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Abstract
Background  Liver cirrhosis (LC) is a leading global cause of morbidity and mortality, with inflammation playing a key 
role in disease progression and clinical complications of LC. The Neutrophil/Lymphocyte Ratio (NLR), a readily available 
marker of systemic inflammation, has been linked to short-term adverse outcomes in LC, but data on long-term follow-up 
are limited. This study aimed to investigate the relationship between NLR and long-term all-cause mortality in an unselected 
cohort of LC patients.
Methods  Data were gathered from the Italian multicenter observational study “PRO-LIVER”. Patients with available data to 
calculate NLR at baseline were included. Baseline clinical determinants of NLR and the association of NRL with all-cause 
mortality at 2-year follow-up were evaluated.
Results  From the overall cohort (n = 753), 506 patients with LC (31% female, mean age 64.8 ± 11.9 years) were included in 
the analysis. Median value of NLR was 2.42 (Interquartile Range [IQR]: 1.61–3.52). At baseline, patients with NLR ≥ 2.42 
were more likely to have Child–Pugh B or C, hepatocellular carcinoma (HCC), or portal vein thrombosis (PVT). After a 
median follow-up of 21 months, 129 patients died: 44 (17%) with NLR < 2.42 and 85 (34%) with NLR ≥ 2.42 (p < 0.001). 
At multiple-adjusted Cox regression analysis, NLR ≥ 2.42 was independently associated with all-cause mortality (HR: 1.65; 
95% CI: 1.12–2.44; p = 0.012), along with age, Child–Pugh C class, HCC and PVT.
Conclusions  NLR is associated with long-term all-cause mortality in LC. NLR may serve as a potentially easily available 
tool to aid risk refinement in LC.
Trial registration number  ClinicalTrials.gov Identifier: NCT01470547.
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Introduction

Liver cirrhosis (LC) is one of the most common causes of 
morbidity and mortality worldwide, and among the most 
widespread non-communicable diseases, with epidemiologi-
cal changing trends in incidence, prevalence and underlying 
etiology [1]. Among the predisposing factors to LC, a state 
of inflammation has been extensively described, from the 
onset to the progression to the end-stage disease [2]. In this 
context, the inflammatory processes exert a significant influ-
ence, particularly through the dysregulation of the balance 
between activation and homeostasis of the immune system. 
Both innate and acquired immunity are involved in all stages 
of liver damage and regeneration, highlighting the complex 
interplay of immune responses in liver disease [3].
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The neutrophil–lymphocyte ratio (NLR), defined as the 
ratio of the absolute value of neutrophils and lymphocytes 
in a peripheral venous blood stream, has been previously 
described as a non-invasive marker of the balance between 
the innate and adaptive immune response: neutrophils and 
lymphocytes are indeed indicators, respectively, of an active 
inflammatory state and of the regulatory pathway's activity 
in the immune system [4]. Prior studies demonstrated that 
NLR is an easily available, cheap and widespread biomarker 
of systemic inflammation as well as a valid prognostic 
marker in multiple conditions, including cardiovascular, 
infectious, and chronic inflammatory diseases [5].

In patients with LC, the clinical role of NLR as predictor 
of adverse outcomes has been hypothesized [6]. Indeed, 
previous studies in patients with advanced LC have shown 
an association between NLR and the higher risk of infection, 
acute decompensation, portal vein thrombosis, and both in 
short- and long-term mortality [7, 8]. Notwithstanding this 
prior evidence, there is still uncertainty on the potential 
applications of NLR in real-world practice, the severity of 
the disease in which this biomarker may play a prognostic 
role, as well as the optimal reference value to help the risk 
stratification of individuals with LC.

To fill this knowledge gap, we analyzed data from a 
prospective multicenter study specifically aimed to identify 
whether the NLR is associated with adverse outcome in a 
long-term follow-up among contemporary nationwide cohort 
of patients with LC at different severity stages.

Methods

The PRO-LIVER (Portal vein thrombosis Relevance On 
Liver cirrhosis: Italian Venous thrombotic Events Registry; 
ClinicalTrials.gov Identifier: NCT01470547) study was a 
multicenter prospective study involving 43 centers in Italy 
(n = 33 internal medicine units, n = 10 hepatology centers), 
coordinated by the Italian Society of Internal Medicine 
(SIMI). The primary objective of the PRO-LIVER was 
to estimate the prevalence and incidence of portal vein 
thrombosis (PVT) in a cohort of patients with LC of any 
etiology and severity, with or without hepatocellular 
carcinoma (HCC). The presence of concomitant extra-
hepatic neoplasms was the only exclusion criteria applied 
to the population. Full details on the inclusion and exclusion 
criteria, the procedures followed throughout the study, and 
the primary results of the study are reported elsewhere [9, 
10].

Briefly, all patients enrolled in the study were followed-up 
for 2 years, with outpatient visits conducted every 6 months. 
Additionally, an annual re-evaluation was scheduled through 
the performance of instrumental control exams. Baseline 
characteristics, including demographics, comorbidities, and 

laboratory values, and all relevant clinical events occurring 
during the follow-up period were recorded and reported 
using a specific case report form, standardized for all centers 
involved in the study.

In this analysis, we included patients who had available 
data on neutrophil and lymphocyte count and stratified 
them according to their NLR levels. We also analyzed the 
association of baseline NLR with the incidence of major 
adverse outcomes along the 2-year follow-up. For this 
analysis, our primary outcome was defined as the occurrence 
of all-cause mortality.

Statistical analysis

Categorical variables were reported as count and 
percentages, and differences were analyzed using chi-
square test; continuous variable were reported as mean and 
standard deviation (SD) or median and interquartile range 
(IQR), according to whether these were normally or non-
normally distributed; significant deviation from normality 
distribution was assessed visually. Comparisons of normally 
distributed variables were performed using Student’s t test, 
while non-normally distributed variables were compared 
using Mann–Whitney U.

Multiple-adjusted logistic regression model was 
performed to identify baseline clinical characteristics 
associated with higher levels of NLR at baseline.

Kaplan–Meier curves were reported, to evaluate the 
survival of patients with LC based on the median values of 
NLR. Differences in survival distribution between groups 
were analyzed using Log-Rank test.

A multiple adjusted regression Cox regression analysis 
was performed to identify variables independently associated 
with survival. A p value < 0.05 was considered statistically 
significant. All analyses were performed using SPSS v. 28 
software (IBM, NY, USA).

