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SIGNIFICANT FIBROSIS IN CHRONIC LIVER DISEASES:
POSSIBILITIES OF NONINVASIVE SCREENING

P. V. Koroy, T. R. Dudov, V. J. Sarithala, A. V. Yagoda

Stavropol State Medical University, Russian Federation

BbIPAXXEHHbIN ®UBPO3 NPU XPOHUYECKUX 3ABOAEBAHUAX MEYEHMU:
BO3MOXHOCTU HEUHBA3UBHOTO CKPUHUHTA

M. B. Kopou, T. P. Ayaos, B. A. Caputxaaq, A. B. iroaa

CTaBPONOAbCKNIA FOCYAAPCTBEHHbIA MEAULLMHCKUA YHUBEPCUTET,
Poccuickas Peaepaums

The investigation aimed to study the prognostic significance of clinical and laboratory parameters, including markers of
the matrix metalloproteinases (MMP) system, for the detection of significant fibrosis (F2-4) in chronic liver diseases (CLD).
Seventy-six patients with CLD of viral or alcoholic etiology aged 18 to 64 years were examined. Fibrosis FO-1 was found in
36.8 % of cases, and fibrosis F2-4 —in 63.2 %. Enzyme-linked immunosorbent assay was used to determine the blood levels
of MMP-1, MMP-9, and tissue inhibitors of matrix metalloproteinases-1 (TIMP-1). The ratio TIMP-1/MMP-1, TIMP-1/MMP-9
was calculated. Increased risk of fibrosis F2-4 was associated with parameters of liver stiffness >7.3 kPa, gamma-gluta-
myltranspeptidase >37 u/l, aspartate aminotransferase >53 u/l, ESR =8 mm/h, platelets <187x10%/1, age >45 years, alanine
aminotransferase >68 u/l, TIMP-1/MMP-1 >36.4, albumin <43 g/I, total bilirubin >16 umol/I, TIMP-1 >501 ng/ml, interna-
tional normalized ratio >1.08, alkaline phosphatase >112 u/I, with the presence of moderate/severe cytolysis. According to
multivariate logistic regression, liver fibrosis F2—-4 was associated with blood levels of TIMP-1 and platelets, values of ESR.
The combination of these parameters had a sensitivity of 70.8 % and a specificity of 100 % in the prediction of fibrosis F2-4.
Thus, the levels of TIMP-1 and platelets in the blood and ESR are independent risk factors for significant fibrosis in CLD due
to their participation in hepatic fibrogenesis.

Keywords: chronic liver diseases, significant liver fibrosis, matrix metalloproteinases, tissue inhibitors of matrix
metalloproteinases, platelets, erythrocyte sedimentation rate, screening

B paboTe onpenensanacb NPoOrHoCTUYECKas 3HaYMMOCTb Psifia KIIMHMKO-N1abopaTopHbIX NokasaTesel, B TOM Y1Ce Map-
KEepOB CUCTEMbI MAaTPUKCHbIX MeTannonpotenHas (MMI), ansa BeisBneHNs BbipaxeHHOro ¢purbposa (F2—-4) npu XpoHn4eckmnx
3aboneBaHusx nevenHn (X3MM). O6cnenoBaHo 76 60nbHbIX X3 BUPYCHOM UK ankorofibHOM 3T1OoorMm B Bo3pacTe oT 18 no
64 net. Pnbpos FO-1 BcTpeyvancs B 36,8 % cnyyaes, pnbpos F2-4 — B 63,2 %. MeTogoM MMMYHO(DEPMEHTHOrO aHannaa
onpenensnu cogepxanue B kposn MMIMM-1, MMI1-9, TkaHeBOro MHrMGuUTopa MaTPUKCHbIX MeTannonpotenHas-1 (TUMII-1),
paccunTbiBanu cooTHoweHne TUMI-1/MMM-1, TUMI-1/MMI1-9. YBenunyeHHbln puck ¢punbposa F2-4 6bin cBa3aH ¢ no-
KasaTensiMm XecTKOoCTu neyveHun >7,3 klMa, y-rnioTammntTpaHcnenTnaasel >37 en/n, acnaparMHoBOM ammHoTpaHchepassbl
>53 en/n, CO3 >8 mm/uac, Tpombouutos <187x10%/n, Bo3pacTa >45 neT, anaHMHOBOW amuHoTpaHchepasbl >68 en/n,
TUMM-1/MMM-1 >36,4, anbbymnHa <43 r/n, obwero 6unupybuHa >16 mkmons/n, TUMM-1 >501 Hr/mMn, MexayHapoaHOro
HOpPMannM30BaHHOro oTHoweHus >1,08, wenoyHoit docdaTasbl =112 en/n, ¢ HaNMYNEM YMEPEHHOI0/BbICOKOrO LMTOM3A.
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Mo paaHHbIM MHOrohakTOPHOM NOrnMcTUYeckol perpeccumn, Gubpos nedeHn F2-4 6bin accoummpoBaH C CoaepXXaHMem B
kposn TUMIM-1 n TpomBoumToB, 3Ha4YeHaMn COI. KomOumHauma aTux napaMmeTpoB nmena 4yBCTBUTENbHOCTL 70,8 % 1
cneundunyHoctb 100 % B npeamkuumn pubposa F2-4. Takum obpasom, cogepxaHne TUMM-1 1 TpoMOGOLUTOB B KPOBHU, a
Takxke nokazatenn COJ aABNsAOTCA He3aBUCUMbIMU pakTopamMmn pucka BblpaxxeHHoro ¢prdposa npu X3I1, 4To o6ycnoBneHo

MX y4acTveM B npoLeccax ne4eHo4Horo pubporeHesa.

