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Abstract 

Introduction: The use of modern drugs with direct antiviral effect allows achieving a 

stable virologic response (SVR) in patients with chronic hepatitis C (CHC). However, in most 

cases, after the elimination of HCV infection, the progression of fibrosis continues with the 

development of its terminal stages and adverse outcomes for patients. The presence of non-

alcoholic fatty liver disease (NAFLD) in these patients significantly increases the rate of 

progression of fibrosis and its complications, even after reaching SVR. Therefore, the search 

and development of new non-drug treatment technologies for this category of patients is 

relevant. Aim: to study the effectiveness of mineral water intake (with a high content of 

bicarbonates, sodium, potassium, and silicon compounds) in the new mode of use in the 

complex treatment of patients with chronic hepatitis C with concomitant NAFLD. Methods: 

anamnestic, clinical, general clinical, biochemical (indicators of lipid metabolism, HOMA 

index), serological (markers of viral hepatitis C, HCV RNA PCR, qualitative and quantitative 

determination, genotyping), ultrasonographic studies of the digestive system and statistical 

methods. Results: Patients with chronic hepatitis C (genotype 1b in the phase of replication, 

minimal and moderate activity) with concomitant NAFLD, which had been divided into two 
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groups, were examined. Patients of group I (control group) received a standard complex of 

treatment (diet therapy that corresponded to the Mediterranean diet, dosed exercise regimen, 

antiviral therapy - sofosbuvir (400 mg) and ledipasvir (90 mg) - 3 months). Patients of group 

II (the main group) additionally received an internal course intake of mineral water (MW) 

according to our methodology: 3 ml per kg of patient’s body weight 30-40-60 min before 

meals, depending on the acidity in the stomach, and the same dose after food intake, three 

times a day (course - 2 months, a break - 2 months, a second course - 2 months). Evaluation 

of the effectiveness of treatment was carried out after six months from the start of treatment. 

Conclusion: The results prove the feasibility and effectiveness of using MW in a doubled 

dosage regimen in the complex treatment of patients with chronic hepatitis C with chronic 

concomitant NAFLD, which was determined by improving lipid metabolism, reducing signs 

of insulin resistance, improving ultrasonographic signs and preventing the development of 

fibrotic changes in the liver. 

Keywords: chronic viral hepatitis C; non-alcoholic fatty liver disease; mineral 

water. 

 

Introduction 

The problem of treatment of chronic hepatitis C is one of the most discussed topics in 

gastroenterology and hepatology, which is associated primarily with the high specific gravity 

of chronic hepatitis C in the structure of chronic liver diseases both in Ukraine and abroad [1, 

2]. The most common virus C genotype in Ukraine is 1b. As before, the highest incidence 

rates have been recorded among people of working age. CHC is one of the leading causes of 

liver cirrhosis with the development of hepatic cell failure and hepatocellular carcinoma, 

which increases the risk of death.  

For a long time, a combination of pegylated interferon alpha (peg-IFNα) and ribavirin 

has been using as a standard for the treatment of chronic hepatitis C. However, standard dual 

therapy was effective only in 40–50% of patients; moreover, it was often accompanied by 

severe adverse events that impeded treatment. Advances in molecular biology in the study of 

the hepatitis C virus have facilitated the development of direct-acting antiviral drugs (DAAs) 

for the treatment of chronic hepatitis C. The experience of using DAAs in real clinical 

practice has shown a high frequency of pathogen elimination; however, chronic hepatitis C is 

a systemic disease that requires an individual approach taking into account comorbid liver 

pathology [3, 4]. 
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According to modern concepts, many factors affect the natural course of chronic 

hepatitis C and the effectiveness of antiviral treatment. Two groups are considered among 

them: virus factors - the genotype of HCV infection, the variability of the virus genome, and 

patient factors - age, gender, race, alcohol abuse, co-infection with other viruses, and 

concomitant liver pathology [5, 6, 7, 8]. The possibility of developing NAFLD with chronic 

HCV infection is significantly higher than with other liver diseases. It is diagnosed two times 

more often than with chronic HCV infection and autoimmune hepatitis. The presence of fatty 

liver infiltration in patients with chronic hepatitis C hurts the rate of progression of HCV 

infection and reduces the effectiveness of even modern DAAs [9, 10, 11].  

