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Alterations in neutrophil to lymphocyte ratio: An 
inexpensive, reproducible prognostic marker in 
patients with complicated liver cirrhosis
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Abstract

Introduction: Liver cirrhosis is generally known as an end-
stage process where healthy normal liver tissue is replaced by 
connective tissue. Neutrophil to lymphocyte ratio (NLR) is an 
inexpensive, readily available and reproducible test and has 
emerged as a marker of systemic inflammatory response.

Aim: Our study aimed to evaluate the prognostic utility of 
increased NLR (>3) for patients with liver cirrhosis admitted to 
hospital due to infection, variceal bleeding or any other cause.

Patients and methods: A total of one hundred twenty cir-
rhotic patients, who were admitted to the hospital for reasons 
other than bleeding or sepsis, due to an underlying infection 
or because of variceal bleeding, were included in the study. 
Demographic data and laboratory findings were obtained from 
the patients’ medical record registry and NLR was calculated as 
the ratio of neutrophils to lymphocytes in the complete blood 
count on the day of admission. 

Results: A statistically significant correlation between NLR 
and patients’ outcome as well as MELD score was reported in 
the present study. 

Conclusions: Herein we show the value of NLR ratio in the 
prognosis of cirrhotic patients after hospital admission
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Introduction

Liver cirrhosis is generally known as an end-stage process 
where healthy normal liver tissue is replaced by connective tis-
sue [1]. It is the 12th leading cause of death in the USA. Ob-
jective and inexpensive scoring are important prognostic tools 
for liver cirrhosis. Neutrophil to lymphocyte ratio (NLR) is such 
an inexpensive, readily available and reproducible test and has 
emerged as a marker of systemic inflammatory response [2]. 
Increased number of neutrophils are associated with chronic 
inflammation while decreased levels of lymphocyte counts are 
linked with bacterial infection.

It has been shown that increased NLR (NLR>3) is associated 
with poor clinical outcomes in cardiac diseases and several ma-
lignancies [2]. NLR has also been widely used as a prognostic 
marker for the assessment of patients with various cancers, 
including gastric cancer, colorectal cancer, breast cancer, lung 
cancer, ovarian cancer, pancreatic cancer and hepatocellular 
carcinoma (HCC) [3].

Our study aimed to evaluate the prognostic utility of in-
creased NLR (>3) for patients with liver cirrhosis admitted to 
the hospital due to an infection, variceal bleeding or any other 
cause.  We wanted to explore any correlation of NLR with pa-
rameters related to the cirrhosis stage such as: prothrombin 
time and the international normalized ratio (INR), albumin and 
model for end-stage liver disease (MELD) score as well as any 
potential correlation with the cause of admission and final out-
come of cirrhotic patients admitted to the hospital.

Patients and methods

This is a retrospective study carried out at the University Hos-
pital of Patras. The study was approved by the Ethics Commit-
tee of the University Hospital of Patras, and written informed 
consent was obtained from all study subjects included in the 
study. The diagnosis of cirrhosis was confirmed in all patients 
with liver biopsy.

A total of one hundred twenty cirrhotic patients, who were 
admitted to the hospital were included in the study. Patients 
were stratified in three groups. Patients who were admitted to 
hospital for reasons other than bleeding or sepsis (i.e. weak-
ness, worsening of ascites, anemia, neurologic complications, 
dyspnea, chest or abdominal pain, elevated liver enzymes, and 
jaundice) were included in Group 1 (n= 80), cirrhotic patients 
admitted due to an underlying infection (pneumonia, spontane-
ous bacterial peritonitis, urinary tract infection, gastrointestinal 
tract infection, and soft tissue infection) represented the Group 
2 (n=21) and finally in Group 3 all cirrhotic patients with variceal 
bleeding were included (n=19).

All demographic data were obtained from the patients’ med-
ical record registry (personal history, blood transfusions, alcohol 
abuse, history of viral hepatitis infection) and laboratory find-
ings (complete blood count, liver function tests, electrolytes, 
glucose levels, lipid profile, albumin, globulin, neutrophil, lym-
phocytes counts and PT and APTT tests). NLR was calculated as 
the ratio of neutrophils to lymphocytes in the complete blood 
count on the day of admission.

Statistical analysis

Statistical analysis was performed using Statistical Package 
for the Social Science (SPSS) version 25.0 and significant re-
sults were noted as p-value <0.05 obtained from the analysis, 
Kruskal-Wallis test for statistical analysis was used to determine 
any significance since the data were not normally distributed. 
Correlations between NLR were evaluated using Spearman cor-
relation test.

