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Red cell distribution widt
h-to-lymphocyte ratio
A novel predictor for HBV-related liver cirrhosis
Xueyan Zhang, MDa, Dawei Wang, BSb, Zhongming Chen, BSc, Naizhou Guo, BSc, Wei Wang, BSc,
Cunquan Xiong, MDa, Jun Liu, MDd,∗, Yinhong Yue, MDe,∗, Mingzhong Sun, BSf,∗

Abstract
To evaluate the diagnostic power of red cell distribution width-to-lymphocyte ratio (RLR) for HBV-related liver cirrhosis via a
retrospective cohort study.
Seven hundred fifty healthy controls, 327 chronic hepatitis B (CHB) patients, and 410 patients with HBV-related liver cirrhosis

(HBV-LC) were enrolled in this study. RLR, lymphocyte-to-monocyte ratio (LMR), neutrophil-to-lymphocyte ratio (NLR), red cell
distribution width (RDW), AST to platelet ratio index (APRI), and fibrosis index based on the 4 factors (FIB-4) were compared between
the 3 groups. The predictive powers of RLR and RDW for HBV-related liver cirrhosis and patient prognosis were evaluated using
AUROC.
Patients with HBV-related liver cirrhosis had higher RLR, FIB-4, NLR, RDW, APRI, and lower LMR compared with the control and

CHB groups. RLR in the HBV-LC group was significantly higher than both CHB and control groups (both P< .05). While RLR in the
CHB group was also higher than the control group, the difference was not statistically significant (P> .05). The AUROC of RLR for
predicting HBV-related liver cirrhosis was 0.87, andwas superior to RDW (0.81), FIB-4 (0.79), and APRI (0.60).With an optimized cut-
off value (10.87), RLR had the highest sensitivity (0.88) and specificity (0.72), and was superior to RDW (0.86, 0.64), FIB-4 (0.80,
0.65), and APRI (0.85, 0.48) as a biomarker. For all 3 groups, RLR was negatively correlated (all P< .05) with serum platelet (PLT) and
was positively correlated (all P< .05) with FIB-4 and APRI. There was no significant statistical difference in RLR for patients in HBV-LC
group who had different prognosis (P> .05).
The RLR, a routinely available, inexpensive, and easily calculated measure, can be used as a predictor of HBV-related liver

cirrhosis, but not as a predictor of prognosis for patients with liver cirrhosis. Use of RLR may reduce the need for frequent liver
biopsies in CHB patients.

Abbreviations: APRI = aspartate aminotransferase-to-platelet ratio index, CHB = chronic hepatitis B, FIB-4 = fibrosis index
based on the 4 factors, HBV = hepatitis B virus, HBV-LC = HBV-related liver cirrhosis, INR = international normalized ratio, LMR =
lymphocyte monocyte ratio, NLR = neutrophil-to-lymphocyte ratio, RDW = red cell distribution width, RLR = red cell distribution
width-to-lymphocyte ratio.
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1. Introduction

Globally, chronic hepatitis B virus (HBV) infection is still a
challenging problem that can lead to chronic active hepatitis, liver
cirrhosis, and hepatocellular carcinoma.[1,2] An accurate diag-
nosis of liver fibrosis in chronic hepatitis B (CHB) patients is not
only crucial to determining if and when it is necessary to initiate
antiviral therapy, but is also an essential factor for determining
prognosis.[3,4]

Currently, taking liver biopsies are still the gold standard
for diagnosis of cirrhosis. However, this method has several
problems associated with it such as the invasive nature of the
procedure, sampling error, disagreements in diagnosis be-
tween different pathologists, and complications caused by the
use of a needle for biopsy.[5,6] However, CHB patients require
regular monitoring of the amount of liver fibrosis to detect
potential development of hepatocellular carcinoma and
potential complications including death associated with
CHB. As such, many studies focus on the use of noninvasive
techniques for diagnosis of liver cirrhosis. There are 3
common noninvasive methods, each with its own pros and
cons.[7] Imaging is widely used to evaluate liver fibrosis.[8]

