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Abstract  The dry climate of the Aral Sea region, salt and sandy sea winds have a negative effect on the human body and 

cause an increase in blood pressure, making it difficult to control and causing salt-sensitive arterial hypertension. 

Background: The aim of the work was to study the characteristics of target organ damage in patients with salt-sensitive 

arterial hypertension in the practice of primary health care institutions in the Aral Sea region. Methods: The study included 

1021 patients aged 40–70 years who were diagnosed with hypertension in district family clinics. The results of 

laboratory-instrumental analysis of all patients included in the study were analyzed. Results: The results of our study showed 

that the development of target organ damage in patients with salt-sensitive arterial hypertension in the Aral Sea region is 

directly related to the amount of table salt consumed. Conclusions: In patients with salt-sensitive arterial hypertension, target 

organ damage was clearly expressed, dyslipidemia was high, and glucose tolerance was impaired. 
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1. Introduction 

Arterial hypertension (AH) is one of the main risk factors 

for cardiovascular diseases, including myocardial infarction 

and stroke. According to the World Health Organization, AH 

occurs in 36-45% of the working population, depending   

on age, gender, and social status [1]. AH occurs in 80% of 

patients with coronary heart disease, diabetes, and stroke. 

The problem of AH remains relevant in economically 

developed countries. To reduce the complications of AH, it 

is necessary to prevent cardiovascular diseases from an early 

age in the population. The relevance of the problem of AH 

lies in the damage to the target organs in the disease. To 

determine the level of cardiovascular risk factors in AH, it is 

necessary to study the level of arterial pressure, target organ 

damage, and the presence or absence of comorbidities [3].  

In the treatment of AH, it is very important to change the 

lifestyle of patients, regardless of their age, gender, blood 

pressure, and cardiovascular risk. The sooner hypertensive 

patients follow a healthy lifestyle, the more effective it will 

be. In the development of AH, the role of the accumulation  
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of sodium and water in the body, the sympathetic nervous 

system, and the activation of the renin-angiotensin-aldosterone 

system (RAAS) has been studied in scientific studies. 

Epidemiological and cohort studies revealed that the population 

consumes table salt 2-3 times more than the norm. High  

salt intake increases the risk of cardiovascular disease by  

14% and stroke by 23% [2]. Salt-sensitive AH is a general 

population problem in economically developed countries. 

Variants of salt-sensitive AH include metabolic syndrome, 

diabetes, chronic kidney disease, and isolated systolic AH  

in the elderly. Excessive table salt consumption causes AH 

equally in population with normal and above normal body 

mass index [4]. Excess sodium in the body leads to myocardial 

left ventricular hypertrophy [5]. In diabetic nephropathy, salt 

sensitivity further increases renal protein excretion [6].  

In AH, the heart, blood vessels, kidneys, brain, and retina 

are primarily damaged. Left ventricular hypertrophy is the 

most commonly affected target organ in AH. 

According to the results of the Framing study, left 

ventricular hypertrophy is a major risk factor for heart attack 

and stroke [7]. The LIFE randomized trial demonstrated  

that left ventricular hypertrophy is a more important 

predictor of cardiovascular complications than hypertensive 

syndrome [8]. Left ventricular hypertrophy is a risk factor for 

cardiovascular mortality in ischemic heart disease and stroke 
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[9,10]. Patients with left ventricular hypertrophy are 10 times 

more likely to develop heart failure [11]. Also, the geometric 

model of the left ventricle depends on the relative thickness 

of the walls of the left ventricle. Normal values for the 

relative thickness of the left ventricular wall are 0.40-0.44, 

and values higher than this value indicate cardiac remodeling 

[12,13]. High consumption of table salt causes eccentric 

remodeling of the left ventricle [14]. AH is the main factor 

causing atherosclerosis of blood vessels. It has been proven 

in studies that there is a clear connection between blood 

pressure increase and the development of atherosclerosis in 

blood vessels, as well as myocardial hypertrophy [15,16]. 

AH, age, hypercholesterolemia, smoking, and diabetes affect 

the thickness of the intima-media of the carotid arteries.   