Knto4yeBble c/io0Ba: XpoHn4eckme 3a601eBaHUs Ie4eHU, BbIPaXEHHbIV prubpO3 nedeHn, MaTpUKCHbIE MEeTas/IoNnpoTenHa-
3bl, TKAHEBBIE UHTMOUTOPLI MaTPUKCHBIX METaJ1/IoNpoTenHas, TPOMOOLMTbI, CKOPOCTb OCEeAaHNs 3PUTPOLMUTOB, CKOUHNHI
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Ac - accuracy

ALT - alanine aminotransferase

AST - aspartate aminotransferase
AUC - area under curve

cAMP - cyclic adenosine monophosphate
CI - confidence interval

CLD - chronic liver diseases

GGT - gamma-glutamyl transpeptidase
HBV - hepatitis B virus

HCV - hepatitis C virus

HDV - hepatitis D virus

INR - international normalized ratio
MMP - matrix metalloproteinase
NAFLD - non-alcoholic fatty liver disease
NPV - negative predictive value

OR - odds ratio

PPV - positive predictive value

ROC - receiver operating characteristic

Se - sensitivity

Sp - specificity

TIMP - tissue inhibitor of matrix metalloproteinases

changes in chronic liver diseases (CLD). The de-

velopment and progression of fibrosis is a turning
point in chronic liver pathology, independent of etiol-
ogy but determining an unfavourable prognosis (for-
mation of liver cirrhosis, hepatocellular carcinoma,
and other complications) [1].

The absence of clinical symptoms of fibrosis in CLD
requires a biopsy — the «gold» standard in diagnosing
histological changes in the liver, the widespread use of
which in routine practice is limited for several reasons. In
addition, a liver biopsy provides a snapshot of changes in
the organ without characterizing the dynamic direction of
fibrogenesis (progression or regression) [2].

These limitations have led to the development of non-
invasive methods for assessing fibrosis, based either on
a «biological» approach — quantifying biomarkers in the
blood or on a «physical» approach, measuring liver tissue
stiffness. At the same time, existing scales and indices
of fibrosis, such as FibroTest, FibroMeter, FibroSpectill,
HepaScore, FIB-4, APRI, include serum parameters that
are not strictly specific for the liver and in most cases do
not relate to markers of fibrogenesis [1].

Matrix metalloproteinases (MMPs) and their tissue
inhibitors  (TIMPs) control the accumulation and
degradation of collagen and other components of the
extracellular matrix in the liver [2]. An imbalance in the
system of MMPs in the form of their increased expression
can lead to intensification of inflammatory changes in the
liver [3], and overexpression of inhibitors of matrixins is
accompanied by an increase in the severity of fibrosis [2].

However, the relationship between plasma levels
of MMPs and TIMPs and necroinflammatory changes
in chronic liver diseases [4-10] has not always been
observed [7, 11, 12]. Despite this, attempts are being
made to use the FibroSpect Il, Enhanced Liver Fibrosis
score, HALT-C model, whichincludes the TIMP-1, MMP-3
parameters, in the non-invasive diagnosis of liver fibrosis
[5], although the predictive role of MMPs and their
inhibitors in assessing the severity of fibrosis in patients
with CLD has not been determined. Therefore, searching
for simple, non-invasive, inexpensive biomarkers of

Fibrosis is integral to structural and functional

advanced fibrosis is of clinical importance — for choosing
the right therapeutic strategies and predicting outcomes.

Theresearch aimsto study the prognostic significance
of several clinical and laboratory parameters, including
components of the MMP system for diagnosing severe
fibrosis (F2-4) in CLD.

Material and Methods. The study included
76 patients with CLD (27 females, 49 males) aged from
18 to 64 years (41 (31; 48) years). Inclusion criteria:
histologically confirmed CLD of viral or alcoholic etiology;
age over 18 years; signed informed consent to participate
in the study. Exclusion criteria: liver pathology of other
etiology; clinically significant acute and chronic somatic
diseases in the period of exacerbation; drug addiction;
mental illness; pregnancy and lactation; malignant
neoplasms.

In 59 cases, chronic hepatitis of viral etiology was
detected (HBV - 16, HCV - 30, HDV - 13). Child - Pugh
class A of liver cirrhosis was detected in 17 patients: viral
etiology in 13 (HBV - 2, HCV - 8, HDV - 3), alcoholic in 4.

Liver fibrosis was categorized as absent (FO), minimal
(F1), moderate (F2), severe (F3), and cirrhosis (F4).
Fibrosis FO-1 was found in 36.8 % of patients, and
fibrosis F2-4 —in 63.2 %.

The university ethics committee approved the study.

The blood concentration of MMP-1 (RayBiotech,
USA), MMP-9 (Bender MedSystems GmbH, Austria),
and TIMP-1 (Aviscera Bioscience, USA), was determined
using the ELISA method, followed by the calculation of
TIMP-1/MMP-1 and TIMP-1/MMP-9 ratio.

