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Abstract

Aim of the study: To evaluate the diagnostic performance of neutrophil-lymphocyte ratio (NLR), platelet-lym-
phocyte ratio (PLR), albumin-bilirubin ratio (ABR) and albumin-bilirubin score (ALBI) in different outcomes of
liver cirrhosis, including decompensated liver cirrhosis (DLC), acute-on-chronic liver failure (ACLF), hepatocellular
carcinoma (HCC), and spontaneous bacterial peritonitis (SBP). A second objective was to find their cut-off values.
Finally, we aimed to correlate these indices with the severity of liver cirrhosis.

Material and methods: The study included 149 patients with hepatitis C virus (HCV)-related liver cirrhosis. They
were categorized into 3 groups according to severity of cirrhosis as compensated cirrhosis, decompensated liver
cirrhosis and acute-on-chronic liver failure based on Child-Turcotte-Pugh (CTP) and MELD-Na scores. Patients
were categorized according to presence of HCC and spontaneous bacterial peritonitis. All patients had a com-
plete blood picture and liver profile. NLR, PLR, ALBI and ABR were calculated.

Results: NLR, PLR, ALBI and ABR correlated with CTP, and MELD-Na scores. NLR > 6.27 can be used to predict
SBP in patients with ascites. NLR cut-off value > 3.61 and > 5.26 can be used to predict DLC and ACLF respec-
tively in liver cirrhosis. ABR < 0.90 discriminated ACLF from DLC with OR = 2.93 (95% CI).

Conclusions: The simple inflammatory scores NLR and PLR together with simple ABR and ALBI scores can be
used as quick tools to assess severity of liver cirrhosis. NLR can predict the presence of SBP in patients with asci-
tes. ABR is superior to ALBI in discriminating ACLF from DLC.
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Introduction

The liver’s dual blood supply exposes it to multiple
circulating pathogen-associated toxins and antigens.
This exposure makes the liver an exceptional organ
in immune surveillance and regulation of the inflam-
matory response [1]. Cirrhosis disrupts this balance
between the pro-and anti-inflammatory cell milieu of
the liver. This disruption can be reflected in the com-
plete blood picture and be assessed by simple markers
such as neutrophil-lymphocyte and platelet-lympho-
cyte ratios [2, 3]. These inflammatory indices are con-
sidered simple, readily affordable markers that have
been recently used in clinical practice as predictors

and prognostic markers in a number of diseases and
cancers [4].

Several hypotheses have been proposed linking the
cirrhosis-related inflammatory state to hepatocellular
carcinoma (HCC) progression. They suggested that tu-
mor-associated macrophages and interleukin (IL)-17
result in tumor micro-environment neutrophilia. This
neutrophilia is suggested to be linked to angiogenesis
and HCC progression through increased release of
vascular endothelial growth factors into the circula-
tion [5].

Another complication of liver cirrhosis is acute-
on-chronic liver failure (ACLF). ACLF is found to be
associated with dysfunction of innate immunity and
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an exaggerated pro-inflammatory state that is reflected
as a systemic inflammatory response (SIR) ending in
multi-organ failure in such patients [6].

Our study aimed to evaluate the diagnostic perfor-
mance of neutrophil-lymphocyte ratio (NLR), plate-
let-lymphocyte ratio (PLR), albumin-bilirubin ratio
(ABR) and albumin-bilirubin score (ALBI) in different
outcomes of liver cirrhosis, including decompensated
liver cirrhosis (DLC), ACLE, HCC, and spontaneous
bacterial peritonitis (SBP). A second objective was to
find their cut-off values. Finally, we aimed to correlate
these indices with the severity of liver cirrhosis.

Material and methods

A total of 149 patients admitted to Alexandria main
university hospital in the period between September
and December 2020 were included in the study. Inclu-
sion criteria included all patients with hepatitis C virus
(HCV)-related liver cirrhosis aged above 18 years (Fig. 1).
Exclusion criteria included hepatitis B virus (HBV) in-
fection, human immunodeficiency virus (HIV) infec-
tion, extrahepatic malignancy, diabetes mellitus, cardio-
vascular disease, autoimmune diseases, and patients on
immunosuppressive therapy. All patients provided writ-
ten informed consent before the beginning of the study,
in accordance with the principles of the Declaration of
Helsinki (revision of Edinburgh, 2000).

All patients had a complete blood picture with dif-
ferential white blood cell count, complete liver profile
including liver enzymes, serum albumin, total, and
direct bilirubin, and prothrombin activity. All pa-
tients with ascites had a diagnostic ascitic tap to diag-
nose SBP. SBP was diagnosed based on the presence of
> 250/cc polymorpho-nuclear cells or positive culture.

