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POJIb PO3JIAAIB 'EMOCTA3Y Y HATOI'EHE3I IPOI'PECYBAHHSA HEAJIKOT'OJIBHOI
ZKHPOBOI XBOPOBH INEYIHKHA 3A KOMOPBITHOCTI 3 XPOHIYHOIO XBOPOBOIO HUPOK
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Babiuk T.1I.,
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Bukovynian State Medical University

ROLE OF HEMOSTASIS DISORDERS IN PATHOGENESIS OF NON-ALCOHOL FATTY LIVER
DISEASE PROGRESS ON THE BACKGROUND OF CHRONIC KIDNEY DISEASE

Pe3zome

Mema pobomu — ecmanosumu 0coOIUBOCMI 3MIH TAHOK CUCEMU 320PMAHHS KPOSI, NPOMU320pmaroioi ax-
mueHocmi Kposi, pibpunonizy y Xeo0pux Ha HeanrKo20NbHy HUupogy xeopooy neyinku (HAXKXII) 3anexcro 6id cma-
0ii xponiunoi xeopobu Hupox (XXH).

Resume

The aim of the research — to establish the features of changes in the parts of blood coagulation system, anti-
coagulant activity of the blood, and fibrinolysis in patients with non-alcoholic fatty liver disease (NAFLD) de-
pending on the stage of chronic kidney disease (CKD).

Mamepian ma memoou docnioncennsn: Oocmedgiceno 444 xeopux: 3 sixux 84 xeopux na HAXKXII i3 oxcupin-
uam I cmynens (1 epyna), saixa micmuna 2 nioepynu: 32 xeopux na nearxkozonvrui cmeamos (HACII) ma 52 xeopux
Ha neanxozonvuull cmeamozenamum (HACI); 270 xeopux na HAXKXII i3 komop6ionum odxcupinnam I cmynens
ma XXH I-1I] cmaoii (2 epyna), y momy uucni 110 xeopux na HACII ma 160 xeopux na HACI'. I pyny xonmponio
ckaanu 90 xeopux na XXH I-1II cmadii i3 HopmanvHorw macor mina (3 epyna). /lna eusHavenHs 3anexcHocmi ne-
pebicy HAXKXII 6i0 gpopmu ma cmaoii XHH epynu xeopux Oynu panoomizoeani 3a 6ikom, cmammio, ChyneHem
oorcupinnus, akmugnicmio HACI' .

Material and methods of research: 444 patients were examined: 84 of them were with NAFLD and obesity |
degree (group 1), which contained 2 subgroups: 32 patients with non-alcoholic steatosis (NAS) and 52 patients
with non-alcoholic steatohepatitis (NASH); 270 patients with NAFLD with comorbid obesity of the | degree and
CKD I-11I stage (group 2), including 110 patients with NAS and 160 patients with NASH. The control group con-
sisted of 90 patients with CKD of I-1II stage with normal body weight (group 3). To determine the dependence of
the NAFLD course on the form and stage of the CKD, the group of patients was randomized according to age,
sex, degree of obesity, and activity of NASH.

Pezynomamu 0ocniodcenus. Ananiz nokasuukie cemocmasy ma QioOpuHonizy y 0OCMediCeHUX X80pux Ha
HACT 3anesicno 6io cmadii XXH noxazas, wo i3 3pocmanuam cmaodii XXH axmuenicms 3cioanus 3pocmac, 3a
BUKTIIOUEHHAM emicmy DiOpuHoz2eHy (Haubinbw UMOBIPHO 8HACIIOOK KOAZYIONAMIl CHONMCUBAHHSA), AKMUBHICMb
YUHHUKIE NPOMU3CIOarowoi cucmemu 3MEeHWYEMbCA, CYMAapHa Mma (QepMeHmamusHa aKkmusHicms Qiopuronizy
SHUNCYIOMbCS, A HeghepMeHMAMUBHA KOMNEeHCamopHo 3pocmac. Takum YuHom, MemaboniuHa iHmoKcuKayis, ok-
cudamugnull cmpec, sKi cynpogooicyioms nepebic HAXKXII 3a ymos oxcupinns ma XXH, cnpusroms akmusayii
Kanikpein-KiHiHO80I cucmemu, YmMEOPEeHHIO NIA3MIHY Ma MPOMOIHY 3 NOOANLUUM NOPYULEHHAM DIBHO8A2U MidC
HUMU, PO3GUMKY CMA3Y, CAA0NC-(DEHOMEHY, VIMBOPEHHAM MPOMOOYUMAPHUX MA epUMmpoOYUmMapHux azpeeamis y
cucmemi Kpogoobicy. Hacniokom 3naunoi akmusayii cemoxoazynayii na mui npuenivennss CQPA e micyege 320p-
MAaHHA KPOBL 6 apmepisx.