The results were statistically processed by StatTech
v. 3.1.7 (Stattech LLC, Russian Federation). Quantitative
values had a distribution different from usual and are pre-
sented as median (Me) and interquartile range (Q1; Q3). Dif-
ferences were identified using the Mann — Whitney test. Ca-
tegorical data are presented as percentages (%), and the 2
test was used to evaluate differences between groups with
Yates’ correction for continuity. The odds ratio (OR) and its
95 % confidence interval (Cl) were calculated. The logistic
regression analysis method was used to build a mathema-
tical model; ROC analysis was performed; the information
content of the models was assessed using the area under

127



ORIGINAL RESEARCH
Therapy

OPUTUHAABHbIE NCCAEAOBAHUA

Tepanus

the ROC curve. Sensitivity, specificity, positive and negative
predictive value, and accuracy were calculated. Differences
were considered statistically significant at p<0.05.

Results and Discussion. It was noticed that the
patients with F2—-4 fibrosis are older, with higher levels
of aspartate (AST) and alanine (ALT) aminotransferases,
y-glutamyl transpeptidase (GGT), alkaline phosphatase,
total bilirubin, ESR, international normalized ratio
(INR), liver stiffness, lower concentration of albumin
and platelets in the blood. Moderate/high biochemical
activity of the process was more common. In this cohort,
the maximum values of TIMP-1 and TIMP-1/MMP-1
were determined, which differed from the corresponding

values in FO-1 fibrosis (Table 1).

Table 1

The relationship of clinical and laboratory markers
and matrix metalloproteinases with fibrosis in CLD

Patients with CLD, n=76

Parameters
FO-1, n=28 F2-4, n=48
Gender (women/men, %) 42.9/57.1 31.2/68.8
37.5 43.5
Age (years) (26,5: 44,0) | (35.0; 51.0) *

AST (u/1) (21%?'24.0) (28.0!5;8§§.5) x
ALT (u/1) (23.?)?'30.5) (31.5;6{32?5.0) *
GGT (u/l) (17.(2)?'358.0) (42.5;681?493.8) *
Alkaline phosphatase (u/1) (64.§;2i()63.0) (72.0;1536.0) *

Total bilirubin (umol/I)

14.0
(11.9; 16.9)

19,0
(13.5; 31.5) *

Direct bilirubin (umol/I) 3.8 (3.0; 5.75) | 3.7 (2.95; 8.4)
ESR (mm/h) 5.0 (4.0; 8.0) |9.0(8.0; 17.0) *
C-reactive protein (mg/I) 0.4 (0.23; 3.4) | 0.9(0.1; 4.4)
Fibrinogen (g/l) 2.6 (2.22; 3.5) [2.64 (2.24; 3.55)

Albumin (g/I)

47.0 (44.5; 48.5)

43.0
(39.65; 46.0) *

Prothrombin time (sec)

16.3 (13.05;
17.25)

15.75
(12.6; 17.45)

Prothrombin index (%)

91.0 (89.0; 99.0)

91.0 (86.0; 97.0)

INR

1.1
(1.0; 1.15)

1.15
(1.09; 1.25) *

Total cholesterol (mmol/l)

4.24 (3.84; 4.67)

4.32 (3.75; 4.59)

Platelets (x10%/1)

234.5
(189.5; 271)

162
(133.5; 213.5) *

Liver stiffness (kPa)

5.7 (5.05; 6.95)

11.55
(8.15; 15.5) *

Moderate/severe

biochemical activity (%) 71 354

Mesenchymal inflamma-

tory syndrome (%) 17.9 29.2

Cholestatic syndrome (%) 0 1461
494.0 640.0

TIMP-1 (ng/ml) (407.0; 613.0) | (519.0; 764.5) *
23.53 21.45

MMP-1 (ng/mi) (16.63; 35.7) | (9.58: 31.8)
191.5 188.0

MMP-9 (ng/ml) (95.5; 365.0) | (91.4; 528.0)

TIMP-1/MMP-1

19.0
(14.89; 29.31)

29.55
(16.64; 59.6) *

TIMP-1/MMP-9

2.9 (1.45; 5.1)

3.05 (1.15; 7.52)

Note: quantitative data are presented as Me (Q1; Q3),
categorical data as %; * - significant differences between
groups of patients (p<0.05); ! — p=0.087 (criterion Yates’s
chi-squared test, Mann — Whitney criterion).
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An increased risk of F2-4 fibrosis was associated
with liver stiffness >7.3 kPa, GGT >37 u/l, AST >53 u/I,
ESR >8 mm/h, platelet levels <187x10%/I, with age
>45 years old, moderate/severe cytolysis, ALT levels
>68 u/l, albumin <43 g/I, total bilirubin >16 umol/I, INR
>1.08, alkaline phosphatase >112 u/l. The values of
TIMP-1 above 501 ng/ml and TIMP-1/MMP-1 more
than 36.4 were also associated with an increased risk
of developing significant fibrosis. The optimal area
under the curve was detected in the following cases:
liver stiffness (0.89+0.03), GGT (0.88%+0.03), ESR
(0.79%0.05), platelets (0.77+0. 05), TIMP-1 (0.72%0.05).
The sensitivity and specificity values respectively were:
for liver stiffness (89.6 %, 82.1 %), GGT (87.5 %, 75.0 %),
ESR (79.2 %, 71.4 %), platelets (66.7 %, 78.6 %), TIMP-1
(79.2 %, 57.1 %). Overall, the diagnostic significance of
the studied parameters is presented in Table 2.

