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Abstract
Aims We investigated the correlation between the red cell

distribution width (RDW) and RDW-to-platelet ratio

(RPR) with the degree of inflammation and fibrosis in

chronic hepatitis patients with different etiologies and in

native and transplanted liver.

Methods Between 2010 and 2013, patients from the

MedStar Washington Hospital Center and Georgetown

University Hospital with chronic hepatitis B, chronic

hepatitis C, alcoholic hepatitis, and primary biliary cir-

rhosis who had a biopsy of the liver done in this time

period were included. The correlation among the RDW,

RPR, and model for end-stage liver disease (MELD) score

with the degree of liver inflammation, fibrosis, and cir-

rhosis in separate groups of native and transplanted liver

was calculated.

Results A total of 152 cases with native liver and 70 cases

with transplanted liver were included. The majority of

patients had hepatitis C in both groups. None of the

investigated variables showed significant correlation with

the degree of inflammation in either group. The strongest

correlation with the degree of fibrosis in the native liver

group was for the RPR with 0.51 (p\0.001) and then the

RDW and MELD with 0.34 (p \ 0.001) and 0.31

(p\ 0.001), respectively. In the transplanted liver group,

none of the variables showed significant correlation with

the degree of fibrosis. The receiver-operator curve showed

that only the RDW and RPR in the native liver group, with

areas under the curve of 0.770 and 0.684, respectively,

have significantly positive association with the risk of

cirrhosis. In the transplanted group, none of the predictors

were associated with risk of cirrhosis. In the native liver

group, a cutoff value of 0.088 in the RPR led to 82.7 %

sensitivity and 61.0 % specificity to predict cirrhosis.

Conclusion The RPR can be a strong predictor of the

degree of fibrosis and cirrhosis in patients with chronic

hepatitis and native liver. It shows higher accuracy com-

pared to the RDW and MELD score. However, its use in

predicting inflammation is limited.

Keywords RDW-to-platelet ratio · Liver fibrosis ·

Cirrhosis

Introduction

Red cell distribution width (RDW), a measure of the

variability in the size of circulating erythrocytes, is a rou-

tine component of the complete blood count. The RDW has

been shown to be an independent marker of mortality in

multiple cardiovascular diseases and interventions (such as

percutaneous coronary interventions), renal, and infectious

disease [1–4]. Recent studies show that RDW values are

significantly increased in hepatitis B patients and RDW is

an independent 3-month mortality risk predictor in this

population [5–7]. Other studies have shown that the RDW-

to-platelet ratio (RPR) can be a predictor of significant

fibrosis and cirrhosis in patients with chronic hepatitis B,

and it was hypothesized that the high RDW due to anemia

and the low platelet count due to cirrhosis may explain this

finding [8]. However, there are no studies to investigate the

role of the RDW or RPR in other chronic hepatitis types

and also in transplanted liver.
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There are several noninvasive methods using laboratory

tests to predict the severity of chronic liver disease, and one

of the most widely used ones is the model for end-stage

liver disease (MELD) [9]. It was originally used to predict

death within 3 months of surgery in patients after the

transjugular intrahepatic portosystemic shunt (TIPS) and

was subsequently found to be helpful in determining

prognosis and prioritizing receiving a liver transplant [10,

11]. Given the low cost and ease of measuring these blood

indices, finding a correlation with these variables can

decrease the need for performing liver biopsy in chronic

hepatitis and transplanted patients. Therefore, we attemp-

ted to investigate the correlation between RDW and RPR in

comparison to inflammation and fibrosis detected by biopsy

in patients with chronic hepatitis B (CHB), chronic hep-

atitis C (CHC), primary biliary cirrhosis (PBC), and

alcoholic hepatitis. We also studied these correlations in

patients who had previously undergone orthotopic liver

transplantation. In addition, we compared these methods

with the MELD score to better understand the usefulness of

these indices.