Abdominal ultrasound was performed in all pa-
tients to assess liver echogenicity, presence of focal liv-
er lesion, and ascites. All patients with a proven focal

Total no. of patients with HCV-
related liver cirrhosis n = 149

HCC 38/149 Ascites 104/149 SBP 17/104
25.5% 69.8% 16.3%
[ |
Compensated Decompensated
cirthosis 20/149 cirthosis 97/149 R
13.42% 65.1% =0

Fig. 1. Summary of patients included in the study

lesion on ultrasound had triphasic CT to confirm the
diagnosis of HCC.

Child-Turcotte-Pugh (CTP), and model of end-
stage liver disease (MELD-Na) scores were calculated
for all patients. We calculated the Chronic Liver Failure
Consortium (CLIF-C) ACLF score for patients with
chronic liver disease fulfilling the European criteria
for liver failure. Neutrophil to lymphocyte, PLR, and
ABR ratios were obtained for all patients. The albumin
bilirubin index score (ALBI) was calculated using an
online calculator.

Patients were categorized into compensated, de-
compensated cirrhosis (DLC), and ACLE Decompen-
sated cirrhosis was diagnosed based on Child-Pugh
class B or C presenting with upper gastrointestinal
bleeding, hepatic encephalopathy, or ascites. ACLF
included patients with manifestations of acute decom-
pensation together with organ failure (kidney, coag-
ulation, brain, and circulatory). ACLF included any
patient with acute decompensation within the prior
2 weeks. Patients were further categorized according to
the presence of ascites, SBP, and HCC (Fig. 1).

Neutrophil-lymphocyte ratio, PLR, ABR, and ALBI
were compared in (a) compensated vs. decompensated
cirrhosis vs. ACLE, (b) SBP vs. non-SBP ascites, and
(c) HCC vs. non-HCC group. NLR, PLR, ABR and
ALBI were correlated with CTP and MELD scores,
and their diagnostic performances in different presen-
tations of liver cirrhosis were calculated.

Results

Statistical analysis of the data

Data were fed to the computer and analyzed using
IBM SPSS software package version 20.0. (Armonk,
NY: IBM Corp.). Qualitative data were described us-
ing numbers and percent. The Kolmogorov-Smirnov
test was used to verify the normality of distribution.
Quantitative data were described using range (mini-
mum, and maximum), mean, standard deviation, and
median. The significance of the obtained results was
judged at the 5% level.

Assessment of severity of liver cirrhosis using
different indices

The mean age of the included cohort was 59.47
+8.33, and 69.1% of patients were male. There was
a statistically significant difference between the three
groups, compensated, DLC, and ACLF as regards
CTP, and MELD-Na scores, p < 0.001. There was also
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Table 1. Comparison between the three studied groups according to different scores

Parameter Diagnosis p
DLC Compensated cirrhosis ALF
(n=97) (n = 20) (n=32)

NLR

Median (min.-max.) 3.6°(0.1-55.4) 1.8°(0.4-8.7) 6.9° (1.4-31.5) <0.001*
PLR

Median (min.-max.) 100.2% (4.4-608.7) 912 (29.4-802) 128.4° (41.8-471.8) 0.069
ALBI

Median (min.-max.) -0.42(-2.2-1.3) -1.5°(-2.2-0.1) -0.3*(-1.6-0.9) <0.001*
ABR

Median (min.-max.) 1.4°(0-8.7) 12(0.4-7.8) 0.9¢(0.1-5.3) <0.001*
CTP n (%)

A 0(0) 12 (60) 0(0) MCp < 0.001*

B 29(29.9) 8 (40) 19 (59.4)

C 68 (70.1) 0(0) 13 (40.6)

Median (min.-max.) 102 (7-14) 6¢ (5-8) 9°(7-14)
MELD-Na

Median (min.-max.) 18.4°(7.8-38.3) 10.9¢ (6.4-25) 29° (18-43) <0.001*

H - H for Kruskal-Wallis test, pairwise comparison between every 2 groups were done using post hoc test (Dunn’s test for multiple comparisons)
p - p-value for comparing between the studied groups, *statistically significant at p < 0.05, DLC - decompensated liver cirrhosis
Medians with common letters are not significant (i.e. medians with different letters are significant)

a significant difference between the 3 groups as re-
gards NLR, ALBI and ABR, p < 0.001 (Table 1).

