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Neutrophil-lymphocyte ratio is associated with worse outcomes
in patients with cirrhosis: insights from the PRO-LIVER Registry
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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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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
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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 ¢ 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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Fig. 1 Flowchart of the study

802 consecutive cirrhotic patients

(43 different centers)

49 patients were
excluded for selection

bias

753 consecutive cirrhotic patients

247 patients were excluded
because baseline neutrophil

and/or lymphocyte counts were
not present

506 cirrhotic patients were included in
the current study

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

Variables All patients Patients with Patients with P
NLR <2.42 NLR >2.42

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) 703)
NASH, n (%) 25 (5) 14 (5) 114
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 (x 10°/ul) 96 [68-139] 95 [67-138] 98 [69-144] 0.639
Serum albumin (g/1) 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) 914
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)

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)

(Table 3, Model A). NLR >2.42 was still associated with Discussion
all-cause mortality when using MELD score instead of the
Child-Pugh classification (HR: 1.62, 95%CI: 1.07-2.45, p= 1In this analysis from an unselected cohort of patients with

0.013; Table 3, Model B).
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LC of mixed etiologies, main findings are as follows:
(1) a significant proportion of patients with LC has high
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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
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Table 2 Clinical and laboratory characteristics associated with mor-
tality: univariate analyses

Variables HR 95% C1 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 (X 103/pL) 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 2.13 143 3.16 < 0.001
Anticoagulants 1.27 0.77 2.09 0.348

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

[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].
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Table 3 Multivariate COX regression analyses

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

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

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
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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.
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