Results

One hundred twenty liver cirrhosis patients, including 103 
(85.8%) males and 17 (14.2%) females, were enrolled in the 
present study. The mean age of the participants was 60.1 ± 12.6 
years. The main cause of liver cirrhosis in the study population 
was alcohol abuse (76.4%). The Group 1 represented the 66.7% 
of the patients; these patients were admitted to the hospital 
due to any reason except infection or variceal bleeding. 17.5% 
of the patients were admitted due to any type of infection 
(Group 2) while 15.8% due to variceal bleeding (Group 3). Base-
line characteristics of patients are presented in Table 1.

We first examined the NLR ratio on Day 0 (day of admission), 
between the three groups of patients. We found statistically sig-
nificant differences between the group of patients who were 
admitted due to any reason (Group 1) and those who were ad-
mitted because of infection (Group 2) (3.18 ± 2.2 vs 9,21 ± 6.3, 
p:0.002). There was no statistically significant difference of the 
NLR on Day 0 between Group 1 (patients admitted due to any 
reason) and Group 3 (variceal bleeding) (3.18 ± 2.2 vs 7.17 ± 
0.69, p:0.104) as well as between group 2 and group 3 (9,21 ±  
6.3 vs 7.17 ± 0.69, p:0.098). The NLR values are shown in Figure 
1a.

We then examined patients’ outcome based on NLR. A sta-
tistical significant correlation between NLR on Day 0 and pa-
tients’ outcome (discharge or death during hospitalization) was 
demonstrated in this study (all patients were included in the 
analysis). Patients who died had higher NLR ratio compared to 
those who were discharged (10.21 ± 7.5 vs 5.96 ± 4.8, p: 0.029). 
The NLR measurements among cirrhotic patients who were dis-
charged and those who died during hospitalization are shown 
in Figure 1b.

Next, we wanted to explore if there was any difference 
within groups and categorized patients into high (NLR>3) or low 
(NLR<3) NLR ratio [1]. Biyik et al found that the mortality rate 
was significantly higher in patients with an NLR higher than 2.72 
compared with lower NLR values. For this reason we also used 
the NLR cut off value 3. We also performed ROC analysis (Figure 
2) and the results showed that the area under curve is 0.702 
(95% confidence interval 0.591 to 0.814, p=0.001). We studied 
the outcome of patients depending on the NLR measurement 
(>3 or <3) in each group of cirrhotic patients separately and we 
did not find statistically significant differences in any group: in 
the group of patients admitted due to any cause other than in-
fection or bleeding p value was 0.587, in the group of patients 
with any type of infection p value was measured 0.579. Finally, 
in the group of patients with variceal bleeding p value was mea-
sured 0.598. Independently of the group of patients (group 1, 
group 2 or group 3) we didn’t found statistically significant dif-
ferences in the final outcome during hospitalization regarding 
NLR measurement (>3 or <3, p:0.78) too.
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Among laboratory tests: complete blood count, liver en-
zymes, electrolytes (sodium, potassium), creatinine, albumin, 
globulin, neutrophil, lymphocytes counts, platelets, PT, aPTT 
and INR tests were studied. NLR was calculated as the ratio of 
neutrophils to lymphocytes in the complete blood count on the 
day of admission. Variables including INR and MELD score were 
statistically significant correlated with higher levels of NLR ra-
tio on admission (day 0) (p: 0.034 and p: 0.031, retrospectively) 
independently of the cause of admission (infection, variceal 
bleeding or other). Further analysis, revealed no statistically 
significant correlation between higher levels of NLR on Day 0 
and serum albumin as well as between higher NLR and plate-
lets counts upon admission, in all groups of cirrhotic patients 
(p:0.168 and p:0.702, retrospectively).

Table 1: Clinical characteristics of patients with liver cirrhosis 
who participated in the study.

Variable Total Cohort (n=122)

Age (year) 60.1 ± 12.6

Male/female, n (%) 84.4/15.6

Cause of cirrhosis, n(%)
·	 Alcohol 
·	 Virus infection 
·	 Other

76.4
17.9
5.7

MELD score 18 ± 7.1

Cause of admission (%)
·	 Bacterial infection 
·	 Gastrointestinal bleed-

ing 
·	 Other

NLR according cause of 
admission

·	 Other
·	 Bacterial infection 
·	 Gastrointestinal bleed-

ing 

15.8

17.5
66.7

1.29 ± 0.45 
1.06 ± 0.23

1.24 ± 0.41

NLR (Day 0) according outcome
·	 Discharge
·	 Death 1.22 ± 0.41

1.35 ± 0.44

Figure 1a: Measurements of NLR represented per group (1: group 
1: patients who were admitted due to any reason except infection 
or variceal bleeding, group; 2: group 2, cirrhotic patients admitted 
because of infection and 3: group 3, patients admitted because of 
variceal bleeding). The box plots show the data from all analyzed 
patients. In every box plot, we show the mean values and the stan-
dard error of the means. In every box plot, the upper line is the 
highest measurement detected.