Results

Among the overall PRO-LIVER cohort (n = 753) [9] data on 
the neutrophil and lymphocyte counts were available in 506 
patients (31.2% female sex; mean age: 64.8 ± 11.9 years), 
that were included in this analysis (Fig. 1).

The median values of NLR were 2.42 (IQR: 1.61–3.52). 
Baseline characteristics of the cohort included and stratified 
according to the median values of NLR are reported in 
Table 1. Overall, the predominant etiologies for LC were 
viral and alcoholic (44% and 27%, respectively); around 
half of the patients exhibited a mild disease severity with a 
(49%) Child–Pugh (CP) Class A, while CP classes B and C 
patients at baseline were 37% and 13%, respectively. Thus, 
most of the participants had no signs of ascites (56%) or 
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encephalopathy (84%). An HCC was documented in 23% 
of cases. A baseline ultrasound-based diagnosis of PVT was 
present in 19% of patients, of whom only 13% were treated 
with any anticoagulant.

Patients with NLR ≥ 2.42 were more likely to have an 
alcoholic etiology. They had a more advanced disease as 
documented by more frequent presence of encephalopathy 
and ascites, as well as higher levels of bilirubin, lower serum 
albumin and PT-INR prolongation, resulting in higher CP 
and Model for End-stage Liver Disease (MELD) scores 
(Table 1). Furthermore, they were more likely to have PVT 
at baseline.

Variables associated with NLR levels 
above the median values.

Univariable logistic regression analyses confirmed 
that higher CP class (Class B vs. A, OR: 1.86, 95% CI: 
1.23–2.73; p = 0.014; Class C vs. A, OR: 4.86, 95% CI 
2.70–8.77; p < 0.001); alcoholic etiology (OR: 1.99; 95% 
CI: 1.3–2.97; p < 0.001); increasing MELD score (OR: 1.12; 
95% CI: 1.07–1.17; p < 0.001); PVT at baseline (OR: 1.89; 
95% CI: 1.19–3.00; p = 0.007); increased levels of bilirubin 
(OR: 1.26; 95% CI: 1.13–1.42; p < 0.001); increasing INR 
values (OR 2.38; 95% CI: 1.33–4.31; p = 0.004); increasing 
levels of serum creatinine (OR: 1.80, 95% CI: 1.13–2.87; 
p = 0.013); decreasing serum albumin levels (OR: 0.54; 
95% CI: 0.41–0.73; p < 0.001); the presence at baseline 
of ascites (OR: 2.97; 95% CI: 2.06–4.28; p < 0.001); and 

encephalopathy (OR: 2.71; 95% CI: 1.63–4.50; p < 0.001) 
were associated with NLR ≥ 2.42.

A multiple logistic regression analysis showed that 
only higher CP class (Class B vs. A, OR: 1.64, 95% CI: 
1.10–2.44; p = 0.014; Class C vs. A, OR: 4.19, 95% CI 
2.29–7.64; p < 0.001), alcoholic etiology (OR: 1.61; 95% CI: 
1.05–2.44; p = 0.027), and PVT at baseline (OR: 1.68; 95% 
CI: 1.04–2.71; p = 0.034) were independently associated 
with an increased likelihood of presenting with NLR above 
the median values.

Survival analysis

Patients were followed-up for a median of 21 (IQR: 7–24) 
months, yielding 690 patient-years of observation. During 
the observational period, 129 patients died, of whom 44 
(17%) in the group with basal NLR < 2.42 and 85 (34%) 
in the one with basal NLR ≥ 2.42. Kaplan Meier curves 
showed a lower survival probability among patients with 
higher NLR values (Log-Rank p < 0.001, Fig. 2).

At univariable Cox regression analysis, NLR ≥ 2.42, 
age, Child–Pugh classes, MELD score, the presence of 
ascites, encephalopathy, HCC, PVT, lower baseline values 
of serum albumin, higher values of bilirubin and INR were 
all associated with mortality during the follow-up (Table 2).

At multiple-adjusted Cox regression analysis, NLR ≥ 2.42 
was associated with an increased hazard ratio (HR) of all-
cause mortality (HR: 1.65, 95%CI: 1.18–2.44, p = 0.012), 
along with age, higher Child–Pugh classes, PVT and HCC 

Fig. 1   Flowchart of the study
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(Table 3, Model A). NLR ≥ 2.42 was still associated with 
all-cause mortality when using MELD score instead of the 
Child–Pugh classification (HR: 1.62, 95%CI: 1.07–2.45, p = 
0.013; Table 3, Model B).

Discussion

In this analysis from an unselected cohort of patients with 
LC of mixed etiologies, main findings are as follows: 
(1) a significant proportion of patients with LC has high 

Table 1   Baseline clinical 
characteristics of patients with 
NLR levels above or below the 
median values

ALD alcohol-associated liver disease; HCC hepatocellular carcinoma; LMWH low-molecular-weight 
heparin; MELD Model for End-Stage Liver Disease; NASH nonalcoholic steatohepatitis; PT-INR 
prothrombin time-international normalized ratio; PVT portal vein thrombosis. Data are expressed as mean 
± standard deviation, or median [interquartile range] or number (percentage)

Variables All patients Patients with 
NLR < 2.42

Patients with 
NLR ≥ 2.42

P

N. of patients 506 253 253
Age, years 64.8 ± 11.9 64.7 ± 11.6 65.0 ± 12.4 0.721
Male sex, n (%) 348 (69) 171 (68) 177 (70) 0.565
Etiology, n (%) 0.012
 ALD, n (%) 138 (27) 52 (21) 86 (34)
 Viral, n (%) 221 (44) 120 (47) 101 (40)
 Autoimmune, n (%) 11 (2) 4 (2) 7 (3)
 NASH, n (%) 25 (5) 14 (5) 11 (4)
 Mixed, n (%) 58 (12) 36 (14) 22 (9)
 Others/unknown, n (%) 53 (10) 27 (11) 26 (10)

Child–Pugh class  < 0.001
 Class A, n (%) 246 (49) 159 (59) 96 (38)
 Class B, n (%) 186 (37) 85 (34) 101 (40)
 Class C, n (%) 74 (15) 18 (7) 56 (22)