Table 2
Diagnostic significance of markers
of liver damage and parameters of MMP
system in the detection of liver fibrosis F2-4

OR Se | Sp |PPV NPV | Ac
Parameters (95 % CI) AUC (M£SE) (%) | (%) | (%) | (%) | (%)
Age >45 7.1
vears old (1.9-26.5) 0.66+0.06 *{45.8|89.3|88.0(49.0(61.8
AST 10.7
>53.0 u/l (2.8-40.4) 0.69+0.06 *|56.3|89.3(90.0|54.3(68.4
ALT >68.0 6.5
u/l (1.9-21.7) 0.69+0.06 *|52.1|85.7|86.2|51.1(64.5
GGT 21.0
>37.0 u/l (6.3-70.4) 0.88+0.03 *|87.5|75.0(85.7 |77.8(82.9
Alkaline 3.2
phosphatase 1 2.8 6) 0.66+0.06 *|60.4|67.9|76.3(50.0(63.2
>112 v/l e
Total biliru- 55
bin >16.0 a 9-15 5) 0.66+0.06 *|64.6|75.0(81.2|55.3(68.4
pmol/I ' '
ESR 9.5
>8 mm/h (3.2-27.9) 0.79+0.05 *|79.2|71.4|82.6|66.7(76.3
Albumin 5.9
<43 g/| (1.9-18.2) 0.70+0.05 *|56.3|82.1(84.4|52.3(65.8
INR>L08 | (4 >3 1) [066£0.06 79.2|46.4|71.7|56.5|67.1
Platelets 7.3
<187x10%/1 | (2.5-21.7) 0.77+0.05 *|66.7|78.6|84.2|57.9(71.1
Liver 39.6
stiffness (10 4-150 9)0.8910.03 *189.6(82.1(89.6(82.1(86.8
>7.3 kPa ) )
Moderate/
severe 7.1
biochemical | (1.5-33.8) 0.63+0.06 [35.4(92.9(89.5|45.6(56.6
activity
TIMP-1 5.07
>501 ng/ml (1.82—14.09)0'72i0'05 *179.2(57.1]76.0(61.5|71.1
TIMP-1/ 595
MMP-1 ' 0.65+0.06 *|41.7|89.3|86.9|47.2(59.2
>36.4 (1.58-22.46)

* Statistical significance of the model (p<0.05).

Using multivariate regression analysis, the probability
of developing fibrosis F2—-4 was assessed. The predictive
modelincluded 14 factors (age, values of AST, ALT, GGT,
alkaline phosphatase, total bilirubin, ESR, INR, albumin,
platelets, liver stiffness, as well as the presence of mo-
derate/high biochemical activity, blood levels of
TIMP-1 and TIMP-1/MMP-1 ratio), which showed sta-
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tistically significant differences between the groups of
patients with fibrosis FO-1 and F2-4.

According to the data of logistic regression, the pre-
sence of F2-4 fibrosis was independently associated with
blood levels of TIMP-1 (OR 1.006; 95 % CI 1.001-1.011;
p=0.018) and platelets (OR 0.981; 95 % CI 0.970-0.992;
p=0.001), with ESR values (OR 1.298; 95 % CI 1.073-
1.573; p=0.008). The chance of detecting F2-4 fibro-
sis increased by 1.006 times with an increase in TIMP-1
values by one ng/ml, by 1.298 times with an increase in
ESR values by 1 mm/h, and by 1.019 times with a de-
crease in platelets by 1x109/I.

The following equation describes the observed de-
pendence:

=-0.994 - 0.019 x Xplatelets +0.006 x X1ymp-1 + 0.261 x Xgsp,
where z - is the objective function; Xgjump-1 — TIMP-1 va-
lue (ng/ml); Xpiatelets — Platelet value (x109/1); Xesgr — ESR
value (mm/h); -0.994 - regression constant; 0.019;
0.006; 0.261 — corresponding regression coefficients.

The formula calculates the probability of fibrosis
F2-4:p=1:(1+e7?), where e —is the base of the natural
logarithm, equal to 2.72, p — is the probability of fibrosis
F2-4.

The threshold p-value at the cut-off point was 0.768.
F2-4 fibrosis was predicted with a p-value greater than
or equal to this value. The diagnostic significance of
p>0.768 was: sensitivity — 70.8 %, specificity — 100 %,
positive predictive value — 100 %, negative predictive
value — 66.7 %, accuracy — 73.7 %. The resulting model
was statistically significant (p<0.001), and the area under
the ROC curve was 0.893+0.036 (95 % CI: 0.822-0.964),
which indicated a good quality of the model.

Thus, the development of severe morphological signs
of liver pathology is closely related to an imbalance in the
MMP system. According to our data, significant fibrosis
(F2-4) was associated not only with the age of patients,
parameters of cytolysis, inflammation and cholestasis,
levels of albumin and platelets in the blood but also with
the values of TIMP-1 and TIMP-1/MMP-1.

