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The aim of the work was to find out changes in the system of homeostasis and fibrinolysis during the combined course of non-
alcoholic fatty liver disease (NAFLD), depending on its form and stage of chronic kidney disease (CKD) with obesity. To achieve
the goal, 444 patients were examined, including 84 patients with NAFLD with obesity of the first degree (group 1), which
included 2 subgroups: 32 patients with nonalcoholic steatohepatitis (NASH) and 52 patients with nonalcoholic steatohep-
atitis (NASH) and 270 patients with NAFLD with degree I obesity and stage I-III CKD (group 2), including 110 patients
with NASH and 160 patients with NASH. The control group included 90 patients with CKD stage I-I1I with normal body
weight. Based on the obtained results, it was established that the maximum decrease in the prothrombin time (PTT)
indicator was observed in patients with NASH and CKD — 1.9 times compared to the indicator in practically healthy per-
sons (PHP) (p<0.05) with the presence of an intergroup difference; in patients with NASH without accompanying CKD,
the PTC was 1.6 times lower than the indicator in PHP (p<0.05). In patients with non-alcoholic steatosis of the liver
(NASPH), less intense changes were observed: in the group without comorbidity, the PTT was 1.2 times lower than in non-
alcoholic fatty liver disease (p<0.05), in patients with NASH with CKD — by 1.4 times (p<0.05).Thus, metabolic intoxica-
tion, oxidative stress, which accompany the course of NAFLD under conditions of obesity and CKD, contribute to the activation
of the kallikrein-kinin system, the formation of plasmin and thrombin with subsequent disruption of the balance between them,
the development of stasis, the sludge phenomenon, the formation of platelet and erythrocyte aggregates in circulatory system.

Key words: Nonalcoholic fatty liver disease, nonalcoholic steatosis, nonalcoholic steatohepatitis, chronic kidney
disease, diabetic kidney disease, obesity, diabetes, homeostasis, fibrinolysis.

AaboHa AHTOHIB, 30psina Konro6iiiuyk. Po3nagu remocra3sy ta piOpuHOJIi3y y XBOPHX i3 KOMOpPOiTHUME
HeaJKOr0J1bHOI0 ;K POBOIO XBOPO0OI0 MeYiHKH, XPOHIYHOI0 XBOPO0OI0 HUPOK Ta 0:KUPIHHAM

Mema pobomu — susAgumu 3mMiHU cucmemu eomeocmaszy ma Qiopunonizy 3a nocoHano2o nepeodicy HearKo2oNbHOT
arcuposoi xeopodu newinku (HAXKXTI) 3anedxncro 6io it hopmu ma cmadii xponiunoi xeopoou nupox (XXH) 3 oorcupinmsim.
Jlna oocsenenns nocmagnenoi memu oocmedsiceno 444 xeopux, iz nux 84 xeopux na HAXXXII 3 oocupinnam I cmynens
(1 epyna), axi exnouanu 08i nidepynu: 32 xeopux Ha HeanxozonvHuti cmeamozenamum (HACI) ma 52 xeopux Ha
neankoconvrull cmeamozenamum (HACI) ma 270 xeopux na HAXKXII 3 ooxcupinnam I cmynens ma XXH I-I11I cmaditi
(2 epyna), y momy uucni 110 nayienmie iz HACI ma 160 nayienmis iz HACI Koumponwuy epyny cmanogunu 90 xeopux na
XXH I-I1I cmaoiii i3 nopmanvhow macoro mina. Ha niocmasi ompumanux pezynemamis yCmanosieHo, Wo MAKCUMATIbHE
BHUdICEHHS NOKA3HUKA npompombinosozo yacy (IITH) cnocmepicanocs y xeopux na HACI ma XXH — y 1,9 pasu
NOPIGHAHO 3 NOKASHUKOM ) NPAKMUYHO 300poeux ocio (IIHP) (p<0,05) i3 Hasenicmio mixcepynosoi pizHuyi; y xeopux
na HACI 6e3 cynymuvoi XXH IITY 6ys y 1,6 pazu Huscuum 3a nokasnuk y 1130 (p<0,05). V xeopux na neanxozonvHuii
cmeamos neyinku (HACII) cnocmepicanucs menw inmencusHi 3minu: y epyni 6e3 cynymuwvoi namonocii IITT 6ys y
1,2 pasu nudicuum, auizne npu Hearko2onbHIU Hcuposii xeopobi neuinku (p<0,05), y nayieumie i3 HACI, iz XXH —
v 1,4 pasu (p<0,05). Taxum wurom, memaboniuna IHMOKCUKAYIA, OKCUOAMUBHULL CmMpec, 5IKi CYyNpo8oONCYIOmMb nepeodie
HAXKXII 3a ymos oorcupinna ma XXH, cnpusioms axmugayii Kanikpein-KiHIHOGOI cucmemu, YmEOpeHHIO NAA3MIHY
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ma mpomoOiny 3 NOOANbWUM NOPYUEHHAM OANAHCY MIdC HUMU, PO3BUMKY CMA3, CAAONC-(heHOMEH, YMBOPEHHS
MpPOMOOYUMAPHUX | epUMpOYUMAPHUX azpe2amis y cucmemi Kposoooiey.