Generally, results obtained by imaging show significant
correlation with that obtained by liver histology. However,
some imaging methods require special instruments and
specialists for interpretation. The second method is laboratory
testing for hyaluronic acid, collagen, laminin, and YKL-40.
However, these biochemical tests are not routinely available.
Composite diagnostic panels are also being used and can be
calculated from routine laboratory data. Such measures
include aspartate aminotransferase (AST) to alanine amino-
transferase (ALT) ratio (also known as AAR), and AST to
platelet (PLT) ratio index (APRI).[9,10] Among the measures
that are currently being used, fibrosis index based on 4 factors
(FIB-4) and APRI are particularly useful for diagnosis of liver
cirrhosis. Fukui et al comprehensively described diagnosis of
liver cirrhosis by using a combination of measurements of
blood markers and imaging modalities, but also asserted that
ideally, a single noninvasive method for diagnosis should be
developed.[11,12]

Some measures have recently been developed for indirectly
diagnosing liver cirrhosis and assessing prognosis. Low
lymphocyte-to-monocyte ratio (LMR) is an independent
biomarker that predicts mortality in patients with hepatocellu-
lar carcinoma after curative resection.[13] Red cell distribution
width (RDW) can also potentially be used to assess the severity
of HBV-related liver disease.[14] Neutrophil-to-lymphocyte
ratio (NLR) is predictive of early mortality in patients with
HBV-related decompensated cirrhosis.[15] However, there are
few studies on comparing the diagnostic value of using LMR,
NLR, RDW, APRI, and FIB-4 for CHB-related liver cirrhosis.
Inefficient immune clearance of HBV leads to CHB and
increases the risk of liver cirrhosis.[16] Liver injury mediated by
the immune system occurs during HBV infection,[17] and
previous work by our group has shown that lymphocyte
number is decreased during CHB and cirrhosis. Several studies
have shown that RDW increases during liver cirrhosis.[14,18,19]

We hypothesized that RDW-lymphocyte ratio (RLR), or a
combination of these 2 parameters, might be a more powerful
diagnostic tool than either parameter alone. Thus, the aims of
this study were to evaluate and compare the use of RDW and
RLR in the diagnosis of HBV-related liver cirrhosis.
2

2. Materials and methods

2.1. Subjects

We enrolled a total of 737 hepatitis B patients (M: 438, F: 299,
aged 23–90 years) at the First People’s Hospital of Yancheng City
between January 2014 and July 2018 and conducted a
retrospective study. All participants had their diagnoses
confirmed by liver biopsy. Among them, 410 patients were
diagnosed with HBV-related liver cirrhosis (HBV-LC) and 327
were diagnosed with chronic hepatitis B (CHB). An additional 30
HBV-LC patients and 30 CHB patients were enrolled to validate
the diagnostic power of 2 parameters (RLR and RDW) in this
study between August 2018 and February 2019. All patients
enrolled in this study met the criteria for HBV-LC and CHB
according to the consensus recommendations of the Asian Pacific
Association for the Study of the Liver (APASL).[20] The study
exclusion criteria were: chronic liver disease of other etiology,
coinfection with HCV or HEV; diagnosis of alcoholic or
nonalcoholic fatty liver disease, thyroid disease, coronary heart
disease treated with anticoagulants, coinfection with tuberculo-
sis, hematological disease, renal and infectious diseases, patients
with diabetes, hypertension, smoking etc. and patients with
incomplete sets of data. Seven hundred fifty healthy individuals
were enrolled as controls from the physical examination center of
the same institution.
2.2. Ethics statement

This study was approved by the Ethics Committee of the First
People’s Hospital of Yancheng City in China [Identification No.
HMU (Ethics): 20141203] and was performed in accordance
with the principles of the Helsinki Declaration. Informed consent
was obtained from all study subjects prior to commencement of
the study.
2.3. Clinical information and laboratory examinations

Demographic and laboratory data of each subject were collected
on study enrollment. This patient data included RDW, NLR,
LMR, FIB-4, APRI, RLR, white blood cell counts (WBC), alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
serum bilirubin, albumin, creatinine, prothrombin time, blood
urea nitrogen, platelet counts (PLT), and international normal-
ized ratio (INR). FIB-4 score is a grading standard for
quantitative evaluation of liver reserve function. FIB-4 and APRI
score for HBV-related liver diseases were calculated using the
formulae below:
FIB-4=age� (AST/platelets)�alanine aminotransferase

(ALT)1/2;
APRI= [aspartate aminotransferase (AST)/(platelets�40)]�

100.

2.4. Statistical analysis

Statistical analyses were performed using SPSS, version 19.0
(SPSS, Chicago, IL). Data are presented as the mean± standard
deviation when data was normally distributed or as medians and
range if the distribution was skewed. The haematology and
biochemistry data obtained from healthy participants (Control
group), CHB group, and liver cirrhosis (HBV-LC) group were
compared for statistical differences using one-way analysis of
variance (ANOVA) for normally distributed data, and the



Table 1

Demographic and biochemical characteristics of the study participants.