Materials and methods

We included the patients from the MedStar Washington

Hospital Center and MedStar Georgetown University

Hospital between the years 2010–2013 with the initial

diagnosis of chronic hepatitis B, chronic hepatitis C,

alcoholic hepatitis, and primary biliary cirrhosis who had a

biopsy of the liver done in this time period. For all subjects,

demographic data were obtained. We retrieved the

pathology reports for the liver biopsy and values for the

RDW, platelet count, international normalized ratio (INR),

creatinine, and bilirubin, measured within a week of per-

forming the biopsy. The RDW and platelet count were

measured by Sysmex XE-5000, INR by Stago-Compact

Max, and creatinine and bilirubin by Siemens Vista-1500.

Then we calculated the MELD score and RPR for each

patient. The MELD score was calculated using the web site

calculator (http://www.mayoclinic.org/gi-rst/mayomodel7.

html). Patients with hepatocellular carcinoma were exclu-

ded from the study.

Ethics statement

This study was reviewed and approved by the Institutional

Review Board of MesdStar Health Research Institute.

Histological assessment of the liver

Liver inflammation was determined by the Batts-Ludwig

5-point scale [12]: grade 0: no or minimal inflammation;

grade 1: portal inflammation or lobular inflammationwithout

necrosis; grade 2: mild periportal inflammation and piece-

meal necrosis or focal hepatocellular necrosis; grade 3:

moderate periportal inflammation and piecemeal necrosis or

severe focal cell damage; grade 4: severe periportal inflam-

mation and piecemeal necrosis or bridging necrosis.

Degree of fibrosis was retrieved from the pathology reports

evaluated by the Batts-Ludwig 5-point scale [12]: stage 0: no

fibrosis; stage 1: enlarged fibrotic portal tracts; stage 2: peri-

portal fibrosis or portal-to-portal septa, without architectural

distortion; stage 3: bridging fibrosis with architectural dis-

tortion and no obvious cirrhosis; stage 4: cirrhosis.

Statistical analysis

Descriptive statistics for baseline characteristics were per-

formed by Fisher’s exact test for categorical variables and

Wilcoxon rank-sum test for continuous variables. The

Spearman rank correlation test was used to detect a mono-

tonic trend in the laboratory results with an increase in the

severity level of inflammation or fibrosis. Patients with

native liver or transplanted liver were analyzed separately.

To obtain the best predictor of the risk of cirrhosis from the

laboratory data, we developed logistic regression models

with using theRDW,RPR, orMELD score, respectively, as a

predictor. The odds ratiowith the associated 95%confidence

interval for each predictor was estimated. The performance

of discrimination for each model was evaluated by the

receiver-operating characteristic (ROC) curve analysis. We

estimated the area under the ROC curve (AUC) of each

model with the associated 95 % confidence interval. In

addition, the ROC contrast test [13] was performed to

compare the difference in AUC between each model.

Finally, we used Youden’s index [14], defined as sensitiv-

ity + specificity − 1, to determine the cutoff value for the

optimal combination of sensitivity and specificity. Data

analysis was performed with the statistical software package

SAS™ 9.3 (SAS Institute, Cary, NC, USA).

Results

During the study period there were 152 cases with native

liver and 70 with transplanted liver. The majority of

patients in both groups were African-American. Chronic

hepatitis C was the dominant type of hepatitis in both

groups. Most patients with native liver had grade 1

inflammation and stage 4 fibrosis, and grade 2 inflamma-

tion and stage 2 fibrosis were the most prevalent in the

transplanted liver group. The RDW and MELD score did

not show a significant difference between the two groups,

but the RPR was significantly lower in the native liver

group (Table 1).
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None of the investigated variables showed significant

correlation with the degree of inflammation in the native or

transplanted liver groups. The strongest correlation with

the degree of fibrosis in the native liver group was for RPR

with 0.51 (p\0.001) and then RDW and MELD with 0.34

(p \ 0.001) and 0.31 (p \ 0.001), respectively. In the

transplanted liver group none of the variables

showed a significant correlation with the degree of fibrosis

(Table 2).