Research results. Analysis of hemostasis and fibrinolysis indices in examined patients with NASH, depending
on the stage of CKD showed that with the growth of the CKD stage, the activity of the cohort increases, with the
exception of the fibrinogen content (most likely due to coagulopathy consumption), the activity of the anti-coagu-
lants decreases, the total and enzymatic activity of fibrinolysis is reduced, and non-enzymatic compensator in-
creases. Thus, metabolic intoxication, oxidative stress, which accompany the flow of NAFLD with obesity and
CKD, promote the activation of the calicreatin-kinin system, the formation of plasma and thrombin, with subse-
quent disturbance of equilibrium between them, the development of stasis, slag phenomenon, the formation of
platelet and erythrocytic aggregates in blood circulation system. The consequence of significant activation of
hemocoagulation against the suppression of total fibrinolytic activity (TFA) is the local clotting of blood in the
arteries.
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Bucnoeok. Taxum uunom, 6cmanogieHa poib XpoHiuno2o 3ananenns npu XXH y gpopmysanni posnadis ee-
Mmocmasy ma 6 namoeenesi npoepecysanta HACI na mai osxcupinms, AKi 8 YoMy MOXNCHA OXAPAKMEPUIY8AMU AK
2INeproazyIAYIUHUL CUHOPOM BHACAIOOK ICIOMHO20 2AIbMYGAHHS YUHHUKIE NPOMuU3Cioarouoi ma Giopunonimuy-
HOI cucmem ma axmusayii n1azmMosux haxmopis xoazyaayii (hibpunozen) 6HaciiOOK XPOHIYHO20 3ANAIEHHS.

Conclusion. Thus, the role of chronic inflammation in CKD in the formation of hemostasis disorders and in
the pathogenesis of NASH progression on the background of obesity, which in general can be characterized as
hypercoagulative syndrome due to significant inhibition of anticoagulation factors and fibrinolytic systems and
the activation of plasma coagulation factors (fibrinogen) due to chronic inflammation, has been established.

Keywords: nonalcoholic fatty liver disease, chronic kidney disease, fibrinolysis, homeostasis.
Knrwuosi cnosa: neankozonvHa i#cuposa xe0poba neyinku, XpoHiyHa Xeopoba HUpox, @iopuronis, 2omeoc-

mas.

Introduction. An important problem in internal
medicine is the problem of the comorbidity of non-al-
coholic fatty liver disease (NAFLD) with obesity and
chronic kidney disease (CKD), which has a significant
overall medical and social significance (V.T. Ivashkin,
2016; Y.M. Stepanov, 2014). The spectrum of diseases
included in the concept of NAFLD includes non-alco-
holic steatosis of the liver (NAS), steatohepatitis
(NASH), which may be accompanied by liver fibrosis
(LF) and transformed into cirrhosis of the liver (LC)
(G.D. Fadeenko, 2018; N.V. Kharchenko, 2016). The
prevalence of NAFLD in the population is 10-33%
(N.V. Kharchenko, G.A. Anokhina, 2011). In the last 5
years in Ukraine, the incidence rate of NAFLD in-
creased by 76.6%. 12-40% patients with NAS devel-
oped NASH in 8-13 years with LF. The average age of
patients is 50 years (N.V. Kharchenko, G.A. Anokhina,
2011).

The development of NAFLD in obese patients is
due to a number of proven factors: insulin resistance,
chronic postprandial hyperglycemia, glucose toxicity,
glycosylation of structural and transport proteins, hy-
perlipidemia, dyslipidemia, hepatotoxicity of hypoli-
pidemic agents, etc.) (O.Y. Babak, E.A. Lapshina,
2016; C.M. Tkach, T.L. Cheverda, 2016) and a number
of not yet established factors, the study of which is very
relevant.

