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Abstract. Recently, the trend of research has been focused 
on the role of hematological indicators in assessing the activi‑
ties of various diseases. The aim of the present study was to 
determine the usefulness of such hematological indicators 
for assessment of the relationship between inflammation 
and oxidative stress in order to provide new predictive tools 
for a non‑invasive investigation of disease outcome for liver 
cirrhosis patients. A total of 35 subjects with compensated or 
decompensated liver cirrhosis and 10 age‑matched healthy 
volunteers were included in this study. The patients were 
divided into two groups: Group 1, patients with toxic meta‑
bolic cirrhosis due to ethanol consumption; group 2, patients 
with liver cirrhosis following hepatitis B virus (HBV) and 
hepatitis C virus (HCV) infection. Using hematological data 
obtained after the complete counting of peripheral blood 
cells, the monocyte/lymphocyte (MLR), neutrophil/lympho‑
cyte (NLR) and platelet/lymphocyte (PLR) ratios as well as 
systemic immune inflammation biomarkers were determined. 
The erythrocyte sedimentation ratio (ESR), C‑reactive protein 
(CRP), fibrinogen and biochemical parameters related to liver 
function were also registered. Thiobarbituric acid reactive 
substances (TBARS), protein carbonyl content  (PCARB), 

and total antioxidant capacity (TAC) were also investigated 
in the peripheral blood samples of healthy subjects and liver 
cirrhosis patients. The results revealed that NLR, MLR 
and PLR were significantly increased in group 2. PLR was 
significantly increased in group 1 compared with that noted 
in the control group. TBARS and PCARB were increased in 
patients from group 1 compared to patients from group 2 and 
the control group. However, no difference in TAC was found 
between the liver cirrhosis groups and the control. We showed 
that the pro‑inflammatory status of liver cirrhosis patients can 
be easily appreciated by NLR, MLR but not PLR. However, 
the increase in these ratios was not significantly associated 
with a decrease in the antioxidant capacity and an augmenta‑
tion of oxidative stress markers for the patients diagnosed with 
cirrhosis included in the two groups of study. 

Introduction

Oxidative stress, defined as the imbalance between 
pro‑oxidants and antioxidant capacity, plays an important 
role in the course of inflammatory, metabolic and prolifera‑
tive chronic liver disease (CLD). Chronic liver injury can be 
manifested as fibrosis, cholestasis, necrosis and cirrhosis (1). 
Liver cirrhosis is the final stage of various types of CLD 
and fibrosis is the precursor of cirrhosis. The burden of liver 
disease is underestimated but continues to grow worldwide (2). 
Ethanol consumption and chronic infections due to hepatitis B 
virus (HBV) and/or hepatitis C virus (HCV) constitute the 
main causes of liver cirrhosis which was reported to repre‑
sent the 11th most common cause of mortality worldwide 
in 2018 (3), with first‑year mortality ranging from 1 to 57% 
depending on the stage (1,4). 

Many types of cells, cytokines and microRNAs are 
involved in the initiation and progression of liver fibrosis 
and cirrhosis. Pathological features are common to all cases 
of liver cirrhosis, including hepatocyte degeneration and 
necrosis, replacement of liver parenchyma by fibrotic tissues 
and regenerative nodules, and loss of liver function. The liver 
that is exposed to high amounts of ethanol undergoes struc‑
tural and functional alterations as a consequence of two linked 
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phenomena: Oxidative stress and inflammation (5). Ethanol 
may increase the production of reactive oxygen and nitrogen 
species (ROS, RNS), and these reactive intermediates are able 
to induce pro‑fibrogenic cytokines and the release of several 
inflammatory markers and collagen synthesis during the 
progression of liver fibrosis (1,6). ROS are oxygen‑containing 
molecules that are produced during normal metabolism. The 
organism has two types of systems able to neutralize the 
harmful effects of endogenous ROS, enzymatic and non‑enzy‑
matic antioxidants (7). Under normal circumstances, the liver 
maintains a balance between internal antioxidants and ROS 
in order to be able to neutralize the free radicals generated 
by viruses and various endogenous and exogenous compounds 
processed by the liver. Under certain conditions, the oxidative 
to antioxidative balance shifts towards the oxidative status as 
a result of an increase in ROS production or antioxidant deple‑
tion. However, when the liver is overwhelmed by continuous 
oxidative insults (e.g., long‑lasting ethanol abuse, infection 
with HBV or HCV), the damage from free radicals increases, 
resulting in inflammation and fibrosis (8). 