In hypertensive patients, the intima-media is significantly 

thicker than in healthy subjects. An intima-media thickness 

of more than 0.9 mm is a risk factor for heart attack and 

stroke [17]. Kidneys are the main target organs in AH. In  

AH, there are compensatory hemodynamic changes aimed at 

hyperperfusion and hyperfiltration in the kidneys. As a result, 

renal arterioles narrow. High blood pressure in the arterioles 

increases the intraglobuler pressure and the endotheliocytes 

in the glomerular capillaries are injured. High pressure in the 

balls causes endothelial dysfunction, hyperfiltration, and 

increased permeability of proteins in the basement membrane. 

The above processes constitute the pathogenetic mechanism 

of albuminuria. 

Efferent arterioles in the glomeruli undergo vasoconstriction 

under the influence of angiotensin II, which leads to ischemia, 

apoptosis, and ultimately glomerulosclerosis of glomerular 

endothelial cells. Endotheliocyte dysfunction is also affected 

by uric acid, low-density lipoproteins, insulin resistance, and 

obesity [18]. 

It is reasonable to assume that the dry climate of the Aral 

Sea region, the Harmsel winds, which contain salt and sand, 

can have a negative effect on the human body and cause an 

increase in blood pressure, making it difficult to control it 

[19]. 

The relationship between excess consumption of table salt 

and left ventricular hypertrophy in patients with hypertensive 

crisis in the Aral Sea region, which suffered from an 

environmental disaster, was studied in our previous research 

[19]. The effect of sodium on kidney, heart, and vascular 

damage in patients with salt-sensitive AH in the Aral Sea 

region remains a problem that has not been fully studied. 

Thus, the main goal of our study was to study the 

characteristics of target organ damage in patients with 

salt-sensitive AH in the practice of primary medical and 

sanitary facilities in the Aral Sea region. 

2. Materials and Methods 

The scientific study was conducted in family clinics of the 

Ellikkalya district medical association of Karakalpakstan.  

A total of 1021 patients aged 40-70 years diagnosed with AH 

in district family clinics were included in the study.  

The results of laboratory-instrumental analysis of all 

patients included in the study were analyzed. 

Echocardiography, left ventricular myocardial mass index, 

and intima-media thickness of the common carotid and 

brachiocephalic arteries were performed using standard 

methods to determine target organ damage. General clinical 

blood and urine tests, blood biochemical tests - creatinine, 

urea, fasting glucose, lipid spectrum, blood sodium, serum 

uric acid, urine biochemical tests - urine creatinine, urine sodium 

and microalbuminuria were performed. The glomerular 

filtration rate was calculated according to the EPI formula 

(ml/min/1.73m2). Arterial blood pressure was measured by 

the method of N.S. Kortkov from the wrist artery. 

The taste threshold for table salt was tested using the R. 

Henkin method by placing one drop of a sodium chloride 

(NaCl) solution of increasing concentration from 0.02% to 

5.12% on the anterior third of the tongue. The test began  

with a low-concentration (0.02%) NaCl solution and the 

concentration was increased by 2 times until the patient first 

felt a salty taste. The threshold for the first taste of salt is 

determined by the amount of NaCl. The table salt taste 

threshold was divided into 3 groups: low threshold ≤0.08%, 

medium table salt taste threshold=0.16%, and high table salt 

taste threshold ≥ 0.32%. 

Statistical processing of the results was carried out using 

the Statistica 6.0 software package. The main characteristics 

are presented as mean (M) and standard deviation (SD). The 

frequency of symptoms in the study group was estimated 

using the Pearson χ² method. The Pearson correlation test 

was used to determine whether there was a correlation between 

two quantitative indicators, as well as to assess its closeness 

and statistical significance. For all analyses, p values <0.05 

were considered statistically significant. 

3. Result and Discussion 

The average age of 1021 patients included in the study was 

57.68±8.06 years, of which n=627 (61.4%) were women and 

n=394 (38.6%) were men. The duration of AH was 7.88± 

3.35 years. 

Taste sensitivity threshold for table salt (TSTTS) was 

determined in patients as follows: TSTTS 0.08% in 11 

patients, TSTTS 0.16% in 138 patients, TSTT 0.32% in 410 

patients, TSTTS 0.64% in 345 patients, TSTTS 1.28% in 29 

patients 2.56%, and TSTTS was 5.12% in 5 patients. 