Variable 1. Control 2. CHB 3. HBV-LC P 3 vs 1 3 vs 2

Age, y 50.93 (29–77) 53.61 (29–90) 51.80 (23–82) .026 0.200 0.236
Gender (M/F) 415/335 187/140 251/159 .801 0.729 0.507
ALT, U/L 17 (6–57) 65 (8–3167) 25 (5–626) <.001 <0.001 <0.001
AST, U/L 20 (12–40) 59 (13–2679) 38 (14–740) <.001 <0.001 0.017
ALB, g/L 40.98 (35.60–46.11) 32.60 (25.76–42.09) 31.90 (23.98–40.22) <.001 <0.001 0.356
GGT, U/L 49.55 (37.21–62.12) 87.50 (52.10–152.00) 92.32 (55.87–165.77) <.001 <0.001 0.798
Neutrophil (�109/L) 3.3 (1.7–6.6) 2.6 (0.8–10.1) 1.8 (0.4–16.9) <.001 <0.001 <0.001
LYM (�109/L) 1.9 (0.7–3.9) 1.6 (0.5–3.2) 0.8 (0.2–3.4) <.001 <0.001 <0.001
Monocyte (�109/L) 0.38 (0.16–1.25) 0.41 (0.11–1.32) 0.31 (0.03–2.24) <.001 <0.001 <0.001
RDW, % 12.9 (11.8–19.4) 13.3 (11.6–21.1) 15.6 (12.4–26.1) <.001 <0.001 <0.001
Platelet (�109/L) 218 (102–408) 157 (49–324) 57 (11–558) <.001 <0.001 <0.001
TBIL, u mol/L 11.04 (3.05–19.06) 12.55 (3.22–20.31) 11.98 (3.14–18.12) .812 0.945 0.906
UREA, mmol/L 4.21 (3.32–6.12) 4.45 (3.65–6.56) 4.76 (3.77–7.19) .519 0.495 0.553
CR, u mol/L 72.32 (59.30–91.21) 74.08 (62.09–94.22) 75.99 (65.24–95.76) .766 0.732 0.986
PT, s 11.95 (10.12–18.12) 13.10 (11.00–23.12) 13.56 (11.90–22.90) .550 0.487 0.932
INR 1.49 (1.29–2.09) 1.51 (1.31–2.11) 1.51 (1.32–2.14) .590 0.610 0.819
AFP, ng/mL 30.98 (6.79–65.21) 33.41 (7.00–85.00) 37.29 (9.40–91.12) .521 0.588 0.815
CHE, (U/L 3103.12 (2759.16–3991.78) 2799.12 (2312.21–3224.19) 2718.19 (2421.15–3216.21) .155 0.162 0.347
FER, ng/mL 2668.12 (1305.54–4772.12) 2809.81 (1355.49–4822.59) 2912.55 (1322.12–4817.52) .951 0.461 0.992
NLR 1.68 (0.62–5.13) 1.64 (0.45–11.83) 2.26 (0.31–26.5) <.001 <0.001 <0.001
LMR 5.26 (1.12–13.91) 3.78 (1.14–8.71) 2.73 (0.37–23.33) <.001 <0.001 <0.001
FIB-4 1.14 (0.41–3.01) 2.25 (0.50–30.39) 7.01 (0.79–128.14) <.001 <0.001 <0.001
APRI 0.23 (0.09–0.59) 0.97 (0.12–45.87) 1.70 (0.10–84.64) <.001 <0.001 <0.001
RLR 6.90 (3.50–20.29) 8.60 (3.84–28.60) 21.28 (3.74–114.50) <.001 <0.001 <0.001

3 vs 1 = HBV-LC vs Control, 3 vs 2, HBV-LC vs CHB, AFP = Alpha fetoprotein, ALB = albumin, ALT = alanine aminotransferase, AST = aspartate aminotransferase, CHB = chronic HBV infection, CHE =
cholinesterase, CR = creatinine, FER = Ferritin, FIB-4 = fibrosis index based on the 4 factors, HBV-LC = HBV-related liver cirrhosis, INR = international normalized ratio, LMR = lymphocyte monocyte ratio, LYM
= lymphocyte, NLR = neutrophil lymphocyte ratio, PT = prothrombin time, RDW = red cell distribution width, RLR = RDW lymphocyte ratio, TBIL = total bilirubin, UREA = urea nitrogen.
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Kruskal–Wallis H test was used for non-normally distributed
data. The level of significance was set at P value< .05. Receiver
operator characteristic (ROC) curves and corresponding areas
under the ROC curves (AUCs) were used to determine the
discrimination threshold of each marker. The Youden index was
used to determine appropriate cut-off points for an optimal
combination of sensitivity and specificity. Binary logistic
regression analyses were used to identify factors correlated with
incidence of liver cirrhosis.
3. Results

