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THE DEPENDENCE OF CHANGES IN LABORATORY
INDICATORS ON ACCOMPANYING PATHOLOGY IN
PATIENTS WITH VIRAL HEPATITISC

Objective: to determine the dependence of changes in
hematological, biochemical indicators and indexes of nonspecific
reactivity, inflammation, endogenous intoxication on accompanying
pathology in patients with chronic viral hepatitis C (HCV).

Materials and methods: hematological, biochemical, non-
specific immunological changes were analyzed in 20 chronic HCV
patients without cardiovascular system pathologies, in 20 chronic
HCV patients with concomitant coronary heart disease (CHD), in 20
people with coronary heart disease and arterial hypertension, and in
40 healthy people. Statistical analysis was carried out using IBM
SPSS Statistics and Microsoft Office Excel 2016 programs with the
calculation of non-parametric criteria.

Results: men with minimal hepatitis C virus (HCV) activity
predominated among the patients. The majority of patients without
accompanying pathologies were young, and those with arterial
hypertension and coronary heart disease were elderly. In patients
with viral hepatitis C, persons with concomitant cardiovascular
pathology (ischemic heart disease and arterial hypertension), the
following was observed: a decrease in the content of platelets,
erythrocytes; increase in the number of rod neutrophils, ESR, de Ritis
coefficient; an increase in the integral index of severity, indices of
non-specific immunoreactivity (RC, IRI, IRLM, Illymph) and
endogenous intoxication (HII and I1). Also, in these patients, the
levels of platelets and lymphocytes were reduced against the
background of an increased level of 11 compared to patients who had
viral hepatitis C with only hypertension.

Conclusions: in patients with chronic viral hepatitis C, who have
arterial hypertension and coronary heart disease, there is a decrease
in the content of platelets, erythrocytes and an increase in rod-shaped
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neutrophils, ESR, de Ritis coefficient, integral indicators of severity,
indices of non-specific immunoreactivity and endogenous
intoxication in comparison with patients without coronary heart
disease and patients with chronic HCV only.

Keywords: chronic viral hepatitis C, coronary heart disease,
arterial hypertension, liver fibrosis, nonspecific immunoreactivity,
endogenous intoxication, health.

Corresponding author: Kateryna Sumtsova, Department of Infectious Diseases and Epidemiology, Sumy State
University, Sumy, Ukraine, e-mail: katya.sumtsova@gmail.com

PE3IOME

Karepuna CymuoBa
https://orcid.org/0009-0004-8410-8672

Kageopa ingexyiiinux xeopob 3
enioemionocziero, Cymcokuii
depoicasnuti ynisepcumem, m. Cymu,
Ykpaina

Baagucaas Bepexxox
https://orcid.org/0009-0004-5102-2629

Kageopa ingexyiiinux xeopob 3
enidemionociero, Cymcokuil
Oeporcagnutl yHigepcumem, m. Cymiu,
Ykpaina

Amnacricig JlimH#eBcbhbka
https://orcid.org/0000-0002-3388-1508

Kagheopa ingpexyitinux xeopob 3
enidemionociero, Cymcokuil
Oepoicagnutl yHigepcumem, m. Cymu,
Yxpaina

Mukoaa Yemuyu
https://orcid.org/0000-0002-7085-5448
Kagheopa ingpexyitinux xeopob 3
enioemionociero, Cymcoruii
Oepoicasnuti ynisepcumem, m. Cymu,
Ykpaina

3AJEKHICTDH 3MIH JJABOPATOPHUX TOKA3HUKIB ¥
XBOPUX HA BIPYCHUM 'EINATHUT C BIJ CYIPOBIJIOI
MATOJIOTII

Mera: BCTaHOBUTH  3alIC)KHICTH  3MIiH  T'€MaTOJIOTIYHHX,
0i10XIMIYHMX NMOKA3HHKIB Ta 1HJEKCIB HeclenudiyHOi PeaKTUBHOCTI,
3amajJeHHs, CHJIOTEHHOI IHTOKCHKAaIii y XBOPMX Ha XPOHIYHUH
Bipycuuii rematut C (XBI'C) Bix cympoBigHOT maToorii.
Marepianu Ta  MeTOAM: TEMATOJIOTiYHi,  OioXiMiuHI,
HecrrerivHi  IMyHONOTIYHI 3MiHE Oynmo mpoaHamizoBaHo y 20
xBopux Ha XBI'C 6e3 maTosoriii 3 00Ky cepIieBO-CyTMHHOI CHCTEMH,
y 20 mamienTiB 3 XBI'C 3 CyImyTHBOIO IIIIEMIYHOI0 XBOPOOOIO CEPIs, ¥
20 oci6 3
rineprensiero Ta 40 3mopoBux oci0. CTaTHCTHYHHMN —aHaii3

npoBoauBcs y nporpamax IBM SPSS Statistics Ta Microsoft Office

IIIEMIYHOI0 XBOPOOOKO cepisi Ta apTepiabHOIO

Excel 2016 3 po3paxyHKOM HemnapaMeTpHIHUX KPUTEPIiB.
PesyabTaTH:  cepen
MiHiManbHO!0 akTHBHICTIO XBI'C. binpmricTio mamieHTiB €3 CYImyTHIX