In order to separately analyze the clinical and laboratory 

-instrumental indicators of patients with TSTTS 0.16%, 

0.32%, 0.64% and 1.28%, we divided the patients into 2 groups: 

group 1 included 138 hypertensive patients with TSTTS 

equal to 0.16%, and 345 hypertensive patients with TSTTS 

equal to 0.64% to group 2. 

The average age of 138 hypertensive patients included   

in group 1 was 57.38±7.89 years, the duration of AH was 

5.94±2.60 years. The mean age of 345 hypertensive patients 

included in group 2 was 55.12±8.83 years, the duration of 

AH was 8.56±2.98 years (respectively, р1=0.006; р2=0.0000). 
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Of the patients in group 1, 42 (30.4%) were men and 96 

(69.6%) were women, while of the patients in group 2, 124 

(35.9%) were men and 221 (64.1%) were women. In patients 

belonging to group 1, systolic arterial pressure (SAP) was 

151.67±9.93 mm.Hg, diastolic arterial pressure (DAP) was 

91.52±3.94 mm.Hg, average arterial pressure (AAP) was 

111.57±5.48 mm.Hg. In patients in group 2, the SAP was 

175.59±13.09 mm.Hg, the DAP was 103.42±8.52 mm.Hg, 

and the AAP was 127.48±9.58 mm.Hg, which significantly 

differed from group 1 (p1=0.0000; p2=0.0001; p3=0.0000, 

respectively). 

The amount of hemoglobin in patients belonging to group 

1 was 129.23±5.78 g/l, and it was found to be 110.2±13.87 

g/l in patients of group 2 (р=0.0000). 

The rate of glomerular filtration (GFR) in group 1 patients 

was 96.98±11.76 ml/min/1.73 m2, and in group 2 patients it 

was equal to 66.06±14.35 ml/min/1.73 m2 (р=0.0000). 

Creatinine clearance in group 1 patients was 112.36±29.61 

ml/min, and in group 2 patients it was 81.11±24.0 ml/min 

(р=0.0000). 

Blood uric acid was found to be 229.09±44.65 mkmol/l  

in group 1 patients, and 351.43±73.09 mkmol/l in group 2 

patients (p=0.0000). 

Albuminuria averaged 59.21±36.66 mg/l in patients of 

group 1, and 251.74±107.78 mg/l in patients of group 2, 

significantly different from group 1 (p=0.0000). 

Normoalbuminuria was observed in 29 (21.1%) patients  

in group 1, and in 1 (0.3%) patient in group 2 (χ²=72.677, 

p=0.001). 

Microalbuminuria (MAU) was detected in 109 (78.9%) 

patients in group 1 and in 235 (68.1%) patients in group 2 

(χ²=5.682, p=0.02). 

Proteinuria was detected in 109 (31.6%) patients in group 

2, and there were no patients with proteinuria in group 1 

(χ²=56.307, p=0.001). 

1st stage of chronic kidney disease (CKD) was observed 

in 97 (70.3%) of group 1 patients, and 21 (6.1%) of group 2 

patients (χ²=220,080, p=0,001). 

CKD stage 2 was detected in 41 (29.7%) patients of group 

1 and 197 (57.1%) patients of group 2 (χ²=29,589, p=0,001). 

 

Table 1.  Results of laboratory-instrumental analysis of AH 1-2 group patients 

Indicators: Group 1 (n=138) Group 2 (n=345) χ² р 

Hemoglobin, g/l 129,23±5,78 110,2±13,87  0,0000 

Hematocrit, % 48,13±3,8 39,13±4,73  0,0000 

CFR, ml/min/1.73 m2 96,98±11,76 66,06±14,35  0,0000 

Creatinine in blood, mkmol/l. 64,58±10,06 93,95±17,89  0,0000 

Creatinine clearance, ml/min 112,36±29,61 81,11±24,0  0,0000 

Creatinine in urine, mkmol/l. 13476,16±4489,92 8942,03±3710,92  0,0000 

Uric acid in blood, mkmol/l. 229,09±44,65 351,43±73,09  0,0000 

Blood urea, mmol/l 4,56±1,02 7,31±1,55  0,0000 

Albuminuria, mg/l 59,21±36,66 251,74±107,78  0,0000 

Normoalbuminuria, n (%) 

МAU, n (%) 

Proteinuria, n (%) 

29 (21,1) 

109 (78,9) 