3.1. Subject demographics and biochemical results

The demographics and biochemical test results of subjects are
summarized in Table 1. Patients with HBV-LC had significant
differences for ALT, AST, lymphocyte, neutrophil, RDW, RLR,
PLT, ALB, NLR, LMR, FIB-4, and APRI when compared to
healthy controls. We similarly found significant differences in
these parameters between HBV-LC and CHB groups. Patients
with HBV-LC had higher RLR, FIB-4, NLR, RDW, APRI, and
lower LMR relative to control and CHB groups.
3.2. Performance of RLR as a diagnostic tool for HBV-
related liver cirrhosis

First, we compared RDW and RLR between groups. We found
that RDW was higher in the HBV-LC group compared to both
CHB and control groups (both P< .05). Additionally, RDW was
also higher in the CHB group compared to the control group
(P< .05). There was a positive relationship between RDW and
3

disease progression and severity (Fig. 1A). RLRwas also higher in
the HBV-LC group compared to both CHB and control groups
(both P< .05).While observing a trend of higher RLR in the CHB
group than the control group, the difference was not statistically
significant (P> .05; Fig. 1B).
To evaluate the performance of RLR and RDW as diagnostic

tools for HBV-related liver cirrhosis, a ROC analysis was
performed for HBV-LC and CHB groups. The area under ROC
of RLR for HBV-related liver cirrhosis was 0.87. This was
superior to RDW (0.81), FIB-4 (0.79), and APRI (0.60). After
optimization of cut-off values (10.87), we found that RLR had
the highest sensitivity (0.88) and specificity (0.72), and was
superior to RDW (0.86, 0.64), FIB-4 (0.80, 0.65), and APRI
(0.85, 0.48) (Fig. 2).
Table 2 represents associations between RLR, RDW, and

development of liver cirrhosis in HBV patients. The median
value of RLR (14.40ng/mL) was used to stratify study
participants into “low” and “high” groups. Relative to patients
with a low RLR, the crude odds ratio (OR) for risk of
developing liver cirrhosis for HBV patients with a high RLR
was 15.50 (95% Cl: 8.66–27.75). The adjusted OR (AOR) for
HBV patients with a high RLR was 6.60 (95% Cl: 3.19–13.63,
P< .001). A higher AOR was also observed for quartile
analyses, clearly illustrating the positive relationship between
increased RLR and development of liver cirrhosis in HBV
patients. Compared to the group with the lowest RLR (Q1), the
crude OR for risk of HBV-related liver cirrhosis was 4.46 (95%
Cl: 2.23–8.91), 19.83 (95% Cl: 9.10– 43.24), and 114.75
(95% Cl: 32.08–410.47) for Q2, Q3, and Q4 groups,
respectively. We found that high RLR was associated with
HBV-related liver cirrhosis (P< .001). Even after adjustment
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Figure 1. The levels of RDW and RLR in different disease states of hepatitis B virus infection.
∗∗∗

P< .05,
∗∗∗∗

P< .01. CHB = chronic hepatitis B, HBV-LC = HBV-
related liver cirrhosis, RDW = red cell distribution width, RLR = RDW lymphocyte ratio.
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for ALT, ALB, and TBIL, we observed that RDW, FIB-4, and
APRI still showed a significant correlation (P< .001) with
HBV-related liver cirrhosis (Fig. 3). As such, we concluded that
RLR, RDW, FIB-4, and APRI were independent risk factors of
HBV-related liver cirrhosis and may be used as predicting
cirrhosis tools.
We then validated the diagnostic power of 2 parameters, RLR

and RDW, with an additional 30 HBV-LC patients and 30 CHB
patients who were enrolled later to this study between August
2018 and February 2019. Using the cut-off values of RLR (10.87)
and RDW (13.90), the diagnostic capabilities of RLR and RDW
forHBV-related liver cirrhosis were comparable to the use of liver
biopsy with the original cohort (Table 3).
Figure 2. The predictive ability of RLR, RDW, FIB-4, and APRI for HBV-related
aminotransferase-to-platelet ratio index, CHB= chronic hepatitis B, FIB-4 = fibrosis
cell distribution width, RLR = RDW lymphocyte ratio.

