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Abstract 
Non-alcoholic fatty liver disease (NAFLD) is a chronic pathology that is increasingly diagnosed in different 
countries. The pathogenesis of NAFLD associated with insulin resistance, abdominal obesity, atherogenic 
dyslipidemia, arterial hypertension, endothelial dysfunction, impaired adipokine secretion, that is, 
components of metabolic syndrome. Treatment of NAFLD should be comprehensive and lengthy, although 
there are no standardized approaches to the treatment of NAFLD. Meanwhile, drug therapy carries certain 
risks: the development of serious adverse reactions with prolonged use. The work highlights modern views 
on the etiology, epidemiology, pathogenesis, drug and non-drug treatment of non-alcoholic fatty liver 
disease (NAFLD). Experimental and clinical studies on the mechanism of biological action, the effects of 
using different in composition and mineralization of mineral waters on the course of NAFLD had presented. 
Based on experimental and clinical studies, ideas about the specificity of the action of mineral waters of 
various balneological types and mineralization on the clinical course of NAFLD at different stages of the 
disease, the effect on the functional state of the liver, and the dynamics of lipid and carbohydrate metabolism 
had detailed. It is concluded that mineral waters could be successfully used in the complex treatment of 
NAFLD patients. 
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Introduction 
Non-alcoholic fatty liver disease (NAFLD) is a 
chronic pathology that is increasingly diagnosed in 
different countries (1). Depending on the diagnostic 
method, age, gender, and ethnicity of patients, the 
frequency of NAFLD in the adult population are 
from 17 to 46% (2, 3, 4, 5). Moreover, NAFLD is 
found not only in patients with obesity and 
metabolic syndrome, where its frequency reaches 
60-80% (6) but also in 7% of individuals with 
normal body weight, mainly in young women with 
normal levels of liver enzymes (1, 7). According to 
the latest meta-analysis of 86 clinical studies in 22 
countries, the frequency of NAFLD in the general 
population is 25%, reaching maximum values 
among the population of the Middle East and South 
America. It is assumed that by 2030, NAFLD will 
become the main cause of liver transplantation in 
developed countries (8). Studies in the Asia-Pacific 
region have identified a growing prevalence of the 
European diet, the popularization of fast food, a 
decrease in the diet of plant foods, an increase in the 
consumption of meat products and fats by 7 times, 

which, according to the authors, would leaded to an 
increase in the prevalence of NAFLD. It is noted 
that increasingly this pathology acts as a cause of 
mortality (9). 
As part of a study conducted by American scientists 
[8], a model was developed to assess the progression 
of NAFLD, when the predicted changes in the 
development of liver cirrhosis associated with 
NAFLD, progressive liver diseases, and associated 
mortality had estimated until 2030. According to the 
results of the analysis, we can expect that the 
prevalence of NAFLD cases will increase by 21% 
from 83,300,000 (30% among people over 15 years 
old and 25.8% among all age groups) in 2015 to 
100,900,000 (33.5 and 28.4 %, respectively) in 
2030. At the same time, the number of cases of non-
alcoholic stenotic hepatitis (NASH) will increase by 
63% - from 16.5 to 27 million people. The number 
of patients with advanced liver disease will increase 
by 160%, from about 3,300,000 to 7,900,000 by 
2030. The incidence of decompensated cirrhosis will 
increase by 168%, while the incidence of 
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hepatobillary carcinoma - by 137%. It is noted that 
the growth in mortality from liver diseases in 2030 
will be 178% compared to (8). The same authors 
came to the conclusion that in order to reduce the 
burden of the disease, strategies are needed to slow 
down the growth of cases of diseases, as well as to 
improve therapeutic options, because while 
maintaining high rates of prevalence of obesity and 
type II diabetes in adults, as well as taking into 
account the aging population, morbidity and 
mortality from NAFLD in the US will increase (8). 