It was previously noticed that the patients with chronic
viral hepatitis with significant fibrosis had older age, higher
values of AST, ALT, GGT, alkaline phosphatase, INR, ave-
rage platelet volume, GGT/platelet and neutrophil/lym-
phocyte ratios, and lower levels of platelets and choles-
terol in the blood [13, 14]. Golgi protein 73, antibodies
to hepatitis B core antigen, and erythrocyte distribution
width were associated with the severity of inflammatory
changesin CLD [15]. Increased values of body mass index,
AST/ALT ratio, blood glucose, GGT, sizes of liver, spleen,
and portal vein, decreased albumin and platelet values,
along with age, are considered predictors of the progres-
sion of fibrosis in non-alcoholic fatty liver disease (NAFLD)
[16, 17]. The risk of development of fibrosis, associated
with chronic HBV infection, increased 9-fold in cases of in-
creased GGT/platelet ratio with a cut-off point of 0.229 (OR
9.1; 95 % CI 1.66-50.0; p=0.011) [13], and blood platelet
counts less than 196.5x10%/I were markers of F2—4 fibrosis
with a sensitivity of 71 % and specificity of 67 % [14].

It has been suggested that the relationship between
aging and the progression of liver fibrosis is due to
age-related decline in hepatic blood flow and liver func-
tion [16]. Increased ALT activity was more often associ-
ated with minimal fibrosis. In advanced stages of fibro-
sis, on the contrary, an increase in AST predominated.
The interrelation of GGT with severe fibrosis is likely due
to changes in pro-oxidant activity (the enzyme controls
the metabolism of glutathione — the primary antioxidant
molecule in cells) and a modulating effect on endothelial
dysfunction [16], which plays an essential role in hepatic
fibrogenesis [18, 19].

Several studies have revealed an increase in MMPs
and TIMPs proportional to the severity of fibrotic changes
in the liver in cases of chronic viral hepatitis [4, 9, 10,
12], NAFLD [5, 8, 20], primary sclerosing cholangitis [11]
and biliary atresia [21]. There is also evidence that some
MMPs and TIMPs negatively correlate with the severity of
fibrosis [4, 6, 7, 9] or are not associated with it [5, 9, 11,
12, 22].

We identified factors associated with F2-4 fibrosis in
CLD based on the multivariate regression analysis. These
are increased levels of TIMP-1 and ESR and decreased
platelet counts.

Previously, the predictive ability of serum parameters
of MMP-1 in distinguishing hepatitis and cirrhosis, de-
tecting fibrosis F2—-4 or any fibrosis (>F0) [7, 23], as well
as MMP-7 in identifying cirrhosis in chronic hepatitis C
[9] or severe fibrosis in cases of NAFLD [8] was noticed.
Blood levels of TIMP-1 in chronic hepatitis C were asso-
ciated with the presence of fibrosis [24], and the levels
of MMP-2, MMP-9, TIMP-2, and male gender of patients
were predictors of fibrosis >F2 [22]. The combination of
platelet, alpha-fetoprotein, ratios of AST/ALT, and colla-
gen-3-propeptide/MMP-1 was highly significant in the
diagnosis of significant fibrosis (F2-4) (area under the
ROC curve 0.91) and liver cirrhosis (F4) (area under the
ROC curve 0.83) [23]. According to multivariate analysis,
risk factors for severe fibrosis in NAFLD included body
mass index, platelets, sizes of liver, spleen, and portal
vein [17].

The relationship between elevated TIMP-1 values and
the severity of fibrosis is due to its ability to inhibit MMPs
(especially MMP-1 and -9), preventing apoptosis of stel-
late cells, and protecting collagen from fibrolysis [2].

Platelets play a dual role in the formation of liver fi-
brosis. On the one hand, by releasing hepatocyte growth
factor, they suppress fibrogenesis and stimulate hepatic
mitogenesis by reducing the expression of transforming
growth factor-, type | collagen, and increasing the ex-
pression of MMPs [14, 25, 26]. By affecting the redox
balance in stellate cells, platelets increase the concen-
tration of intracellular cAMP [27], leading to cell inactiva-
tion and decreased collagen production [26].

On the other hand, activated platelets, under certain
conditions, reduce the regeneration of hepatocytes,
aggravate fibrosis, induce the proliferation and migration
of stellate cells, and the synthesis of profibrogenic
cytokines by releasing several growth factors, platelet
factor 4, Von Willebrand factor and serotonin [25, 28].
They also initiate microthrombosis in the liver, especially
near fibrotic areas, and enhance P-selectin-mediated
local inflammation due to the recruitment of leukocytes
[18, 19, 29].

There is no information on the significance of ESR as
a predictor of the severity of fibrotic changes in the liv-
er. It can be assumed that the relationship between ESR
and hepatic fibrogenesis reflects the influence of the in-
flammatory process on the rate of progression of fibro-
sis, as evidenced by the association of C-reactive protein
with steatohepatitis (OR 1.155; 95 % CI 1.029-1.297;
p=0.014) and fibrosis (OR 1.130; 95 % CI 1.17-1.257;
p=0.024) identified in NAFLD [30]. The proportion of
patients with NAFLD with severe steatosis or fibrosis in-
creased with the increasing levels of C-reactive protein
in the blood, and the risk of detecting severe liver fibrosis
in cases of C-reactive protein levels exceeding 6.68 mg/I
increased by three times (OR 3.086; 95 % CI 1.154-
8.249; p=0.025) [31].

Conclusion. The levels of TIMP-1, platelets in the
blood, and ESR parameters are independent risk factors
for significant fibrosis in chronic liver diseases. Their
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association with the severity of liver fibrosis is due to
their participation in the processes of fibrogenesis — their
influence on the activity of stellate cells, the expression
of MMPs, and the modification of collagen synthesis.

The combination of TIMP-1, platelets, and ESR is highly
significant in the diagnosis of F2-4 fibrosis, which allows
its use in chronic liver pathology as a non-invasive marker
of considerable fibrosis.

