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Publication relation to planned scientific research 
projects. This work is a fragment of the research work 
“Pathogenetic mechanisms of mutual burden and 
clinical features of the course of non-alcoholic fatty 
liver disease and chronic kidney disease, justification 
of differentiated treatment”, No. of state registration 
0111U006303.

Introduction. The comorbidity of non-alcoholic stea-
tohepatitis (NASH) and chronic kidney disease (CKD) 
on the background of obesity is often recently drawn 
to the attention of both practitioners and researchers 
[1,2,3,4]. Schematically, the development of NASH can 
be presented in several stages: fatty infiltration of the 
liver, oxidative stress, mitochondrial dysfunction, TNF / 
endotoxin-mediated injury, aseptic inflammation, dif-
fused liver fibrosis, development of liver-cellular insuf-
ficiency (LCI) [1,2,3]. The first place among the causes 
of the development of NASH is insulin resistance syn-
drome. NASH most often occurs in obesity (20-81%). 
The prevalence of NASH in the world is 10% (600 mil-
lion people) [2,4,5,6,7]. In the last 5 years in Ukraine, 
the incidence of steatohepatitis has increased by 76.6%. 
In the 12-40% of patients with liver steatosis during 
8-13 years, NASH develops with early liver fibrosis (LF). 
Chronic kidney disease (CKD) is an important problem in 
Ukraine and the world today, and the incidence rate has 
increased by 17% in recent years [2,4,6,7].

The frequency of occurrence of NASH in patients 
with CKD is unknown. The mechanisms of their joint de-
velopment are described in isolated works, which were 
conducted mainly in the experiments. 

The aim of the study – to find out the features of 
the lipid blood spectrum and the development of en-
dothelial dysfunction in non-alcoholic steatohepatitis in 
patients with obesity of the 1st degree and chronic kid-
ney disease of the 1st and 2nd stage.

Object and methods of research. 135 patients with 
non-alcoholic steatohepatitis (NASH) with comorbid 
obesity I degree and chronic kidney disease (CKD) of 
the 1st and 2nd stage, were examined. Patients were 
divided into 2 groups: of which 52 patients with non-
alcoholic steatohepatitis with obesity I degree (group 
1), 53 patients with non-alcoholic steatohepatitis with 
comorbid obesity of the 1st degree and chronic kidney 
disease of the І-ІІ stage (chronic uncomplicated pyelo-
nephritis with latent phase in subsiding exacerbation 
phase) (group 2). The control group consisted of 30 
practically healthy persons of the corresponding age 
and sex. The average age of patients was (45.8 ± 3.81) 
years, men were 48, and women 57 persons.

The functional state of the endothelium was studied 
by the content of stable metabolites of nitrogen monox-
ide (NO) (nitrites, nitrates) In the blood by L.C. Green et 
al. The number of desquamated endothelial cells in the 
blood was determined by the method of J. Hladovec in 
the modification of N.N. Petrischev et al. The lipid blood 
spectrum was studied based on the content of common 
lipids (TL), total cholesterol, triacylglycerols (TG), low 
density lipoprotein (LDL) and high-density lipoprotein 
(HDL) (Danish Ltd, Lviv), and also calculated the index 
of atherogenicity (IA) by the formula: IA = total choles-
terol / HDL. The degree of carbohydrate compensation 
was determined by the level of glycemia in the onset 
and 2 hours after glucose loading (glucose tolerance 
test) by the glucose oxidase method, the content of in-
sulin in the blood (DRG System) – by the immunoassay 
(ELISA) method, the content of glycosylated hemoglo-
bin (HbA1c) using standard sets of reagents (DanishLtd, 
Lviv) by the method of V.A. Koroleva. 

The diagnosis of NASH was established in accor-
dance with the unified clinical protocol, approved by the 
order of the Ministry of Health of Ukraine No. 826 from 
06.11.2014, in the presence of criteria for the exclusion 
of chronic diffuse liver disease of the viral, hereditary, 
autoimmune or medicinal genesis as causes of chole-
static or cytolytic syndromes, as well as the results of 
the USG survey. Diagnosis and treatment of CKD were 
performed according to the recommendations of the 
clinical guidelines of the State Institute “Institute of Ne-
phrology, NAMS of Ukraine” (2012). 