All ratios showed positive correlations with MELD-
Na and CTP scores, p < 0.001, except PLR, which cor-
related with MELD-Na score only (Table 2).

Diagnostic performance of NLR, PLR, ALBI, ABR

Neutrophil-lymphocyte ratio > 1.94 discriminated
compensated cirrhosis from DLC with 82.47% sensi-
tivity and 90.9% predictive value (PPV), at = 3.39 it
discriminated compensated cirrhosis from ACLF with
87.8% sensitivity and 84.5% PPV. A cut-off value of
NLR = 5.26 had a negative predictive value (NPV) of
88.7% and 5.56 OR (95% CI) to discriminate ACLF
from DLC (Tables 3 and 4, Figs. 2 and 3).

Simple ABR (> 0.94) was superior to ALBI score
(= -0.31) in discriminating ACLF from DLC, NPV
was 82.4% vs. 77.8% respectively (Table 3, Fig. 4).

Diagnostic perfirmance of indices in SBP

Neutrophil-lymphocyte ratio was higher in the SBP
group with p = 0.022, while PLR, ABR and, ALBI did
not show any significant difference between SBP and
non-SBP. At cut-off value > 3.61, NLR had 91.7% PPV
and OR (95% CI) = 3.33. There was a significant differ-

Table 2. Correlation between different scores in total sample (n = 149)

Variable CTP MELD-Na

r p r P
NLR 0.206 0.012* 0.539 <0.001*
PLR 0.064 0.441 0.336 <0.001*
ALBI 0.554 <0.001* 0.482 <0.001*
ABR -0.467 <0.001* -0.545 <0.001*

1. - Spearman coefficient, *statistically significant at p < 0.05

ence between the 2 groups regarding CTP, and MELD-
Na scores, p = 0.014 and 0.028 respectively. NLR > 3.61,
had OR 3.33 at 95% CI while, MELD-Na > 19.5 had OR
of 4.191 at 95% CI (Tables 5-7, Fig. 5).

Diagnostic perfirmance of indices in HCC

There was no significant difference between HCC
and non HCC groups regarding NLR, PLR, and ALBI,
ABR, CTP, and MELD-Na scores, p-value 0.083, 0.155,
0.607, 0.876, and 0.838 respectively (Table 5).

Discussion

Categorization of the severity of liver cirrhosis and
its related complications is vital for prediction of prog-
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Table 3. Validity (AUC, sensitivity, specificity) for NLR, PLR, ALBI, CTP MELD-Na, and ABR to discriminate the 3 groups

DLC patients (n = 97) vs. compensated cirrhosis patients (n = 20)

Auc p 95% Cl Cut-off Sensitivity Specificity PPV NPV
NLR 0.698 0.005* 0.559-0.836 > 1.942¢ 82.47 60.0 90.9 414
PLR 0.535 0.625 0.408-0.662
ALBI 0.828 <0.001* 0.726-0.931 >-0.85 76.29 85.0 96.1 425
ABR 0.798 <0.001* 0.695-0.901 < 2.667 78.35 75.0 93.2 349
CTP score 0.982 <0.001* 0.963-1.000 > Tt 95.88 90.0 97.9 81.8
MELD-Na 0.745 0.001* 0.616-0.874 > 10.9¢ 93.81 55.0 91.0 04.7
ALF patients (n = 32) vs. compensated cirrhosis patients (n = 20)
NLR 0.856 <0.001" 0.748-0.964 > 3.3947# 87.50 75.0 84.8 789
PLR 0.681 0.029° 0.528-0.834 >100.575 71.87 65.0 76.7 59.1
ALBI 0.859 <0.001" 0.750-0.968 >-0.85 81.25 85.0 89.7 739
ABR 0912 <0.001 0.825-0.999 < 1.846% 90.62 85.0 90.6 85.0
CTP score 0.946 <0.001" 0.892-1.000 >7 84.37 90.0 93.1 783
MELD-Na 0.969 <0.001" 0.930-1.000 >22 87.50 95.0 96.6 82.6
ALF patients (n = 32) vs. DLD patients (n = 97)
NLR 0.734 <0.001" 0.635-0.832 > 5.26* 75.0 64.95 414 88.7
PLR 0.619 0.044 0.513-0.725 > 100.19 71.87 50.52 324 84.5
ALBI 0.517 0.775 0.403-0.631 >-0.309 50.0 51.73 28.1 718
ABR 0.680 0.002* 0.575-0.786 <0.9048 53.13 72.16 38.6 82.4
CTP score 0.637 0.020° 0.515-0.760 <9 59.38 70.10 39.6 84.0
MELD-Na 0.888 <0.001° 0.828-0.949 >219 90.62 68.04 48.3 95.7

