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The relationship between inflammatory marker levels
and HBV-related cirrhosis severity
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Abstract: Haematological indices, including neutrophil-lymphocyte ratio (NLR), red blood cell distribution width
(RDW), and red blood cell distribution width-platelet ratio (RPR) are used to assess the severity of various diseases.
We aim to evaluate the relationship between these parameters and the severity of Hepatitis B Virus (HBV) related
cirrhosis. The study consisted of 78 patients with HBV-related cirrhosis (32 compensated and 46 decompensated
patients) and 54 healthy individuals. Clinical characteristics and laboratory parameters were recorded. The NLR,
RDW and RPR were significantly increased in cirrhosis patients. The NLR in decompensated were significantly high-
er than compensated cirrhosis (3.84 + 3.27 vs. 1.71 + 0.65, P < 0.001). Moreover, RDW and RPR were significantly
increased in decompensated patients compared to the compensated cirrhosis patients (all P < 0.001). The area
under the curve of NLR was 0.801 and received a cutoff value of 2.06 (71.7% sensitivity and 78.1% specificity).
The AUC values of RDW and RPR were 0.815 (cutoff value: 15.5%; sensitivity: 76.1%; specificity: 75.0%) and 0.876
(cutoff value: 0.166; sensitivity: 93.5%; specificity: 75.0%), respectively. The NLR, RDW and RPR were significantly
increased and associated with disease severity in HBV-related cirrhosis patients.
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Introduction

Chronic hepatitis B virus (HBV) infection can
result in HBV-related compensated cirrhosis
and subsequently HBV-related decompensated
cirrhosis, which is classified as advanced-stage
disease. Chronic HBV infection is the main
cause of cirrhosis in China, and advanced liver
cirrhosis and hepatocellular carcinoma (HCC)
are the main causes of mortality in chronic HBV
patients [1, 2]. A liver biopsy is the gold stan-
dard for the diagnosis of hepatitis cirrhosis [3].
However, due to its invasive nature, it is not fea-
sible in the dynamic monitoring of the severity
in liver cirrhosis [4]. Complete blood count
(CBC) has the advantages of convenient extrac-
tion of blood, rapid detection, and low price,
which is used as a basic auxiliary test to assess
the situation of various diseases. However, the
additional functionality of neutrophil-lympho-
cyte ratio (NLR), red blood cell distribution
width (RDW) and red blood cell distribution

width-platelet ratio (RPR), may be largely
overlooked.

The NLR can be readily calculated from the
CBC. The NLR was used to predict the mortality
of HBV-related decompensated cirrhosis pati-
ents [2]. The RDW is a numerical laboratory
parameter that reflects the size heterogeneity
of red blood cells (RBCs) and is commonly used
in the classification of anemia [5]. A recent
study suggested that an elevated RDW was a
predictor of mortality in liver disease [6]. An
elevated RPR was served as to predict severe
liver fibrosis and cirrhosis in chronic HBV
patients [7]. The RDW, RPR and NLR are eco-
nomical, fast and convenient indicators that
easily be obtained from the CBC. The number of
studies evaluating the relationship between
these parameters and compensated and
decompensated cirrhosis patients is limited.
The aim of the present study was to measure a
number of indicators (NLR, RDW, RPR) in
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Table 1. Demographic and laboratory characteristics of the

participants

samples for CBC and biochemical
parameters detection were drawn

from the elbow after 8 hours of

Cirrhosis Controls .

(n=78) (n = 54) p fa§t|ng. The CBC was analyzed
iAge (vears) 45.82+9094 4482+565 0.231 using a Beckman Coulter LH780
2Gender (male/female) 62/16 40/14 0.466 hematology analyzer (Beckman