Oxidative stress causes liver injury by the alteration of 
main biological molecules (DNA, proteins, and lipids) (9). 
We know from previous studies that DNA and protein oxida‑
tion as well as lipid peroxidation products are involved in 
the modulation of signaling pathways associated with gene 
transcription, protein expression, apoptosis, and hepatic 
stellate cell activation, contributing to both the onset and 
progression of liver fibrosis (10,11). Regarding inflammation, 
it is an essential event in the immune response manifested 
as infiltration of inflammatory cells to fight against various 
aggressive stimuli. 

The close interplay between oxidative stress and inflam‑
mation in the development of liver disease has stimulated the 
interest of researchers for a long time. Excessive inflammatory 
cells may produce more ROS and RNS and further these are 
able to increase the expression of genes coding proinflamma‑
tory cytokines. The general consensus is that oxidative stress 
and inflammation are tightly correlated and create a vicious 
cycle which is involved in the progression to cirrhosis and 
ultimately hepatocellular carcinoma of liver diseases (12). 

Recently, the trend of research has been focused on 
the role of hematological markers of inflammation from 
complete blood count (CBC) panel [ratios including neutro‑
phil/lymphocyte (NLR), monocyte/lymphocyte (MLR) and 
platelet/lymphocyte  (PLR)] in assessing the prognosis of 
various disorders  (13‑17). Thus, NLR and PLR have been 
validated as prognostic markers in cancer, sepsis, cardiac 
conditions, pneumonia and acute respiratory distress 
syndrome (18‑20). Few studies have evaluated the role of these 
ratios as prognostic indexes of disease outcome in patients 
with liver cirrhosis. According to our knowledge, none of 
these reported the use of these indexes to assess the associa‑
tion between oxidative stress, inflammation and the severity of 
liver disease. 

Therefore, the aim of the present study was to determine 
the usefulness of such hematological indicators to assess 
the relationship between inflammation and oxidative stress 
in order to provide new predictive tools for a non‑invasive 
paraclinical investigation of disease outcome in liver cirrhosis 
patients.

Patients and methods

Statement of ethics. According to the European Union 
Guidelines (Declaration of Helsinki), the study received 
the approval of the Institutional Ethics Committee of the 
University of Medicine and Pharmacy of Craiova (registration 
no. 116/11.11.2019) and the registered participants gave their 
written informed consent to be included. 

Patients. A total of 35 subjects, hospitalized at the First Clinic 
of Internal Medicine, Clinical City Hospital ‘Filantropia’ 
and Second Clinic of Internal Medicine, County Hospital of 
Craiova, Romania from November 2019 to February 2020, 
with compensated or decompensated liver cirrhosis aged 
between 38‑75 years and 10 age‑matched healthy volunteers 
were enrolled in this study. The diagnosis was established 
based on medical history, clinical examination, laboratory 
tests, ultrasonography and endoscopy. Decompensated liver 
cirrhosis is associated with ascites, esophageal varices or 
hepatic encephalopathy. Exclusion criteria were the following: 
Pregnancy, drug abuse, comorbidities that could increase the 
systemic inflammation (e.g., diabetes, metabolic syndrome, 
inflammatory and autoimmune diseases), corticoids or 
non‑steroidal anti‑inflammatory drug use (17). The patients 
were divided into two groups: Group 1, patients (n=25) with 
toxic metabolic cirrhosis due to ethanol consumption (all of 
these patients had consumed at least 70 g of pure alcohol per 
day for more than 5 years); group 2, patients (n=10) with liver 
cirrhosis following HBV and HCV infection. The control 
group, included 10 age‑matched healthy subjects without any 
clinical or paraclinical sign of disease. 