The purpose of the study: to determine the fea-
tures of changes in the blood coagulation system, anti-
coagulation activity of the blood, and fibrinolysis in pa-
tients with NAFLD depending on the stage of CKD.

Material and methods. 444 patients were exam-
ined: of which 84 patients with obesity grade | (group
1), which contained 2 subgroups: 32 patients with NAS
and 52 patients with NASH; 270 patients with NAFLD
with comorbid obesity of the I grade and CKD I-III
stage (group 2), including 110 patients with NAS and
160 patients with NASH. The control group consisted
0f90 patients with CKD of I-11I stage with normal body
weight (group 3). To determine the dependence of the
NAFLD course on the form and stage of the CKD, the
group of patients was randomized according to age,
sex, degree of obesity, and activity of NASH.

Diagnosis of NAFLD was established in accord-
ance with the unified clinical protocol approved by the
order of the Ministry of Health of Ukraine No0.826
dated on November 6, 2014 [142], in the presence of
criteria for the exclusion of chronic diffuse liver disease
of the viral, hereditary, autoimmune or drugs origin as
causes of cholestatic or cytolytic syndromes, as well the

results of ultrasonographic (USG) examination and
morphological examination of liver [94, 142]. Diagno-
sis and treatment of CKD were performed in accord-
ance with the recommendations of the clinical guide-
lines of the State Institute "Institute of Nephrology,
NAMS of Ukraine" (2012) [101, 102, 141, 149]. The
study included patients with CKD I-III stage without a
nephrotic syndrome with chronic complicated pyelone-
phritis in the phase of exacerbation decrease or with a
latent course.

The total coagulation potential of blood (PT, TT),
plasma fibrinolytic activity, plasminogen potential ac-
tivity (PPA), fibrinogen level in blood plasma, activity
of antithrombin I11 (AT III), activity of XIII factor were
studied using the sets of reagents of the company
"Simko Ltd" (m Lviv) according to the methods of N.
Titsa [178]. Using the reagents of the same company,
we studied the state of enzymatic (EFS) and non-enzy-
matic fibrinolysis (NEF) in blood plasma. The principle
of the method is that when azofibrin is incubated with
a standard amount of plasminogen in the presence of
fibrinolysis activators that are contained in blood
plasma, plasmin is formed, whose activity is estimated
by the degree of coloring of the solution in alkaline me-
dium in the presence of E-amino-capronic acid (EF) or
without (NEF). The difference between them deter-
mines the state of the EFS. By the same method, but
without the use of plasminogen and E-aminocaproic
acid, the proteolytic activity of blood plasma was deter-
mined using azoalbumin, azocasein, azocol (Simko
Ltd, Lviv) [178], and the total activity of proteinases by
M. Kunitz [34] . The statistical analysis was performed
using parametric and nonparametric criteria (Student,
Pearson) on the RS AMD Athlon 64 using Statistica 5.1
software (StatSoft, Inc., USA) and SPSS 10.0.5. Stand-
ard Version.

Results and discussion. Analysis of the results of
the 2nd phase of the coagulation hemostasis showed
that the PT was significantly lowered in patients of all
groups of observation (Table 1). The maximum de-
crease in the rate was observed in patients with NASH
and CKD - 1.9 times compared with the indicator in the
PHPs (p <0.05) with the presence of intergroup differ-
ence; in patients with NASH without CKD, PT was 1.6
times lower than that in PHPs (p <0.05). In patients
with NAS, less intensive changes were observed: PT in
the group without comorbidity was 1.2 times lower (P
<0.05), in patients with NAS with CKD - 1.4 times (p
<0, 05). In patients with isolated CKD, the decrease in
PT was 1.4 times (p <0.05) (Table 1). The study of the
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3rd phase of coagulation hemostasis suggests that in pa-
tients the content of fibrinogen in the blood was re-
duced: in patients with NASH and NASH with CKD -
respectively, in 1,4 and 2,0 times (p <0,05) against
growth in 1, 2 times in patients with isolated CKD (p
<0.05); in patients with NAS - the decrease was 12.7%
and 17.1% (p <0.05), the indicator was significantly
different in comparison with the intergroup aspect (p

<0.05). Reducing the fibrinogen content in the blood of
patients with NAFLD with CKD and obesity suggests
a lack of synthesis of Factor I of coagulation in the liver
and / or activation of the hemostasis system in response
to inflammation, the development of hypercoagulation,
the formation of microthrombus and the addition of a
certain amount of fibrinogen in this process.