Coulter Inc., Fullerton, CA, USA)
YWBC count (x10°/L) 5.26 £+ 2.72 6.66 + 1.03 <0.001 within 1 hour of blood drawing.
Ne (X109/L) 3.22+2.40 3.60 +£0.88 0.001 Biochemistry parameters were
e (x10%/L) 1.34 +0.69 2.42 +0.62 <0.001 determined by a Hitachi 7600
1platelet count (x10%/L) 89.97 + 46.22 203.87 + 28.49 < 0.001 autoanalyzer. Laboratory results,
INLR 296+274  160+0.61 <0.001 including data on white blood
‘RPR 0274022 0064001 <0001  Cells,neutrophils, lymphocytes, pl-
RDW (%) 18.62+4.05 14.02+1.81 <0.001 atelets, RDWs, prothrombin time

two-independent samples T-test; 2Chi-square test. WBC, white blood cell;
Nc, neutrophil count; Lc, lymphocyte count; NLR, neutrophil-lymphocyte ratio;
RPR, red blood cell distribution width to platelet ratio; RDW, red blood cell

distribution width.

patients with HBV-related cirrhosis and to eval-
uate the association between these markers
and the severity of the disease.

Materials and methods

Information on HBV-related cirrhosis (1 March
2014 to 1 December 2015) was extracted from
the electronic medical records of the first affili-
ated hospital of guangxi medical university. The
diagnosis of HBV-related liver cirrhosis, includ-
ing compensated and decompensated cirrho-
sis, was made according to the abdominal
imaging (ultrasound, computed tomography, or
magnetic resonance imaging), or surgical find-
ings, and laboratory results [1]. The presence of
jaundice, ascites, variceal bleeding, hepatore-
nal syndrome or hepatic encephalopathy in
patients with cirrhosis was defined as decom-
pensated cirrhosis [8]. The exclusion criteria
were as follows: autoimmune (liver) diseases,
such as rheumatoid arthritis, systemic lupus
erythematosus; infectious diseases, inflamma-
tory diseases, or other hepatic diseases, such
as alcoholic liver disease; coinfection with other
hepatitis viruses, such as the hepatitis C/D/G
virus; malignancy, including HCC; previous
blood transfusions; hematological diseases;
atherosclerosis; hypertension; diabetes; renal
diseases. Fifty-four healthy controls from
health examination centers without HBsAg-
positive and infection, and with normal liver
and renal function, were also included in the
study.

Demographic data on the patients, including
their age and gender, were collected. Blood

22201

(PTs), international normalized
ratio (INRs), in addition to data on
creatinine, total bilirubin (Thil),
total protein, albumin, alanine
aminotransferase (ALT), aspartate
aminotransferase (AST), hepatitis
B surface antigen (HBsAg), hepatitis B e anti-
gen (HBeAg), and HBV DNA were collected from
the electronic medical records. Data were also
recorded on complications of HBV-related cir-
rhosis, including jaundice, ascites, variceal
bleeding, hepatorenal syndrome and hepatic
encephalopathy, on admission. The NLR was
defined as the absolute value of the neutrophil
count divided by the absolute value of the lym-
phocyte count. The RPR was defined as the
RDW divided by the platelet count. This study
was approved by the ethics committee of the
first affiliated hospital of guangxi medical
university.

Statistical analysis

Continuous variablesare reported as the mean
+ standard deviation. Differences in normally
distributed data between groups were analyzed
using Student’s ttests, and non-normally dis-
tributed data were evaluated by Mann-Whitney
U tests. The X? test was used to analyze the cat-
egorical data. Spearman’s correlation test was
utilized to determine the relationship between
NLR, RDW and RPR and MELD score. The diag-
nostic capacity of identifying decompensated
cirrhosis in cirrhosis was performed by the
receiver operating characteristic (ROC) curves.
SPSS17.0 (SPSS Inc., Chicago, IL, USA) statisti-
cal software was used to analyze the data. P <
0.05 was considered statistically significant.

Results

Seventy-eight HBV-related cirrhosis patients
(62 men and 16 women) and 54 controls (40
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Table 2. Clinical and laboratory characteristics of patients with

compensated and decompensated cirrhosis

nificantly higher than in the
patients with compensated

cirrhosis patients (P = 0.041).