Sample collection and handling. In the morning, after a 
minimum of 12 h of fasting, blood samples were collected in 
commercially available covered test tubes without any anti‑
coagulant and, in order to prevent blood clotting, in lavender 
topped K2EDTA BD vacutainers (Becton‑Dickinson). Blood 
samples collected in K2EDTA tubes were used to perform a 
complete blood count (CBC).

For each patient, a sample of blood was also collected 
in black capped BD ESR (Becton‑Dickinson) tubes. Plasma 
and blood cell fractions were separated by centrifugation 
of blood also collected in vacutainers containing K2EDTA 
at 2,000 x g, for 10 min, at 4˚C (5417R Eppendorf centrifuge; 
Eppendorf AG). Immediately after separation, the plasma 
was aliquoted in Eppendorf tubes and stored under proper 
conditions (at ‑80˚C, avoiding repeated freezing/refreezing 
cycles) until determination of several oxidative stress markers. 
The sediment was processed to obtain a hemolysate that was 
preserved for further analyses.

Serum was separated by centrifugation of blood collected 
in red topped BD vacutainers (Becton‑Dickinson) at 1,000 x g 
for 10 min, after which it was allowed to clot for 20 min at 
room temperature, and used for the measurement of several 
inflammatory markers and biochemical parameters. 

Laboratory and clinical assessments. We recorded the 
following general information for each subject: Age, sex, time 
of disease progression. Counts of white blood cells (WBC), 
red blood cells (RBC), neutrophils, monocytes, lymphocytes 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  21:  602,  2021 3

and platelets were performed in samples of peripheral blood 
obtained by standard venipuncture in K2EDTA BD vacutainers 
using an automatic flow cytometry analyzer (CELL‑DYN 
Ruby System; Abbott Diagnostics). Using the hematological 
data, we calculated the monocyte/lymphocyte ratio (MLR), 
neutrophil/lymphocyte ratio (NLR) and platelet/lymphocyte 
ratio (PLR) by dividing the number of respective subtypes of 
blood cells (monocytes, neutrophils and platelets) by lympho‑
cyte number (21) and also a systemic immune‑inflammation 
index  (SII) according to the formula: SII=platelet count x 
neutrophil count/lymphocyte count (22). The erythrocyte sedi‑
mentation ratio (ESR) was assessed according to the Westergren 
method. C‑reactive protein (CRP) analysis was performed 
using an automated immunoassay analyzer (Cobase411; Roche 
Diagnostics GmbH). Fibrinogen was measured using an ACL 
Top 500 coagulometer (Instrumentation Laboratory, USA). 
Total proteins, albumin, alanine‑aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase (Palk) 
and γ‑glutamyl transpeptidase (GGT) were assessed using an 
automated analyzer Architect c8000 (Abbott Diagnostics).

Lipid peroxidation analysis as thiobarbituric acid reactive 
substances assay. The thiobarbituric acid reactive substances 
(TBARS) assay in plasma was performed using a spectropho‑
tometric method in order to evaluate the lipid peroxidation 
level as previously described (23,24). The lipid peroxidation 
level was evaluated by quantifying malondialdehyde (MDA) 
concentration, a major product of fatty acid peroxidation, from 
deproteinized plasma. Human plasma (0.1 ml) was treated 
with 5%  trichloroacetic acid (TCA) and 0.2  M Tris‑HCl 
pH=4.7 (v/v). After 10 min of incubation at room temperature, 
the sample was mixed with 1 ml of 0.55 M thiobarbituric acid 
(TBA) in 2 M sodium sulphate, heated at 90˚C for 45 min and 
cooled in ice (25). After cooling, the mixture was centrifuged 
at 15,000 x g for 3 min in a refrigerated centrifuge (Eppendorf 
5417R; Eppendorf AG). MDA reacts with TBA and forms a 
pink color product which has a specific absorption at 532 nm. 
The optical density  (OD) was measured using an UV‑VIS 
spectrophotometer (Kruss). The TBARS concentration was 
calculated using the molar extinction coefficient of MDA 
(1.55x105 M‑1cm‑1). The results are expressed as µmol/l TBARS. 
Except TBA produced by Fluka, all other reagents used were 
provided by Sigma‑Aldrich; Merck KGaA.

