.14±0.06 PF=0.005  

0.96±0.05 P=0.017 P1=0.024 

PF=0.02 

AI, U 2.99±0.34 3.54±0.27 3.95±0.32 P=0.042 

AI, U 

F 2.72±0.26 3.44±0.23 P=0.004 3.68±0.25 P=0.009 

M 
3.97±0.34 

РF=0.003 
3.92±0.29 PF=0.049  

5.25±0.41 P=0.019 P1=0.01 

PF=0.013 

TC – Total cholesterol; TG – Triglycerides; LDL-C / HDL-C – low / high-density lipoproteins cholesterol; AI – 

atherogenicity index; P – the significance of differences with the control group; P1 – the significance of differences 

with patients’ group with Mild ED; PF – the significance of differences between genders (with females).  

Lipids and glucose blood levels in the examined patients did not depend distinctly on 

the polymorphic variants of NOS3 (rs2070744) gene (Table 3). The one-way ANOVA analysis 

did not confirm the linkage of NOS3 (rs2070744) gene with the metabolic parameters. 

However, the relative incidence of obese patients was higher among the mutated C-allele of 

the NOS3 gene (rs2070744) carriers by 31.94% more than in the TT-genotype subjects 

(2=13.58; P<0.001). The epidemiological analysis confirmed that the risk of obesity increases 

in EAH patients with the C-allele of the NOS3 gene (rs2070744) by almost 6 times [OR = 5.60; 

OR 95%CI: 2.11-14.82; P<0.001]. 

Table 3. Lipids’ panel and glucose value depend on the polymorphic variants of NOS3 gene (rs2070744), 

M±SD. 

Parameters 
Genotypes of NOS3 gene in 

the control  

Genotypes of NOS3 gene in patients 

TT- TC- CC- 

Glucose, mmol/L 

ТТ- 5.07±0.12 

7.84±1.05 Р=0.006 6.72±0.64 Р=0.008 7.63±1.07 Р=0.039 ТC- 5.08±0.23 

CC- 5.17±0.25  

TG, mmol/L 

ТТ- 1.72±0.27 

1.87±0.19 2.02±0.30  2.12±0.46  ТC- 1.62±0.14 

CC- 1.57±0.20 

TC, mmol/L 

ТТ- 5.57±0.28 

5.82±0.35 5.72±0.39 5.65±0.30 ТC- 5.49±0.22 

CC- 5.59±0.20 

HDL-C, mmol/L 

ТТ- 1.56±0.12 

1.26±0.09 Р=0.015 1.25±0.08 1.23±0.06 ТC- 1.31±0.15 

CC- 1.39±0.14 

LDL-C, mmol/L 

ТТ- 3.78±0.24 

4.40±0.32 4.26±0.38 4.12±0.29  ТC- 4.05±0.27 

CC- 4.02±0.25 

AI, U 

ТТ- 2.84±0.34 

3.74±0.26 Р=0.013 3.70±0.34 3.74±0.39 ТC- 3.43±0.40 

CC- 3.26±0.42 

P – significance of differences with control group.   
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The TC blood concentration was higher in EAH patients with ТТ-genotype of GNB3 

(rs5443) gene than in the СС-genotype carriers – by 13.97% (Р=0.035) (Table 4). In the control 

TG blood content prevailed among homozygous С-allele carriers over those with ТТ-genotype 

by 48.82% (Р=0.019). But the one-way ANOVA analysis did not confirm the linkage of GNB3 

(rs5443) gene with the lipid parameters and glucose metabolism values either in EAH patients 

or the control group. At the same time, the relative incidence of obese patients was almost in 

every third EAH patients with the mutated T-allele of the GNB3 gene (30.56%), in the absence 

of such among the healthy. The epidemiological analysis confirmed more than 10 times [OR= 

10.12; OR 95%CI: 2.25-45.44; P<0.001] increased risk of obesity in EAH patients with T-

allele of the GNB3 (rs5443) gene. 

Table 4. Lipids’ panel and glucose value depending on the polymorphic variants of GNB3 gene (rs5443), 

M±SD. 

Parameters 
Genotypes of GNB3 gene 

in the control 

Genotypes of GNB3 gene in patients 

CC- CT- TT- 

Glucose, mmol/L 

CC- 5.14±0.18 

7.38±0.91 Р=0.007 7.16±0.81 Р=0.019 6.32±0.40 Р=0.014 CT- 5.19±0.20 

TT- 4.90±0.22 

TG, mmol/L 

CC- 1.89±0.17 

2.10±0.34 1.77±0.22 
2.40±0.39 Р=0.043 

РСT=0.055 
CT- 1.54±0.20 

TT- 
1.27±0.25 

РСС=0.019 

TC, mmol/L 

CC- 5.45±0.35 

5.51±0.32 5.90±0.44 
6.28±0.27 Р=0.05 

РСС=0.035 
CT- 5.69±0.26 

TT- 5.46±0.22 

HDL-C, mmol/L 

CC- 1.34±0.13 

1.22±0.10 1.27±0.07 Р=0.033 1.29±0.04 Р=0.028 CT- 1.46±0.10 

TT- 1.48±0.07 

LDL-C, mmol/L 

CC- 3.78±0.24 

4.40±0.32 4.26±0.38 4.12±0.29 CT- 4.05±0.27 

TT- 4.02±0.25 

AI, U 

CC- 3.45±0.47 

3.66±0.33 3.76±0.37 3.87±0.24 Р=0.026 CT- 3.14±0.39 

TT- 2.82±0.31 

P – significance of differences with control group; PCC, PCT -  significance of differences with CC-genotype and 

CT-genotype carriers in the corresponding group. 