XBOpUX  MEpEeBaXaJlM  YOJOBIKA 3
TIATOJIOTIH OyJM MOJOAI OCOOHM, a 3 apTepiabHOIO TIMEPTEH3IE Ta
IIIEMIYHOI0 XBOpPOOOIO cepIsi — MOXMIIOro BiKy. Y XBOpHX Ha
BipycHuid rematut C 0ci0, IO MAarOTh CYIYTHIO CEPLEBO-CYIHHHY
maroJyioriro (imeMidHa XBOpoOa cepisl Ta apTepiaibHa TillepTeH3isA)
CIIOCTEpIrain: 3HWKEHHS EpUTPOLIUTIB;
HIOE,

IHTErpaJIbHOTO  MOKa3HHUKA

BMICTY TpPOMOOIIUTIB,
HIJBUIIEHHS! KIUIBKOCTI TAJNYKOSAEPHUX HEHTpOdIIiB,
koediuieHT nge Pirica; 30inbLIEHHS
TSDKKOCTI, iHJekciB HecrnenugiuHol imyHopeaktuBHocti (KP, IIP,
ICJIM, Inmimo) Ta ennorennoi intokcukanii (I'TII Ta I1I). Takox y
JAHUX XBOPHUX OyJIHM 3HWKEHI PiBHI TPOMOOIHMTIB Ta MiM(OUHUTIB Ha
T migBumieHoro pisas I y mopiBHIHHI 3 HamieHTaMH, y SIKAX OyB
BipycHuii rematut C JHIIe 3 apTepialbHOIO TIMePTEH3IETO.

BucHoBKH: y XBOpHX Ha XpOHIYHHHN BipycHui rematutr C, sKi
MalTh apTepiajibHy TillepTeH3ilo Ta imeMidHy XBOpoOy cepi,
CTIOCTEpITa€ThCSl  3HIKEHHS BMICTY B KPOBI  TPOMOOIMTIB,
EpUTPOIHTIB Ta 301IBIICHHS MaIW4YKosAepHuX Heirpodinis, 1IIOE,
koedimienra ne PiTica, iHTerpanbHUX MOKA3HUKIB TSHKKOCTI, 1HACKCIB
HecrierigHo] IMyHOPEaKTUBHOCTI Ta €HIOTEHHOI IHTOKCHKAIi y
MOPIBHAHHI 3 XBOpUMH 0e3 iImeMiqHoi XBOpOOH ceplis Ta MAIliEHTIiB
sme 3 XBI'C.

KorodoBi cioBa: xponiunuii BipycHuil rematut C, imemiuHa

XBopoOa cepns, aprepiayibHa rinmepTeHsis, (iOpo3  mediHkwy,
HecnenudiyHa  IMyHOPEaKTHUBHICTb, €HIOTEHHA  IHTOKCHKaIis,
3/10pOB’sl.
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Abbreviation: chronic viral hepatitis C — chronic HCV, non-alcoholic steatohepatitis — NASH, acute viral
hepatitis C — acute HCV, resistance coefficient — RC, immunoreactivity index — IRI, index of the ratio of
neutrophils and monocytes — IRNM, index of the ratio of lymphocytes and monocytes — IRLM, lymphocyte index
— llymph, index of the ratio of eosinophil and lymphocyte — IREL, allergy index — Al, nuclear index — NI, integral
indicator of severity — 11S, entropy of the leukocyte blood formula — ELF, leukocytic index of intoxication — LI,
index of aggression — lagr, hematological index of intoxication — HII, index of leukocyte shift — ILS, index of
intoxication — 1l, reactive response of neutrophils — RRN, total inflammation index — TI1I, Krebs index — KI,
lymphocyte granulocytic index — LGI, index of leukocyte ratio and erythrocyte sedimentation rate — IL ESR,

erythrocyte sedimentation rate — ESR, coronary heart disease — CHD

INTRODUCTION / BCTYII

In the world, about 350 million people suffer
from viral hepatitis [1], of which more than 71
million people are infected with the hepatitis C virus
(HCV), which is about 20.3% of the total incidence
of HCV and about 1.0% of the entire population of
the globe [2 ]. Among those infected with HCV, 58
million people have chronic HCV, and the number
of new infections each year reaches about 1.5 million
[3].