0 

1 (0,3) 

235 (68,1) 

109 (31,6) 

72,677 

5,682 

56,307 

0,001 

0,02 

0,001 

Postprandial glucose in blood, mmol/l 4,71±0,87 6,26±2,21  0,0000 

Total protein in blood, g/l. 80,46±4,03 65,87±7,39  0,0000 

Fibrinogen, g/l. 2,37±0,19 3,73±0,53  0,0000 

Albumin/creatinine, mg/mlmol. 48,86±44,23 326,32±262,75  0,0000 

Sodium in blood, mmol/l 138,44±0,87 143,79±1,09  0,0000 

Sodium in urine, mmol/day. 80,4±26,68 196,66±17,54  0,0000 

Total cholesterol, mg/dl 173,56±30,28 210,33±34,02  0,0000 

Triglyceride, mg/dl 201,31±40,63 248,26±54,01  0,0000 

LDLP, mg/dl 93,24±21,44 118,48±21,0  0,0000 

HDLP, mg/dl 40,6±8,34 42,12±5,82  0,0000 

IMT, mm 

right 

left 

 

0,95±0,13 

0,95±0,14 

 

1,34±0,15 

1,34±0,15 

 

 

0,0000 

0,0000 

LVMWI, g/m2 119,71±21,86 194,63±36,69  0,0000 

RWT, mm 0,45±0,05 0,55±0,05  0,0000 

Explanation: CFR – glomerular filtration rate; MAU – microalbuminuria; LDLP - low density lipoprotein; HDLP - High density 

lipoproteins; IMT – Intima-media thickness of brachiocephalic arteries; LVMWI – Left ventricular myocardial weight index;  

RWT- Relative wall thickness. 
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Stage 3A of CKD was observed in 103 patients (29.8%), 

and stage 3B in 24 (6.9%) patients of group 2, and stage 3 of 

CKD was not detected in patients of group 1 (respectively, 

χ²1=327.296, p1=0.001; χ²2=63.137, р2=0.001). 

Intima-media thickness (IMT) of brachiocephalic arteries 

in group 1 patients was 0.95±0.13 mm on the right side and 

0.95±0.14 mm on the left side. In group 2 patients, IMT was 

1.34±0.15 mm on the right side, and 1.34±0.15 mm on the 

left side was found to be (p=0.0000). 

Left ventricular myocardial weight index (LVMWI) was 

119.71±21.86 g/m2 in patients of group 1, and 194.63±36.69 

g/m2 in patients of group 2 and was significantly different from 

group 1 (p=0.0000). The results of laboratory-instrumental 

analysis of patients are shown in Table 1. 

The results of our study revealed a high prevalence of the 

high salt-sensitive phenotype of AH in the population of the 

Aral Sea region. It was found that target organ damage was 

more pronounced in the group with a high salt taste threshold 

than in the group with a low salt taste threshold in patients 

with salt-sensitive AH in the Aral Sea population. In groups 

with a high salt taste threshold, signs of target organ damage 

were manifested by: decreased glomerular filtration rate, left 

ventricular hypertrophy and increased relative wall thickness, 

and elevated vascular intima-media indices. An increase in 

the thickness of blood vessels intima-media in patients with a 

high salt taste threshold means that there is endothelial 

dysfunction, and the atherogenicity of these remodeled 

vessels is high. In patients with a high salt taste threshold,  

the level of blood uric acid, blood creatinine, urea content, as 

well as a reliable decrease in the clearance creatinine and 

glomerular filtration rate were significantly higher in patients 

with a high salt taste threshold than in patients with a low salt 

taste threshold. The groups of patients with high and low salt 

taste thresholds also differed in dyslipidemia indicators, that 

is, the group of patients with high salt taste thresholds was 

distinguished by significantly higher levels of low-density 

lipoproteins. This indicates that the population of the Aral 

Sea region, along with consuming salty foods, mainly 

consists of fatty foods rich in cholesterol. The fact that the 

postprandial glucose level in the group of patients with a 

high taste threshold for table salt is different from the group 

of patients with a low taste threshold for table salt indicates 

that the group of patients with a high taste threshold for table 

salt has more metabolic syndrome and impaired glucose 

tolerance. Patients in this group report consuming more flour 

products, bakery products, and sweets along with table salt, 

and do not adhere to healthy and proper eating habits.  