Disclosures: The authors declare no conflict of interest.

References
1.

10.

11.

12.

13.

14,

15.

130

EASL Clinical Practice Guidelines on non-invasive tests
for evaluation of liver disease severity and prognosis —
2021 update. J. Hepatol. 2021;75(3):659-689.
https://doi.org/10.1016/j.jhep.2021.05.025

Geervliet E., Bansal R. Matrix metalloproteinases as po-
tential biomarkers and therapeutic targets in liver diseases.
Cells. 2020;9:1212. https://doi.org/10.3390/cells9051212
Wang X., Maretti-Mira A. C., Wang L., Deleve L. D. Liver-se-
lective MMP-9 inhibition in the rat eliminates ischemia-reper-
fusion injury and accelerates liver regeneration. Hepatology.
2019;69:314-328. https://doi.org/10.1002/hep.30169
Yagoda A. V., Koroy P. V., Dudov T. R. Matrix metallo-
proteinases and morphological features in chronic liver
diseases. Experimental and Clinical Gastroenterology.
2023;218(10):153-159.
https://doi.org/10.31146/1682-8658-ecg-218-10-153-159
Ando W., Yokomori H., Tsutsui N., Yamanouchi E., Suzu-
ki Y. [et al.] Serum matrix metalloproteinase-1 level re-
presents disease activity as opposed to fibrosis in pati-
ents with histologically proven nonalcoholic steatohepati-
tis. Clin. Mol. Hepatol. 2018;24(1):61-76.
https://doi.org/10.3350/cmh.2017.0030

Attallah A. M., Albannan M. S., El-Deen M. S., Farid K.,
Khedr F. M. [et al.] Diagnostic role of collagen-lll and
matrix metalloproteinase-1 for early detection of hepato-
cellular carcinoma. Br. J. Biomed. Sci. 2020;77(2):58-63.
https://doi.org/10.1080/09674845.2019.1708534

Behairy O. G., EI-Bakry M. M., Mansour A. |. A., Abdelrah-
man M. N., Emam G. M. [et al.] Matrix metalloproteinase-1
as a non-invasive biomarker to assess liver fibrosis in chil-
dren with chronic liver disease. Egypt. Liver J. 2021;11:80.
https://doi.org/10.1186/s43066-021-00148-x

Irvine K. M., Okano S., Patel P. J. L., Horsfall U., Willi-
ams S. [et al.] Serum matrix metalloproteinase 7 (MMP7)
is a biomarker of fibrosis in patients with non-alcoholic fatty
liver disease. Sci. Rep. 2021;11(1):2858.
https://doi.org/10.1038/s41598-021-82315-z
Martinez-Castillo M., Hernandez-Barragan A., Flores-
Vasconcelos ., Galicia-Moreno M., Rosique-Oramas D.
[et al.] Production and activity of matrix metalloproteina-
ses during liver fibrosis progression of chronic hepatitis C
patients. World J. Hepatol. 2021;13(2):218-232.
https://doi.org/10.4254/wjh.v13.i2.218

Medeiros T., Saraiva G. N., Moraes L. A., Gomes A. C.,
Lacerda G. S. [et al.] Liver fibrosis improvement in chronic
hepatitis C after direct acting-antivirals is accompanied by
reduced profibrogenic biomarkers-a role for MMP-9/TIMP-1.
Dig. Liver Dis. 2020;52(10):1170-1177.
https://doi.org/10.1016/j.dld.2020.05.004

Lam S., Singh R., Dillman J. R., Trout A. T., Serai S. D.
[et al.] Serum matrix metalloproteinase 7 is a diagnostic
biomarker of biliary injury and fibrosis in pediatric auto-
immune liver disease. Hepatology Communications.
2020;4(11):1680-1693. https://doi.org/10.1002/hep4.1589
Pérez-Is L., Collazos J., Fuente B., Morano L., Rivas-Car-
menado M. [et al.] 24-month decline of non-invasive liver
fibrosis markers in HCV-mono and HCV/HIV coinfection af-
ter direct-acting antiviral therapy. Sci. Rep. 2022;12:3828.
https://doi.org/10.1038/s41598-022-07548-y

Lee J., Kim M. Y., Kang S. H., Kim J., Uh Y. [et al.] The
gamma-glutamyl transferase to platelet ratio and the FIB-4
score are noninvasive markers to determine the severity of
liver fibrosis in chronic hepatitis B infection. Br. J. Biomed.
Sci. 2018;75(3):128-132.
https://doi.org/10.1080/09674845.2018.1459147

Zhong L.-K., Zhang G., Lu S.-Y., Yin W., Song H.-Y. The
value of platelet count in evaluating the degree of liver fi-
brosis in patients with chronic hepatitis B. J. Clin. Lab. Anal.
2020;34(7):e23270. https://doi.org/10.1002/jcla.23270
Yao M., Wang L., Wang J., Liu Y., Liu S. [et al.] Diagnos-
tic value of serum golgi protein 73 for liver inflammation
in patients with autoimmune hepatitis and primary biliary
cholangitis. Dis. Markers. 2022;2022:4253566.
https://doi.org/10.1155/2022/4253566