The incidence of HCV varies in different
countries. According to the data of the Public Health
Center of Ukraine, the following number of people
fell ill with viral hepatitis: in 2022 — 4,002 people
(208 — acute HCV, 2,546 — chronic HCV), in 2021 —
4,186 people (203 — acute HCV, 2,707 — chronic
HCV) [4].

The dependence of the occurrence of
cardiovascular pathology in patients with chronic
HCV was found. HCV leads to metabolic disorders,
development of chronic inflammation and
atherosclerosis [5]. The latter directly affect the
development of coronary heart disease, which can
lead to acute coronary syndrome and death of the
infected person. In patients with cardiovascular
pathology, there is a tendency to increase the levels
of neutrophils, monocytes, eosinophils and basophils
in the blood [6]. A high level of these leukocytes was
associated with an increased level of mortality from
this pathology. Mutually opposite changes in the
quantitative ratio of lymphocytes are an independent
risk factor for atherosclerotic disease. That is, the
increase and decrease of lymphocytes in peripheral
blood correlates with an increased risk of developing
atherosclerotic changes in the intima of vessels [7].

At the same time, some studies prove the absence
of dependence between CHD and liver pathology. In
a Mendelian randomized study, the effect of NASH

on arterial stiffness was confirmed, but a causal
relationship with coronary heart disease was not
found [8]. Although most studies have focused on
the relationship between NASH and CHD, the
dependence of the course of CHD in liver cirrhosis,
especially in the late stage of decompensation,
should also be taken into account. A tendency
towards an asymptomatic course of CHD in liver
cirrhosis was established. This does not claim a
complete absence of symptoms, only that the clinical
picture of CHD has an atypical course. Therefore,
some researchers still emphasize that more attention
is needed to the cardiovascular system in case of
liver pathology and vice versa [9].

The results of one of the studies prove that a
higher prevalence of hypertension was associated
with the progression of fibrosis and advanced age.
There are several factors that are associated with a
significant incidence of hypertension in patients with
HCV compared to the general population. The
development of inflammation contributes to the
development of atherosclerosis and vascular
damage: ceramides contribute to the development of
an inflammatory state in patients suffering from
HCV. The consequence of the inflammatory state is
apoptosis  of  adipocytes, mobilization  of
macrophages, inflammatory infiltration and release
of oxygen free radicals, a-tumor necrosis factor, free
fatty acids, which contribute to the development of
liver steatosis, insulin resistance, obesity and, as a
result, the development of atherosclerosis and
hypertension. Extrahepatic signs of HCV, such as
membranous and membranoproliferative
glomerulonephritis, can also be a cause of
hypertension. Along with the progression of liver
fibrosis, an increase in the frequency of hypertension
in the main group of patients with HCV has been
proven [10].
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With decompensated cirrhosis, especially with a
long course, there is a predominance of
vasodilatation over vasoconstriction, as well as a
decrease in blood pressure. Portal hypertension and
ascites in patients with liver cirrhosis leads to
significant hemodynamic changes, which contribute
to a decrease in blood pressure due to the
development  of  alternative  portosystemic
connections [10].

Objective: to establish the dependence of
changes in hematological, biochemical indicators
and indexes of nonspecific reactivity, inflammation,
endogenous intoxication in patients with chronic
HCV on accompanying pathology.

Materials and methods

A total of 80 people were examined, of which 60
were patients with chronic HCV and 20 were
healthy. The patients were treated at the Z.
Krasovytsky Medical Clinical Center of Infectious
Diseases and Dermatology. The comparison group
underwent a routine medical examination at the
University Clinic of Sumy State University.

The examined are divided, depending on the
presence or absence of concomitant pathology, into
4 groups, 20 people in each: group A — practically
healthy people (comparison group); group B —
patients with chronic HCV and arterial hypertension;
group C — persons with chronic HCV, arterial
hypertension and CHD; group D — patients with
chronic HCV (without concomitant cardiovascular
pathology).

When participating in the examination, patients
were excluded from autoimmune diseases:
cryoglobinuria, psoriasis, thyroid disease, other
autoimmune diseases of the thyroid gland,
hyper/hypothyroidism, Recklinghausen's disease,
rheumatoid arthritis, rheumatic heart disease,
glomerulonephritis.

The subjects underwent clinical (Elite 3,
CobasMicros) and biochemical blood tests
(ChemWell, COBASEMira). And also: indicators of
non-specific reactivity (RC, IRI, IRNM, IRLM,
llymph, Al, NI); general integrative indicators (11S);
indices of endogenous intoxication (LII, lagr, HII,
ILS, Il, RRN); indices of inflammatory activity (TII,
Kl, LGI, IL ESR) [11-13].