Mineral waters (MW) of various chemical composition are successfully used in the 

treatment of diseases of the gastrointestinal tract, hepatobiliary system, metabolism, etc., due 

to the peculiarities of their physicochemical composition, osmolarity, the presence of 

biologically active substances and compounds, affinity (similarity) with the buffer systems of 

the body. Also, when macro- and microelements enter the body as part of MW, their 

therapeutic dose is several times less (that is, more effective) than in pharmaceutical 

preparations, which determines the diversity of the effectiveness of their biomedical effects 

[12–16]. 

Analyzing the literature data, we found that MW with a sufficient content of 

bicarbonates, chlorine, sodium, potassium ions, and trace elements have lipid-lowering, 

hepatotropic, and cardioprotective properties, which is pathogenetically substantiated in the 

treatment of patients with chronic hepatitis C with concomitant NAFLD [17-21]. 

Meanwhile, there is almost no robot dedicated to the rationale for the use of MW in 

patients with chronic hepatitis C with concomitant NAFLD. Therefore, the study of the 

therapeutic effect of a unique natural factor - MW in patients with chronic hepatitis C with 

concomitant NAFLD is advisable. 

The aim of the work is to evaluate the effectiveness of low-saline silicon bicarbonate 

sodium MW in the new mode of use in the complex treatment of patients with chronic 

hepatitis C with concomitant NAFLD. 

Materials and methods. Based on the outpatient department of SI "Ukr. Research 

Institute of MR and K of the Ministry of Health of Ukraine” and the clinical sanatorium 

“Arcadia”of the State Border Service of Ukraine, 52 patients with chronic hepatitis C 

(genotype 1b in the replication phase, minimal and moderate degree of activity) with 

concomitant NAFLD were examined. 



 229 

The research used methods such as anamnestic and clinical (gastroenterological 

examination in which the severity of pain, dyspeptic, asthenic syndromes was assessed based 

on the study of subjective and objective signs of the disease), a study of general clinical, 

biochemical blood parameters, including lipid metabolism, was evaluated IR according to the 

HOMA index, an ultrasonographic study (ultrasound) of the digestive system. The obtained 

results were processed by the generally accepted methods of variation statistics, the average 

values, their errors, and the Fisher-Student t-test were calculated. 

At the beginning of the study, we formed two groups of patients with chronic hepatitis 

C with concomitant NAFLD. Patients of group I (22 patients, control group) received a 

standard complex of treatment (diet therapy that corresponded to the Mediterranean diet (12), 

dosed exercise regimen, antiviral therapy - sofosbuvir (400 mg) and ledipasvir (90 mg) - 3 

months). Patients of group II (30 people, the main group) additionally received an internal 

course of MB according to the method developed by us: 3 ml per kg of patient’s body weight 

30-40-60 minutes before meals, depending on the acidity in the stomach, and the same dose 

after administration food three times a day (course - 2 months, a break - 2 months, a second 

course - 2 months). 

We used packaged silicon low-mineralized bicarbonate sodium water of well No. 242, 

the village of Shayan, Khust district of the Transcarpathian region (Ukraine). The total 

mineralization of MW was 1.86 g / l. The main anions in the chemical composition of MW 

were HCO3
- (1.187 g / l), Cl- (0.095 g / l), and among the cations, Na + and K + ions (0.447 g 

/ l). Other cations and anions - SO4
2- (0.059 g / l), Ca2 + (0.064 g / l) and Mg2 + (0.008 g / l) 

had insignificant concentrations. In MW, there are biologically active components and 

compounds that are standardized in balneology according to the legislation of Ukraine [16], 

and add specific properties to waters. Such components are H2SiO3 (metasilicic acid) - 69.42 

mg / l (silicones are considered MW with an H2SiO3 content of 50 mg / l and H3BO3 

(Orthoboric acid) - 15.83 mg / l (boric ones are MW with an H3BO3 content from 35 mg / l). 

Evaluation of the effectiveness of treatment was carried out six months after the start. 

Before treatment, 84.6% of patients had signs of the asthenic syndrome - fatigue, weakness, 

sleep disturbance, irritability. Manifestations of the dyspeptic syndrome were identified in 

48.0% of patients. Among the signs characterizing abdominal pain syndrome, pain, or a 

feeling of heaviness in the right hypochondrium dominated were 55.7% of the examined. 