Knrouogi cnosa: Heanko2onvHa HcUpo6a xeopooa neyinKuy, HedaKo2oNbHUL CIMeamo3, HedK020AbHUL CTneamo2enamum,
XPOHIYHA X80p0oOA HUPOK, diabemuuHa X60poba HUPOK, ONCUPIHHSA, YYKPOsull diabem, comeocmas, Qiopunonis.

The urgency of the problem. Nonalcoholic fatty
liver disease (NAFLD) and chronic kidney disease
(CKD) are the most common chronic diseases that
can be caused by a variety of factors, including poor
diet, lack of physical activity, genetic factors, and
more. The prevalence of nonalcoholic fatty liver
disease and chronic kidney disease is increasing in
many countries worldwide due to lifestyle changes,
including minimal physical activity, unhealthy diets,
and rising rates of obesity and diabetes.

NAFLD covers the spectrum of diseases from
simple steatosis to mnonalcoholic steatohepatitis
(NASH), which involves inflammation and
ballooning degeneration of hepatocytes with the
development of fibrosis and subsequent progression
to cirrhosis [1-5]. Of particular concern is the increase
in the frequency of hepatocellular carcinoma (HCC)
in patients with NAFLD due to the high prevalence
of the disease and the possibility of the development
of carcinoma in the early stages of the disease,
without significant fibrosis or cirrhosis, which makes
its diagnosis impossible [3—6]. NAFLD is considered
a hepatic manifestation of metabolic syndrome, but it
can also occur independently. In particular, visceral
obesity and type 2 diabetes are associated with the
presence of NAFLD [5-7]. The risk of progression
of steatosis to NASH and liver cirrhosis depends on
several factors, including the patient's lifestyle and
the severity of the metabolic syndrome, as well as
genetic factors [7-9].

However, the number of studies related to the
study of disorders of the fibrinolysis system and
homeostasis in patients with NAFLD, CKD and
obesity is insufficient.

The aim of the work was to find out changes in
the system of homeostasis and fibrinolysis during the
combined course of non-alcoholic fatty liver disease,
depending on its form and stage of chronic kidney
disease with obesity.

Research methods. To achieve the goal,
444 patients were examined, including 84 patients
with NAFLD with obesity of the first degree
(group 1), which included 2 subgroups: 32 patients
with nonalcoholic steatohepatitis (NASH) and
52 patients with nonalcoholic steatohepatitis (NASH)
and 270 patients with NAFLD with degree I obesity
and stage [-11I CKD (group 2), including 110 patients
with NASH and 160 patients with NASH. The control
group included 90 patients with CKD stage -1 with

normal body weight. The diagnosis of NAFLD was
established taking into account the unified clinical
protocol approved by the order of the Ministry of
Health of Ukraine No. 826 of November 6, 2014.
Diagnosis and treatment of CKD was carried out in
accordance with the recommendations of the clinical
guidelines of the Institute of Nephrology of the
National Academy of Sciences of Ukraine (2012).