4

3.3. Correlation between RLR and other parameters of
liver function
We then analyzed the correlation between RLR and other
measures of liver function (Fig. 4). For all 3 groups, RLR showed
a negative relationship with serum platelet (PLT) (all P< .05) and
a positive association with FIB-4 and APRI (all P< .05). RLR
showed a positive correlation with ALT in CHB group but this
correlation did not reach the level of statistical significance
(P= .203). RLR showed a negative correlation with ALT in the
HBV-LC group (P= .02; Fig. 4). Correlations within each of the 3
groups are summarized in Figure 5. Our results suggest that RLR
shows good agreement with PLT, FIB-4, and APRI measures in
both CHB and HBV-LC groups.
liver cirrhosis between CHB group and HBV-LC group. APRI = aspartate
index based on the 4 factors, HBV-LC=HBV-related liver cirrhosis, RDW= red



Table 2

Association analyses betweenRLR, RDW, FIB-4, APRI, and risk of HBV-related liver cirrhosis: OR (95%CI) using binary logistic regression.

CHB HBV-LC
Crude OR
(95% CI) P value

Adjusted OR
(95% CI)

∗
P value

∗

RLR
Dichotomies [n (%)]
Low (<14.40) 209 (85.83) 159 (28.10) 1.00 (reference) 1.00 (reference)
High (≥14.40) 118 (14.17) 251 (71.90) 15.50 (8.66–27.75) <.001 6.60 (3.19–13.63) <.001

Quartile [n (%)]
Q1 (<9.14) 118 (53.54) 66 (7.62) 1.00 (reference) 1.00 (reference)
Q2 (9.14–14.40) 91 (32.28) 93 (20.48) 4.46 (2.23–8.91) <.001 3.52 (1.58–7.83) .002
Q3 (14.40–23.83) 65 (11.81) 120 (33.33) 19.83 (9.10–43.24) <.001 10.88 (4.33–27.32) <.001
Q4 (>23.83) 53 (2.36) 131 (38.57) 114.75 (32.08–410.47) <.001 31.35 (6.24–157.41) <.001

RDW
Dichotomies [n (%)]
Low (<14.80) 201 (79.53) 168 (32.38) 1.00 (reference) 1.00 (reference)
High (≥14.80) 126 (20.47) 242 (67.62) 8.11 (4.83–13.63) <.001 9.96 (4.73–20.95) <.001

Quartile [n (%)]
Q1 (<13.40) 115 (51.18) 67 (8.10) 1.00 (reference) 1.00 (reference)
Q2 (13.40–14.80) 86 (28.35) 101 (24.29) 5.42 (2.74–10.73) <.001 3.73 (1.57–8.87) .003
Q3 (14.80–16.60) 67 (13.39) 116 (31.43) 14.84 (6.98–31.57) <.001 13.47 (5.06–35.85) <.001
Q4 (>16.60) 59 (7.09) 126 (36.19) 32.29 (13.48–77.31) <.001 28.71 (9.24–89.21) <.001

FIB-4
Dichotomies [n (%)]
Low (<5.53) 198 (77.17) 170 (33.33) 1.00 (reference) 1.00 (reference)
High (≥5.53) 129 (22.83) 240 (66.67) 6.76 (4.08–11.19) <.001 5.24 (2.30–11.95) <.001

Quartile [n (%)]
Q1 (<2.34) 114 (50.39) 70 (9.52) 1.00 (reference) 1.00 (reference)
Q2 (2.34–5.53) 84 (26.77) 100 (23.81) 4.71 (2.42–9.15) <.001 3.68 (1.55–8.74) .003
Q3 (5.53–9.32) 68 (14.17) 117 (31.90) 11.91 (5.78–24.55) <.001 11.25 (3.69–34.32) <.001
Q4 (>9.32) 61 (8.66) 123 (34.76) 21.24 (9.46–47.67) <.001 24.24 (5.58–105.35) <.001

APRI
Dichotomies [n (%)]
Low (<1.56) 174 (58.27) 194 (44.76) 1.00 (reference) 1.00 (reference)
High (≥1.56) 153 (41.73) 216 (55.24) 1.72 (1.10–2.69) .017 3.85 (1.52–9.73) .005