With the help of Microsoft Office Excel 2016
spreadsheets, input information was collected and its
correction and systematization was carried out.
Statistical analysis of non-parametric indicators was
performed using IBM SPSS Statistics v.23 (IBM
Corporation).

According to the constructed Gaussian curve and
the Shapiro-Wilk test (p < 0.05), the distribution in
the groups did not correspond to normal, therefore,
non-parametric analysis methods were used for
calculation. For this, the Mann—Whitney U-test was
used. Criteria were considered reliably significant at
p < 0.05. Median (Me), 25th and 75th quartiles were
used to describe quantitative measures.

The research was carried out in compliance with
the norms of international and national legislation on
ethics.

Results

In the studied groups, there were 2.0 times more
men (67%) than women (33%). The distribution of
groups by gender was as follows: A —55% men and
45% women; B — 70% and 30%; C — 65% and 35%;
D —80% and 20%, respectively, of men and women.
In the studied patients, with age, there is a tendency
to the occurrence of arterial hypertension and the
progression of the pathology to the development of
other complications of the cardiovascular system, in
particular CHD.

Most of the young people were in groups B and
D. Among patients with chronic HCV, arterial
hypertension, and coronary heart disease, elderly
people predominated, which were 13 times less in
group B, and were absent in the group with chronic
HCV  without  concomitant  cardiovascular
pathology. People of mature age were in all groups,
while long-lived people were observed only in group
C (Fig. 1).

Minimal activity of liver damage prevailed in
patients, moderate activity was 1.4 times less,
pronounced activity was observed only in group B
(Fig. 2).

With the addition of concomitant pathology, the
degree of liver fibrosis (determined by METAVIR)
increased (Fig. 3).

In patients of group B, F3 fibrosis was absent, F4
fibrosis prevailed, which was 1.4 times more than
with F2 and FO, and 2.3 times more than with F1.

Half of the patients in group C were from F4,
which is 2 times more than F2, 2.5 times more than
F1, and 10 times more than FO.

In patients of group D, fibrosis FO prevailed,
which is 1.5 times more than in F1 and F2, and in 3.5
times than in F3 and in 2.3 times than in F4.

With the addition of concomitant pathology, an
increase in patients with F4 fibrosis was established.
That is, there is a dependence of the progression of
liver fibrosis and associated diseases compared to
individuals of group D.
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Figure 1 — Distribution of chronic HCV patients by age
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APRI values increased both in patients with
chronic viral hepatitis C and hypertension, and in
individuals with chronic HCV combined with
hypertension and coronary heart disease, compared
to individuals with viral hepatitis alone.

Among the hematological indicators, a

significant difference was found in the number of
platelets: the platelet content in patients from group
C was 1.6 times lower than in A and 1.4 times lower
than in B (p < 0.05). In those examined from group
C, the number of platelets was 1.5 times higher than
in A (p <0.05) (Table 1).

Table 1 — Changes in hematological indicators in patients with chronic HCV depending on accompanying

pathology
Group, n
Indicator p
A B C D
Leukocytes 5,50 (4,45; 5,57 (4,33; 5,57 (3,54 6,51 (5,43; gligslgiz ppz_:oo(,)’ozg
9 . . . . 3—VY, y 4=\, ,
(1x10°/1) 5,50; 7,00) 5,57; 6,82) 5,57; 5,96) 65L7.58) 0070, 0552
Erythrocytes 4,64 (4,26; 4,87 (4,31; 4,44 (4,17; 4,66 (4,40; ﬁlfg’;? ngg’iggf
12 . . . . 3=V, 5 41—V, 1]
(1x10%/1) 4,64; 4,92) 4,87;5,15) 4,44; 4,88) 4,66; 5,04) ps=0626: ps=0,107
135,50 145,00 133,00 U
Hemoglobin (130,25; (128,00; (120,75: 148,00 (139,75: pl;g,(l)gg., P 2_"00(’3535;
g/ 135,50; 145,50; 13300;  148,00;155,00) D°_ " 0 DT T
139,50) 158,00) 150,25) Ps=H,090, Pl
227,50 204,00 141,00 o
Platelets (197,50; (152,75; (115,00; 190,00 (164,50; pl;g’(l)ng pzig’ggié
(1x10°0) 227,50; 204,00; 141,00;  190,00;248.25) 0 o2 P
262,25) 228,75) 193,00) Ps=U,009,  pe=th
nR;irogﬁfl'sear 4,00 (2,00; 3,50 (2,25; 5,00 (300; 2,5 (2,00: 2,50: Elfg’%;f ppz_zoo(’)loiéf
. . . 3—Y, ) 4=V, ’
%) 4,00; 5,00) 3,50; 6,00) 5,00; 7,75) 4,00) 0055, 0294
ﬁﬁﬁ{?ﬁ,ﬂ‘ﬁfﬂ 55,00 (50,25; 44,50 (40,25; 49,50 (44,50; 50,00 (40,25; glfg’(l)ggi_ izfg’gigf
. . . . 3—Y, 5 4—Y, ’
% 5500,5875)  4450:4950)  4950;5475)  5000;5725) 7ot UL
Eosinophils 2,00 (1,25 2,00 (1,00: 2,00 (1,00: 3,00 (1,25 ilfg’iigf ngg’ggf
0, . . . . 3=V, ) 4=V, 1
(%) 2,00; 4,00) 2,00; 4,00) 2,00; 3,00) 300,400 o bre0.700
Lymphocytes 31,00 (29,00; 38,00 (33,25; 31,50 (24,50; 36,50 (29,25: glfg’ggi*f ﬁzfg’gégf
0, . . . . 3=Y, ) 4—Y, )
(%) 3100;3475)  38,00:4000) 3L50;3600)  3650;3875) T 0t PLoL
Monocytes 7,00 (5,25; 8,00 (7,00; 10,50 (7,00: 7,75 (6,00: ilfg’fgif ngg’gigf
0, . . . . 3=V, ) 4=V, 1
(%) 700,975 8001175 10501175 7751000 T o 0T