The total coagulation potential of blood
(PTC, TP), plasma fibrinolytic activity, potential
plasminogen activity, fibrinogen level in blood
plasma, antithrombin III activity, factor XIII activity
were studied with the help of kits of reagents of
the company "Simko Ltd" (Lviv) according to the
methods of N. Titsa. Using reagents of the same
company, the state of enzymatic and non-enzymatic
fibrinolysis in blood plasma was studied. Statistical
analysis of the obtained results was carried out
according to the type of research conducted and
the types of numerical data that were obtained. The
normality of the distribution was checked using the
Liliefors, Shapiro-Wilk tests and the method of direct
visual evaluation of histograms of the distribution of
eigenvalues. Quantitative measures that had a normal
distribution are presented as mean (M) + standard
deviation (S). Discrete values are presented in the
form of absolute and relative frequencies (percentage
of observations to the total number of examinees).
Parametric tests with Student's t-test and Fisher's
F-test were used to compare data that had a normal
distribution. In the case of non-normal distribution, we
used: median test, calculation of the Mann-Whitney
rank U-test, for multiple comparisons — the Wilcoxon
T-test (in the case of research of dependent groups).
Statistical and graphical analysis of the obtained results
was carried out using software packages Statistica for
Windows version 8.0 (Stat Soft inc., USA), Microsoft
Excel 2007 (Microsoft, USA).

Research results and their discussion. Based
on the obtained results, it was established that the
maximum decrease in the prothrombin time (PTT)
indicator was observed in patients with NASH
and CKD — 1.9 times compared to the indicator in
practically healthy persons (PHP) (p<0.05) with the
presence of an intergroup difference; in patients with
NASH without accompanying CKD, the PTC was
1.6 times lower than the indicator in PHP (p<0.05).
In patients with non-alcoholic steatosis of the liver
(NASPH), less intense changes were observed: in the
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group without comorbidity, the PTT was 1.2 times
lowerthan innon-alcoholic fatty liver disease (p<0.05),
in patients with NASH with CKD — by 1.4 times
(p<0.05). In patients with isolated CKD, the decrease
in PTT was 1.4 times (p<0.05) (Table 1). During the
study of'the 3rd phase of coagulation hemostasis, it was
established that the content of fibrinogen in the blood
of patients was reduced: in patients with NASH and
NASH with CKD — by 1.4 and 2.0 times, respectively
(p<0.05) against an increase of 1,2 times in patients
with isolated CKD (p<0.05); in patients with NASP,
the decrease was 12.7% and 17.1% (p<0.05), the
indicator probably differed when compared in the
intergroup aspect (p<0.05). Insufficiency of the
synthesis of blood coagulation factor I in the liver
and/or activation of the hemostasis system, which is
manifested by a decrease in the content of fibrinogen
in the blood of patients with NAFLD with CKD and
obesity, indicates a response to inflammation, the
development of hypercoagulation, the formation of
microthrombi, thereby involving a certain amount of
fibrinogen in this process.

When analyzing the anticoagulation potential of
blood, a decrease in TT was found in all groups of

patients, with the maximum percentage decrease in
patients with NASH with CKD — 1.7 times (p<0.05)
compared to the PHP group, however, in patients
with NASH, TT is also likely decreased by 1.5 times
(p<0.05) with a probable intergroup difference
(p<0.05). It should be taken into account that in
patients with NASP with CKD, the TT index was
reduced by 1.4 times (p<0.05), and in patients with
CKD without comorbid conditions — by 1.2 times
(p<0.05). In patients with NASP, the changes were
not probable (p>0.05).