The prevalence of anemia in hypertensive patients of the 

population of the Aral Sea region was determined in our 

previous scientific studies. When we analyzed hemoglobin 

levels by our table salt taste threshold groups, we observed 

that patients in the high table salt taste threshold group had 

lower hemoglobin levels than those in the low table salt  

taste threshold group. This is due to the reduced synthesis  

of erythropoiesis-stimulating factor (erythropoietin) by the 

kidneys as a result of target organ damage in patients with   

a high salt tolerance. Because in the results of our research,  

it was found that in the group of patients with a high threshold 

of taste for table salt, 3-4 stages of CKD are more common. 

The group of patients with a high taste threshold for table 

salt has significantly more fibrinogen, which affects the 

blood clotting system, than patients in the group with a low 

taste threshold for table salt, which means that the metabolic 

processes in the liver deteriorate. 

The results of our study showed that the development of 

target organ damage in patients with salt-sensitive AH in the 

Aral Sea region is directly related to the amount of table salt 

consumed. It was found that SAP and DAP values were high 

in the group of patients with a high salt taste threshold. 

In salt-sensitive AH, the balance is disturbed in most 

systems in the body, that is, in systems that stimulate natriuresis 

(natriuretic peptides, kinins secreted by the kidney) and 

systems that inhibit natriuresis (RAAS, sympathoadrenal 

system, antidiuretic hormones, vasopressin, adrenocorticotropic 

hormone). In scientific studies, data on changes in the above 

systems were obtained in patients with salt-sensitive AH 

[20,21]. Researchers report low levels of renin and aldosterone 

in patients with salt-sensitive artery disease. Increased brain 

natriuretic peptide content is observed in salt-sensitive 

patients [20,22]. 

Many researchers believe that high salt intake and salt 

sensitivity lead to endothelial dysfunction. 

As a result, the production of endogenous nitric oxide, 

which has a natriuresis and vasodilator effect, decreases. In 

patients with salt-sensitive AH, the activity of the sympathetic 

nervous system increases and, acting on the adrenal glands, 

enhances the work of renin-angiotensin-aldosterone [19]. 

Scientific studies have investigated the relationship between 

salt sensitivity and hyperinsulinemia. In salt-sensitive patients, 

high salt intake induces hyperinsulinemia and impairs tissue 

insulin sensitivity [19]. 

The region along the Aral Sea region is characterized by  

a changeable dry climate, frequent temperature changes, low 

precipitation (154-180 mm/year), frequent dust storms [23,24]. 

As a result of the implementation of the Resolution of  

our esteemed President No. 2857 dated March 29, 2017  

“On measures to further improve the organization of primary 

health care institutions in the Republic of Uzbekistan”,   

the material and technical base of each family polyclinic  

has been updated [25]. Family clinics are equipped with 

modern ultrasound, echocardiography, electrocardiography, 

and laboratory medical equipment. Work has been initiated 

to screen the population with high cardiovascular risk factors, 

identify diseases in a timely manner, and improve treatment 

plans. 

4. Conclusions 

Our scientific research conducted at primary health care 

facilities along the Aral Sea coast revealed that the population 

of this region consumes salt and products high in salt, which 

over the years has led to the development of salt-sensitive 
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AH, and the development of disease complications is related 

to the amount of salt consumed. In patients with salt-sensitive 

arterial hypertension, we observed that target organ damage 

was clearly expressed, dyslipidemia was high, and glucose 

tolerance was impaired. This indicates that family physicians 

should perform tasks such as taking patients with AH    

into separate groups in family clinics, prescribing them the 

correct medications, providing patients with individual, regular 

non-drug treatment recommendations and monitoring their 

compliance, and regularly evaluating the effectiveness of the 

treatment regimens provided to patients on the regression of 

target organ damage based on laboratory and instrumental 

examination results. 

Patronage nurses and family doctors who work directly 

with the population in family clinics should be retrained in 

dietetics courses, so that they can provide our people with 

ongoing guidance on healthy eating in their work. 

At the same time, the implementation of the Henkin 

method for determining the taste threshold for table salt in 

the practice of primary health care institutions plays an important 

role in preventing the population from cardiovascular diseases, 

predicting target organ damage, and providing an effective 

approach to treatment. 
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