Compensated = Decompensated . . .
(n=32) (n = 46) All the cirrhosis pat.le.nts (78
Age (years) 43.06+9.17  47.74+10.05  0.041 cases) were positive for
2Gender (male/female) 26/6 36/10 0.800 HBsAg, 13 patients were
) HBeAg positive (6 compen-
Total protein (g/L) 65.28 + 4.53 59.16 + 5.99 < 0.001 sated and 7 decompensat-
tAlbumin (g/l_) 34.54 +5.02 26.61 +5.27 <0.001 ed), 64 anents were HBV
3Thil (umol/L) 21.57 £+ 10.84 103.82 + 132.02 < 0.001 DNA positive (25 compensat-
ALT (U/L) 4767 +18.92 81.78 +151.14 0.265 ed and 39 decompensated).
SAST (U/L) 4361+16.36 11525+15421 <0001  In patients with decompen-
iCreatinine (umol/L) 7855+ 14.64 7459 +2012  0.338 sated patients, 21 patients
PT (s) 1267+159 19264595 <0001  had jaundice, 32 patients
3INR 109+ 017 161+ 051 < 0.001 had ascites, 9 patients had
e T ) variceal bleeding, 2 patients
“WBC count (x10°%/L) 5.19+1.68 529+327  0.337 had hepatorenal syndrome, 2
SNc (><109/L) 2.72+1.03 3.57 £2.97 0.626 patients had hepatic enceph_
e (x10%/L) 1.74 +0.73 1.06 + 0.55 <0.001 alopathy. The NLR, RDW, RPR
3Platelet count (x10°/L) 119.43 +46.05 68.75+32.53 <0.001 values and MELD scores
SNLR 1.71 + 0.65 3.84+327 <0.001 were significantly higher in
RDW (%) 1501+313 18854399 <0001  decompensated cirrhosis co-
“RPR 0.16 + 0.13 035+024 <0001  'Mpared to compensated cir-
SMELD score 6.01+3.01 13.81+ 761 <0.001 rhosis (all P < 0.001), where-
N R e ) as total protein, albumin, lym-
HBsAg positive (yes/no) 32/0 46/0 - phocyte and plateletcount va-
?HBeAg positive (yes/no) 6/26 7/39 0.726 lues were significantly lower
2HBV DNA positive (yes/no) 25/7 39/7 0.451 in decompensated cirrhosis
Jaundice - 21 - compared to compensated
Ascites _ 32 _ cirrhosis (all P.< 0.001). Corr-
Variceal bleeding _ 9 ) elation analysis showed that
Hepatorenal syndrome i 5 i NLR, RDW and RPR were pos-
) itively correlated with MELD
Hepatic encephalopathy - 2 - _

scores, respectively (r

two-independent samples T-test; 2Chi-square test; 3SMann-Whitney U tests. Thil,
total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; PT,
prothrombin time; INR, international normalized ratio; WBC, white blood cell; Nc,
neutrophil count; Lc, lymphocyte count; NLR, neutrophil-lymphocyte ratio; RDW, red
blood cell distribution width; RPR, red blood cell distribution width to platelet ratio;

MELD, model for end-stage liver disease.

men and 14 women) were recruited in our
study. Demographic and laboratory character-
istics of the cirrhosis patients and controls
were presented in Table 1. There were no sig-
nificant differences in the age and gender of
the cirrhosis patients and controls. The NLR,
RDW, RPR were significantly increased, where-
as white blood cells count, lymphocyte counts,
and platelet counts were significantly decreased
in cirrhosis patients, as compared to corre-
sponding values in healthy individuals.

As shown in Table 2, there was no significant
difference in the gender of the compensated
and decompensated cirrhosis patients. The
age of patients with decompensated was sig-
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0.340, P = 0.002; r = 0.425,
P < 0.001; r = 0.464, P <
0.001) (Supplementary Table
1).

The diagnostic capability of

parameters in identifying de-
compensated stage in patients with HBV-
related cirrhosis was performed by the ROC
curves. The AUC values of NLR and MELD score
were 0.801 and 0.842, respectively. The cutoff
value of NLR for decompensated cirrhosis
patients was 2.06 and received a 71.7% sensi-
tivity and 78.1% specificity. The AUC values of
RDW and RPR were 0.815 (cutoff value: 15.5%;
sensitivity: 76.1%; specificity: 75.0%) and 0.876
(cutoff value: 0.166; sensitivity: 93.5%; speci-
ficity: 75.0%), respectively (Figure 1).