The results of the study established the inhibition
of ATIII activity in all comparison groups with
the maximum inhibition in patients with NASH
with CKD - 1.4 times (p<0.05) against a decrease
of 1.3 times in patients with NASH (Table 1). In
the groups of patients with NASP and NASP with
CKD, a moderate difference was not established.
The study of blood fibrinolytic activity showed that
plasma SFA in patients of all groups was probably
lower than the control indicators: in patients with
NASH — by 7.1%, patients with NASH with CKD —
by 14.9%, patients with NASH — by 17.2%, patients
with NASH with CKD — by 18.9%, patients with

Tabmums 1

Changes in indicators of hemostasis and fibrinolysis in patients with non-alcoholic steatosis of the liver

and steatohepatitis depending on comorbidity with CKD, during its isolated course (M + m)

Indicators, Groups of examined patients
meae ot TP I0 ] NAsp n=32 | NASHL CKD. | Ny gy pesy | NASHCKD, 1 ok, n=g0
PTT, s. 2%)}11‘7‘i 18,21+ 0,327 0%16 e o}; e 0,21524/1*8;# 0,291 iz
Fibrinogen, g/l| 3.6260,11 | 32620,15% | 3,1820,12% | 27120,18% | | (}*7 ff,i* " 0’094,;/2*8,;2 "
TT.s 18:;? 15,82+ 0,36 0}223’»1?;: * o}zli?k%j* 0,1150;3*?: x4 0,2(1)2?321/##
ATIIL % 9;8?* 83,06+ 3,16% | 76,38+324% | 74,02+ 2,85* 262753/11 80,29:63,29 */##
SFI?QE}?“O/ 16,608; 157£0,02* | 1,46+0,01* o,g’fgi* o,oolizfi*/# 0,0114?*3i/##
Maih | e | 061001® | ose0003% | oGl | ool | e
FFA B0/ | 1205 | oo 0.83% 0,72+ 0,63+ 0,94+
mlh 0,01 D90, 0,01%/** 0,004/ 0,01%/* %/ | 0,01%/¥+x/p
HDF, min. 1(9):‘1‘?: 23,53+ 1,34* l?loéz*ff* 1?;131?:* léggfﬁﬁ* 29,38+1,07 */##
XIII factor, % 93;2? 907,34+2,42 | 83,52+1,14* 1?? e 1,6299’3 e | 802642354/
PAP, min. lgﬁgi 18,32+ 0,227 o?féi}f * 0?16 e 0, Fope 0,1%2}2&/##

Notes: * — the difference is probable in comparison with the indicator in the PZO (p<0.05);
** _ the difference is probable in comparison with the indicator in patients with NASP (p<0.05);
*#% _ the difference is probable in comparison with the indicator in patients with NASH (p<0.05);

# — the difference is probable in comparison with the indicator in patients with NASP with CKD (p<0.05);
## — the difference is probable in comparison with the indicator in patients with NASH with CKD (p<0.05).




Health & Education / Bun. 1, 2024

CKD - by 10.6% (p<0.05) with the presence of a
probable intergroup difference between groups with
comorbidity and isolated course of CKD (p<0, 05).
SFA inhibition occurred due to a decrease in FFA:
in patients with NASH, the indicator was probably
1.2 times lower than in controls, in patients with
NASH with CKD — by 1.4 times, in patients with
NASH - by 1.7 times, in the group of patients on
NASH with CKD — 1.9 times, while in the group of
patients with CKD, FFA inhibition was registered —
1.3 times (p<0.05). At the same time, NFA in patients
of all groups increased compared to the PZO group:
respectively, in patients with NASH — by 1.2 times,
in patients with NASH with CKD — by 1.3 times, in
patients with NASH — by 1.4 times, in the group of
patients with NASH with CKD — 1.5 times, while in
the group of patients with CKD, NFA activation 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, in patients with NASH with CKD, NFA
acquired a compensatory maximum intensity
(p<0.05). At the same time, there was a probable
decrease in the activity of Hageman-dependent
fibrinolysis: respectively, in patients with NASH —
by 1.2 times, in patients with NASH with CKD — by
1.6 times, in patients with NASH — by 1.8 times,
in the group patients with NASH with CKD — by
1.9 times, while in the group of patients with CKD,
the decrease in the activity of Hagemann-dependent
fibrinolysis (HDF) was 1.5 times (p<0.05) with the
presence of a probable difference between groups
with comorbidity and the isolated course of CKD
(p<0.05). The activity of fibrin-stabilizing factor in
patients with NASH and NASH with CKD decreased
by 1.4 and 1.5 times, respectively (p<0.05), which
indicates a violation of the postcoagulation phase
of blood coagulation. In the groups of patients with
NSAID, changes were unlikely, and in patients with
NSAID with CKD and isolated CKD, the decrease
was 1.2 times (p<0.05) (Table 1).