MELD score 10 [8–14] 9 [7–12] 12 [9–15]  < 0.001
HCC, n (%) 116 (23) 53 (21) 63 (25) 0.290
PVT, n (%) 94 (19) 35 (14) 59 (23) 0.006
Bilirubin, (mg/dl) 1.3 [0.8–2.3] 1.1 [0.8–1.9] 1.4 [0.9–2.8]  < 0.001
PT-INR 1.30 ± 0.33 1.26 ± 0.30 1.34 ± 0.35 0.003
Serum creatinine (mg/dl) 0.8 [0.7 −1.0] 0.8 [0.7–1.0] 0.9 [0.7–1.1] 0.072
Platelet count (× 103/µl) 96 [68–139] 95 [67–138] 98 [69–144] 0.639
Serum albumin (g/l) 3.43 ± 0.61 3.49 ± 0.57 3.25 ± 0.67  < 0.001
Ascites  < 0.001
 Absent, n (%) 286 (56) 176 (70) 110 (43)
 Responsive to diuretic therapy, n (%) 156 (31) 59 (23) 97 (38)
 Refractory, n (%) 64(13) 18 (7) 46 (18)

Encephalopathy  < 0.001
 Absent, n (%) 423 (84) 228 (90) 195 (77)
 Mild, n (%) 71 (14) 22 (9) 49 (19)
 Moderate to severe, n (%) 12 (2) 3 (1) 9 (4)

Anticoagulants, n (%) 66 (13) 31 (12) 35 (14) 0.597
 Warfarin, n (%) 18 (4) 12 (5) 6 (2) 0.232
 LMWH, n (%) 39 (8) 16 (6) 23 (9)
 Fondaparinux, n (%) 9 (2) 3 (1) 46 (2)
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levels of NLR, when compared to average values in the 
general population [4], (2) patients with high levels of 
NLR are more likely to be clinically more complex and 
with a more advanced stage of disease, supporting the 
role of inflammation as an additional factor promoting 
progression of liver damage; (3) high levels of NLR are 
independently associated with a significant higher risk of 
mortality, after adjustment for other potential confounders.

The NLR is a non-invasive cytological marker that 
reflects systemic inflammation. Its components, the total 
number of circulating neutrophils and lymphocytes, can be 
easily obtained in clinical practice through routine blood 
draws. Elevated NLR is associated with poor outcomes 
across various clinical conditions [5, 6, 11]. Our findings 
are consistent with existing literature, which documented an 
increased in NLR and the role of systemic inflammation in 
the pathogenesis of advanced liver diseases, including LC.

Systemic inflammation is a well-established factor in 
the pathogenesis of advanced-stage LC [12–14], which 
explains the common elevation of inflammatory markers 
like IL-6 in these patients [15]. Recent studies support the 
emerging concept that hepatocyte death, accompanied by 
the release of extracellular danger signals and activation of 
sterile inflammatory pathways, can trigger an intrahepatic, 

self-perpetuating harmful loop that is central to the devel-
opment of liver fibrosis [16, 17]. The relationship between 
higher NLR levels and advanced inflammatory activity, as 
well as significant fibrosis, has been examined in patients 
with advanced liver damage from various causes. A cross-
sectional study of 231 patients with liver biopsy-confirmed 
metabolic dysfunction-associated steatotic liver disease 
(MASLD) [18] found that NLR was significantly associated 
with histological features of MASLD, including steatosis, 
lobular inflammation, and fibrosis. While neutrophil infil-
tration in the liver exacerbates the progression of metabolic 
dysfunction-associated steatohepatitis (MASH), it also pro-
motes the formation of new vascular channels, aiding in the 
repair of advanced liver injury [19].

In recent years, the potential of NLR to detect fibrosis 
has attracted interest also in chronic Hepatitis B Virus 
(HBV) and Hepatitis C Virus (HCV) infections. In HBV 
patients, the association between NLR and liver fibrosis 
has yielded mixed results. Some studies report a correla-
tion between higher NLR values and more advanced fibro-
sis stages, while others find no significant association [20, 
21]. In contrast, in chronic HCV patients, elevated NLR 
has been more consistently linked with advanced fibrosis 
and LC [6, 22]. However, data from Demet and colleagues 

Fig. 2   Kaplan–Meier estimates 
of time to mortality according 
to baseline NLR levels during 
the long-term follow-up
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[23] suggest no correlation between NLR and the degree 
of liver fibrosis, with no significant differences between 
cirrhotic and non-cirrhotic patients. These discrepan-
cies likely arise from the differing nature of inflamma-
tory responses and disease progression in HBV and HCV 
infections. Despite consistent findings across studies on 
the relationship between NLR and the severity of cirrho-
sis, significant variability in the NLR thresholds used to 
predict liver fibrosis or liver cirrhosis remains, making it 
challenging to establish standardized NLR cut-off value.
[6, 24]

In the PRO-LIVER cohort, patients with elevated NLR 
levels were more likely to have a more advanced disease 
stage and greater clinical complexity. This finding is in 
line with different studies showing that neutrophil counts 
are higher and lymphocyte counts lower in patients with 
decompensated LC compared to those with compensated 
LC [20, 25], suggesting NLR as a predictive marker for 
decompensation in LC, particularly in advanced stages [20, 
25].

Overall, variations in neutrophil and lymphocyte counts 
can reflect changes in the inflammatory state, both of which 
are significantly altered in cirrhotic patients. This may 
explain the high predictive value of NLR reported in the 
literature for infection episodes, acute decompensation, 
and mortality in cirrhotic patients. Of note, reflecting the 
new BAVENO VII definition of clinical compensation and 
recompensation in LC, it might be interesting to explore 
whether the NLR can identify different stages of the disease 
[26].