The statistical analysis of the results was carried out 
in accordance with the type of research carried out and 
the types of numerical data that were obtained. Distri-
bution normality was verified using Liliefors, Shapiro-
Uilka tests and the direct visual evaluation of eigenval-
ues distribution histograms. Quantitative indices having 
a normal distribution are represented as mean (M) ± 
standard deviation (S). Discrete values are presented in 
the form of absolute and relative frequencies (percent-
age of observations to the total number of surveyed). 
For comparisons of data that had a normal distribution 
pattern, parametric tests were used to estimate the 
Student’s t-criterion, Fisher’s F-criterion. In the case of 
abnormal distribution, the median test, Mann-Whitney 
Rank U-Score, and Wilcox’s T-criterion (in the case of 
dependent groups) were used for multiple comparison. 
Statistica for Windows version 8.0 (Stat Soft inc., USA), 
Microsoft Excel 2007 (Microsoft, USA) software pack-
ages were used for statistical and graphical analysis of 
the obtained results.
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Results of the research and their discussion. Analy-
sis of the lipid profile of the blood in patients with NASH 
and obesity showed a number of changes that differed 
depending on the presence of CKD (table). Indicators 
of concentration in blood of total lipids in patients of 
1st and 2nd groups exceeded the norm by 26.4% and 
34.2%, respectively, with a statistically significant differ-
ence between the groups (p <0.05). 

The content of total cholesterol in blood indicated 
that it increased by 37.4 and 46.7 (p <0.05) compared 
with PHPs in patients of 1st and 2nd groups (table). 
Changes in the concentration of TG in the form of a 
significant increase (respectively, 2.2 and 2.0 times 
(p <0.05)) were recorded in the 1st and 2nd groups of 
patients. That is, the content in TG in the blood in the 

comorbid flow of NASH with CKD and obesity were sig-
nificantly lower than in patients with NASH and obesity.

The study of blood concentrations of proatherogenic 
lipoprotein fractions indicated a number of changes: the 
concentration of LDL in the patients of the 1st group was 
1.5 times higher than the control group (p <0.05), and in 
patients of the 2nd group LDL increased in 1.7 times (p 
<0.05) (table). It is also necessary to point out that with 
the increase in the activity of cytolysis, the content of 
the cholesterol and LDL in the blood in NASH with co-
morbidity with CKD and obesity – increased, which may 
be an important prognostic factor in the progression of 
atherosclerosis in these patients. Concentration in blood 
of antiatherogenic lipoproteins – HDL in patients of both 
groups was significantly lower in comparison with con-
trol: in patients of the 1st group – in 1,5 times (p <0,05), 
in 2nd group – 1,7 times (p <0.05). As can be seen from 
the results of the study, the maximum suppression of 
HDL synthesis (table) was observed in patients of the 
2nd group, indicating a minimum level of protection 
of endothelial vessels from free radical aggression and 
atherogenic fractions of blood lipids. The result of these 
changes was a significant increase in the index of ather-
ogenicity in patients of both groups of observation: the 
1st group – 2.2 times, the 2nd group – 2.0 times with the 
maximum changes in the index in patients with NASH, 
CKD and obesity, which testifies on the one hand, the 
presence of significant risk factors for the progression 
of atherosclerosis in these patients on the background 
of obesity, and on the other – on the favorable patho-
genetic situation with regard to the progress of NASH. 
Thus, the development of NASH in patients with CKD 
and obesity is accompanied by a significant disorder of 

dis-hyperlipidemia with the highest among groups com-
paring with the increase in the content of cholesterol 
and low-density proatherogenic lipoprotein, a possible 
decrease in high-density anti-atherogenic lipoprotein 
and an increase in the atherogenicity index.