A probable decrease in PAP was found in
patients with CKD: in patients with NASH — by
1.2 times, in patients with NASH with CKD — by
1.5 times, in patients with NASH — by 1.7 times,
in 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).

Theresults of the study of the factors of coagulation
hemostasis, anticoagulation and fibrinolytic systems

indicate the formation of a hypercoagulable syndrome
in patients with NAFLD with obesity, which deepens
with the addition of CKD.

To assess the dependence of disorders of
hemostasis and fibrinolysis in patients with comorbid
NAFLD, obesity, CKD, depending on the stage of
CKD, a cluster analysis was performed, the results
of which are shown in Table 2. Thus, in patients with
NASP and CKD, depending on the stage of CKD,
a probable decrease in PTT was established when
progressing from II to III stage of CKD (p<0.05)
(Table 2), a tendency to increase the content of
fibrinogen in the blood (p>0.05), a probable decrease
in the activity of AT III during the progression from
IT to III stage of CKD (p<0.05), a probable decrease
in SFA and FFA during progression from II to
I stage of CKD (p<0.05), which contributed to a
significant probable increase in NFA from I to II and
from II to III stage of CKD (p<0.05), inhibition of
Hagemann-dependent fibrinolysis from II to III stage
of CKD (p<0.05), a probable decrease in factor
XII activity during progression from II to III stage
of CKD (p<0.05) and a significant decrease in PAP,
which probably decreased from I to II and from II
to III stages of CKD (p<0.05). The obtained results
indicate a significant contribution of CKD to the
formation of hemostasis disorders and, in general,
to the pathogenesis of NASP progression against the
background of obesity.

In patients with NASH and CKD, depending on
the stage of CKD, there was a probable decrease in
PTT with progression from II to III stage of CKD
(p<0.05) (Table 2), an increase in the content of
fibrinogen in the blood with progression from II to
IIT stage of CKD (p <0.05), probable decrease in
TT and AT III activity during progression from II
to III stage of CKD (p<0.05), probable decrease in
SFA during progression from II to III stage of CKD
(p<0.05), which occurred due to a decrease in FFA
from I to II stage and from II to III stage of CKD
(p<0.05), which was accompanied by a probable
increase in NFA from II to Il stage of CKD (p<0.05), a
probable decrease in the activity of factor XIII during
progression from II to III stage of CKD (p<0.05) and
a decrease in PAP, which also probably decreased
from I to II, II to III stage of CKD (p<0.05).

The analysis of indicators of hemostasis and
fibrinolysis in examined patients with NASH
depending on the stage of CKD showed that as the
stage of CKD increases, clotting activity increases,
with the exception of fibrinogen content (most likely
due to consumption coagulopathy), the activity of
factors of the anticoagulation system decreases, the
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Table 2

Changes in indicators of the hemostasis system and fibrinolysis in patients with non-alcoholic steatosis

of the liver and steatohepatitis depending on the stage of CKD, (M£m)