3.2. Discussion.  

Many reviews regarding the physiological endothelial function [30,31]. However, only 

a few focus on the ED mechanisms coupled with some metabolic disorders like hyperglycemia, 

dyslipidemia, obesity, diabetes mellitus, insulin resistance, etc. [30,32]. 

Some studies proved that glucose loads and high-fat meals might impair endothelium-

dependent vasodilation via increasing free fatty acids circulation and ROS production 

induction [33,34]. There is major evidence of the interaction between insulin and the NO 

system. In healthy conditions, insulin induces a dose-dependent increase of blood flow in lower 

limbs by mitigating skeletal muscle vascular resistance [35] through the two key pathways: 

activation of the insulin receptor substrate 1 and phosphatidylinositol 3-kinase-dependent/Akt 

signaling pathway and increased eNOS expression with enhanced NO synthesis [36,37]. Other 

researchers did not detect a direct trace of insulin on vasodilation [38,39], switching a 

potentiating effect of insulin on acetylcholine-mediated vasodilation mechanism. Therefore, 

the pathways of insulin reciprocity via the eNOS/NO system and other molecular-receptors, 

intra-(extra)cellular mechanisms, are involved in the vascular tone reactivity and regulation. 

Apart from that, insulin resistance is associated with ED not only in obese and diabetic patients 
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but in polycystic ovary syndrome [40], hypertension and other cardiovascular diseases, chronic 

kidney failure, peripheral artery disease, cancer, thrombosis, etc. [41]. Hyperinsulinemia in 

insulin-resistant conditions correlates directly with enditelin-1 secretion [42]. Some studies 

(human and animal models) demonstrated that endothelial function improves by reducing 

insulin resistance, whereas ameliorating insulin sensitivity diminishes ED [42]. To sum up, 

epidemiological, clinical, physiological, and cellular studies firmly support a reciprocal linkage 

between insulin resistance and ED that helps to bind cardiovascular diseases and metabolic 

disorders.  

On the other hand, few studies witnessed the dependence of metabolic disorders on 

genetic NOS3 (rs2070744) and GNB3 (rs5443) factors, but they are conflicting and 

inconclusive. Hsiao et al. [43] found that in a general Taiwanese population (n=983) GNB3 

(rs5443) SNP polymorphic site did not significantly associate with obesity, overweight, or 

obesity-related metabolic traits. Still, the triglycerides and total cholesterol values were higher 

in CC-genotype carriers than in T-allele subjects (P<0.05). Contrary, in a meta-analysis of 15 

case-control studies with a total of 10,396 subjects (3171 cases of overweight/obesity and 7225 

controls) was proven the association between GNB3 825C>T polymorphism and the risk of 

overweight and obesity: the presence of TT homozygote became one of the genetic factors 

susceptible to overweight/obesity, especially in males under 30 years [44]. The other 

systematic review and meta-analysis also were suggested a significant association between the 

TT genotype of the GNB3 gene polymorphism and obesity risk [OR=1.237, 95%CI: 1.040-

1.472, P=0.016] [45]. This data corresponds to our obtained results: in EAH patients with ТТ-

genotype (GNB3, rs5443), we observed higher TC blood content by 13.97% (Р=0.035) and 

higher risk of obesity in T-allele subjects as well [OR= 10.12; OR 95%CI: 2.25-45.44; 

P<0.001].      

Fattakhov et al. [46] revealed elevation of TC value in CC-genotype of NOS3 (T-786C) 

gene and association with metabolic syndrome. Another study also found significantly higher 

TC level and intima-media thickness of carotid arteries in 786CC homozygotes [47]. In other 

publications were not demonstrated associations of NOS3 (T-786C) gene polymorphism with 

glucose and lipids metabolism, but some of them confirmed a linkage with obesity [48,49], as 

we suggested in our research. Our study provides evidence that the C-allele of NOS3 gene 

(rs2070744) increases the probability of obesity six times compared to control, suggesting its 

significance in EAH. Thus, numerous publication biases and controversial results in genetic 

association studies in various populations demand further research. 

4. Conclusions 

Moderate-severe ED (2nd-3rd degrees) in EAH patients associated with higher SBP and 

DBP values – by 6.90% and 4.69% (р<0.05), creatinine blood level increase – by 10.08% 

(р=0.037), GFR (CKD-EPI by creatinine) decrease both in males and females as well – by 

8.41% (р=0.004) and 11.03% (р=0.027), respectively. ED of 2nd-3rd degrees is associated with 

more pronounced dysmetabolic changes but only in men: by 46.46% glucose concentration 

increase (р=0.004) coupled with hypercholesterolemia and lower HDL-C content by 15.79% 

(р=0.024), that caused Atherogenity index elevation by 33.93% (р=0.029).  

The EAH patients with ТТ-genotype of GNB3 (rs5443) gene have a higher TC blood 

content by 13.97% (Р=0.035). However, the one-way ANOVA analysis did not confirm the 

linkage of the polymorphic site of NOS3 (rs2070744) and GNB3 (rs5443) genes with metabolic 

disorders in hypertensive patients.  

https://doi.org/10.33263/BRIAC132.123
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The risk of obesity increases almost 6-fold [OR 95%CI: 2.11-14.82; P<0.001] in C-

allele carriers of the NOS3 gene (rs2070744) and more than 10 times [OR 95%CI: 2.25-45.44; 

P<0.001] in T-allele carriers of the GNB3 (rs5443) gene. The relative incidence of obese EAH 

patients is higher among the mutated C-allele carriers of the NOS3 gene by 31.94% (2=13.58; 

P<0.001) and in the T-allele patients of the GNB3 gene (30.56%). 
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