Protein carbonyl content assay. A spectrophotometric assay 
using 2,4‑dinitrophenylhydrazine (DNPH) was performed to 
assess carbonylated protein (PCARB) content as a marker 
of protein oxidation (23,25,26). The plasma samples were 
mixed with 20% TCA (v/v), incubated for 15 min on ice and 
separated by centrifugation at 15,000 x g, for 5 min at 4˚C. 
After centrifugation, the supernatant was discarded and the 
pellet was treated with 0.5 ml 10 mM DNPH in 2.5 M HCl. 
The samples were incubated in the dark for 1 h with inter‑
mittent shaking every 15 min. After incubation, the upper 
phase was removed and two washing steps were performed 
with ethanol:ethyl acetate (1:1, v/v) to remove the excess 
DNPH. The protein pellet was solved in 1 ml of 5 M urea 
(pH=2.3) at 37˚C for 10 min and separated by centrifugation 
at 15,000 x g, for 5 min at 4˚C. Finally, the OD of the samples 
was measured at 375 nm using a UV‑VIS spectrophotometer 

(Kruss). The PCARB content was calculated based on the 
molar extinction factor of DNFH (22,000 M‑1cm‑1). PCARB 
concentration is expressed as nmol/mg of protein. Total 
protein concentration in the samples was assessed using 
Bradford method (27). All reagents used were provided by 
Sigma‑Aldrich; Merck KGaA.

Total antioxidant capacity (TAC) assay. TAC assay is one 
of the analyses usually performed to assess the antioxidant 
status in human blood samples related to various diseases. 
Evaluation of TAC characterizes the general ability of 
the body to fight oxidative stress by making antioxidant 
compounds. TAC can be easily assessed in human plasma 
using a spectrophotometric method (24,28). Plasma samples 
diluted at 1:25 in phosphate‑buffered saline (PBS, pH=7.4) 
were mixed with 0.1  mM 2,2 diphenyl‑1‑picrylhydrazyl 
radical reagent (DPPH, v/v) and incubated in a dark room 
for 30 min. After incubation, the samples were separated 
by centrifugation for 3 min at 20,000 x g and OD was read 
at  520 nm using a UV‑VIS spectrophotometer. TAC was 
expressed as mmol DPPH/l. All reagents used were provided 
by Sigma‑Aldrich; Merck KGaA.

Statistical analysis. Data were analyzed using GraphPad Prism 
5.0 software (GraphPad Software, Inc.). Data are expressed as 
mean ± standard deviation (SD). The comparison of oxidative 
stress markers between groups was performed using several 
statistical tests: Unpaired non‑parametric Mann‑Whitney 
t‑test, one‑way ANOVA with Tukey's and Bonferroni's multiple 
comparison tests. A P‑value <0.05 was considered to indicate a 
statistically significant difference.

Results

Demographic data, biochemical and hematological markers 
of inflammation. We included in this study 35 patients with liver 
cirrhosis divided into two groups according to the etiological 

Table I. Demographic and biochemical findings of the patients 
in the liver cirrhosis subgroups.

	 Group 1	 Group 2
	 (alcoholic	 (cirrhosis due to
Characteristic	 cirrhosis)	 viral infection)

Mean age (years)	 63.17±10.4	 59.14±10.52
Sex ratio (M/F)	 19:6	 7:3
ALT (UI)	 31.63±20.96	 31.28±10.07
AST (UI)	 62.04±58.75	 49.85±24.43
GGT (UI)	 134.58±143.16	 77.83±74.69
Palk (UI)	 226.52±184.26	 291.66±149.52
Total protein (g/dl)	 7.35±0.83	 7±0.28
Albumin (g/dl)	 3.35±0.89	 2.92±0.66
Fibrinogen (mg/dl)	 246.66±76.78	 406.25±17.42

Data are expressed as the mean  ±  SD. ALT, alanine transaminase; 
AST, aspartate transaminase; GGT, γ‑glutamyl transpeptidase; 
Palk, alkaline phosphatase.

https://www.spandidos-publications.com/10.3892/etm.2021.10034
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factor: Group 1, patients with toxic metabolic cirrhosis due to 
ethanol consumption and group 2, patients with liver cirrhosis 
following HBV and HCV infection.