Notes: * — significant difference according to the Mann-Whitney test (p < 0.05); p1 (group A/group D), p2
(group A/group C), ps (group A/group B), pa (group D/group C), ps (group D/group B), ps (group C/group B)

The erythrocyte sedimentation rate was the
highest in group C (15.00 (5.25-23.75)), which is 2.7
times more than in patients of group D (5.50 (4.00—
9.50)) (p < 0.05).

A lower level of hemoglobin was found in
patients with chronic HCV, arterial hypertension and

coronary heart disease compared to patients without
concomitant cardiovascular pathology (p < 0.05)
The number of rod-shaped neutrophils was 2
times higher in patients with chronic HCV and
coronary heart disease compared to patients without
complications from the cardiovascular system (p <
0.05). Segmented neutrophils were 1.2 times higher
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in the control group than in subjects with chronic
HCV and arterial hypertension (p < 0.05).

The number of lymphocytes was 1.2 times higher
in chronic HCV patients without concomitant
cardiovascular pathology and in patients with arterial
hypertension compared to controls; while the values
of lymphocytes were higher in subjects with existing
arterial hypertension than in group C (p < 0.05).

When analyzing the activity of
aminotransferases, their increase is observed, in
particular, in ALT indicators there is a tendency to
decrease activity with the addition of arterial
hypertension (B — 62.00 (54.25-162.00); D — 71.55
(42.75-138, 25)) with a further complication in the
form of CHD (C — 48.00 (34.00-141.25)) compared
to practically healthy ones (A — 2250 (17.32-
26.87)).

Compared to practically healthy individuals,
patients with viral hepatitis have significantly higher
AST values (A — 25.28 (19.00-29.10); B — 56.50
(35.75-75.25); C 55.50 (33.50-123.57); D — 52.00
(33.45-72.35)), p < 0.05.

The reliability of GGT indicators is also high, but
there is no certain dependence of GGT changes in
the studied groups in the presence or absence of
concomitant disease (A — 29.90 (19.82-46.75); B —
49.00 (31.50-86, 50); C — 63.00 (25.00-101.50); D
—70.00 (37.75-112.65)).

Glucose content in patients remained lower
compared to the comparison group, but a gradual
increase can be seen with the addition of pathologies
(A —-5.75 (5.26-51); B —5.00 (4.80-5.67); C —5.20
(4.65-5.80); D — 4.85 (4.25-5.68), p < 0.05). Similar
changes were observed with creatinine indicators (A
—95.10 (68.50-108.75); B — 76.50 (61.50-81.00); C
—78.52(69.27-98, 75); D—-76.00 (67.00-91.25), p <
0.05).

The de Ritis coefficient was 1.2 times lower in
group D compared to practically healthy patients and
1.5 times lower than patients from group C (p <
0.05).

According to other indicators: alkaline
phosphatase, total protein, bilirubin, no significant
changes were detected (p > 0.05).

The integral index of severity had the highest
values in patients with chronic HCV and two
concomitant cardiovascular diagnoses (p < 0.05)
(Table 2).

Among patients with chronic HCV with
concomitant cardiovascular pathology, significantly
higher rates of non-specific reactivity were found in
patients from group B compared to group C (ELF,

RC, IRI, IRLM, Ilymph; p < 0,05). In patients of
group C, the Al is 2.0 times higher than in patients
of group A, and the IRI is 1.4 times lower (p < 0.05).