Quartile [n (%)]
Q1 (<0.72) 105 (43.31) 79 (13.81) 1.00 (reference) 1.00 (reference)
Q2 (0.72–1.56) 69 (14.96) 115 (30.95) 6.49 (3.28–12.82) <.001 5.74 (2.30–14.34) <.001
Q3 (1.56–3.16) 70 (15.75) 115 (30.95) 6.16 (3.14–12.09) <.001 9.92 (3.07–32.10) <.001
Q4 (>3.16) 83 (25.98) 101 (24.29) 2.93 (1.57–5.49) .001 82.59 (10.40–656.10) <.001

CHB = chronic HBV infection, FIB-4 = fibrosis index based on the 4 factors, HBV-LC = HBV-related liver cirrhosis, NLR = neutrophil lymphocyte ratio, RDW = red cell distribution width, RLR = RDW lymphocyte
ratio.
∗
Adjustment for ALT and PLT.
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3.4. Use of RLR to predict prognosis of patients with
HBV-related liver cirrhosis

To evaluate the utility of RLR, RDW, FIB-4, and APRI in
predicting prognosis of patients with HBV-related liver cirrhosis,
we divided the liver cirrhosis patients into 2 groups with different
treatment outcomes: recovery/improvement and treatment
failure/death.
Table 4 shows associations between RLR, RDW, FIB-4,

APRI, and prognosis of patients with HBV-related liver
cirrhosis. As with before, using the median value of RLR
(14.90), study participants were divided into “low” and “high”
groups. Compared to patients with low RLR, the crude OR of
prognosis for patients with liver cirrhosis with a high RLR was
15.48 (95% Cl: 8.27–27.57), and the AOR was 6.20 (95% Cl:
0.30–3.37, P> .05). Quartile analyses also showed higher
5

AORs, illustrating the association between increased RLR and
prognosis of patients with liver cirrhosis. Compared to the
group with the lowest RLR (Q1), the crude OR was 4.64 (95%
Cl: 2.31–8.97), 19.33 (95% Cl: 9.05–41.74), and 119.05 (95%
Cl: 30.08–409.17) for Q2, Q3, and Q4 groups respectively. We
found no significant correlation between RLR and prognosis for
patients with liver cirrhosis (P> .05). As such, we concluded
that RLR is not a useful predictor for prognosis of patients with
liver failure. Similarly, we found no correlation for RDW, FIB-
4, and APRI.
4. Discussion

The main findings of our study are as follows: HBV patients in
both CHB and HBV-LC groups had higher RLR and RDW

http://www.md-journal.com


Figure 3. Association analyses between serum RLR, RDW, FIB-4, APRI, and
risk of HBV-related liver cirrhosis. APRI = aspartate aminotransferase-to-
platelet ratio index, FIB-4 = fibrosis index based on the 4 factors, RDW = red
cell distribution width, RLR = RDW lymphocyte ratio.
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relative to healthy controls. There were also significant
differences observed between CHB and HBV-LC groups for
both RLR and RDW. However, RLR has better sensitivity
and specificity for diagnosis of HBV-related liver cirrhosis
compared to RDW. As such, RLR can potentially be used as
a diagnostic tool for liver cirrhosis. RLR correlates well
with PLT, FIB-4, and APRI in both CHB and HBV-LC
groups. However, we did not find any association between
RLR and prognosis of patients with HBV-related liver
cirrhosis. There was no significant difference observed for
Table 3

RLR and RDW were validated in clinical diagnosis of 30 HBV-LC pat

HBV-LC patients

RLR > 10.87 26
� 10.87 4

RDW > 13.90 26
� 13.90 4

FIB-4 > 3.62 25
� 3.62 5

APRI > 0.75 25
� 0.75 5

Total � 30

APRI = aspartate aminotransferase-to-platelet ratio index, CHB = chronic HBV infection, FIB-4 = fibrosis i
RLR = RDW lymphocyte ratio.