Demographic data and various biochemical findings for 
the patients in the liver cirrhosis subgroups are presented 
in Table I.

Table  II contains a parallel between the hematological 
markers of inflammation found in the patients from the healthy 
control group and the liver cirrhosis subgroups.

We showed that NLR was significantly increased in 
group 2 compared with group 1 (P<0.01) and with the control 
group (P<0.001) (Fig. 1).

Receiver operator characteristic (ROC) analysis, area 
under the curve (AUC) and 95% confidence interval (CI) were 
performed in order to establish hematological markers of 
inflammation performance.

ROC analysis of NLR was performed for group 1 and 
group 2 vs. the control group. We found AUC of 0.79 (95% CI: 
0.64‑0.94) for NLR in group 1 vs. the control group and AUC 
of 1.00 (95% CI: 1.00‑1.00) for NLR in group 2 compared with 
the control group (Fig. 2).

As a biomarker of the immune system, we found that the 
MLR was significantly increased in group 2 compared with 
that in the control group (P<0.01) (Fig. 3). The ratio was also 
increased in patients from group 1 compared with the control, 
yet this difference was not significant.

ROC analysis of MLR was performed for group 1 and 
group 2 vs. the control group. We found an AUC of 0.9136 
(95% CI: 0.82‑1) for MLR in group 1 vs. the control group and 
AUC of 0.97 (95% CI: 0.9‑1.04) for MLR in group 2 compared 
with the control group (Fig. 4).

In addition, we showed that the PLR was significantly 
increased in group 2 compared with group 1 (P<0.01) and in 
the group 1 compared to control group (P<0.05) (Fig. 5).

ROC analysis of PLR was performed for group 1 and 2 vs. 
the control group. We found AUC of 0.79 (95% CI: 0.64‑0.95) 
for PLR in group 1 vs. the control group and AUC of 0.62 
(95% CI: 0.35‑0.9) for PLR in group 2 compared with the 
control group (Fig. 6).

Variation in the ratios for various blood cells between the 
subgroups with liver cirrhosis was sustained by the difference 
between the SII values (505.55x109±106.16x109  cells/l for 
the patients with viral cirrhosis from group 2, compared to 
410.56x109±280.91x109 cells/l for those from group 1, with 
alcoholic liver disease).

Markers of oxidative stress and total antioxidant capacity. The 
effects of ROS damage against biomolecules, such as quanti‑
fication of plasma TBARS for lipid peroxidation and plasma 
PCARB for protein oxidation, were assessed in the controls 
and patients from the liver cirrhosis subgroups. We found a 
significantly increased level of TBARS in group 1 compared 
with group 2 (P<0.05) and also for group 1 compared with the 
control group (P<0.01) (Fig. 7). 

In our study, the level of protein damage by carbonylation 
of the lateral chain of amino acids from protein structure 
(PCARB) was significantly increased in group 1 compared with 
group 2 in the patients with liver cirrhosis (P<0.05) (Fig. 8).

Regarding the total antioxidant defense capacity (TAC), we 
found that the values did not differ significantly between the 
control age‑matched group and patients from the two groups 
with liver cirrhosis (Fig. 9).

Unfortunately, oxidative stress markers (TBARS and 
PCARB) did not correlate significantly with any of the ratios 
between blood cells investigated as predictive markers for the 
unfavorable progression of liver cirrhosis.

Discussion

To the best of our knowledge, this is the first study that aimed 
to evaluate the association of hematological markers of 
inflammation and oxidative stress in liver cirrhosis patients. In 
the present study, we found that the patients included showed 

Figure 1. Bar plot (mean ± SEM) of NLR in the liver cirrhosis patients from 
group 1 and 2 compared with the control group. One‑way ANOVA test, 
**P<0.01, ***P<0.001. NLR, neutrophil/lymphocyte ratio.