From a clinical point of view, the high risk of mortality 
for any cause is still a matter of immediate concern when 
managing patients with LC. Blood count is part of the 
routine lab testing in the follow-up of LC patients. The role 
of NLR as a predictor of mortality in patients with stable LC 
is consequently appealing to better stratify the probability of 
adverse outcomes. In our analyses, higher levels of NLR are 
independently associated with a significantly higher risk of 
mortality, after adjustment for other potential confounders. 
This finding is in line with several observational studies 
that consistently shown the association between higher 
NLR values and more advanced stages of LC, and with 
both short and long-term adverse outcomes [27, 28]. Most 
of these studies were conducted on cohorts of patients with 
an acute event leading to seek for medical care [27, 28]. Cai 
et al. found that in patients with decompensated LC, elevated 
NLR was linked to increased mortality at 6 months, 1 year, 
and 3 years, as well as to a higher risk of bacterial infections 
[7, 29]. Additionally, some evidence has shown that even 
after adjusting for MELD scores, higher NLR values predict 

Table 2   Clinical and laboratory characteristics associated with mor-
tality: univariate analyses

ALD alcohol-associated liver disease; HCC hepatocellular carcinoma; 
MELD Model for End-Stage Liver Disease; NASH nonalcoholic 
steatohepatitis; NLR Neutrophil/Lymphocyte Ratio; PT-INR 
prothrombin time-international normalized ratio; PVT portal vein 
thrombosis

Variables HR 95% CI p

Age, years 1.03 1.01 1.04  < 0.001
Male sex, n (%) 1.01 0.70 1.46 0.970
Etiology
 ALD 1.38 0.92 1.93 0.123
 Viral 1.04 0.87 1.24 0.665
 Autoimmune 0.89 0.56 1.42 0.636
 NASH 0.98 0.81 1.19 0.852
 Mixed 0.92 0.80 1.05 0.218

Child–Pugh class
 Class B vs. A 4.55 2.87 7.21  < 0.001
 Class C vs. A 7.70 4.68 12.65  < 0.001

MELD score 1.11 1.08 1.13  < 0.001
HCC, n (%) 2.57 1.80 3.68  < 0.001
PVT, n (%) 3.09 2.13 4.48  < 0.001
NLR ≥ 2.42 2.15 1.49 3.10  < 0.001
Bilirubin, (mg/dL) 1.12 1.08 1.15  < 0.001
PT-INR 2.49 1.69 3.68  < 0.001
Serum creatinine (mg/dL) 1.25 1.10 1.42  < 0.001
Platelet count (× 103/µL) 0.99 0.99 1.00 0.306
Serum albumin (g/L) 0.26 0.20 0.35  < 0.001
Ascites 4.10 2.80 6.00  < 0.001
Encephalopathy 2.13 1.43 3.16  < 0.001
Anticoagulants 1.27 0.77 2.09 0.348

Table 3   Multivariate COX regression analyses

Model A: using Child–Pugh classes, after adjusting for creatinine. 
Model B: using MELD score, after adjusting for encephalopathy
CP Child–Pugh; HCC hepatocellular carcinoma; MELD Model for 
End-Stage Liver Disease; NASH nonalcoholic steatohepatitis; NLR 
Neutrophil/Lymphocyte Ratio; PVT portal vein thrombosis

Variables HR 95% CI P

MODEL A
 Age 1.024 1.008 1.041 0.003
 CP Class B vs. A 3.610 2.258 5.772  < 0.001
 CP Class C vs. A 6.599 3.896 11.177  < 0.001
 HCC 2.110 1.451 3.067  < 0.001
 PVT 1.823 1.230 2.700 0.003
 NLR ≥ 2.42 1.651 1.118 2.438 0.012

MODEL B
 Age 1.019 1.002 1.035 0.026
 HCC 1.903 1.301 2.784  < 0.001
 PVT 2.001 1.351 2.965  < 0.001
 NLR ≥ 2.42 1.619 1.070 2.449 0.023
 MELD score 1.057 1.026 1.090  < 0.001
 Ascites 2.493 1.614 3.850  < 0.001
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an increased risk of mortality in patients awaiting liver 
transplantation [30].

However, literature largely lacks analyses of NLR as a 
predictor of mortality in patients with clinically stable LC. 
Biyik et al. [11] conducted a retrospective observational 
study on 145 patients with stable LC and found that the 
initial NLR value was significantly lower in surviving 
patients compared to non-surviving patients regardless 
of Child–Pugh or MELD scores. On the contrary, a 
prospective study by Kwon et al. [8] on 184 patients with 
LC further supported NLR's predictive value in patients with 
Child–Pugh class C, but not in those with Child–Pugh A 
or B.

In this light, our analysis confirmed and provided a novel 
contribution by demonstrating that NLR is independently 
associated with adverse outcomes even in a prospective, 
unselected cohort of patients with LC at different degrees 
of severity, reflecting real-world scenario. Specifically, 
patients with NLR ≥ 2.42 had an approximately 60% 
higher risk of mortality, independent from other significant 
known risk factors such as age, sex, PVT, HCC, and CP 
class at enrollment. While age, decompensated stage and 
complications such as PVT and HCC are well-known 
predictors of mortality [9, 31, 32], the prognostic role 
of NLR in an unselected LC cohort opens potential new 
scenarios for its application in clinical practice. High NLR 
might serve as an additional red flag to consider for a better 
management of high-risk patients.

Previous studies have proposed refining risk stratification 
using NLR [6]. Incorporating NLR into a more 
comprehensive score that includes both inflammatory and 
non-inflammatory causes of liver damage could improve 
the accuracy of prognostic risk stratification, particularly 
in advanced disease stages, in view of new evidence 
suggesting potential for partial regression of disease with 
new therapeutic approaches [33, 34].

Taken together, our results have clinical implications. 
First, the association observed between NLR and more 
advanced stages of LC aligns with the role of inflammation 
in disease progression; especially since we included LC of 
different etiologies. Second, the observation of higher risk 
of all-cause mortality in patients with NLR suggests that 
routine assessment of other biomarkers (beyond the liver-
specific ones) may help in refine the risk stratification of 
these patients. This is also consistent with the observation 
that a significant proportion of deaths in LC patients result 
from non-liver-related causes [35], highlighting the need 
for closer surveillance of extrahepatic complications. In this 
scenario, NLR may offer a practical, readily available and 
cost-effective tool for assessing inflammation, and, although 
it cannot comprehensively evaluate inflammatory status, it 
may help identify those patients for whom a more in-depth 
workup may be needed. While further studies are needed 

to identify the optimal cut-off for this biomarker (and to 
evaluate whether a single cut-off may provide sufficient 
accuracy in all patients with LC, regardless of the etiology 
and grade of disease) our findings expand our knowledge on 
the potential role of NLR in LC and may provide basis for 
future research.

Strengths and limitations

This analysis based on a real-world, nationwide multicenter 
cohort of Italian patients with LC, is of clinical relevance 
as representative of the complexity and heterogeneity of 
patients with advanced liver disease. Therefore, the results of 
this study may be translated to other similar Mediterranean 
cohorts.