AUC - area under curve, p value - probability value, CI - confidence interval, NPV - negative predictive value, PPV - positive predictive value, DLC - decompensated liver cirrhosis

*Statistically significant at p < 0.05
#Cut-off was chosen according to Youden index

Table 4. Univariate logistic regression analysis for parameters affecting ALF
patients (n = 32 vs. 97)

Parameter Univariate
p OR (95% ClI)

NLR (> 5.26) <0.001* 5.559 (2.255-13.704)
PLR (> 100.19) 0.030* 2.609 (1.096-6.210)

ALBI (> -0.309) 0.446 1.366 (0.613-3.044)

ABR (< 0.9048) 0.010* 2.938 (1.289-6.699)

CTP score (< 9) 0.004* 3.427 (1.496-7.849)

MELD-Na (> 21.9) <0.001* 20.581 (5.821-72.771)

OR - odds ratio, CI - confidence interval, LL - lower limit, UL - upper limit
*Statistically significant at p < 0.0

nosis and tailoring the proper management for each
patient. Simple rapid diagnostic tools can be used in
association with established scoring systems for rapid
assessment of severity of liver cirrhosis.

Advanced liver cirrhosis is assumed to be linked to
an exaggerated inflammatory response in the absence
of infection. This is hypothesized to be related to am-

plified bacterial translocation as evidenced by circulat-
ing bacterial DNA, endotoxins, and inflammatory cy-
tokines in patients with cirrhosis [7]. This exaggerated
systemic inflammatory response is mirrored in the
complete blood picture [8]. Several studies with con-
tradictory results have also studied the link between
bacterial translocation and sarcopenia with its delete-
rious effect in cirrhotic patients [9, 10].

Neutrophil-lymphocyte ratio and PLR are readily
available, simple and affordable inflammatory mark-
ers. They are used in clinical practice as both prognos-
tic markers in a number of cancers as well as markers
of systemic inflammation. Therefore, they could be
used to expect some diseases or predict complications
in diseases [4]. Consequently, NLR and PLR can be
used to aid in the categorization of liver cirrhosis ac-
cording to disease severity as well as identifying some
of the cirrhosis-related complications. ALBI is another
simple objective validated grading system that can be
used to assess liver function omitting the subjective
parameters of CTP [11].
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Fig. 2. ROC curve for NLR, PLR, ALBI, CTP and MELD-Na to discriminate DLD
patients (n = 97) from compensated cirrhosis patients (n = 20)

100

90

80

S
o

Sensitivity
<
TTTTTTT T T T T TT T T T T T T T TTTITTTTTTTT

coa b v b by b b b by va b aa |
0 10 20 30 40 5 60 70 8 90 100
100-Specificity

ALBI - CTPscore — MELD-Na

—NLR --PLR

Fig. 4. ROC curve for NLR, PLR, ALB, CTP, and MELD-Na to discriminate ACLF
patients (n = 32) from DLD patients (n = 97)

The aim of our study was to use the simple inflam-
matory indices NLR and PLR together with ALBI and
ABR to assess the severity of liver cirrhosis and related
complications. Another objective was to calculate cut-
off values of these indices.

NLR level positively correlated with the severity of
liver cirrhosis. It showed a positive correlation with
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Fig. 3. ROC curve for NLR, PLR, ALB, CTP and MELD-Na to discriminate ACLF
patients (n = 32) from compensated cirrhosis patients (n = 20)
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Fig. 5. ROC curve for NLR, PLR, ALBI, CTR MELD-Na and ABR to discriminate
SBP patients (n = 17 vs. 87)

both CTP (p <0.012) and MELD-Na (p < 0.001) scores.
The cut-oft value of NLR was higher in DLC and ACLF
when compared to CLC, = 1.94 and > 3.94 respectively.
ACLF was discriminated from DLC at a cut-off value
>5.26,and OR 5.56 at 95% CI. Our findings matched the
results published by Leithead et al. [7],and Moreau et al.
[12] results that demonstrated a positive correlation
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Table 5. Comparison between studied groups according to different scores