Groups of examined patients
Indexes, unit | PHP | Patients with NSAID, CKD (n=110) Patients with NASH, CKD (n=160)
measurement | (n=30) I st. 11 st., III st. Ist., II st., 111 st.
(=45) | (n=36) (n=29) (n=63) | (n=52) (n=45)
2025 | 1694 | 1663+ 14,89+ 1182+ | 1143+ o
PTT, s. 0.46 021* | 015" 0,23%/%* 0,13* 025 | 11,030,16%
. 3045 | 3.18% .| 172 . o
Fibrinogen, g/l | 3,81+ 0,12 0.10 * 0.07 * 3,26+ 0,09 0.05* 1,86+0,09 1,95+0,04%*/
1605t | 1244 | 1232= [ 1065t | 10.26% 10,112
T, s 0.87 010% | o11% | 1223E007F s 0.12 0,07%/+*
0548 | 8415 | 7831= 70455 7158 | 6825+ o
ATIIL % 2,01 3.08% | 311% 2,03%/%% 2.36* 200% | 996213
1,69+ 1,49+ 1,47+ 1,43+ 1,39+ 1,38+ * [k [k
SFA, E440/mlh |4 65 0.01%* | 0.01% | 0,01%#=H== | 001* 0,004 | 133001
NFA,E440/ | 049+ 062t | 0.64% 0,66 0,74+ 0.76+ 0.79+
mlh 0,02 0,002% | 0,002%/%% | 0,001 */#%/%x% | 0,004 * 0.01* 0,003% /x5
120+ 0.87- | 085: 082+ 0,66+ 0,63+ 0,59+
FFA, E440/mlh| g ) 0.01% | 0,004% | 0,003%=5/%%x | 0003% | 001%#% | 0,004%/*%wk
) 19455 | 28.14= | 3023= 3421+ 36,165 | 3832+ .
HDF, min. 0,19 121% | 1,00% | 0784 1,03% 1,15% 39,36=1,11
Ml faoror op | 9991F | 86145 | 83,40+ 79,50+ 69545 | 6828+ 62.82+
% | Ty ys 1.25% 1.15% 1,10%/%% 1.18* 1,20 1,15 %k e
oD 1523t | 2143f | 2228+ 23405 20465 | 30.18% 30,93+
> min. 0.27 0.13% | 0.15%/%% | o 1a%/sspxn | 055 | oq1%as | 0,16%

Notes: 1.* — changes are probable in comparison with the indicator in PZO (p<0.05);
2.%* — changes are probable in comparison with the indicator in the group of patients of the 1st stage of CKD (p<0.05);
3.#¥%* _ changes are probable in comparison with the indicator in the group of II stage CKD patients (p<0.05).

total and enzymatic activity of fibrinolysis decrease,
and the non-enzymatic increases compensatory. The
correlation analysis between hemostasis indicators
and lipid homeostasis indicators indicates the
presence of an inverse interdependence between
the content of CH, TG, IA, leptin and the content of
fibrinogen (p<0.05), the content of ATIII in the blood
(p<0.05), factor XIII ( p<0.05), SFA, FFA (p<0.05),
PAP (p<0.05) (tables 6.3, 6.4). Correlation analysis
between indicators of hemostasis and indicators
of glucose homeostasis indicates the presence of
an inverse interdependence between the content
of postprandial glucose in the blood and PCT, the
content of fibrinogen (p<0.05), ATIII (p<0.05), factor
XIII (p<0.05 ), SFA, FFA (p<0.05), PAP (p<0.05).
The consequence of significant activation of
hemocoagulation against the background of SFA
suppression is local blood coagulation in the arteries.
The function of Hageman-dependent fibrinolysis
is to regularly rid the circulatory system of fibrin

clots formed under conditions of inflammation.
The results of our study indicate a decrease in the
rate of enzymatic, Hageman-dependent fibrinolysis,
which is the cause of compensatory activation of
NFA. Slowing of blood circulation in the liver and
kidneys due to the formation of microthrombi in
the microcirculatory channel contributes to the
deepening of hypoxia, the formation of ROS and free
radicals, followed by damage to the cell membranes
of hepatocytes, cytolysis, a decrease in GFR and the
closing of the "vicious" circle of the pathogenesis of
the progression of NAFLD and CKD.

Conclusions. Thus, metabolic intoxication,
oxidative stress, which accompany the course of NAFLD
under conditions of obesity and CKD, contribute to the
activation of the kallikrein-kinin system, the formation
of plasmin and thrombin with subsequent disruption of
the balance between them, the development of stasis,
the sludge phenomenon, the formation of platelet and
erythrocyte aggregates in circulatory system.
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