Table 1

Indicators of hemostasis and fibrinolysis in patients with non-alcoholic liver steatosis and steatohepatitis
depending on comorbidity with CKD, in its isolated course (M £ m)

Groups of patients examined
Indicators,  units _ NASH,
measurement PHP, n=30 NAS, n=32 NAS_’ CKD, N€SH’ CKD, CKD, n=90
n=110 n=52 _
n=160
13,56+
18,41+ 15,73+ 0,23 ’ 11,38+ 0,25 | 16,37+ 0,29
PTI SeC 22)12i0346 0132* */** 2}31 */***/# */***/##
Fibrinogen, g/l 3,81+0,12 | 3,38+0,15* | 3,15+0,11 * 2’63;2’17 1,31?52/;0 i;fi(;;;
12,31+ 0,27 11,84+ 10,25+ 0,15 | 13,27+ 0,20
TT, sec 16,95+0,87 | 15,75+ 0,36 ek 0.23%/% y— sk 441
82,81+ 73,38+ 67,27+2,24 | 80,27+ 3,28
0, > * b b} > s bl
AT 111, % 95,48+2,01 3.18* 78,33+ 3,21 2 86 - i
EFS, . « | 1,40£0,01 | 1,370,004 | 1,5240,01
E440/ml/hour 1,69+0,02 | 1,58+0,02 1,47+0,01 *[x* *[xE [ * xRk [
NEF, " " 0,69+ 0,75+0,01 | 0,57+ 0,002
E440/ml/hour 0,49+0,02 | 0,60+0,01 0,63+ 0,003 0,004% % P PN
EF, E440/mlhour | 100,01 | 0,98+0,01% O’Sfff&m 0 8615/:** 0;6/,2;52}21 0;/9f,i0/£;
?nigemﬁﬁ}?ﬁé’fl?; loasso 1o | 2252% 30,21+ 34,53+ | 3731+ 128 | 29.39+ 1,07
min ysts, ’ ’ 1,33* 1,18*/** 1,15%/** x [ * [t
XIII Factor, % 99,9142,45 | 97,32+ 2,41 | 82,43+ 1,12% 17fé§3f* 68’lf,ii’29 80’2*5/:;#2’34
26,38+
. 18,31+ 22,20+ 0,18 ’ 30,15+ 0,12 | 24,01+ 0,11
PAP, min. 15,23+0,27 0.21% ek 2}13 ki o it
Notes: * - the difference is probable compared to the indicator in the PHP (p <0,05);
** - the difference is probable in comparison with the indicator in patients with NAS (p <0,05);
*** . the difference is probable compared with the index in patients with NASH (p <0,05);
# - the difference is probable in comparison with the index in patients with NAS with CKD (p <0,05); ## - the
difference is probable compared with the index in patients with NASH with CKD (p <0,05).

Registration of low content of fibrinogen in pa-
tients with obesity and obesity is indicative of the de-
velopment of coagulopathy of consumption, that is, the
use of fibrinogen in the processes of intravascular blood
coagulation with the simultaneous exhaustion of the
circulating pool of this factor, as well as the initial man-
ifestations of PCN. At the same time, the increase in the
fibrinogen content in patients with CKD without
comorbid pathology indicates activation of blood clot-
ting due to chronic inflammation.

In analyzing the anticoagulation potential of
blood, a reduction in TT was found in all groups of pa-
tients, with a maximum percentage reduction in pa-
tients with NASH with CKD - 1.7 times (p <0.05) com-
pared with the PHP group, but in patients with NASH
TT also is likely decreased by 1.5 times (p <0,05) with
the presence of a probable intergroup difference (p
<0,05). In patients with NAS with CKD, TT was re-
duced by 1.4 times (p <0.05), and in patients with CKD

without comorbid conditions - 1.2 times (p <0.05). In
patients with NAS, changes were unlikely (p> 0.05).