Parameter SBP p
Negative Positive
(n=87) (n=17)
NLR
Median (min-max.) 3.6 (0.1-27.8) 6(1.9-55.4) 0.044*
PLR
Median (min-max.) 101.4 (4.4-608.7) 117.5(45.9-324.4) 0.336
ALBI
Median (min-max)  -0.4 (-2.1-1.3) -0.1(-1.209)  0.225
ABR
Median (min.-max.) 1.4 (0-8.7) 1.2 (0.1-2.6) 0.215
Parameter HCC p
Negative Positive
(n=111) (n=38)
NLR
Median (min-max.) 4.9 (0.1-55.4) 2.8 (1-27.8) 0.089
PLR
Median (min-max.) 101.1(4.4-608.7) 125.3(39.3-802) 0.433
ALBI
Median (min-max)  -0.4 (-2.2-1.3) -0.5(-2.1-13)  0.610
ABR
Median (min.-max.) 1.5(0-8.7) 1.3(0-7.5) 0.607

U - Mann-Whitney test, p - p-value for comparing between the studied groups

*Statistically significant at p < 0.05

between NLR, MELD score, and severity of ACLE
Similar results were also reported by Moreau et al. [13;
the study reported higher NLR in ACLF than DLC,
and correlated with 90-day mortality in ICU admit-
ted patients]. In contrast to our results, Moreau ef al.
[13] found that NLR did not correlate with the MELD
score in patients with ACLE, suggesting that infection
as a precipitating factor may be contributing to the
raised NLR.

Furthermore, the cut-off value of NLR was found
higher in SBP = 6.27 vs. 4 in non-SBP ascites, p < 0.022.
The OR at 95% CI to diagnose SBP was 3.33. On the
other hand, NLR did not show any statistical signifi-
cance in the HCC group, p = 0.83.

Both ABR and ALBI showed a positive correlation
with the severity of liver cirrhosis as assessed by CTP
and MELD-Na scores, p < 0.001. Their levels were low-
est in ACLF as compared to DLC, and compensated
cirrhosis, p < 0.001. This could be explained by the
preserved secretory and synthetic function of the liver
in cases with compensated cirrhosis when compared
to DLC. A study by Lei et al. carried on HBV related
cirrhosis showed that ALBI score correlated with the
severity of cirrhosis as assessed by CTP and MELD
scores [14].

Although PLR correlated with each of the CTP and
MELD-Na scores, p < 0.001, it did not show a statisti-
cally significant difference between the studied groups

Table 6. Validity (AUC, sensitivity, specificity) for NLR, PLR, ALBI, CTP, MELD-NA and ABR to discriminate SBP patients (n = 17 vs. 87)

Parameter AUC p 95% Cl Cut-off Sensitivity Specificity PPV NPV
NLR 0.655 0.044* 0.513-0.796 >3.614 76.47 50.57 23.2 91.7
PLR 0.574 0.336 0.425-0.723
ALBI 0.593 0.225 0.449-0.738
CTP score 0.627 0.098 0.491-0.764 >10 58.82 57.47 213 87.7
MELD-Na 0.674 0.024* 0.554-0.794 >19.5 76.47 56.32 255 925
ABR 0.405 0.215 0.270-0.539

AUC - area under curve, p value - probability value, CI - confidence interval, NPV - negative predictive value, PPV - positive predictive value

*Statistically significant at p < 0.05
#Cut-off was choose according to Youden index

Table 7. Univariate logistic regression analysis for parameters affecting SBP

patients (n = 17 vs. 87)

Parameter Univariate

p OR (95% ClI)
NLR (> 3.614) 0.049* 3.326 (1.005-11.007)
CTP score (> 10) 0222 1.931(0.672-5.546)
MELD-Na (> 19.5) 0.019* 4.191 (1.265-13.887)

OR - odds ratio, Cl - confidence interval, LL - lower limit, UL - upper limit

*Statistically significant at p < 0.05

of patients, p = 0.069. PLR did not show any difference
between HCC and non-HCC groups, p = 0.433, or be-
tween SBP and non-SBP groups, p = 0.336.

The limitation of our study is the lack of prognostic
performance of these markers, which can be assessed
in future research work. Also, the trends of levels of
these scores could be combined with other inflamma-
tory cytokines to study the role of inflammation in the
pathogenesis of liver cirrhosis-related complications
in the absence of infection. Another limitation is the
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absence of assessment of sarcopenia in our patients.
We did not do computed topography at L3 to measure
muscle mass and we could not rely on body mass index
as 69% of the patients had ascites.

In conclusion, the simple inflammatory scores NLR
and PLR together with simple ABR and ALBI scores
can be used as quick tools to assess liver cirrhosis se-
verity. NLR > 6.27 can be used to predict SBP in pa-
tients with ascites. NLR cut-off value > 3.61 and > 5.26
can be used used to predict DLC and ACLF respective-
ly in liver cirrhosis.
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