Complaints of pain in large and small joints are signs of the arthralgic syndrome, were 

identified in 34.6% of patients. 
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An objective examination most often determined soreness on palpation of the right 

hypochondrium - 61.5% of cases, a little less often determined soreness in the left 

hypochondrium - 42.3% of cases. Hepatomegaly was present in 65.3% of patients. 

The vast majority of patients were overweight or obese I-II degrees. (BMI was equal 

to an average of 31.62 ± 1.24 kg / m2). 

The study of a general blood test determined an increase in the level of lymphocytes, 

monocytes, and ESR in 46.1%, 36.5%, and 21.1% of people, respectively. All other 

hemogram indices for the entire group of patients were within typical values. 

When conducting a biochemical study of blood serum at the beginning of treatment, 

most patients showed impaired liver function. Among the examined patients, the phenomena 

of cytolytic syndrome dominated - 63.4% of cases. In 46.1% of patients, the level of alkaline 

phosphatase was increased to 1.5 N, and gamma-glutamate transferase to 2 N. In 40.3% of 

patients, the thymol test was increased (the average was (7.03 ± 0.95 u). 

All patients had signs of dyslipidemia. They were characterized by an increase in the 

level of total cholesterol (TC) on average to (6,83 ± 0,19) mmol / l, the level of triglycerides - 

(2,14 ± 0,14) mmol / l, low-density lipoproteins (LDLs averaged up to (4.05 ± 0.28) mmol / l, 

decreasing levels of high-density lipoproteins (HDLs) in the group average to (1.52 ± 0.16) 

mmol / l. The atherogenic coefficient was on average (4.58 ± 0.32) units. The plasma glucose 

level on average was (6.51 ± 0.39) mmol / L, the insulin concentration was slightly increased 

and averaged (18.64 ± 0.97) μU / ml. At the same time, the HOMA index was (5.38 ± 0.43) 

units, which indicates a pronounced IR in the examined patients. 

All patients showed active replication of HCV infection in serum according to PCR. 

So, in 55.7% of patients, a low level of the virological load was determined, and in 44.2% of 

the examined patients, a high level of virological load (> 800 000 IU / ml) was diagnosed. 

According to ultrasound data, in 100% of patients, sonographic signs of hepatic 

steatosis were determined (distal attenuation of the echo signal, blurred vascular pattern, 

diffuse increase in the "brightness" of the hepatic parenchyma). Hepatomegaly was identified 

in 67.3% of the examined. In 63.4% of patients, signs of chronic non-calculous cholecystitis 

were detected in the form of thickening and compaction of the walls of the bladder, an 

increase in its echogenicity. 42.3% of patients had signs of chronic inflammation of the 

pancreas in the form of an uneven rise in echogenicity, fuzzy contours, heterogeneity of its 

parenchyma. 

After the proposed complex treatment, the overwhelming majority of patients in both 

groups improved overall well-being, significantly increased the severity of subjective and 
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objective signs of the underlying disease, improved liver function, and ultrasonographic 

picture of the hepatopancreatobiliary system. But, an analysis of the results showed some 

differences between groups of patients. 

During treatment in patients of both groups, an improvement in the clinical course of 

the disease was noted, which was confirmed by the leveling of signs of asthenic (p <0.001) 

and pain abdominal syndromes (p <0.001). Elimination of manifestations of dyspeptic 

syndrome (bitterness in the mouth, nausea, flatulence), significant dynamics (p <0.001) was 

determined in patients of group II, in contrast to patients in the control group (p> 0.5). 

An anthropometric study of all examined revealed a significant (p <0.001) decrease in 

body weight. At the end of treatment, the average BMI for two groups was - (25.39 ± 1.18) kg 

/ m2. 

Six months after the start of treatment, there was a significant (p <0.001) 

normalization of ESR and lymphocyte levels in patients with an initially elevated level of 

these indicators. There was also a significant (p <0.001) decrease in the number of patients 

with monocytosis. At the end of treatment, their percentage was 13.4% of people versus 

36.5% of people at the beginning of treatment. 

Analysis of biochemical parameters determined reliable (p <0.001) elimination of 

signs of cytolytic and cholestatic syndromes and normalization of the level of thymol test in 

patients of groups I and II. However, it should be noted that the normalization of the above 

indicators occurred at three months of treatment in patients of group II, in contrast to patients 

of group I, in whom the dynamics were slower and was observed, on average, at five months 

from the start of treatment. 