6

patients with different prognoses in the HBV-LC group;
however, a larger study with more participants will be
required to conclusively determine the absence or existence of
any association.
HBV patients require long-term monitoring of the degree of

liver fibrosis for treatment and prevention of complications.[21]

The topic of using noninvasive techniques to diagnose liver
cirrhosis has garnered a lot of interest and discussion. RDW is a
reflection of the homeostastic state of erythrocytes. This study
shows that RDW is higher in CHB patients compared to
healthy controls. We also found further increases in RDW
during cirrhosis. Although the exact mechanism that links
RDW to cirrhosis remains to be elucidated, anemia is a
common complication of cirrhosis. It has been proposed to
result from portal hypertension in chronic liver diseases, which
frequently causes enlargement of the spleen and subsequently
reduces the numbers of red blood cells in circulation.
Additionally, immune-mediated liver injury occurs during
HBV infection, and decrease in lymphocyte promotes recurrent
infection by HBV. Allen et al have shown that increased RDW
may indicate inflammatory stress and impaired iron mobiliza-
tion.[22] In fact, inflammation and iron overload play a key role
in mediating the process related to liver fibrosis.[23] Further-
more, inflammatory cytokines may increase the heterogeneity
of RBC maturation and injury, which is manifested as an
increase in RDW.
On the other hand, lymphocytes were lower in CHB patients

compared to healthy controls, with further decrease observed
during cirrhosis. Hypersplenism in patients with cirrhosis leads
to decreased WBC.[24] Lymphocytes play an important role in
immune monitoring. The decrease of the number of lymphocytes
may be related to apoptosis and dysfunction of immune cells, and
the occurrence of advanced cirrhosis may be related to the
gradual decrease of the number of lymphocytes.[25] Additionally,
inefficient immune clearance of HBV leads to CHB and increases
the risk for liver cirrhosis.[26] Immune-mediated liver injury
occurred during HBV infection,[16,17] and decrease in lympho-
cyte number was promoted recurrent infection by HBV.
The persistent presence of HBV and corresponding decrease
in lymphocyte therefore contribute to progression of liver
cirrhosis.’
In this retrospective study, we confirm that RLR, which

combines 2 different parameters, is a more powerful diagnostic
tool than the use of either parameter alone. In this study, RLR
ients and 30 CHB patients.

CHB patients Sensitivity Specificity

8 0.87 0.73
22
11 0.87 0.63
19
10 0.83 0.67
20
15 0.83 0.50
15
30 � �

ndex based on the 4 factors, HBV-LC = HBV-related liver cirrhosis, RDW = red cell distribution width,



Figure 4. Correlations between ALT, PLT, FIB-4 score, APRI score, and RLR in patients with HBV-related liver diseases. RLR levels were negatively correlated with
serum PLT and were positively correlated with FIB-4 and APRI in all 3 groups. RLR levels were positively correlated with serum ALT in CHB group but without
statistically significant. RLR levels were negatively correlated with serum ALT in the HBV-LC group. ALT = alanine aminotransferase, APRI = aspartate
aminotransferase-to-platelet ratio index, CHB = chronic hepatitis B, FIB-4 = fibrosis index based on the 4 factors, HBV-LC = HBV-related liver cirrhosis, PLT =
platelet, RLR = RDW lymphocyte ratio.

Figure 5. The heatmap for correlation between ALT, PLT, FIB-4 score, APRI
score and RLR in patients with HBV-related liver diseases. The overall
correlations in 3 groups suggested that serum RLR has a good correlation
between PLT, FIB-4, and APRI in both CHB group and HBV-LC group. ALT =
alanine aminotransferase, APRI = aspartate aminotransferase-to-platelet ratio
index, CHB= chronic hepatitis B, FIB-4 = fibrosis index based on the 4 factors,
HBV-LC = HBV-related liver cirrhosis, PLT = platelet, RLR = RDW lymphocyte
ratio.
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was determined to be the most powerful tool for predicting HBV-
related liver cirrhosis, and was superior to RDW, which has
previously been described as a classic and powerful tool in other
studies.[27] This is one of very few studies that aimed to assess the
prediction performance of RLR relative to other measures for
HBV-related cirrhosis. RDW has been described to be a better
parameter than various indirect measures[28,29], however, we
found that RLR outperforms RDW in this study.’
This study has several limitations. First of all, the diagnosis of

cirrhosis was mainly made with imaging-based assessment of
morphology. However, this shows good agreement with
diagnosis by liver biopsy.[24] Secondly, the degree of liver fibrosis
was not stratified in detail. Future studies shall focus on the
relationship between RLR and each stage of liver fibrosis (with
progression from significant fibrosis to cirrhosis). Thirdly, new
markers such as transient elastography, fibrin, and the enhanced
liver fibrosis test, were not compared with RLR in this study, and
will be included in future work. Fourth, whether the RLR/RDW
is associated with non-HBV-related chronic hepatitis was not
examined in the present study.
In conclusion, this study has provided important insight into

the use of noninvasive techniques for diagnosis of HBV-related

http://www.md-journal.com


Table 4

Association analyses RLR, RDW, FIB-4, and APRI predicting prognosis of HBV-related liver cirrhosis: OR (95% CI) using binary logistic
regression.