Changes in the activity of AT 111 (Table 1) indicate
an insufficiency of the anticoagulation potential of the
blood. In particular, the inhibition of AT Il activity in
all groups of comparison with the maximum inhibition
of patients with NASH with CKD was determined 1.4
times (p <0.05) versus a decrease of 1.3 times in pa-
tients with NASH (Table 1). In the groups of patients
with NAS and NAS with CKD, a moderate difference
was not established. It should also be noted that in pa-
tients with CKD without comorbid conditions, the ac-
tivity of AT 1l was significantly reduced by 1.2 times
(p <0.05).

The study of fibrinolytic activity of blood showed
that EFS of blood plasma in patients of all groups was
significantly lower than the control indexes: in patients
with NAS - by 7,1%, patients with NAS with CKD - by
14,9%, patients with NASH - by 17 , 2%, patients with
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NASH with CKD - by 18.9%, patients with CKD - by
10.6% (p <0.05) with the presence of a probable inter-
group difference between groups with comorbidity and
isolated course of CKD (p <0, 05). The suppression of
EFS occurred at the expense of the decrease of EF: in
patients with NAS the index is significantly lower than
the control in 1,2 times, in patients with NAS with CKD
- in 1,4 times, in patients with NASH - in 1,7 times, in
the group of patients with NASH and CKD - by 1.9
times, while in the group of patients with CKD, the sup-
pression of EF was registered - 1,3 times (p <0,05). At
the same time, the NEF in patients of all groups in-
creased in comparison with the PHP group: in patients
with NAS, in 1,2 times, in patients with NAS with CKD
- in 1,3 times, in patients with NASH - in 1,4 times, in
the group of patients with NASH with CKD - 1.5 times,
while in the group of patients with CKD the activation
of NEF was registered 1.2 times (p <0.05), with the
presence of a probable difference between the groups
with comorbidity and isolated course of CKD (p
<0,05). That is, at patients with NASH with CKD NEF
acquired compensatory maximum intensity (p <0,05).
At the same time, there was a probable decrease in the
activity of Hageman-dependent fibrinolysis: respec-
tively, in patients with NAS - 1.2 times, in patients with
NAS and CKD - 1.6 times, in patients with NASH - 1.8
times, in the group patients with NASH with CKD - 1.9
times, while in the group of patients with CKD decrease
in Hageman-dependent fibrinolysis activity was 1.5
times (p <0.05) with the probable difference between
groups with comorbidity and isolated flow of CKD (p
<0.05). The activity of the fibrin stabilizing factor in
patients with NASH and NASH with CKD decreased
respectively by 1.4 and 1.5 times (p <0.05), indicating
a violation of the postcoagulation phase of blood coag-
ulation. In groups of patients with NAS - changes were
unlikely, and in patients with NAS with CKD and iso-
lated CKD - reduction was 1.2 times (p <0.05) (Table
1).

Patients with CKD had a probable reduction in
PAP: in patients with NAS - 1.2 times, patients with
NAS with CKD - 1.5 times, patients with NASH - 1.7
times, patients with NASH with CKD - in 2.0 times, in
the group with CKD without comorbidity - the decrease
was 1.6 times (p <0.05) with the presence of a probable
difference between the groups with comorbidity and
the isolated course of CKD (p <0.05) (Table 1).

Analysis of hemostasis and fibrinolysis indices in
examined patients with NASH, depending on the stage
of CKD showed that with the growth of the CKD stage,
the activity of the cohort increases, with the exception
of the fibrinogen content (most likely due to consump-
tion coagulopathy), the activity of the anti-coagulation
factors decreases, the total and enzymatic activity of fi-
brinolysis is reduced, and non-enzymatic compensator
increases. Thus, metabolic intoxication, oxidative
stress, which accompany the flow of NAFLD with obe-
sity and CKD, promote the activation of the calicreatin-
kinin system, the formation of plasma and thrombin,
with subsequent disturbance of equilibrium between
them, the development of stasis, slag phenomenon, the
formation of platelet and erythrocytic aggregates in

blood circulation system. The consequence of signifi-
cant activation of hemocoagulation against the suppres-
sion of EFS is the local clotting of blood in the arteries.
The function of Hageman-dependent fibrinolysis is the
regular deprivation of the circulatory system from fi-
brin clots formed under conditions of inflammation.
The results of our study indicate a decrease in the rate
of enzymatic, Hageman-dependent fibrinolysis, which
causes the compensatory activation of NEF. Slowdown
of blood circulation in the liver and kidneys due to the
formation of microthrombi in the microcirculatory sys-
tem promotes progression of hypoxia, formation of
AOF and free radicals with subsequent damage to cel-
lular membranes of hepatocytes, cytolysis, reduction of
GFR and closure of the "vicious" circle of the progres-
sion pathogenesis of NAFLD and CKD.