Indices of inflammatory activity changed
differently in patients with concomitant diseases: 1L
ESR was 2.2 times higher in group C compared to
group D, KI was 1.4 times higher, and LGI was 1.4
times lower in patients of group C (p < 0.05).

Indices of endogenous intoxication had the same
tendency in patients with cardiovascular changes: in
patients of group C, compared to group D, higher
values of HII (1.5 times) and 11 (3.2) were observed.
In addition, 1l is 3.2 times higher in group C than in
group B (p < 0.05). Thus, in patients from group C,
endogenous intoxication is more pronounced than in
group B, and in the latter — than in patients without
accompanying pathology.

Analyzing the changes in the IL ESR index
(Table 2), we established an increase in its levels
(group D) before the appearance of a concomitant
disease (group B) and complications (group C) from
the cardiovascular system. The indicator of
endogenous intoxication had a similar dependence,
but the increase occurred with a decrease in
indicators relative to group A (Table 2). The entropy
of the leukocyte formula (Table 2) had no previous
tendency to change, but, like the above data, it was
increased compared to group A (p <0.05).

Without tendencies to fluctuations, the following
indicators were reduced in groups of patients with
concomitant diseases: IRI, IRNM, KI, ISL (Table 2).

The lymphocyte-granulocyte index was higher in
groups D by 1.3 times and in groups B by 1.4 times,
relative to group A (Table 2).

The RC indicator is increased compared to the
norm in all groups. Such an indicator as 1A slightly
deviates from the values in a relatively healthy group
(Table 2).

Discussion

During the analysis of the conducted scientific
studies, the dependence of the occurrence of
cardiovascular pathology in patients with chronic
HCV was revealed. HCV leads to metabolic
disorders, the development of chronic inflammation
and atherosclerosis [5], which plays an almost key
role in the development of cardiovascular pathology
in individuals with chronic HCV. In this study, this
is confirmed by an increase in the number of rod-
shaped neutrophils, ESR, de Ritis coefficient, RC,
IRI, IRLM, Ilymph, HII and Il in subjects with
chronic HCV who have concomitant cardiovascular
pathology, compared to individuals without it.
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Table 2 — Integrative indicators of non-specific immunoreactivity, inflammation and endogenous intoxication