Analyses from logistic regression models indicate that

only RDW and RPR in the native liver group showed a

significantly positive association with the risk of cirrhosis

(Table 3). One unit increase in RDW led to an 18.4 %

increase in the odds of cirrhosis. For every 0.1 unit increase

in RPR, the odds of having cirrhosis increased by a factor

of 3.76. For the ROC analysis (Fig. 1), the highest AUC

was the RPR model with 0.770 followed by the RDW

(0.684) and MELD (0.613) in the native liver group. The

Table 1 Demographic and

baseline characteristics of the

subjects

Variables Native liver (N1 = 152) Transplanted liver (N2 = 70) p value

Age˦ 55.4 (43.1, 65.4) 58.4 (50.6, 66.0) 0.0023

Male‡ 87 (57.2) 47 (67.1) 0.1850

Race/ethnicity‡ 0.6397

White, non-Hispanic 45 (29.6) 22 (31.4)

African American, non-Hispanic 84 (55.3) 36 (51.4)

Hispanic 4 (2.6) 2 (2.86)

Others 3 (2.0) 4 (5.7)

Unknown/declined 16 (10.5) 6 (8.6)

Type of liver problem‡ 0.0323

ALC 38 (25.0) 7 (10.0)

HepB 9 (5.9) 2 (2.9)

HepC 98 (64.5) 57 (81.4)

PBC 7 (4.6) 4 (5.7)

Grade of inflammation‡ 0.4021

0 6 (4.0) 3 (4.3)

1 58 (38.2) 21 (30.0)

2 57 (37.5) 31 (44.3)

3 26 (17.1) 15 (21.4)

4 5 (3.29) 0 (0)

Stage of fibrosis‡ \0.0001

0 7 (4.6) 14 (20.0)

1 29 (19.1) 15 (21.4)

2 35 (23.0) 25 (35.7)

3 29 (19.1) 8 (11.4)

4 52 (34.2) 8 (11.4)

Lab parameters˦

RDW 15.6 (13.0, 21.5) 15.2 (12.9, 20.6) 0.1205

PLT 175.0 (71.0, 289.0) 119.5 (55.5, 269.0) \0.0001

INR 1.2 (1.0, 1.7) 1.1 (1.0, 1.6) 0.0339

Cr 0.9 (0.6, 4.0) 1.1 (0.7, 2.2) 0.1530

BiliT 1.1 (0.3, 16.6) 1.2(0.5, 10.3) 0.6217

RDW/Plt 0.09 (0.05, 0.25) 0.12 (0.06, 0.31) 0.0023

MELD 13.6 (6.4, 25.0) 11.5 (6.4, 22.7) 0.4702

ALC alcoholic hepatitis, HepB hepatitis B, HepC hepatitis C, PBC primary biliary cirrhosis, RDW red cell

distribution width, PLT platelet, INR international normalized ratio, Cr creatinine, BiliT bilirubin total,

MELD model for end-stage liver disease
˦ Estimated results for these variables are presented as median with 10th and 90th percentiles in paren-

theses. p value for each testing is the result of the Wilcoxon rank-sum test
‡ Estimated results for these variables are presented as the number of subjects with column percent in the

parentheses. p value for each testing is the result of Fisher’s exact test
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confidence interval of AUC for each model did not contain

0.5, indicating a significant difference from random

guessing. The ROC contrast test shows a significant dif-

ference in AUC between the RPR and MELD, but not

between the RPR and RDW. In the transplanted liver

group, all three predictors as continuous variables were not

significantly associated with the risk of cirrhosis (Table 3).

For the measures of discriminative ability, the RPR model

had the highest AUC with 0.693, followed by the MELD

model (0.688). Both AUCs were significantly greater than

0.5 and did not show a significant difference from each

other (p = 0.892). The confidence interval of the AUC for

the RDW model contained 0.5; hence, this model did not

show significant discriminative ability (Fig. 2).