In general, at the beginning of the XXI century the 
concentration of “improper lifestyle” factors 
contributing to the development of NAFLD in the 
urban population (overeating and unbalanced diet, 
inadequate physical activity, chronic stress and 
arterial hypertension, environmental pollution, drug 
toxicity) was extremely high. This happened against 
the background of a simultaneous active 
restructuring of traditional food technologies - a 
process that accelerated at the beginning of the XXI 
century and had led to the fact that in the standard 
diet of the urban population of industrialized 
countries the content of foods containing vegetable 
fiber, irreplaceable polyunsaturated fats and 
antioxidants was sharply reduced and fast food was 
popularized. Indeed, for countries whose economies 
are only developing, the common is: 
- low incomes of the population; 
- the process of active urbanization has recently 
begun and the need for more recently the rural 
population to adapt to the high nervousness of life in 
the metropolis during the life of 1-2 generations; 
- urban lithogenic and atherogenic diet; 
- high levels of toxic pollution of the environment 
and food. All this, along with the high steatogenicity 
of the modern urban diet (typical for the USA, for 
example) leads to the rapid development of liver 
steatosis, as the base of NAFLD and its subsequent 
stages (10 -14). 
Further growth of NAFLD and non-alcoholic NASH 
is found in all racial and ethnic groups of the 
countries of the world, increasing hepatic and 
cardiovascular morbidity and mortality. Analysis of 
mortality of NAFLD patients identified three main 
causes: cardiovascular events (13–38%), malignant 
neoplasms (6–28%) and liver pathology (2.8–19.0%) 
(1, 2, 14,15). 
The traditional risk factors for developing NAFLD 
include: eating high-calorie foods, a sedentary 
lifestyle, obesity with a visceral type of fat 

distribution, type 2 diabetes mellitus, atherogenic 
dyslipidemia. 
There is growing evidence that NAFLD is a multi-
systemic disease that increases the risk of 
developing not only type 2 diabetes mellitus (DM) 
and cardiovascular disease, but also osteoporosis, 
hypogonadism, hypothyroidism, polycystic ovary 
syndrome, kidney pathology, etc. (3 6, 8). 
The pathogenesis of NAFLD associated with insulin 
resistance, abdominal obesity, atherogenic 
dyslipidemia, arterial hypertension, endothelial 
dysfunction, impaired adipokine secretion, that is, 
components of metabolic syndrome . 
NAFLD is partially associated with the pathology of 
the biliary tract, peptic ulcer, pancreatitis, 
gastroesophageal reflux disease, irritable bowel 
syndrome (6, 7). Today, despite the complexity of 
the etiopathogenesis of NAFLD, many of its 
mechanisms have already been studied. But the 
question of the treatment of this disease is still open 
(14). 
Treatment of NAFLD should be comprehensive and 
lengthy, although there are no standardized 
approaches to the treatment of NAFLD. First of all, 
therapeutic tactics provide for a modification of 
lifestyle and drug exposure. Lifestyle modification is 
aimed at correcting body weight using a hypocaloric 
diet and adequate physical activity (8, 9, 14). 
The success of drug therapy is associated with the 
appointment of insulin resistance and statins, 
ursodeoxycholic acid, essential phospholipids, drugs 
with antioxidant effects (vitamin E), etc.  (7, 11, 14). 
Meanwhile, drug therapy carries certain risks: the 
development of serious adverse reactions with 
prolonged use (for example, aggressive statin 
therapy with concomitant dyslipidemia), allergic 
manifestations, polypharmacy, and some of them 
(for example, vitamin E) can increase mortality from 
various causes, in particular, from hemorrhagic 
stroke and prostate cancer. Also, the results of drug 
therapy are not always satisfactory. All this reduces 
compliance and adherence to treatment (4,11, 14, 
15). 
Summing up the cited material, we can conclude 
that, despite the current progress in the treatment of 
NAFLD patients, there are still many open 
questions. This stimulates the search for new non-
drug treatment technologies for NAFLD aimed at 
developing differentiated methods of rehabilitation 
treatment of patients of this nosological form using 
natural and preformed physical factors because now 
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there is no single conceptual approach to such 
treatment of NAFLD patients. 
Recent years have proved the fundamental 
possibility of drinking mineral water (MW) to 
influence the course of metabolic processes in lipid 
and carbohydrate metabolism disorders in patients of 
different nosological groups, including those with 
metabolic syndrome, which is often associated with 
NAFLD (16]) 
According to modern concepts, the name "mineral 
water" refers to groundwater that has a therapeutic 
effect on the human body, due to the increased 
content of useful biologically active components, 
their ionic and gas composition, and the general ion-
salt composition of water. MW are not only complex 
multicomponent anionic cationic solutions, but they 
also have a diverse composition and different 
mineralization, which makes it possible to vary the 
drinking treatment depending on the phase of the 
disease, the severity of the pathological process and 
associated pathology. 