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Andrade T. G., Xavier L. C. D., Souza F. F., Aratjo R. C.
Risk predictors of advanced hepatic fibrosis in patients with
nonalcoholic fatty liver disease — a survey in a university
hospital in Brazil. Arch. Endocrinol. Metab. 2022;66(6):823-
830. https://doi.org/10.20945/2359-3997000000514
Olteanu V.-A., Balan G. G., Timofte O., Dascalu C. G., Go-
logan E. [et al.] Risk predictors of advanced fibrosis in
non-alcoholic fatty liver disease. Diagnostics. 2022;12:2136.
https://doi.org/10.3390/diagnostics 12092136

Kravchenko Yu. A., Koroy P. V. «Inflammatory index» and
histological features in nonalcoholic fatty liver disease.
Medical News of North Caucasus. 2023;18(4):409-411.
https://doi.org/10.14300/mnnc.2023.18097

Yagoda A. V., Koroy P. V., Slyadnev S. A. Positive cor-
relation of the level of molecules of superfamily immuno-
globulins ICAM-1, VCAM-1 and PECAM-1 with the index
of fibrosis in nonalcoholic fatty liver disease. Experimental
and Clinical Gastroenterology. 2017;138(2):45-51.

Yilmaz Y., Eren F. Serum biomarkers of fibrosis and ex-
tracellular matrix remodeling in patients with nonalcoholic
fatty liver disease: association with liver histology. Eur. J.
Gastroenterol. Hepatol. 2019;31(1):43-46.
https://doi.org/10.1097/MEG.0000000000001240

Wu J.-F., Jeng Y.-M., Chen H.-L., Ni Y.-H., Hsu H.-Y. [et
al.] Quantification of serum matrix metallopeptide 7 levels
may assist in the diagnosis and predict the outcome for
patients with biliary atresia. J. Pediatr. 2019;208:30-37.
https://doi.org/10.1016/j.jpeds.2018.12.006

Collazos J., Valle-Garay E., Suarez-Zarracina T., Mon-
tes A.-H., Carton J. A. [et al.] Matrix metalloproteases and
their tissue inhibitors in non-alcoholic liver fibrosis of hu-
man immunodeficiency virus infected patients. World J.
Virol. 2017;6(2):36-45. https://doi.org/10.5501/wjv.v6.i2.36
Tsomidis |., Notas G., Xidakis C., Voumvouraki A., Sa-
monakis D. N. [et al.] Enzymes of Fibrosis in Chronic
Liver Disease. Biomedicines. 2022;10(12):3179.
https://doi.org/10.3390/biomedicines10123179

Latronico T., Mascia C., Pati |., Zuccala P., Mengoni F. [et
al.] Liver fibrosis in HCV monoinfected and HIV/HCV coin-
fected patients: dysregulation of matrix metalloproteinases
(MMPs) and their tissue inhibitors (TIMPs) and effect of
HCV protease inhibitors. Int. J. Mol. Sci. 2016;17:455.
https://doi.org/10.3390/ijms 17040455

Balaphas A., Meyer J., Sadoul K., Fontana P., Model P.
[et al.] Platelets and platelet-derived extracellular vesi-
cles in liver physiology and disease. Hepatol. Commun.
2019;3(7):855-866. https://doi.org/10.1002/hep4.1358
Kurokawa T., Ohkohchi N. Platelets in liver disease, cancer
and regeneration. World J. Gastroenterol. 2017;23(18):3228-
3239. https://doi.org/10.3748/wjg.v23.i18.3228

Shoeib H. M., Keshk W. A., Foda A. M., Abo El Noeman S.
A study on the regenerative effect of platelet-rich plasma
on experimentally induced hepatic damage in albino rats.
Can. J. Physiol. Pharmacol. 2018;96(6):630-636.
https://doi.org/10.1139/cjpp-2017-0738

Mahmoud N. I., Messiha B. A., Salehc |. G., Abo-Saif A. A.,
Abdel-Bakky M. S. Interruption of platelets and thrombin
function as a new approach against liver fibrosis induced
experimentally in rats. Life Sci. 2019;231:116522.
https://doi.org/10.1016/j.1fs.2019.05.078

Mussbacher M., Brunnthaler L., Panhuber A., Starlin-
ger P., Assinger A. Till death do us part — the multifa-
ceted role of platelets in liver diseases. Int. J. Mol. Sci.
2021;22:3113. https://doi.org/10.3390/ijms22063113
Jamialahmadi T., Bo S., Abbasifard M., Sathyapalan T.,
Jangjoo A. [et al.] Association of C-reactive protein with
histological, elastographic, and sonographic indices of
non-Icoholic fatty liver disease in individuals with severe
obesity. J. Health Popul. Nutr. 2023;42(1):30.
https://doi.org/10.1186/s41043-023-00372-8

Zhu C., Huang D., Ma H., Qian C., You H. [et al.] High-sen-
sitive CRP correlates with the severity of liver steatosis and
fibrosis in obese patients with metabolic dysfunction asso-
ciatedfattyliverdisease. Front. Endocrinol.2022;13:848937.
https://doi.org/10.3389/fendo.2022.848937

Received 14.12.2023



MEDICAL NEWS OF NORTH CAUCASUS MEAULUHCKUA BECTHUK CEBEPHOTO KABKA3A
2024. Vol. 19. Iss. 2 2024.T.19. Ne 2

About authors:

Koroy Pavel Vladimirovich, MD, PhD, Professor, Professor of the Department of Hospital Therapy;
tel.: +7(8652)713537; e-mail: paule75@yandex.ru; https://orcid.org/0000-0001-6392-8461