Discussion and conclusion

Chronic HBV infection is considered to be one
of the major global etiologies of liver cirrhosis
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Figure 1. Receiver operator characteristic curve for
NLR, RDW, RPR and MELD score. The cutoff values
of the NLR, RDW, and RPR were 2.06, 15.5%, and
0.166, respectively. NLR, Neutrophil-lymphocyte ra-
tio; RDW, red blood cell distribution width; MELD,
model for end-stage liver disease; RPR, red blood cell
distribution width to platelet ratio.

and subsequent development of decompen-
sated cirrhosis and HCC [1, 9]. It is worth noting
that the prevalence of HBV infection is high in
the Asia Pacific region [3]. Apart from a liver
biopsy, laboratory indicators, such as levels of
albumin, Thil, AST, and platelets, and platelet
distribution width, are considered independent
makers of the progression of hepatic fibrosis
[4].

The RDW, an indicator of the heterogeneity of
the size of RBCs, is easily obtained from the
CBC. Recent studies indicated that RDW values
could predict the severity of various liver dis-
eases. Wang reported that increased RDW val-
ues might be related to the histological severity
of primary biliary cirrhosis [10]. Karagoz indi-
cated that the RDW could estimate the severity
of hepatic fibrosis [11]. Lou investigated RDW
values in patients with acute hepatitis B (AHB),
CHB, and chronic severe hepatitis B (CSHB) [6].
They found that RDW values were slightly ele-
vated in AHB, CHB, and CSHB patients. And
they reported that the clinical manifestations of
patients with elevated RDW values were more
severe than those with lower RDW values, and
their liver indices were worse. The mortality of
patients with elevated RDW values was also
increased. Huang found that RDW values in
HBV-related cirrhosis were significantly higher
than in CHB and healthy individuals and sug-
gested that RDW values were positively corre-
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lated with MELD scores in cirrhosis patients
[12]. Therefore, they suggested that the RDW
might be a predictor of the severity of HBV-
related hepatic disease. Furthermore, they
found that the RDW could independently pre-
dict the presence of cirrhosis. Chen considered
that elevated RDW and RPR could predict liver
cirrhosis in chronic HBV [7]. They showed that
RDW and platelet could strongly predict the
presence of severe fibrosis or cirrhosis in
chronic HBV patients. Few studies have report-
ed the relationship between RDW, as well as
RPR, and the stage of liver cirrhosis. In our
study, an increased RDW value and thrombocy-
topenia can bring about an elevated RPR in cir-
rhosis patients. The RPR and RDW presented
prominent performance in the prediction of
decompensated cirrhosis.

The NLR, which can be calculated from the CBC
using a simple test, served as an indicator of
the inflammatory response [13-15]. Recently,
the utility of the NLR as a marker in liver dis-
eases was investigated. Alkhouri concluded
that the NLR could be a new noninvasive pre-
dictor in advanced-stage nonalcoholic steato-
hepatitis (NASH) [16]. Yilmaz compared the util-
ity of the NLR and C-reactive protein in NASH-
related cirrhosis patients and found that the
NLR was associated with the pathological grad-
ing and severity of fibrosis. They concluded that
NASH might be a superior maker to C-reactive
protein [17]. A few studies reported on the cor-
relation between the NLR and HBV-related liver
diseases. Chen indicated that the NLR could be
utilized to forecast the mortality of patients
with acute or chronic liver failure [18]. Zhang
showed that the NLR was associated with dis-
ease severity in decompensated cirrhosis
patients and suggested that the NLR could pre-
dict the mortality of patients with decompen-
sated cirrhosis [2]. In our study, the NLR values
in decompensated cirrhosis were significantly
higher than those in compensated cirrhosis.