During treatment, normalization of the blood lipid spectrum and indicators of 

carbohydrate metabolism was achieved in patients of the main group, in contrast to patients in 

the control group. So, in patients of group II, a reliable dynamics of decreasing the 

concentration of TC ((6.69 ± 0.14) mmol / l - before treatment and (5.33 ± 0.22) mmol / l) 

after treatment was determined, p <0.001, ß-lipoproteins ((65.14 ± 2.09) units - before 

treatment and (54.27 ± 2.15) units after treatment, p <0.001), triglycerides ((2.18 ± 0.17) 

mmol / l - before treatment and after treatment (1.69 ± 0.13) mmol / l, p <0.02), LDL ((4.54 ± 

0.23) mmol / l - before treatment and after treatment (2 , 58 ± 0.27) mmol / l, p <0.001), HDL 

((1.24 ± 0.13) mmol / l - before and after treatment (1.65 ± 0.12) mmol / l, p <0.001). 

The dynamics of the signs of IR in patients of the main group showed an explicit 

dynamics of the HOMA-IR index, which, to a greater extent, was due to a decrease in insulin 

concentration, especially in patients with basal hyperinsulinemia. 
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Analysis of the results of a study of the dynamics of qualitative determination of HCV 

PCR RNA, carried out after 1, 3, and 6 months from the start of treatment, determined the 

presence of virological response in all examined. 

The study of ultrasound data of the abdominal cavity organs determined the 

predominant dynamics of the improvement of the hepatopancreatobiliary zone in patients of 

the main group. So, in patients of group II, after six months from the start of treatment, a 

tendency was found to decrease the acoustic density of the liver parenchyma and decrease the 

size of inflammatory foci, improve the passage of the echo signal into the deeper layers of the 

liver, and improve the visualization of the vessels of the organ. In patients with concomitant 

lesions of the gallbladder, the appearance of a homogeneous content or a significant decrease 

in sediment in the gallbladder was observed against the background of a significant reduction 

in the volume of the gallbladder under conditions of its initial increase - (7.81 ± 0.52) cm3 at 

the end of treatment versus (9.46 ± 0.61) cm3 at the beginning of treatment (p <0.05). In 

contrast, in patients of the control group, significant changes in the ultrasound picture did not 

occur (p> 0.05). 

Thus, the obtained results prove the advisability of using MW in a doubled dosage 

regimen in the complex treatment of patients with chronic hepatitis C with chronic 

concomitant NAFLD to restore lipid metabolism, reduce signs of insulin resistance, and 

improve ultrasonographic signs. The proposed treatment affects the main pathogenetic links 

in the formation and progression of NAFLD to increase the effectiveness of therapy for the 

underlying disease and prevent the development of fibrotic changes in the liver. 

Conclusions 

1. In patients with CVHC with concomitant NAFLD, the clinical signs of asthenic 

(84.6%) and pain abdominal (55.7%) syndromes, impaired liver function (presence of 

cytolytic (63.4%), and cholestatic (most often) 46.1%), mesenchymal-inflammatory (40.3%) 

syndromes), all examined were diagnosed with signs of dyslipidemia and IR along with 

changes in ultrasound data - distal attenuation of the liver echo (100.0%) and hepatomegaly 

(67.3%). 

2. The combined use of diet therapy, exercise, standard AVT in patients with chronic 

hepatitis C, with concomitant NAFLD, significantly (p <0.001) reduces the clinical signs of 

asthenic and abdominal pain syndromes. It normalizes the functional state of the liver by 

eliminating the signs of cytolytic, cholestatic and mesenchymal-inflammatory syndromes (p 

<0.001). It leads to a virological response in all patients of this group. 
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3. The combined use of diet therapy, physical activity, standard PVT, GO in a doubled 

dosage regimen contributes to reliable (p <0.001) elimination of clinical signs of the 

underlying and concomitant diseases, normalization of the liver’s functional state, especially 

lipid profile and IP, the primary biochemical markers of NAFLD. Significantly (p <0.05), the 

ultrasound picture of the digestive system is restored and leads to a virological response in all 

patients in this group. 
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