Conclusions The role of chronic inflammation in
CKD in the formation of hemostasis disorders and in
the pathogenesis of progression of NASH on the back-
ground of obesity, which in general can be character-
ized as hypercoagulation syndrome due to significant
inhibition of anti-coagulation factors and fibrinolytic
systems and activation of plasma coagulation factors
(fibrinogen) due to chronic inflammation.

The prospect of further scientific research in
this direction is the development of a method for cor-
rection of hemostasis and fibrinolysis indices in pa-
tients with NAFLD depending on the stage of CKD.
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POJIb EHJIOTEJIAJBHOI IMC®YHKIIIT Y BAHUKHEHHI TA ITIPOT'PECYBAHHI
HEAJIKOI'OJIBHOI )KHPOBOI XBOPOBHM ITEUIHKHU TA XPOHIYHOI XBOPOBH HUPOK
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THE ROLE OF ENDOTHELIAL DYSFUNCTION IN THE DEVELOPMENT AND PROGRESSION
OF NON-ALCOHOL FATTY DISEASE OF LIVER AND CHRONIC DISEASE

Anomauis.

Y ecmammi nasedeno meopemuune yzacanvnenus 00CAioHceHHs 0COOMUBOCMEN YYHKYIOHATbHO20 eHOOMENII0
3a KoMopOioHocmi XxpoHiuHoi Xxopobu Hupok (XXH): xpoHiunoeo nienonedpumy 3 0HCUPIHHAM MA HEANKO20AbHOL
arcuposoi xeopobu nevinku (HACIKXII) 3anexcro 6i0 it popmu ma 6io cmaodii XXH, axuii xapaxmepuzyemscst Ha-
pocmaiouoi ouc@ynkyii endomeniio, Ka GUHUKAE 6HACTIOOK 6NAUGY MemabONiuHOT IHmOoKcuKayii (2inepuinioemis,
nocmnpandianvha einepenikemis, spocmarnus cmynens IP, cinepnenmunemis, 0eghiyum aounoHekmuny, nocuieHHs
OKCUOAMUBHO20 MA HIMPO3UMUEHo20 (2inepaxmusayis INOS) cmpecy, | nonsieae y 3HUNCEHHI eHOOMENTUZALEHCHOT
sazoounamayii nieyosoi apmepii, depiyumi cunmesy ma nibepayii MOHOOKCUOY HIMPO2eHy (eHOomeniluperaxcy-
104020 ghakmopa) enacnioox deghiyumy endomenianvioi NO-cunmasu, icmomuo2o 3p0CcmanHs nyny 31yueHux eH-
domenioyumie, AKi YUPKYIIOWOMb Y KPOBL.

Abstract.

The article presents a theoretical generalization of the study of the functional endothelium in the comorbidity
of chronic kidney disease (CKD): chronic pyelonephritis with obesity and nonalcoholic fatty liver disease (COPD)
depending on its form and the stage of CKD, which is characterized by increasing dysfunction. intoxication (hy-
perlipidemia, postprandial hyperglycemia, increased IR, hyperleptinemia, adiponectin deficiency, increased oxi-
dative and nitrositive (hyperactivation of iNOS) stress, and is to reduce endothelium-dependent vasodilatation of
the brachial artery monocytosis, deficiency and deficiency). synthase, a significant increase in the pool of exfoli-
ated endothelial cells circulating in the blood.

Knrouosi cnosa: xponiuna x6opoba HUpOK, HeaIKo20NbHA HCUPOBA X60poOA NeYinKl, eHOOmenianbHa oucghy-
HKYIL.
Keywords: chronic kidney disease, non-alcoholic fatty liver disease, endothelial dysfunction.