Numerous experimental and clinical studies have 
proven the ability of MW of various composition 
and mineralization to stimulate the production of 
intestinal and pancreatic hormones (17, 18). These 
studies allow us to consider the role of gastrin as a 
pacemaker, which triggers all the sequential 
regulatory processes of the gastrointestinal tract, and 
glucagon - is a hormone that enhances the level of 
metabolic processes. Besides, together with other 
hormones, they perform adaptive functions. Already 
a single intake of MW causes a whole cascade of 
hormonal reactions due to a certain sequence and 
relationship. The beginning of the multi-chain 
reaction is the entero-insular axis: enteric signals to 
islet cells are ahead of signals from the internal 
environment of the body (19). 
Mineral waters act on the digestive organs and the 
body directly (contact, directly, quickly), mobilize 
homeostatic systems from molecular to a higher 
level of biological integration and affect the 
pathological process. MW act “indirectly” from the 
gastroenteropancreatic endocrine system, acting on 
the endocrine, paracrine and neuroendocrine 
channels of regulation. 
So, the mechanism of action of drinking mineral 
waters is associated not only with the accumulation 
of ions, but with their effect on the endocrinocytes 
of the intestinal hormonal system, which forms 
urgent and long-term adaptive reactions that mediate 
the functioning reserves of both regulatory units and 
various organs and the whole organism (20). 

The course intake of MW due to the general training 
effect causes a long-term restructuring of the 
pituitary-adrenal and other systems, as well as 
mineral metabolism, which leads to an increase and 
improvement of the regulatory abilities of the body 
(5). 
Studies of the regulatory effects of MW on the 
activity of the gastrointestinal tract have established 
the presence of important phenomena: the first is an 
increase in the sensitivity of pancreatic beta cells to 
the stimulating effects of MW. The second - the 
maximum rise in insulin after a course of taking 
MW occurs not at the 15th minute, as in the initial 
state, but already on the 5th. The biological 
significance of this phenomenon can be figuratively 
compared with the “early warning device,” since it is 
the usefulness of the early phase of insulin secretion 
that creates the conditions for the optimal course of 
postprandial metabolic reactions. 
The third phenomenon is directly related to 
increasing the duration and quality of human life. Of 
all the hormones in this regard, most researchers 
note the special role of serotonin. Analysis of the 
obtained experimental data showed that after a 
course of taking MW, along with other hormones, 
the basal level of serotonin rises by almost 75%. In 
this case, similarly to insulin, the early phase of 
serotonin secretion is stimulated. In general, an 
increase in the general nonspecific resistance of the 
organism as a result of the course of exposure to 
mineral water is achieved not only by activating 
hormones of the intestinal hormonal system, but also 
by adaptive restructuring of the activity of hormonal 
systems of higher levels of biological integration, 
where activation of the early phase of insulin and 
serotonin secretion is decisive (17, 21). 
In experimental studies of Reps V.F., dedicated to 
the justification of the therapeutic and prophylactic 
use of drinking mineral waters for impaired liver 
function, it was convincingly proved that the 
pathogenic effects of aggressive and toxic factors 
have a powerful effect on energy metabolism in the 
liver with subsequent systemic metabolic disorders, 
which are the disintegration of the insulin 
mechanism of regulation of carbohydrate 
metabolism due to changes in the activity of 
transport membrane enzymes in hepatocytes, 
enhancement of lipid peroxidation (LPO) and the 
further development of dyslipidemia and formation 
of fatty liver (22). 
In experimental modeling of pathological 
conditions, the course intake of drinking mineral 
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water has a stimulating effect on insulin secretion, 
inhibits lipid peroxidation processes, increasing  
AOS power, and normalizes the activity of transport 
ATPases in the liver cells. The dependence of the 
influence of mineral waters of various salinity on the 
course of the pathological process depending on its 
severity was demonstrated (22). 