Neutrophils originate from bone marrow and
can be an important inducer of inflammation of
the liver and liver parenchymal cell injury [19,
20]. Zhang reported that neutrophils appeared
to increase following inflammation of the liver
and that lymphopenia of peripheral blood was
involved in decompensated cirrhosis [2]. Lym-
phopeniais found in cases of malnutrition and a
weak immune system, and immuno-incompe-
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tence is relatively common in cases of chronic
liver disease [21]. One study by Zhang reported
that relatively decreased absolute value of lym-
phocyte while increased absolute value of
monocyte was associated with elevated lym-
phocyte-monocyte ratio in patients with cirrho-
sis [22]. In our study of HBV-related cirrhosis
patients, the levels of leukocytes and neutro-
phils of the patients with decompensated cir-
rhosis were higher than those of the patients
with compensated cirrhosis, whereas lympho-
cyte counts were lower in decompensated cir-
rhosis than in compensated cirrhosis. Elevated
neutrophils and reduced values of lymphocytes
may result in increased NLR values.

The present study has some limitations. We did
not measure the levels of various factors, such
as vitamin B, and iron, that might be associ-
ated with elevated RDW levels. We did not
investigate subsequent treatment-induced ch-
anges in the biochemical data. Other non-inva-
sive methods for assessing the severity of liver
disease could also have been added to this
study. This was a single centre, retrospective
study. Further studies of larger sample sizes
are needed.

Conclusions

We found that NLR, RDW, RRP were significant-
ly increased and associated with the severity of
HBV-related cirrhosis. These indices, in com-
bination with other laboratory parameters,
might be very useful in assessing the disease
severity.

Disclosure of conflict of interest
None.

Address correspondence to: Shan Li and Xue Qin,
Department of Clinical Laboratory, First Affiliated
Hospital of Guangxi Medical University, No. 6,
Shuangyong Road, Nanning 530021, Guangxi
Zhuang Autonomous Region, China. Tel: +86-0771-
5356052; Fax: +86-0771-865353342; E-mail:
1is8858@126.com (SL); qinxue919@126.com (XQ)

References

[1] WangX, Lin SX, Tao J, Wei XQ, Liu YT, Chen YM,
Wu B. Study of liver cirrhosis over ten consecu-
tive years in southern China. World J Gastroen-
terol 2014; 20: 13546-13555.

22204

[2] ZhangH, Sun Q, Mao W, Fan J, Ye B. Neutrophil-
to-Lymphocyte ratio predicts early mortality in
patients with HBV-Related decompensated cir-
rhosis. Gastroenterol Res Pract 2016; 2016:
4394650.

[3] Liaw YF, Leung N, Kao JH, Piratvisuth T, Gane
E, Han KH, Guan R, Lau GK, Locarnini S;
Chronic Hepatitis B Guideline Working Party of
the Asian-Pacific Association for the Study of
the Liver. Asian-Pacific consensus statement
on the management of chronic hepatitis B: a
2008 update. Hepatol Int 2008; 2: 263-283.

[4] Ceylan B, Mete B, Fincanci M, Aslan T,
Akkoyunlu Y, Ozgunes N, Colak O, Gunduz A,
Senates E, Ozaras R, Inci A, Tabak F. A new
model using platelet indices to predict liver fi-
brosis in patients with chronic hepatitis B in-
fection. Wien Klin Wochenschr 2013; 125:
453-460.

[5] DemirA, Yarali N, Fisgin T, Duru F, Kara A. Most
reliable indices in differentiation between thal-
assemia trait and iron deficiency anemia.
Pediatr Int 2002; 44: 612-616.

[6] LouY, Wang M, Mao W. Clinical usefulness of
measuring red blood cell distribution width in
patients with hepatitis B. PLoS One 2012; 7:
e37644.

[7] Chen B, Ye B, Zhang J, Ying L, Chen Y. RDW to
platelet ratio: a novel noninvasive index for
predicting hepatic fibrosis and cirrhosis in
chronic hepatitis B. PLoS One 2013; 8:
e68780.

[8] Harrison PM. Management of patients with de-
compensated cirrhosis. Clin Med (Lond) 2015;
15: 201-203.