in patients with chronic HCV

Groups
Indicator p
A B C D
General integrative indicators
1S 14,07 (13,69; 14,05 (13,75; 14,92 (13,82; 13,90 (13,60; p1=0,482; p2=0,646; p3=0,028"";
14,07; 14,70) 14,05; 14,75) 14,92; 16,05) 13,90; 14,40) p+=0,011; ps=0,229; ps=0,070
ELF 20,78 (18,59; 23,04 (20,21; 28,64 (22,82; 28,25 (20,37; p1=0,005; p2=0,055; p3=0,000"";
20,78; 22,57) 23,04; 26,46) 28,64; 32,78) 28,35; 33,39) p4=0,829; ps=0,060; ps=0,021""
Indicators of non-specific reactivity
RC 0,57 (0,50; 0,88 (0,67; 0,63 (0,48; 0,76 (0,52; 0,76; p1=0,053; p2=0,000""; ps=0,394;
0,57; 0,66) 0,88; 0,99) 0,63; 0,77) 0,95) p4=0,344; ps=0,239; ps=0,025""
RI 4,85 (3,42; 4,68 (3,39; 3,50 (2,16; 4,78 (3,44; 4,78; p1=0,860; p2=0,978; ps=0,045"";
4,85; 6,30) 4,68; 6,57) 3,50; 4,50) 7,48) p4=0,042,; ps=0,860; ps=0,050
IRNM 8,08 (5,95; 6,18 (4,28; 5,27 (4,45; 6,81 (4,41;6,81;  p1=0,176; p2=0,012""; p3=0,027"";
8,08; 11,09) 6,18; 7,13) 5,27; 8,36) 9,49) p4=0,358; ps=0,291; ps=0,978
IRLM 4,50 (3,04; 4,55 (3,08; 3,27 (2,08; 4,50 (3,13; 4,50; p1=0,745; p2=0,989; p3:0,051*;;
4,50; 5,97) 4,55; 6,37) 3,27; 4,41) 7,48) p+=0,062; ps=0,808; ps=0,033
llymph 0,53 (0,47; 0,77 (0,60; 0,56 (0,42; 0,70 (0,49; p1=0,040""; p2=0,000; p3=0,49?*;
0,53; 0,59) 0,77; 0,86) 0,56; 0,74) 0,70;0,90) p+=0,213; ps=0,409; ps=0,028
IREL 0,08 (0,03; 0,05 (0,02; 0,05 (0,02; 0,10 (0,04; 0,10; p1=0,882; p2=0,130; p3=0,433;
0,08; 0,12) 0,05; 0,10) 0,05; 0,11) 0,11) p4=0,786; ps=0,408; ps=0,579
Al 1,00 (0,79; 1,18 (1,02; 0,91 (0,64; 1,05 (0,88; 1,05; p1=0,379; p2=0,045""; p3=0,525;
1,00; 1,19) 1,18; 1,48) 0,91; 1,43) 1,54) p+=0,168; ps=0,417; ps=0,079
NI 0,07 (0,03; 0,08 (0,05; 0,10 (0,6; 0,10; 0,05 (0,03; 0,05;  p1=0,0137""; p2=0,239; p3=0,086;
0,07; 0,10) 0,08; 0,13) 0,18) 0,07) p4=0,010""; ps=0,024; ps=0,379
Indices of inflammatory activity
- 6,99 (5,85; 6,87 (6,53; 7,24 (6,20; 6,78 (6,11; 6,78; p1=0,626; p2=0,871; p3=0,372;
6,99; 7,77) 6,87; 7,49) 7,24; 8,40) 7,16) p+=0,245; ps=0,351; ps=0,516
KI 1,85 (1,68; 1,29 (1,15; 1,75 (1,34; 1,43 (1,11; 1,43; = p1=0,040""; p2=0,000""; p3=0,499;
1,85; 2,10) 1,29; 1,65) 1,75; 2,35) 2,05) p4=0,213; p5=0,409; pe=0,028""
LG 5,12 (4,55; 7,32 (5,78; 5,40 (4,17; 6,61 (4,67;6,61; @ p1=0,055; p2=0,001""; p3=0,561;
5,12; 5,75) 7,32; 8,32) 5,40; 7,05) 8,54) p4=0,234; p5=0,387; p6=0,019™"
IL ESR 0,36 (0,18; 2,25 (1,62; 3,87 (1,80; 1,76 (1,41;1,76; = p1=0,000""; p»=0,000""; p3=0,000™"
0,36; 0,69) 2,25; 4,70) 3,87; 6,79) 2,92) p4=0,033""; ps=0,256; ps=0,185
Indices of endogenous intoxication
LIl 0,44 (0,34; 0,37 (0,24; 0,54 (0,31; 0,42 (0,21; 0,42; p1=0,304; p2=0,245; p3=0,507;
0,44; 0,75) 0,37; 063) 0,54; 1,05) 0,61) p4=0,160; ps=0,925; ps=0,189
lagr 0,62 (0,48; 0,48 (0,34; 0,72 (0,35; 0,59 (0,26; 0,59; p1=0,279; p2=0,224; p3=0,570;
0,62; 1,16) 0,48; 0,88) 0,72; 1,64) 0,77) p+=0,168; ps=0,797; ps=0,291
HIl 0,40 (0,29; 0,39 (0,26; 0,60 (0,38; 0,39 (0,20; 0,39; p1=0,685; p2=0,850; p3=0,088;
0,40; 0,66) 0,39; 0,66) 0,60; 1,62) 0,65) p4=0,040""; ps=0,839; ps=0,486
ILS 1,59 (1,43; 1,10 (093; 1,53 (1,04; 1,27 (0,93; 1,27; p1=0,054; p2=0,000""; p3=0,363;
1,59; 1,75) 1,10; 1,38) 1,53; 1,77) 1,74) p4=0,364; ps=0,317; ps=0,051
I 0,14 (0,07; 0,17 (0,06; 0,35 (0,11; 0,11 (0,07; 0,11, p1=0,725; p2=0,665; p3=0,079;
0,14; 0,43) 0,17; 0,29) 0,35; 0,87) 0,32) p4=0,040""; ps=0,839; ps=0,035
RRN 9,60 (7,61; 8,81 (2,74, 6,00 (2,07; 8,86 (0,26; 8,86; p1=0,213; p2=0,298; p3=0,256;
9,60; 17,36) 8,81; 18,48) 6,00; 21,37) 15,76) p+=0,674; ps=0,807; ps=0,989

Notes: * — significant difference according to the Mann-Whitney test (p < 0.05); p1 (group A/group D), p2
(group A/group C), ps (group A/group B), pa (group D/group C), ps (group D/group B), ps (group C/group B)
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Figure 4 — Distribution of APRI values in patients with chronic HCV

In the conducted study, the vast majority were
men, with minimal activity of chronic HCV, which is
consistent with the data of previous studies [11, 12].