A concept has been formed on the mechanism of the 
optimizing effect of mineral waters on hormonal-
enzymatic regulation of metabolism, which consists 
inactivating a certain sequence of reactions: in the 
first minutes, lipid peroxidation in hepatocyte 
membranes is enhanced with the simultaneous 
mobilization of glucose, then (up to the 30th minute) 
against the background of increase in peak In the 
early phase of insulin increment, processes of active 
glucose transport through the cell membrane and its 
utilization in the cell along the pentose phosphate 
pathway are enhanced. The cycle of these reactions 
ends with an increase in the level of free fatty acids, 
which indicates an increased use of lipids as energy 
substrates (17, 19). 
It has been shown that an increase in the efficiency 
of metabolic processes during the intake of mineral 
waters occurs due to the activation of cortisol-insulin 
interaction, phase changes in the activity of the free 
radical oxidation system and transmembrane transfer 
of metabolites. 
In the mechanisms of therapeutic and prophylactic 
action of mineral waters, one of the central places 
belongs to an increase in the power of antioxidant 
protection due to the optimization of metabolic 
reactions. It has been established that the insulin 
stimulating effect of mineral waters is directly 
related to their ability to inhibit lipid peroxidation (5, 
20). 
In studies conducted by N.D. Polushin and Topuria 
D.I. it was found that in experimental animals that 
received a course of mineral waters in the resort of 
Essentuki, the effect of various poisons on the liver 
is noticeably (2-3 times) (18). These primary 
preventive effects occur against the background of 
optimization of the insulin regulation of metabolic 
reactions and are directly related to them. The ability 
of the mineral waters of the Essentuki resort to 
optimize metabolic reactions by activating the early 
phase of insulin secretion during the early phase of 
the digestive cycle can and should be widely used to 
prevent the metabolic syndrome, in the pathogenesis 
of which the central place belongs to the disruption 
of the interaction of insulin with receptors on the cell 
membrane, which provokes the gradual development 

of dyslipidemia and related diseases of the 
cardiovascular system. 
According to the data (23), the use of chloride-
bicarbonate sodium low-mineralized mineral water 
with different humic acids for 21 days in animals 
with experimental hepatitis was accompanied by a 
significant improvement in the detoxification 
function of the liver, an increase in basal 
metabolism, a decrease in inflammatory changes, 
normalization of liver enzymes, and an increase in 
protein- synthesizing function, which occurred 
parallel to the positive dynamics of the 
morphological changes of the organ. 
Numerous experimental and clinical studies have 
proven the versatility of the therapeutic effect of 
MW (5, 20). MW can influence the regulation of the 
central brain structures, tissue respiration, stimulate 
the enteroinsular axis and release gastrointestinal 
hormones, enhance the function of the gastric 
glands, the regeneration of the gastric mucosa, 
normalize its motor and evacuation functions, 
restore the metabolism of hepatocytes, provide an 
immunoregulatory effect, stimulate processes bile 
formation, bile secretion and pancreatic secretion, 
harmonize relationships in the peroxidation system 
of lipids and antioxidant system. These general 
mechanisms underlie the therapeutic effects of a 
drinking cure. 
In recent years, a small number of works have 
appeared that prove the effectiveness of the course 
drinking intake of MW in patients with NAFLD and 
associated diseases and conditions. At the same 
time, mineral waters of different composition 
(mineral waters of the "Esentuki", "Morshin" type, 
with a high content of organic substances - such as 
"Naftusya") provide unidirectionality, a similar 
effect of varying degrees of expression. Stabilization 
of carbohydrate metabolism through normalization 
of the physiological profile of insulin secretion, a 
decrease in insulin resistance, a decrease in 
dyslipidemia, a significant improvement in the basic 
functions of the liver and its hemodynamics were 
noted (24, 25). Studies conducted by Yu. 
Gerasimenko et al. Confirm the positive effect of 
various MW on metabolic processes in patients with 
type 2 diabetes mellitus (26). Low-mineralized MW 
with a high content of organic substances “Timan”, 
low-mineralized sulfate-calcium-magnesium MW 
“Zvenigorodskaya” and medium-mineralized 
sulfate-bicarbonate-magnesium MW “Donat Mg” 
had a unidirectional effect to reduce the level of 
glycemia, and the higher the glycemia, the more a 
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pronounced effect was exerted by MW, elimination 
of glucosuria and acetonuria. A similar trend was 
observed in lipid metabolism when there was a 
significant decrease in total cholesterol and 
triglycerides. However, in terms of lipid metabolism, 
“Timan” MW had a more pronounced therapeutic 
effect, and a more pronounced decrease in body 
weight occurred with the course application of 
“Zvenigorodskaya”  MW. 