[9] European Association For The Study Of The
Liver. EASL clinical practice guidelines: man-
agement of chronic hepatitis B virus infection.
J Hepatol 2012; 57: 167-185.

[10] WangH, Xu H, Wang X, Wu R, Gao X, Jin Q, Niu
J. Red blood cell distribution width to platelet
ratio is related to histologic severity of primary
biliary cirrhosis. Medicine (Baltimore) 2016;
95: e3114.

[11] Karagoz E, Ulcay A, Tanoglu A, Kara M, Turhan
V, Erdem H, Oncul O, Gorenek L. Clinical use-
fulness of mean platelet volume and red blood
cell distribution width to platelet ratio for pre-
dicting the severity of hepatic fibrosis in chron-
ic hepatitis B virus patients. Eur J Gastroenterol
Hepatol 2014; 26: 1320-1324.

[12] Huang R, Yang C, Wu K, Cao S, Liu Y, Su R,
Xiong Y, Huang A, Wu C. Red cell distribution
width as a potential index to assess the sever-
ity of hepatitis B virus-related liver diseases.
Hepatol Res 2014; 44: E464-470.

[13] Ahsen A, Ulu M S, Yuksel S, Demir K, Uysal M,
Erdogan M, Acarturk G. As a new inflamma-
tory marker for familial mediterranean fever:

Int J Clin Exp Med 2016;9(11):22200-22205


mailto:lis8858@126.com
mailto:qinxue919@126.com

[14]

[15]

(16]

[17]

Inflammatory marker levels and cirrhosis severity

neutrophil-to-lymphocyte ratio. Inflammation
2013; 36: 1357-1362.

LiL, Xia'Y, Chen C, Cheng P, Peng C. Neutrophil-
lymphocyte ratio in systemic lupus erythema-
tosus disease: a retrospective study. Int J Clin
Exp Med 2015; 8: 11026-11031.

Abakay O, Abakay A, Sen HS, Tanrikulu AC. The
relationship between inflammatory marker lev-
els and pulmonary tuberculosis severity. Infla-
mmation 2015; 38: 691-696.

Alkhouri N, Morris-Stiff G, Campbell C, Lopez R,
Tamimi TA, Yerian L, Zein NN, Feldstein AE.
Neutrophil to lymphocyte ratio: a new marker
for predicting steatohepatitis and fibrosis in
patients with nonalcoholic fatty liver disease.
Liver Int 2012; 32: 297-302.

Yilmaz H, Yalcin KS, Namuslu M, Celik HT,
Sozen M, Inan O, Nadir I, Turkay C, Akcay A,
Kosar A. Neutrophil-lymphocyte ratio (NLR)
could be better predictor than C-reactive pro-
tein (CRP) for liver fibrosis in non-alcoholic ste-
atohepatitis (NASH). Ann Clin Lab Sci 2015;
45; 278-286.

22205

(18]

(19]

[20]

(21]

[22]

Chen L, Lou Y, ChenY, Yang J. Prognostic value
of the neutrophil-to-lymphocyte ratio in pa-
tients with acute-on-chronic liver failure. Int J
Clin Pract 2014; 68: 1034-1040.

Xu R, Huang H, Zhang Z, Wang FS. The role of
neutrophils in the development of liver diseas-
es. Cell Mol Immunol 2014; 11: 224-231.
Jaeschke H, Smith CW. Mechanisms of neutro-
phil-induced parenchymal cell injury. J Leukoc
Biol 1997; 61: 647-653.

O’Keefe SJ, El-Zayadi AR, Carraher TE, Davis M,
Williams R. Malnutrition and immuno-incom-
petence in patients with liver disease. Lancet
1980; 2: 615-617.

Zhang J, Feng G, Zhao Y, Zhang J, Feng L, Yang
J. Association between lymphocyte-to-mono-
cyte ratio (LMR) and the mortality of HBV-
related liver cirrhosis: a retrospective cohort
study. BMJ Open 2015; 5: e008033.

Int J Clin Exp Med 2016;9(11):22200-22205