Aminotransferase levels were associated with an
increase in subclinical atherosclerosis, their higher
activity was observed in patients with chronic HCV
and the presence of subclinical atherosclerosis [15].
In our study, a significant increase in AST and ALT
values was observed. ALT indicators showed a
tendency to decrease activity with the addition of
arterial hypertension with further complication in the
form of CHD. This tendency is mainly observed in
the older age group, which may be associated with
reduced activity of the immune system with age [16]
and a longer course of the disease. The most active
cytolysis is observed at the beginning of the disease,
with the chronicity of the process it decreases,
which, in turn, is reflected in a lower level of ALT.

According to the results of our study, an increase
in the number of neutrophils in the blood of patients
with cardiovascular diseases was observed. This is
associated with their participation in the course and
formation of atherosclerosis. This theory can be
confirmed by a twice-increased number of rod-
shaped neutrophils in patients with CHD compared
to those examined without concomitant pathologies
of the cardiovascular system. The number of
segmented neutrophils significantly increased in

practically healthy individuals than in hypertensive
chronic HCV patients. They participate in the
pathogenesis of atherosclerosis due to their
extracellular traps, which affect the mechanisms
leading to atherogenesis, erosion and destabilization
of plaques, by interacting with other populations of
immune cells, in particular, mast cells present in the
atherosclerotic lesion. This is confirmed by their
detection in atherosclerotic plaques [17].

After the analysis of previous studies, a tendency
to increase the levels of monocytes, eosinophils and
basophils in the general blood test in patients with
cardiovascular pathology (not infected with HCV)
was established [6]. However, in the above-
mentioned results of our studied groups, the
indicators of monocytes, eosinophils, erythrocytes
turned out to be unreliable (p > 0.05). Although there
was also a similar trend — with the addition of
pathologies from the side of the cardiovascular
system, an increase in the number of monocytes was
observed, comparable to healthy ones.

The platelet link, namely immature platelets, is
associated with mortality and deterioration of the
course of acute and stable CHD [18]. Among the
indicators of platelets in the studied groups, a
decrease in their number was established relative to
the comparison group.
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Directly proportional changes in the quantitative
ratio of lymphocytes are an independent risk factor
for atherosclerotic disease. That is, the increase and
decrease of lymphocytes in peripheral blood
correlates with an increased risk of developing
atherosclerotic changes in the intima of vessels [7].

The number of lymphocytes in patients from
group D and in patients from group B was 1.2 times
higher compared to the comparison group. Higher
values of lymphocytes were found in chronic HCV
patients without concomitant pathologies. That is,
the increase and decrease of lymphocytes in the
peripheral blood correlates with the increased risk of
developing atherosclerotic changes in the intima of
vessels. Under the influence of Thl cytokines,
lymphocytes release tumor necrosis factor o and
interferon y, which have a proatherogenic effect on
the arterial wall, their increase in laboratory
parameters can precede the development of
atherosclerosis and its complications [7].

CONCLUSIONS / BACHOBKH

1. The incidence of viral hepatitis C in Ukraine
(1.3 million infected) and in the world (over 71
million) remains at a high level.

2. Among the examined, male patients with
minimal HCV activity predominate. Most of the
young patients had no accompanying pathology, the
elderly had hypertension and coronary heart disease.

3. Patients with viral hepatitis C who have
concomitant cardiovascular pathology (ischemic
heart disease and arterial hypertension) have lower
levels of platelets, erythrocytes, but higher levels of

NASH is a predictor of cardiovascular disease
independent of conventional risk factors. Higher
mortality in people with NASH compared to the
general population has been confirmed. At the same
time, cardiovascular diseases are the main cause of
death in the population of patients with NASH [19].
There was a trend towards an asymptomatic course
of CHD in liver cirrhosis. The results of one of the
studies prove that a higher prevalence of
hypertension was associated with the progression of
fibrosis. Along with the progression of liver fibrosis,
an increase in the frequency of hypertension in the
main group of patients with HCV has been proven
[10]. With the addition of concomitant pathology
and its complications (CHD), an increase in the
number of patients with liver cirrhosis was
established. That is, there is a more intense
progression of liver fibrosis in patients with chronic
HCV with cardiovascular diseases.

rod-shaped neutrophils, ESR and de Ritis coefficient
(p < 0.05).

4. In patients with viral hepatitis C with
arterial hypertension and coronary heart disease, the
intergral severity index, most indices of non-specific
immunoreactivity (RC, IRI, IRLM, Ilymph), indices
of endogenous intoxication (HII and I1) were higher
(p < 0.05).

5. Individuals with chronic HCV, coronary heart
disease, and hypertension have the highest APRI
scores compared to patients with chronic HCV and
hypertension and chronic HCV alone (p < 0.05).
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