Table II. Hematological markers of inflammation in the subjects from the liver cirrhosis subgroups and healthy control group.

	 Group 1	 Group 2
	 (alcoholic	 (cirrhosis due to
Characteristic	 cirrhosis)	 viral infection)	 Control group

Mean age (years)	 63.17±10.4	 59.14±10.52	 56.4±6.73
Sex ratio (M/F)	 19:6	 7:3	 7:3
ESR (mm/h)	 55 (12‑120)	 43.42 (18‑90)	 8.4 (7‑8)
CRP	 Negative (n=22)	 Negative(n=9)	 Negative
	 Positive (n=3)	 Positive (n=1)

ESR, erythrocyte sedimentation ratio; CRP, C‑reactive protein.
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a significant increase in plasma oxidative stress markers, 
evaluated as thiobarbituric acid reactive substances (TBARS) 
and carbonylated protein (PCARB), confirming that oxida‑
tive stress acts as a continuous pathogenic mechanism in all 
stages of liver disease irrespective of the etiological factor. The 
increased synthesis of these products is due to an imbalance 
between different agents (ethanol, HCV or HBV) that trigger 
oxidative changes and the body's ability to scavenge reactive 
oxygen and nitrogen species (ROS and RNS) through its anti‑
oxidants, evaluated in the present study as total antioxidant 
capacity (TAC). 

Involvement of oxidative stress in liver diseases has been 
extensively investigated and the impact of ROS and RNS in the 
pathogenesis of various liver diseases such as alcoholic liver 
disease (ALD), non‑alcoholic fatty liver disease (NAFLD), 
viral hepatitis and hepatocellular cancer (HCC) has been 
reported (5,9). 

The liver is the main site of ethanol metabolism and also 
one of the first targets for alcohol‑induced injuries. In alco‑
holic liver disease (ALD), metabolic processing of ethanol 
requires the activation of cytochrome P450 2E1 (CYP2E1) 
isoform that is able to commit formation of ROS. ROS can 

react with fatty acids from lipids to produce various perox‑
ides which may undergo fragmentation to generate multiple 
reactive intermediates, mainly malondialdehyde (MDA) and 
4‑hydroxynonenal (4‑HNE) (12). These are able to interact 
further with proteins and DNA forming adducts responsible 
for structural and functional alterations of liver cells and 
finally for cell death signaling. Alternative liver processing 
of ethanol through alcohol dehydrogenase reaction generates 
acetaldehyde, another reactive intermediate able to interact 
with proteins and DNA as well to form adducts that augment 
hepatocellular damage (29).

Through complex signaling pathways, alcohol consump‑
tion alters antioxidant systems involved in ROS removal. 
Finally, ROS may lead to excessive liver fibrosis and cirrhosis 
via activation of hepatic stellate cells that contribute to accu‑
mulation of the extracellular matrix within the liver (12).

It has been clearly established that HCV is associated 
with strong oxidative stress. HCV triggers oxidative stress by 
induction of several ROS‑producing pathways: Ca2+‑mediated 
mitochondrial dysfunction, NADPH oxidases (NOX), CYP2E1 
and ER oxidoreductin‑1α (Ero1α) (30). HCV core proteins are 
believed to possess the highest pro‑oxidant potential to trigger 
mitochondrial dysfunction. However, another important factor 
responsible for HCV‑induced ROS production is the activation 
of several NOX isoforms (31). 

Regarding chronic viral hepatitis B, many studies have 
shown that continuous HBV infection can promote the oxida‑
tive response, with patients exhibiting signs of pronounced 
oxidative stress in liver and blood (32,33). Plasma of these 
patients is also characterized by elevated levels of ROS and 
oxidation products of lipids and proteins with a concomitant 
reduction in total antioxidant status (33). 

Alteration of the pro‑oxidant/antioxidant balance was 
revealed in liver and blood samples of patients using various 
techniques, either direct ROS/RNS quantification, identifica‑
tion of tissue storage of oxidative/nitrosative stress markers, 
measurement of lipid, protein and DNA oxidation products, or 
assessments of the individual antioxidants and total antioxidant 
capacity.