The results of the study showed that in patients with 
NASH, a significant increase in the content of NO in the 
blood was detected in comparison with the index in 
PHP (p <0,05) (table) in group 1 – in 2,1 times, in the 
2nd group – in 2,6 times (p <0,05). The role of nitrosa-
tive stress in the pathogenesis of NASH was proved, the 
confirmation of which is the increase in the concentra-
tion of nitrosothiols, peroxynitrite and other metabo-
lites NO in the blood [2,8,9,10]. Increased peroxynitrite 

formation due to the generation of NO 
by leukocytes is an important aspect 
of the damaging effect and inflamma-
tion process in NASH [3]. Pathological 
hyperproduction of NO by endothelial 
cells and leukocytes from inflammato-
ry infiltrates in the liver contributes to 
the development of nitrosative stress 
in NASH. The established hypernitrate 
in blood may also be considered com-
pensatory in response to hyperproduc-
tion of ET-1 in all observational groups. 
Thus, the content of ET-1 exceeded the 
index in PHP, respectively, in patients in 
the 1st group in 1.7 times, in the 2nd 
group – in 3.0 times (p1-2 <0.05). Con-
firmation of the presence of endothe-
lial dysfunction (ED) in patients with 
NASH with CKD resulted in a probable 
growth of the number of desquamated 

endothelial cells (DEC) in the 2nd group of patients in 
1.9 times (p2 <0.05). Generation by neutrophils during 
the exacerbation of NASH of a significant number of 
active forms of oxygen and nitrogen and hyperproduc-
tion of endothelial cells and endometrial lymphocytes 
with progressive damage to the endothelium (growth 
of DEC) leads to significant ED, accompanied by mosaic 
angiospasm of the arteries due to hyperproduction of 
ET-1 and parectic vasodilatation of the veins of the por-
tal vein system because of the hyperproduction of NO.

Conclusions. Thus, in patients with non-alcoholic 
steatohepatitis on the background of obesity lipid dis-
tress syndrome with an increase in total cholesterol in 
blood, low density proatherogenic lipoproteins, and a 
deficiency in anti-atherogenic high-density lipoproteins 
is characterized. In a comorbid flow of non-alcoholic 
steatohepatitis and chronic kidney disease stage I and II 
on the background of obesity a deeper lipid imbalance 
(hypertriacylglycerolemia (2.1 times, p <0.05), hyper-
cholesterolemia (1.5 times, p <0.05), including in the 
low density lipoprotein (1.8 times, p <0.05), decrease 
in the content of high density lipoprotein (1.8 times, p 
<0.05), increase in the atherogenic index (at 2, 7 times, 
p <0,05), as well as hyperproduction of the endothelium 
of the NO and lymphocytes with progressive damage to 
the endothelium (growth of DEC)) was confirmed.

The prospect of further scientific research in this 
direction is the development of a method for the early 
prevention of non-alcoholic steatohepatitis on the back-
ground of obesity and the accompanying CKD of the 1st 
and 2nd stage.

Table.
Indicators of lipid spectrum of blood and endothelial dysfunction in 

patients with non-alcoholic stethohepatitis, obesity of the I-II degree 
and with comorbidity with chronic kidney disease of the І-ІІ stage  

(M ± m)

Indicators, units 
measurement

Groups of patients surveyed

PHP Group 1
NASH+Obesity

Group 2
NASH with CKD + 

Obesity
Total Cholesterol, mmol / l 4,72±0,11 6,89±0,38* 6,93±0,39*/**
LDL, mmol / l 2,54±0,02 4,05±0,022 * 4,58±0,04*/**
HDL, mmol / l 1,28±0,05 0,72±0,02 * 0,76±0,04 */**
TG, mmol / l 1,47±0,03 2,42±0,03* 3,19±0,07 */**
NO IN BLOOD, mmol / l 15,32±1,225 30,49±1,318 * 40,51±1,173 */**
ET-1, pmol / l 6,17±0,854 11,25±0,457 * 18,83±0,559 */**
DEC х104/L 3,03±0,204 3,87±0,123 * 5,80±0,127 */**
Notes: * – changes are probable in comparison with the index in PHP (P <0,05); ** – 

changes are probable when comparing the indices in patients with NASH (P <0.05).
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ДИСЛІПІДЕМІЯ ТА ЕНДОТЕЛІАЛЬНА ДИСФУНКЦІЯ В ПАТОГЕНЕЗІ НЕАЛКОГОЛЬНОГО СТЕАТОГЕПАТИТУ У 
ХВОРИХ НА ОЖИРІННЯ ТА ХРОНІЧНУ ХВОРОБУ НИРОК 