Figure 1b: Measurements of NLR represented per outcome (1: 
patients who were discharged and 2: cirrhotic patients who died 
during hospitalization) independently of the cause of admission). 
The box plots show the data from all analyzed patients. In every 
box plot, we show the mean values and the standard error of the 
means. In every box plot, the upper line is the highest measure-
ment detected.

Figure 2: ROC analysis for identifying the best predictive NLR value

 

 

 

Discussion

NLR is the ratio of neutrophil and lymphocyte counts, and its 
levels are associated with certain conditions including autoim-
mune and other diseases. Nevertheless, its applicability on daily 
clinical basis is useful and very easy to perform in daily practice 
by clinicians [1].

NLR is an emerging parameter that reflects systemic inflam-
mation, as well as the general nutrition status of patients. It 
has been reported that malnutrition or hypoalbuminemia cor-
relates well with immune suppression, systemic inflammation 
and suppression of cell mediated immunity. Systemic inflamma-
tion may underlie these conditions. Thus, it has been already re-
ported the relationship between the NLR and nutritional status 
or immune function [4].

NLR has been shown to predict survival and prognosis in var-
ious patient populations with cardiac, malignant and neulogical 
diseases. Tamhane et al. showed that the NLR value on admis-
sion was an independent predictor of in-hospital and 6-month 
mortality in 2833 patients admitted with a diagnosis of acute 
coronary syndrome [5]. Furthermore, Switonska et al reported 
that higher NLR at admission associated with a greater risk of 
hemorrhagic transformation and neurologicalworsening within 
the first 24 h from revascularization with intravenous thrombol-
ysis and/or mechanical thrombectomy [6]. Lattanzi et al found 
higher NLR upon admission were independently associated to 
poor outcome at 30 days after the intra cerebral hemorrhage 
onset [7].

The results of our study showed that increased NLR could 
predict mortality in patients with liver cirrhosis. Generally, there 
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is currently no universal cut-off point for NLR. Interesingly, Biyik 
et al found that the mortality rate was significantly higher (odds 
ratio was 8.9) in patients with an NLR higher than 2.72 com-
pared with lower NLR values. [1]. For this reason we also used 
the NLR cut off value 3 to perform our analysis.

Twelve papers explored the ability of NLR in predicting out-
comes of cirrhotic patients. The outcomes contained mortality 
and infection. Biyik et al. conducted a retrospective observa-
tional cohort study to evaluate the role of NLR in predicting 
long-term mortality in cirrhotic patients without infection. The 
value of NLR was significantly lower in surviving patients than 
non-surviving patients [8]. In addition, Kwon JH et al proved 
that high NLR was associated with one-month survival after ad-
mission [1,9].

Patients with cirrhosis have an increased risk of developing 
bacterial infections due to bacterial overgrowth and increased 
bacterial translocation. Bacterial infections are a major problem 
for patients with liver cirrhosis. Elevated NLR has been widely 
used as a significant predictor factor in patients with liver failure 
and bacterial infections. Generally, it was proved that elevated 
levels of NLR are seen in early phase of sepsis and is associated 
with poor outcome [10].

Although, it has been reported that in uncomplicated cir-
rhosis, higher NLR could predict mortality independently of 
the model for end-stage liver disease (MELD) [11], our study 
reported statistically significant correlation between NLR and 
MELD score. That is of great importance, since the MELD score 
was recently introduced to evaluate hepatic function reserve 
in cirrhotic patients and was also used for survival prediction 
in cirrhotic patients receiving a transjugular intrahepatic por-
tosystemic shunt. It has also been used to determine priority 
on waiting lists for liver transplantation and in predicting post-
operative outcome of cirrhotic patients, undergoing surgical 
procedures [12].

Although this is a retrospective, single center study with lim-
ited number of patients, our results show that further evalua-
tion of the NLR in cirrhotic patients in a multi-center study set-
ting would be useful. 

In conclusion, this is the first study in Greece to explore the 
value of NLR in the prognosis of cirrhotic patients after hospital 
admission. Furthermore, the findings of this study will enable 
further studies of NLR as a surrogate marker for predicting mor-
tality in patients with cirrhosis [13].
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