Recovery/improvement Treatment failure/death Crude OR (95% CI) P value Adjusted OR (95% CI)
∗

P value
∗

RLR
Dichotomies [n (%)]

Low (<14.90) 57 (44.88) 139 (49.12) 1.00 (reference) 1.00 (reference)
High (≥14.90) 70 (55.12) 144 (50.88) 15.48 (8.27–27.57) 1.000 6.20 (3.19–12.28) .997

Quartile [n (%)]
Q1 (<9.59) 17 (13.39) 42 (14.84) 1.00 (reference) 1.00 (reference)
Q2 (9.59–14.90) 40 (31.50) 97 (34.28) 4.64 (2.31–8.97) .690 3.52 (1.58–7.83) .439
Q3 (14.90–20.40) 37 (29.13) 87 (30.74) 19.33 (9.05–41.74) .699 10.88 (4.33–27.32) .563
Q4 (>20.40) 33 (25.98) 57 (20.14) 119.05 (30.08–409.17) 1.000 31.35 (6.24–157.41) .899

RDW
Dichotomies [n (%)]

Low (<15.00) 72 (56.69) 147 (51.94) 1.00 (reference) 1.00 (reference)
High (≥15.00) 55 (43.31) 136 (48.06) 8.09 (4.79–12.11) .226 9.96 (4.73–20.95) .120

Quartile [n (%)]
Q1 (<13.50) 29 (22.83) 59 (20.85) 1.00 (reference) 1.00 (reference)
Q2 (13.50–15.00) 43 (33.86) 88 (31.09) 5.19 (2.69–9.99) .819 3.73 (1.57–8.87) .712
Q3 (15.00–17.80) 33 (25.98) 82 (28.98) 13.84 (6.18–29.57) .460 13.47 (5.06–35.85) .320
Q4 (>17.80) 22 (17.33) 54 (19.08) 30.19 (11.48–72.31) .699 28.71 (9.24–89.21) .564

FIB-4
Dichotomies [n (%)]

Low (<5.53) 66 (51.97) 150 (53.00) 1.00 (reference) 1.00 (reference)
High (≥5.53) 61 (48.03) 133 (47.00) 6.76 (4.08–11.19) .599 5.23 (2.29–11.95) .344

Quartile [n (%)]
Q1 (<2.34) 46 (36.22) 103 (36.40) 1.00 (reference) 1.00 (reference)
Q2 (2.34–5.53) 20 (15.75) 47 (16.60) 4.61 (2.12–9.19) .316 3.72 (1.28–8.64) .201
Q3 (5.53–9.32) 34 (26.77) 73 (25.80) 11.19 (5.55–20.55) .432 11.19 (3.92–37.12) .312
Q4 (>9.32) 27 (21.26) 60 (21.20) 21.04 (9.16–45.21) .599 22.29 (5.17–103.15) .468

APRI
Dichotomies [n (%)]

Low (<1.58) 70 (55.12) 155 (54.77) 1.00 (reference) 1.00 (reference)
High (≥1.58) 57 (44.88) 128 (45.23) 7.16 (4.78–12.21) .612 5.23 (2.29–11.95) .398

Quartile [n (%)]
Q1 (<0.74) 45 (35.43) 96 (33.92) 1.00 (reference) 1.00 (reference)
Q2 (0.74–1.58) 25 (19.69) 59 (20.85) 4.61 (2.12–9.19) .341 3.99 (1.91–9.76) .212
Q3 (1.58–3.19) 32 (25.20) 73 (25.80) 10.19 (5.76–21.32) .419 10.98 (4.91–35.31) .398
Q4 (>3.19) 25 (19.68) 55 (19.43) 22.42 (9.91–46.98) .612 23.09 (5.22–99.75) .479

CHB = chronic HBV infection, FIB-4 = fibrosis index based on the 4 factors, HBV-LC = HBV-related liver cirrhosis, NLR = neutrophil lymphocyte ratio, RDW = red cell distribution width, RLR = RDW lymphocyte
ratio.
∗
Adjustment for ALT and PLT.

Zhang et al. Medicine (2020) 99:23 Medicine
cirrhosis. RLR, which is an inexpensive method that combines 2
simple hematological parameters, has the greatest diagnostic and
prediction power for liver fibrosis.
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