A study of the effectiveness of the average 
mineralized sulfuric magnesium-sodium MW of the 
Morshin resort (source No. 6) in patients with type 2 
diabetes mellitus while taking metformin and dietary 
support indicate a decrease in glycemia by 1.4 times 
(in the control - 1.2 times), possible a decrease in the 
level of glycosylated hemoglobin (after 3 months 
there was no decrease in the control), a decrease in 
insulin resistance (p <0.05). The above changes were 
accompanied by normalization of ALT and AST 
levels (p <0.05), which did not occur in the 
comparison group (27). 
A study of the effects of weakly carbonic, weakly 
mineralized hydro carbonate-magnesium-calcium 
MW of the Tibskoye field in the complex treatment 
of patients with NAFLD at the stationary stage 
showed an improvement in the clinical course of the 
disease, restoration of the functional state of the 
digestive system and, especially, a decrease in the 
levels of interleukin-6 and interleukin-8, 
peroxidation products lipids compared with the 
control. At the same time, the long-term results of 
this study (after 1 year) are noteworthy, when in 
patients who additionally took MW in the treatment 
complex, the number of days of temporary disability 
decreased by 2.5 times, the number of exacerbations 
decreased by 1.7 times, and the longer (8-12 
months) a stable period of remission was observed 
in 90% of patients (28). 
The use of a low-mineralized hydro carbonate 
calcium-sodium MW “ Zapovedniy source” in 
combination with physical activity for 21-24 days in 
people with metabolic syndrome led to a significant, 
42% decrease in insulin resistance according to the 
NOMA index, along with a possible decrease in the 
concentration of triglycerides and atherogenic 
coefficient (p <0.05) (29). 
The study of the effect of low-mineralized sulfate-
bicarbonate magnesium-calcium MW “Narzan” in 
the complex of treatment of patients with coronary 
heart disease (CHD) showed a clear effect on 
reducing dyslipidemia, in particular, a decrease in 

the concentration of total cholesterol, LDL and the 
atherogenic coefficient (p <0.05) (30). 
The effectiveness of the internal course application 
of mineral waters of the "Essentuki" type in the 
treatment of NAFLD, including with simultaneous 
type 2 diabetes mellitus, has been convincingly 
demonstrated (31, 32). The improvement of the 
functional state of the liver, indicators of hepatic 
hemodynamics, normalization of the lipid spectrum 
of the blood, peroxide homeostasis, weight loss was 
established. The normalization of the secretion of 
adiponectin, leptin and a decrease in insulin 
resistance under the influence of these mineral 
waters have been proven (19). At the same time, 
MW “Essentuki” No. 4 (medium-mineralized 
carbonic acid, hydro carbonate-chloride sodium 
MW) had a more pronounced insulinotropic effect, 
and “Essentuki New” (low-mineralized carbonic 
acid-hydro carbonate-sulphate-sodium chloride-
calcium) contributed to greater weight loss (3.5 ± 
0.4 kg) taking “Essentuki New” versus         2.3 ± 
0.4 kg when taking “Essentuki No. 4”). 
Conclusions. Therefore, it can be argued that the 
mineral waters in the complex treatment of NAFLD 
can have a significant effect on the metabolism of 
lipids and carbohydrates, the restoration of the 
functional state of the liver. Meanwhile, the above 
studies are scattered and do not form a general idea 
of the differentiated purpose of mineral waters, 
depending on the stage of the underlying disease, 
metabolic disorders, and concomitant diseases of the 
digestive system. Existing data also do not answer 
the question about the specificity of the influence of 
mineral water of different composition and 
mineralization on the course of NAFLD. 
All of the above proves the importance of studying 
the effect of mineral water of different chemical 
composition and mineralization on the course of 
NAFLD in the experiment and, further, in clinical 
studies, to prevent the progression of the underlying 
disease and reduce cardiometabolic risk. 
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