Nevertheless, caution is needed in interpreting the results 
due to several limitations. Although we included more 
than 500 patients, larger cohorts of patients are needed to 
corroborate our findings. Patients were recruited from 43 
Italian centers, but the ethnicity data were not recorded, 
limiting the generalizability of the results. We stratified our 
cohort according to the median values of NLR; nonetheless, 
our study is unable to provide evidence on the optimal 
cut-off of NLR to be applied to the general population of 
patients with LC, and therefore, caution should be applied 
when translating our results in clinical practice. Moreover, 
we used baseline data to calculate NLR; as inflammation 
is a dynamic process, we cannot exclude the contribution 
of any acute state in determining the values of neutrophil 
and lymphocyte. Finally, although we provided multiple 
adjusted regression models for the most important clinical 
characteristics (including disease stage), we cannot exclude 
the contribution of other unaccounted confounders.

Conclusions

In this analysis from a multicenter Italian cohort of patients 
with LC, NLR values were independently associated 
with risk of 2-year all-cause mortality. We envision an 
implementation of current risk stratification and easy 
monitoring of adverse clinical outcomes incorporating NLR 
as a global marker of the complex immune balance in LC. 
Further studies are needed to confirm these findings.

Acknowledgements  Palasciano Giuseppe, D’Alitto Felicia, Palmieri 
Vincenzo Ostilio, Santovito Daniela (Clinica Medica, UOC Medicina 
Interna Universitaria ‘‘A. Murri’’), Di Michele Dario, Croce Giuseppe 
(U.O.C. di Medicina Interna—Ospedale ‘‘G. Mazzini’’ ASL Ter-
amo), Sacerdoti David, Brocco Silvia, Fasolato Silvano, Cecchetto 
Lara, Bombonato Giancarlo (Department of Medicine, University 
of Padova, Padova, Italy), Bertoni Michele, Restuccia Tea (U.O.C. 
Medicina Interna 2, Nuovo Ospedale di Prato), Andreozzi Paola, Lig-
uori Maria Livia (Centro di Medicina Predittiva, prevenzione e cura 
della malattie cronico degenerative e controllo dei fattori di rischio, 



1378	 Internal and Emergency Medicine (2025) 20:1371–1380

Azienda Policlinico Umberto I, Roma), Perticone Francesco, Caroleo 
Benedetto, Perticone Maria, Staltari Orietta (Department of Medical 
and Surgical Sciences, University of Catanzaro; UO Malattie Cardio-
vascolari Geriatriche, Policlinico Mater Domini di Catanzaro; Diparti-
mento di Medicina Sperimentale e Clinica, Università Magna Graecia 
di Catanzaro; Dipartimento Scienze della Salute, Università Magna 
Graecia di Catanzaro), Manfredini Roberto, De Giorgi Alfredo (UOC 
Clinica Medica, Azienda Ospedaliero—Universitaria di Ferrara), 
Averna Maurizio, Giammanco Antonina (Dipartimento Biomedico di 
Medicina Interna e Specialistica, Università degli Studi di Palermo), 
Granito Alessandro, Pettinari Irene, Marinelli Sara, Bolondi Luigi 
(U.O. Medicina Interna, Dipartimento di Scienze Mediche e Chirur-
giche, Università di Bologna), Falsetti Lorenzo, Salvi Aldo (Medicina 
Interna Generale e Subintensiva—Ospedali Riuniti di Ancona), 
Durante-Mangoni Emanuele, Cesaro Flavio, Farinaro Vincenza, 
Ragone Enrico (Medicina Infettivologica e dei Trapianti, Seconda 
Università di Napoli), Morana Ignazio (U.O. Medicina Interna Area 
Critica, ARNAS ‘‘Garibaldi’’ Catania), Andriulli Angelo, Ippolito 
Antonio, Iacobellis Angelo, Niro Grazia, Merla Antonio (Gastroen-
terologia ed Endoscopia Digestiva-Casa Sollievo della Sofferenza –
Ospedale- IRCCS San Giovanni Rotondo), Raimondo Giovanni, Mai-
mone Sergio, Cacciola Irene, Varvara Doriana (Division of Clinical 
and Molecular Hepatology, Department of Internal Medicine Univer-
sity Hospital of Messina), Drenaggi Davide, Staffolani Silvia (Clinica 
Malattie Infettive Tropicali, Parassitologia, Epatiti croniche Azienda 
Ospedaliero Universitaria ‘‘Ospedali Riuniti’’), Picardi Antonio, 
Vespasiani-Gentilucci Umberto, Galati Giovanni, Gallo Paolo (UOS 
Medicina Clinica, Epatologia Università Campus Bio-Medico), Davì 
Giovanni, Schiavone Cosima, Santilli Francesca, Tana Claudio (UO 
Patologia Medica, Ospedale Clinicizzato ‘‘SS. Annunziata’’ Chieti), 
Licata Anna, Soresi Maurizio (UOC di Medicina Interna ed Epato-
logia, DIBIMIS, Università di Palermo), Bianchi Giovanni Battista, 
Carderi Isabella (UOC di Medicina Generale dell’Ospedale ‘‘SS. Capi-
tanio e Gerosa’’ di Lovere), Pinto Antonio, Tuttolomondo Antonino 
(Unità Operativa Complessa di Medicina Interna e Cardioangiologia, 
Dipartimento Biomedico di Medicina Interna e Specialistica, Univer-
sità degli Studi di Palermo), Ferrari Giovanni (U.O.C. di Medicina 
Interna, Ospedale ‘‘SS.Annunziata’’ di Varzi, A.O della Provincia di 
Pavia), Gresele Paolo, Fierro Tiziana, Morelli Olivia (S.S. di Diag-
nosi e Terapia delle Malattie Emorragiche e Laboratorio delle Malattie 
Tromboemboliche; S.C. Medicina Interna e Cardiovascolare, Dipar-
timento di Medicina; S.C. Gastroenterologia ed Epatologia, Univer-
sità—Azienda Ospedaliera di Perugia), Laffi Giacomo, Romanelli 
Roberto Giulio, Arena Umberto, Stasi Cristina (Azienda Ospedaliero 
Universitaria Careggi, Unità Operativa Complessa Medicina Interna 
ed Epatologia, Firenze), Gasbarrini Antonio, Gargovich Matteo, Zocco 
Maria Assunta, Riccardi Laura, Ainora Maria Elena (U.O.C. Medicina 
Interna e Gastroenterologia, Policlinico Gemelli, Roma), Capeci Wil-
liam, Martino Giuseppe Pio, Nobili Lorenzo (Clinica Medica Gener-
ale—AOU ‘‘Ospedali Riuniti’’ Ancona), Cavallo Maurizio (Medicina 
di Arzignano/Lonigo –ULSS 5 Ovest Vicentino), Frugiuele Pierluigi, 
Greco Antonio (Struttura Complessa di Medicina Interna e Reumato-
logia Azienda Ospedaliera di Cosenza), Pietrangelo Antonello, Ventura 
Paolo, Cuoghi Chiara, Marcacci Matteo (Divisione Medicina Interna 
2/CEMEF e Centro Dipartimentale di Ricerca Epatologica Avanzata 
‘‘Mario Coppo’’, Azienda Ospedaliero-Universitaria Policlinico di 
Modena), Serviddio Gaetano, Vendemiale Gianluigi, Villani Rosanna, 
Gargano Ruggiero (Centro Universitario per la ricerca e cura delle 
malattie epatiche—Clinica Medica Universitaria, Foggia), Vidili Gian-
paolo, Di Cesare Valentina, Masala Maristella, Delitala Giuseppe (Cli-
nica Medica, Azienda Ospedaliero Universitaria Sassari), Invernizzi 
Pietro (Center for Autoimmune Liver Diseases, Humanitas Clinical 
and Research Center, Rozzano), Di Minno Giovanni, Tufano Antonella 
(Centro di Coordinamento Regionale per le Emocoagulopatie, AOU 
Federico II Napoli), Purrello Francesco, Privitera Graziella (Diparti-
mento di Medicina Clinica e Sperimentale Università di Catania, UOC 