Dudov Temirlan Ruslanovich, Assistant;
tel.: +7(8652)713537; e-mail: timur222123@mail.ru; https://orcid.org/0009-0006-7244-3507

Sarithala Vijaya Jawahar, MD, PhD, Assistant;
tel.: +79887422198; e-mail: jay_sv2006@yahoo.com; https://orcid.org/0009-0001-9215-9021

Yagoda Alexander Valentinovich, Honored Worker of Science of Russian Federation,
MD, PhD, Professor, Head of the Department;
tel.: +7(8652)295309; e-mail: alexander.yagoda@gmail.com; https://orcid.org/0000-0002-5727-1640

© Group of authors, 2024

UDC 616.8-07

DOI - https://doi.org/10.14300/mnnc.2024.19030
ISSN - 2073-8137

FEATURES OF FORMATION OF PSYCHOPHYSIOLOGICAL
DISORDERS IN MINE EXPLOSION INJURY

S. M. Karpov !, A. B. Barkinkhoeva ', I. A. Vyshlova !,
O. A. Soboleva !, M. Akhtarudzhaman 2, I. Azoidis 3, D. A. Iskra 4

! Stavropol State Medical University, Russian Federation

2 primary Trauma Centre, Malda, India

3 Johns Hopkins University, Baltimore, United States of America

4saint Petersburg State Pediatric Medical University, Russian Federation

OCOBEHHOCTU $OPMUPOBAHUA MCUXOPUINOAOTUHECKUX
HAPYLUEHWUU NPU MUHHO-B3PbIBHOU TPABME

C. M. Kapnos ', A. b. BapkuHxoesa ', U. A. Beiuaosa ’,
O. A. Cob6oaeBa !, M. AkKxTapyaxaxamaH 2, U. Asonamc 3, A. A. Uckpa ?

1 CTABPONOALCKHMI FOCYAQPCTBEHHbIN MEAULUHCKMIA YHUBEPCUTET,
Poccunckas Peaepaums

2 MNepBUYHBIA TPABMATOAOTMYECKUN LEHTP, MaAAa, UHAUS

3 YHusepcuTteT AxoHa XonkuHca, Baatumop, CLUA

4 CaHkT-NeTepbyprckuin roCyAapCTBEHHbIN NEAUATPUYECKHUIA
MeAULMUHCKUK YHUBepcuTeT, Poccuinckas Peapepaums

The article discusses issues related to cognitive impairment in patients who have suffered mine blast trauma (MBT).
The main group comprised 61 patients (58 men and three women). The average age was 45.5x4.7 years. The patients were
divided into two groups: the first group — 31 (50.8 %) patients with a history of isolated traumatic brain injury (TBI) of mild to
moderate severity; the second group — 30 (49.2 %) patients with a combination of mild and moderate TBI with somatic com-
plications (amputation of the lower limb at different levels). The control group consisted of 30 healthy individuals. In the main
group, sharply reduced levels of cognitive wave amplitude were noted. This was based on the difficulty in perceiving and
processing incoming signals. As a result of the study, it can be argued that after MBT, patients perceive complex external
perceptual events, objects, and phenomena worse. At the same time, there was a decrease in the communicative activity of
patients with the onset of depression, which, in terms of level and severity, dominated in patients of the second group due to
limited movement and difficulties in self-care.

Keywords: mine blast injury, traumatic brain injury, cognitive impairment, evoked potentials

PaccMoTpeHbl BOMPOCHI, CBSA3AHHBLIE C KOFHUTUBHLIMW HApPYLUEHUSMWU Y MALMEHTOB, MEPEHECLUMX MUHHO-B3PbIBHYIO
TpaBmy (MBT). OcHoBHyio rpynny coctaBun 61 naumeHT (58 MyxumH 1 3 xeHwuHbl). CpeaHuii Bo3pacT 45,5+4,7 ner.
MaumeHTbl 661N pasaeneHsbl Ha 2 rpynnbl: nepsas rpynna — 31 (50,8 %) nauneHT ¢ M30IMPOBAHHOM YepenHO-MO3roBOW
TpaBmoi (HMT) nerkoii n cpegHen cteneHn TIXecTn B aHaMHese; BTopas rpynna — 30 (49,2 %) 60/bHbIX C COYEeTaHUEM
HenpoTpaBMbl IEFKOIN 1 CpeaHein CTeNeHN TAXECTU C COMATUYECKUMM OCSIOXKHEHUSAMM (aMnyTaumns HUXKHEN KOHEYHOCTU Ha
pasHbIX YpoBHsX). KoHTponbHyto rpynny coctasmnu 30 340pOBbIX UL, B OCHOBHOI rpynne oTMeYeHbl Pe3KO CHUXEHHbIE
nokasatesiv aMnanTyabl KOFHUTUBHOW BOJIHbI, 4TO, BEPOATHO, ONMPELENSANIO CNOXHOCTU B BOCMPUATUM 1 nepepaboTke no-
CcTynawoLmx curHanos. Mo pesynbrataM MccnefoBaHns MOXHO YTBEPXAaTh, 4TO nocne MBT cnoxHble BHELLHWE nepLen-
TUBHbIE COObITUS, 0OBbEKTBI U IBAIEHNS XY>XE BOCMPUHMMAIOTCA naumeHTamu. Npm aToM NPOMCXOAMI0 CHUXEHNE KOMMYHU-
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