Quantif ication of MDA and 4‑HNE (thiobarbi‑
turic acid reactive substances, TBARS) and of protein 

Figure 3. Bar plot (mean ± SEM) of MLR in the liver cirrhosis patients from 
group 1 and 2 compared with the control group. One‑way ANOVA test, 
**P<0.01. MLR, monocyte/lymphocyte ratio.

Figure 2. ROC diagram of NLR in the liver cirrhosis patients from group 1 and 2 compared with the control group. ROC, receiver operator characteristic 
analysis; NLR, neutrophil/lymphocyte ratio; AUC, area under the curve; CI, confidence interval.

https://www.spandidos-publications.com/10.3892/etm.2021.10034
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carbonylation (PCARB) performed in our study as indexes 
of lipid peroxidation and protein oxidation respectively, are 
useful laboratory tools to explore redox status imbalance in 
liver diseases. Our results are congruent with those from other 
studies, with serum/plasma of the patients included in our 
study characterized by increased levels of lipid peroxides and 
protein carbonyl content.

As well as in ALD, another feature of oxidative stress in 
chronic hepatitis B and C is an impaired antioxidant capacity 
in liver and blood. These patients often exhibit reduced total 
blood glutathione levels and total antioxidant status, as well 
as an imbalance between oxidized and reduced glutathione in 
plasma and blood cells (12).

In our study, the values of the total antioxidant capacity did 
not differ significantly between the patients from the group 
with liver cirrhosis due to viral hepatitis and the control group. 
This finding could be explained by the fact that oxidative stress 
is biphasic: Low or moderate ROS concentrations trigger 
signaling cascades to switch on the antioxidant protection; 
instead, higher amounts of ROS inhibit the expression of gene 
coding antioxidant enzymes leading to cell damage. Moreover, 
the effects of viral proteins on antioxidants is different; some 

are induced (catalase, glutathione peroxidase) while others 
(SOD isoenzymes) are downregulated (34,35). Thus, evalu‑
ation of a cumulative marker as TAC must be accompanied 
by an individual assessment of the most enzymatic and 
non‑enzymatic antioxidants. 

Individually, the roles of oxidative stress and inflammation 
in the pathophysiological events of gastrointestinal diseases, 
including liver disorders, have been extensively investigated 
for some time now (36,37), yet, currently studies are exploring 
the interrelationship between oxidative stress and inflam‑
mation (38,39). When the liver is attacked by exogenous or 
endogenous stimuli such as viruses and toxins, neutrophils, 
monocytes and lymphocytes infiltrate the liver and inflamma‑
tion occurs to protect it from injury. Since many studies have 
shown that alterations in the amount of peripheral blood cells 
can demonstrate body inflammatory response, hematological 
indicators such as the neutrophil/lymphocyte (NLR), mono‑
cyte/lymphocyte (MLR) and platelet/lymphocyte (PLR) ratios 
have emerged as accepted biomarkers for the assessment of 
overall inflammatory status as well as significant prognostic 
factors for various inflammatory and ischemic conditions 
including cardiovascular diseases, different types of malig‑
nancies, and inflammatory bowel disease. NLR, PLR, and 
also MLR or LMR are simple and cost‑effective biomarkers 
that can be easily derived from a cell blood counting diagram 
during routine examinations (40,41). 

As far as we know, there has been no investigation regarding 
the normal range of NLR, MLR and PLR in individuals from 
our country. In this study, we compared these hematological 
indicators in patients with toxic metabolic alcoholic cirrhosis 
and liver cirrhosis due to HCV and HBV infection and their 
association with oxidative stress markers in order to assess 
their usefulness to predict disease outcome in terms of the 
relationship between oxidative stress and inflammation. Our 
results are inconsistent with the intended purpose for some of 
the markers.