di Medicina Interna Ospedale Garibaldi-Nesima, Catania), Forgione 
Alessandra, Curigliano Valentina (IRCCS San Raffaele Pisana Roma), 
Senzolo Marco, Rodríguez-Castro Kryssia Isabel (Unità Trapianto 
Multiviscerale, Gastroenterologia, Università Ospedale Di Padova), 
Giannelli Gianluigi (Dipartimenti delle Emergenze e dei Trapianti di 
Organo, Sezione di Medicina Interna, Allergologia ed Immunologia 
Clinica, Bari), Serra Carla (Ecografia diagnostica ed interventistica, 
Dipartimento delle Insufficienze d’organo e dei Trapianti, Policlinico 
S.Orsola-Malpighi, Bologna), Neri Sergio (UOC di Medicina Interna 
‘‘A. Francaviglia’’, Policlinico Universitario di Catania), Pignataro 
Pietro (UOC I Medicina Interna, AOU Policlinico Vittorio Emanuele, 
Catania), Rizzetto Mario, Debernardi Venon Wilma (UOADU Gas-
troepatologia, Azienda Ospedaliera San Giovanni Battista Di Torino), 
Svegliati Baroni Gianluca (Clinica di Gastroenterologia, Ancona), 
Bergamaschi Gaetano, Masotti Michela, Costanzo Filippo, Corazza 
Gino Roberto (Fondazione IRCCS Policlinico San Matteo, University 
of Pavia, Italy), Caldwell Stephen Hugh (Division of Gastroenterology 
and Hepatology, School of Medicine, University of Virginia, Char-
lottesville, USA), Angelico Francesco, Del Ben Maria, Napoleone 
Laura, Polimeni Licia, Proietti Marco, Raparelli Valeria, Romiti Giulio 
Francesco, Ruscio Eleonora, Severoni Andrea, Talerico Giovanni, Tori-
ello Filippo, Vestri Annarita, Stefanini Lucia, Rumbolà Lucas, Buon-
infante Giovanni, Cincione Alessandro Maiorca Francesca, Sabetta 
Annamaria, Di Cola Simone (Sapienza University of Rome, Italy).

Funding  Open access funding provided by Università degli Studi 
di Roma La Sapienza within the CRUI-CARE Agreement. GFR has 
been supported by a grant received by Sapienza – University of Rome 
(AR1231887C9B6E1C). We acknowledge co-funding from Next Gen-
eration EU in the context of the National Recovery and Resilience Plan, 
Investment PE8—Project Age-It: “Ageing Well in an Ageing Society”. 
This resource was co-financed by the Next Generation EU (DM 1557 
11.10.2022). The views and opinions expressed are only those of the 
authors and do not necessarily reflect those of the European Union or 
the European Commission. Neither the European Union nor the Euro-
pean Commission can be held responsible for them.

Data availability  The datasets generated during and/or analysed 
during the current study are available from the corresponding author 
on reasonable request.

Declarations 

Conflict of interest  The authors declare that they have no conflict of 
interest.

Human and animal rights  All procedures performed in studies involv-
ing human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 
Helsinki declaration and its later amendments or comparable ethical 
standards.

Informed consent  Informed consent was obtained from all individual 
participants included in the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 



1379Internal and Emergency Medicine (2025) 20:1371–1380	

need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Huang DQ, Terrault NA, Tacke F et al (2023) Global epidemiol-
ogy of cirrhosis — aetiology, trends and predictions. Nat Rev 
Gastroenterol Hepatol 20(6):388–398. https://​doi.​org/​10.​1038/​
s41575-​023-​00759-2

	 2.	 Dirchwolf M, Ruf AE (2015) Role of systemic inflammation 
in cirrhosis: from pathogenesis to prognosis. World J Hepatol 
7(16):1974–1981. https://​doi.​org/​10.​4254/​wjh.​v7.​i16.​1974

	 3.	 Khanam A, Kottilil S (2020) Abnormal innate immunity in acute-
on-chronic liver failure: immunotargets for therapeutics. Front 
Immunol 11:2013. https://​doi.​org/​10.​3389/​fimmu.​2020.​02013

	 4.	 Azab B, Camacho-Rivera M, Taioli E (2014) Average values and 
racial differences of neutrophil lymphocyte ratio among a nation-
ally representative sample of United States subjects. PLoS ONE 
9(11):e112361. https://​doi.​org/​10.​1371/​journ​al.​pone.​01123​61

	 5.	 García-Escobar A, Vera-Vera S, Tébar-Márquez D et al (2023) 
Neutrophil-to-lymphocyte ratio an inflammatory biomarker, and 
prognostic marker in heart failure, cardiovascular disease and 
chronic inflammatory diseases: new insights for a potential pre-
dictor of anti-cytokine therapy responsiveness. Microvasc Res 
150:104598. https://​doi.​org/​10.​1016/j.​mvr.​2023.​104598