Антонів А. А.
Резюме. У статті наведено теоретичне узагальнення результатів дослідження ліпідного спектру крові та ен-

дотеліальної дисфункції за коморбідного перебігу неалкогольного стеатогепатиту з ожирінням та хронічною 
хворобою нирок І-ІІ стадії, що супроводжується глибшим ліпідним дисбалансом, гіперхолестеролемія, у т.ч. у 
складі ліпопротеїдів низької густини, зниження вмісту ліпопротеїдів високої густини, зростання індексу атеро-
генності, а також гіперпродукція NO ендотелієм та лімфоцитами із прогресуючим ушкодженням ендотелію. 

Ключові слова: неалкогольний стеатогепатит, хронічна хвороба нирок, ожиріння, ліпідний спектр, ендотелі-
альна дисфункція.

ДИСЛИПИДЕМИЯ И ЭНДОТЕЛИАЛЬНАЯ ДИСФУНКЦИЯ В ПАТОГЕНЕЗЕ НЕАЛКОГОЛЬНОГО СТЕАТОГЕПАТИТА 
У БОЛЬНЫХ ОЖИРЕНИЕМ И ХРОНИЧЕСКОЙ БОЛЕЗНЬЮ ПОЧЕК 

Антонив А. А.
Резюме. В статье приведены теоретическое обобщение результатов исследования липидного спектра крови 

и эндотелиальной дисфункции за коморбидности течения неалкогольного стеатогепатита с ожирением и хро-
нической болезнью почек I-II стадии, сопровождается глубоким липидным дисбалансом, гиперхолестероле-
мия, в т.ч. в составе липопротеидов низкой плотности, снижение содержания липопротеидов высокой плотнос-
ти, рост индекса атерогенности, а также гиперпродукция NO эндотелием и лимфоцитами с прогрессирующим 
повреждением эндотелия.

Ключевые слова: неалкогольный стеатогепатит, хроническая болезнь почек, ожирение, липидный спектр, 
эндотелиальная дисфункция.
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Abstract. The aim of the study – to find out the features of the lipid blood spectrum and the development of en-

dothelial dysfunction in non-alcoholic steatohepatitis in patients with obesity and chronic kidney disease.
Object and methods of research. 135 patients were examined: of which 52 patients with non-alcoholic steatohepa-

titis with obesity I degree (1 group), 53 patients with non-alcoholic steatohepatitis with comorbid obesity of the I de-
gree and chronic kidney disease of the І-ІІ stage (group 2). The control group consisted of 30 practically healthy persons 
of the corresponding age and sex. The average age of patients was (45.8 ± 3.81) years, men were 48, and women 57 
persons.

Results of research and their discussion. As a result of studies, it was found that patients with non-alcoholic steato-
hepatitis on the background of obesity are characterized by lipid distress syndrome with an increase in total cholesterol 
in blood, low density proatherogenic lipoprotein, deficiency of anti-atherogenic high-density lipoproteins. The role of 
nitrosative stress in the pathogenesis of nonalcoholic steatohepatitis, the confirmation of which is the increase in the 
concentration of nitrosothiols, peroxynitrite and other metabolites NO in the blood.

Conclusion. Thus, with the comorbid flow of non-alcoholic steatohepatitis and chronic kidney disease of the І-ІІ 
stage, on the background of obesity, a deeper lipid imbalance, hypercholesterolemia, including in the low density 
lipoprotein, a decrease in the content of high density lipoprotein, an increase in the atherogenicity index, and hyper-
production of the endothelium and lymphocytes from the progressive damage to the endothelium.
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