ROC analysis of the MLR showed that this index is a very 
good biomarker for increased inflammatory status estimation 
in both groups (toxic‑metabolic liver cirrhosis and viral liver 
cirrhosis), with an AUC of 0.9136 (95% CI: 0.82‑1) in group 1 
and 0.97 (95%  CI: 0.9‑1.04) in group 2. Interestingly, we 

Figure 4. ROC diagram of MLR in the liver cirrhosis patients from group 1 and 2 compared with the control group. ROC, receiver operator characteristic 
analysis; MLR, monocyte/lymphocyte ratio; AUC, area under the curve; CI, confidence interval.

Figure 5. Bar plot (mean ± SEM) of PLR in the liver cirrhosis patients from 
group 1 and 2 compared with the control group. One‑way ANOVA test, 
*P<0.05, **P<0.01. PLR, platelet/lymphocyte ratio.
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founded that the NLR has a fair power for increased inflam‑
matory status estimation in group 1 with an AUC of 0.79 
(95% CI: 0.64‑0.94). In contrast, we found it to be a good 
tool for inflammatory status in group 2, with an AUC of 1.00 

(95% CI: 1.00‑1.00). On the other hand, PLR was demonstrated 
to be a poor biomarker for both groups, with an AUC of 0.79 
(95% CI: 0.64‑0.95) for group 1 and AUC of 0.62 (95% CI: 
0.35‑0.9) in group 2.

These indicators have been previously described as 
predictive markers of disease progression, and they provide 
supplementary means for an effective management of chronic 
HBV, HCV infection and also ALD  (42,43). In addition, 
lymphocyte and platelet‑related parameters have recently 
been investigated in alcohol consumption disorders (44). A 
retrospective analysis of patients with cirrhosis revealed that 
NLR is a biomarker of immune dysregulation in patients with 
cirrhosis; the associated risk of death persisting long after 
their initial hospitalization (45). Another study revealed that 
HBV‑related‑compensated cirrhosis patients had a signifi‑
cantly lower PLR, and HBV‑related‑decompensated cirrhosis 
patients had a significantly higher NLR than did any other 
patients (46).

Unfortunately, due to the limitation of our study, for none 
of these ratios between blood cells we did not find any signifi‑
cant correlation with oxidative stress markers (TBARS and 
PCARB) assessed as predictive markers for the unfavorable 
progression of liver cirrhosis.

Figure 6. ROC diagram of in the liver cirrhosis patients from group 1 and 2 compared with the control group. ROC, receiver operator characteristic analysis; 
PLR, platelet/lymphocyte ratio; AUC, area under the curve; CI, confidence interval.

Figure 8. Bar plot (mean ± SEM) of protein carbonyl levels in the plasma 
of patients with liver cirrhosis from groups 1 and 2. Mann‑Whitney test, 
*P<0.05. PCARB, protein carbonyl content.

Figure 7. Bar plot (mean ± SEM) of lipid peroxidation level in plasma in the 
healthy controls vs. liver cirrhosis group 1 and 2. One‑way ANOVA with 
Tukey's multiple comparison test, *P<0.05, **P<0.01. TBARS, thiobarbituric 
acid reactive substances.

Figure 9. Bar plot (mean ± SEM) of plasma total antioxidant capacity in healthy 
controls vs. liver cirrhosis group 1 and 2. One‑way ANOVA with Bonferroni's 
multiple comparison test, P>0.05; no significant differences were noted.
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In conclusion, increased levels of oxidative stress markers 
and an insignificant alteration of total antioxidant capacity 
was found in our cirrhosis patients. In addition, we showed 
that NLR, MLR and PLR are easy‑to‑perform and accurate 
biomarkers associated with liver inflammatory status, even if 
they did not shown a significant correlation with all oxidative 
stress markers assessed.

Taken together, the data demonstrated that early detection 
of increased oxidative insult associated with a proinflam‑
matory status can be a preclinical sign applied for proper 
intervention to support antioxidant homeostasis in order to 
limit an unfavorable disease progression.

However, a limitation of our study was the small number of 
patients included. Shortly after the beginning of our research, 
patient access to hospitals was restricted due to the pandemic 
period of SARS‑Cov‑2 infection. Thus, further exploration of 
these topics in a large cohort must be conducted.
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