	 6.	 Peng Y, Li Y, He Y et al (2018) The role of neutrophil to lym-
phocyte ratio for the assessment of liver fibrosis and cirrhosis: a 
systematic review. Expert Rev Gastroenterol Hepatol 12:503–513. 
https://​doi.​org/​10.​1080/​17474​124.​2018.​14631​58

	 7.	 Cai YJ, Dong JJ, Dong JZ et al (2017) Neutrophil-lymphocyte 
ratio predicts hospital-acquired bacterial infections in decompen-
sated cirrhosis. Clin Chim Acta 469:201–207. https://​doi.​org/​10.​
1016/j.​cca.​2017.​04.​011

	 8.	 Kwon JH, Jang JW, Kim YW et al (2015) The usefulness of 
C-reactive protein and neutrophil-to-lymphocyte ratio for predict-
ing the outcome in hospitalized patients with liver cirrhosis. BMC 
Gastroenterol 15:146. https://​doi.​org/​10.​1186/​s12876-​015-​0378-z

	 9.	 Violi F, Corazza RG, Caldwell SH et al (2016) Portal vein throm-
bosis relevance on liver cirrhosis: Italian venous thrombotic events 
registry. Intern Emerg Med 11(8):1059–1066. https://​doi.​org/​10.​
1007/​s11739-​016-​1416-8

	10.	 Violi F, Corazza GR, Caldwell SH et al (2019) Incidence and 
Recurrence of portal vein thrombosis in cirrhotic patients. Thromb 
Haemost 119(3):496–499. https://​doi.​org/​10.​1055/s-​0038-​16769​
81

	11.	 Biyik M, Ucar R, Solak Y et al (2013) Blood neutrophil-to-lym-
phocyte ratio independently predicts survival in patients with liver 
cirrhosis. Eur J Gastroenterol Hepatol 25(4):435–441. https://​doi.​
org/​10.​1097/​MEG.​0b013​e3283​5c2af3

	12.	 Dirchwolf M, Podhorzer A, Marino M et al (2016) Immune dys-
function in cirrhosis: distinct cytokines phenotypes according to 
cirrhosis severity. Cytokine 77:14–25. https://​doi.​org/​10.​1016/j.​
cyto.​2015.​10.​006

	13.	 Cazzaniga M, Dionigi E, Gobbo G et al (2009) The systemic 
inflammatory response syndrome in cirrhotic patients: relation-
ship with their in-hospital outcome. J Hepatol 51(3):475–482. 
https://​doi.​org/​10.​1016/j.​jhep.​2009.​04.​017

	14.	 Cangemi R, Raparelli V, Talerico G et al (2024) Hypoalbumine-
mia and risk of portal vein thrombosis in cirrhosis. Gastro Hep 
Adv 3(5):646–653. https://​doi.​org/​10.​1016/j.​gastha.​2024.​03.​006

	15.	 Girón-González JA, Martínez-Sierra C, Rodriguez-Ramos C 
et al (2004) Implication of inflammation-related cytokines in the 

natural history of liver cirrhosis. Liver Int 24(5):437–445. https://​
doi.​org/​10.​1111/j.​1478-​3231.​2004.​0951.x

	16.	 Garcia-Martinez I, Santoro N, Chen Y et al (2016) Hepatocyte 
mitochondrial DNA drives nonalcoholic steatohepatitis by acti-
vation of TLR9. J Clin Invest 126(3):859–864. https://​doi.​org/​10.​
1172/​JCI83​885

	17.	 Povero D, Panera N, Eguchi A et al (2015) Lipid-induced hepato-
cyte-derived extracellular vesicles regulate hepatic stellate cell via 
microRNAs targeting PPAR-γ. Cell Mol Gastroenterol Hepatol 
1(6):646-663.e4. https://​doi.​org/​10.​1016/j.​jcmgh.​2015.​07.​007

	18.	 WenYi J, Ting Q, PiaoPiao Y et al (2022) Association between 
neutrophil-to-lymphocyte ratio with inflammatory activity and 
fibrosis in non-alcoholic fatty liver disease. Turk J Gastroenterol 
33(1):53–61. https://​doi.​org/​10.​5152/​tjg.​2022.​20715

	19.	 Parthasarathy G, Revelo X, Malhi H (2020) Pathogenesis of 
nonalcoholic steatohepatitis: an overview. Hepatol Commun 
4(4):478–492. https://​doi.​org/​10.​1002/​hep4.​1479

	20.	 Zhao Z, Liu J, Wang J et al (2017) Platelet-to-lymphocyte ratio 
(PLR) and neutrophil-to-lymphocyte ratio (NLR) are associated 
with chronic hepatitis B virus (HBV) infection. Int Immunop-
harmacol 51:1–8. https://​doi.​org/​10.​1016/j.​intimp.​2017.​07.​007

	21.	 Kekilli M, Tanoglu A, Sakin YS et al (2015) Is the neutrophil to 
lymphocyte ratio associated with liver fibrosis in patients with 
chronic hepatitis B?. World J Gastroenterol: WJG 21(18):5575–
5581. https://​doi.​org/​10.​3748/​wjg.​v21.​i18.​5575

	22.	 Abdel-Razik A, Mousa N, Besheer TA et al (2015) Neutrophil 
to lymphocyte ratio as a reliable marker to predict insulin resist-
ance and fibrosis stage in chronic hepatitis C virus infection. 
Acta Gastroenterol Belg 78(4):386–392

	23.	 Demet B, Coskun O, Sıtkı Dizdar O et al (2016) Usefulness 
of the neutrophil-to-lymphocyte ratio and platelet morphologic 
parameters in predicting hepatic fibrosis in chronic hepatitis C 
patients. Ann Clin Lab Sci 46(4):380–386

	24.	 Forget P, Khalifa C, Defour JP et al (2017) What is the normal 
value of the neutrophil-to-lymphocyte ratio? BMC Res Notes 
10:1–4. https://​doi.​org/​10.​1186/​s13104-​016-​2335-5

	25.	 He J, Zeng YL, Li W et al (2017) Clinical study of non-alcoholic 
fatty liver disease and its combined the chronic HBV infection. 
Zhonghua Gan Zang Bing Za Zhi 25(8):618–622. https://​doi.​
org/​10.​3760/​cma.j.​issn.​1007-​3418.​2017.​08.​012

	26.	 de Franchis R, Bosch J, Garcia-Tsao G et al (2022) Baveno 
VII - Renewing consensus in portal hypertension. J Hepatol 
76(4):959–974. https://​doi.​org/​10.​1016/j.​jhep.​2021.​12.​022

	27.	 Liu J, Zhang W, Niu R et al (2020) A combination of the preop-
erative neutrophil-to-lymphocyte and lymphocyte-to-monocyte 
ratios as a useful predictor of survival outcomes following the 
transarterial chemoembolization of huge hepatocellular carci-
noma. Saudi Med J 41(4):376–382. https://​doi.​org/​10.​15537/​
smj.​2020.4.​24911

	28.	 Janka T, Tornai D, Papp M et al (2023) The value of neutrophil-
to-lymphocyte ratio to identify bacterial infection and predict 
short-term mortality in patients with acutely decompensated 
cirrhosis. Diagnostics (Basel) 13(18):2954. https://​doi.​org/​10.​
3390/​diagn​ostic​s1318​2954

	29.	 Cai YJ, Dong JJ, Dong JZ et al (2017) A nomogram for predict-
ing prognostic value of inflammatory response biomarkers in 
decompensated cirrhotic patients without acute-on-chronic liver 
failure. Aliment Pharmacol Ther 45(11):1413–1426. https://​doi.​
org/​10.​1111/​apt.​14046

	30.	 Leithead JA, Rajoriya N, Gunson BK et al (2015) Neutrophil-
to-lymphocyte ratio predicts mortality in patients listed for 
liver transplantation. Liver Int 35(2):502–509. https://​doi.​org/​
10.​1111/​liv.​12688

	31.	 Emenena I, Emenena B, Kweki AG et al (2023) Model for end 
stage liver disease (MELD) score: a tool for prognosis and 
prediction of mortality in patients with decompensated liver 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/s41575-023-00759-2
https://doi.org/10.1038/s41575-023-00759-2
https://doi.org/10.4254/wjh.v7.i16.1974
https://doi.org/10.3389/fimmu.2020.02013
https://doi.org/10.1371/journal.pone.0112361
https://doi.org/10.1016/j.mvr.2023.104598
https://doi.org/10.1080/17474124.2018.1463158
https://doi.org/10.1016/j.cca.2017.04.011
https://doi.org/10.1016/j.cca.2017.04.011
https://doi.org/10.1186/s12876-015-0378-z
https://doi.org/10.1007/s11739-016-1416-8
https://doi.org/10.1007/s11739-016-1416-8
https://doi.org/10.1055/s-0038-1676981
https://doi.org/10.1055/s-0038-1676981
https://doi.org/10.1097/MEG.0b013e32835c2af3
https://doi.org/10.1097/MEG.0b013e32835c2af3
https://doi.org/10.1016/j.cyto.2015.10.006
https://doi.org/10.1016/j.cyto.2015.10.006
https://doi.org/10.1016/j.jhep.2009.04.017
https://doi.org/10.1016/j.gastha.2024.03.006
https://doi.org/10.1111/j.1478-3231.2004.0951.x
https://doi.org/10.1111/j.1478-3231.2004.0951.x
https://doi.org/10.1172/JCI83885
https://doi.org/10.1172/JCI83885
https://doi.org/10.1016/j.jcmgh.2015.07.007
https://doi.org/10.5152/tjg.2022.20715
https://doi.org/10.1002/hep4.1479
https://doi.org/10.1016/j.intimp.2017.07.007
https://doi.org/10.3748/wjg.v21.i18.5575
https://doi.org/10.1186/s13104-016-2335-5
https://doi.org/10.3760/cma.j.issn.1007-3418.2017.08.012
https://doi.org/10.3760/cma.j.issn.1007-3418.2017.08.012
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.15537/smj.2020.4.24911
https://doi.org/10.15537/smj.2020.4.24911
https://doi.org/10.3390/diagnostics13182954
https://doi.org/10.3390/diagnostics13182954
https://doi.org/10.1111/apt.14046
https://doi.org/10.1111/apt.14046
https://doi.org/10.1111/liv.12688
https://doi.org/10.1111/liv.12688


1380	 Internal and Emergency Medicine (2025) 20:1371–1380

cirrhosis. Cureus 15(5):e39267–e39267. https://​doi.​org/​10.​
7759/​cureus.​39267

	32.	 Mallik M, Singhai A, Khadanga S et al (2022) The significant 
morbidity and mortality indicators in patients of cirrhosis. 
Cureus 14(1):e21226–e21226. https://​doi.​org/​10.​7759/​cureus.​
21226

	33.	 Zoubek ME, Trautwein C, Strnad P (2017) Reversal of liver 
fibrosis: from fiction to reality. Best Pract Res Clin Gastroenterol 
31(2):129–141. https://​doi.​org/​10.​1016/j.​bpg.​2017.​04.​005

	34.	 Ni XC, Yi Y, Fu YP et al (2015) Prognostic value of the modified 
Glasgow prognostic score in patients undergoing radical surgery 
for hepatocellular carcinoma. Medicine 94(36):e1486. https://​doi.​
org/​10.​1097/​MD.​00000​00000​001486

	35.	 Wang PL, Djerboua M, Flemming JA (2023) Cause-specific mor-
tality among patients with cirrhosis in a population-based cohort 

study in Ontario (2000–2017). Hepatol Commun 7(7):e00194. 
https://​doi.​org/​10.​1097/​HC9.​00000​00000​000194

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.7759/cureus.39267
https://doi.org/10.7759/cureus.39267
https://doi.org/10.7759/cureus.21226
https://doi.org/10.7759/cureus.21226
https://doi.org/10.1016/j.bpg.2017.04.005
https://doi.org/10.1097/MD.0000000000001486
https://doi.org/10.1097/MD.0000000000001486
https://doi.org/10.1097/HC9.0000000000000194

	Neutrophil–lymphocyte ratio is associated with worse outcomes in patients with cirrhosis: insights from the PRO-LIVER Registry
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration number 

	Introduction
	Methods
	Statistical analysis

	Results
	Variables associated with NLR levels above the median values.
	Survival analysis

	Discussion
	Strengths and limitations

	Conclusions
	Acknowledgements 
	References