Table 2 Analyses of the relationships between selected laboratory results and liver inflammation and fibrosis

Native liver Transplanted liver

Median (10th,

90th percentile)

Spearman’s rank

correlation coefficient

p value Median (10th,

90th percentile)

Spearman’s rank

correlation coefficient

p value

Inflammation

RDW −0.05 0.568 −0.23 0.058

0 15.6 (13.7, 21.0) 21.5 (19.0, 26.6)

1 16.0 (13.8, 21.7) 15.7 (13.6, 21.4)

2 14.9 (12.6, 20.3) 14.1 (12.6, 17.0)

3 15.4 (13.9, 22.1) 15.7 (13.4, 20.1)

4 21.5 (14.8, 24.0) –

RDW/Plt 0.08 0.340 −0.15 0.215

0 0.10 (0.08, 0.13) 0.26 (0.19, 0.29)

1 0.09 (0.05, 0.20) 0.14 (0.08, 0.37)

2 0.08 (0.05, 0.26) 0.11 (0.07, 0.17)

3 0.12 (0.05, 0.27) 0.17 (0.05, 0.28)

4 0.15 (0.07, 0.38) –

MELD −0.05 0.509 −0.19 0.124

0 16.6 (6.4, 26.4) 31.9 (22.1, 35.6)

1 13.7 (6.4, 28.0) 14.6 (7.47, 25.0)

2 11.1 (6.4, 23.3) 9.7 (6.4, 13.6)

3 14.3 (6.4, 19.5) 14.2 (7.5, 22.7)

4 16.1 (10.2, 25.0) –

Fibrosis RDW 0.34 \0.001 −0.21 0.077

0 14.4 (11.7, 15.5) 17.5 (13.6, 21.5)

1 14.9 (12.5, 20.3) 14.1 (13.0, 16.8)

2 15.4 (13.0, 18.6) 15.4 (13.0, 21.2)

3 15.4 (13.0, 22.6) 13.9 (12.4, 17.0)

4 116.8 (14.6, 23.5) 15.4 (12.7, 20.5)

RDW/Plt 0.51 \0.001 −0.002 0.986

0 0.06 (0.05, 0.15) 0.22 (0.06, 0.37)

1 0.07 (0.04, 0.14) 0.10 (0.05, 0.15)

2 0.07 (0.05, 0.15) 0.10 (0.07, 0.26)

3 0.11 (0.06, 0.26) 0.14 (0.09, 0.25)

4 0.13 (0.07, 0.31) 0.19 (0.06, 0.37)

MELD 0.31 0.001 0.297

0 6.4 (6.4, 13.5) 18.3 (7.5, 27.4)

1 11.3 (6.4, 19.7) 10.2 (6.4, 15.2) −0.13

2 13.6 (6.4, 23.3) 11.3 (6.4, 22.2)

3 18.0 (6.4, 35.6) 9.1 (6.4, 15.7)

4 15.2 (7.5, 28.0) 15.2 (8.4, 37.2)

RDW red cell distribution width, PLT platelet, MELD model for end-stage liver disease

Hepatol Int (2015) 9:454–460 457

123



After determining the optimal cutoff by Youden’s index,

the RPR had the highest positive predictive value (PPV)

and negative predictive value (NPP) in both groups

(Table 3).

In the native liver group, a cutoff value of 0.088 in the

RPR led to 82.7 % sensitivity and 61.0 % specificity to

predict the event of cirrhosis. In the transplanted liver

group, using a cutoff value of 0.174 could reach 75 %

sensitivity and 75.8 % specificity.

Discussion

The aim of this study was to test the usefulness of a simple

and inexpensive approach to predict inflammation and

fibrosis in native and transplanted liver in patients with

chronic hepatitis, using easily available hematological

CBC parameters. RDW reflects the variability in circulat-

ing RBC size and is based on the width of the RBC volume

distribution curve. Higher values indicate greater

Table 3 ROC association statistics and the diagnostic accuracy estimate for the prediction of cirrhosis

Model Estimated OR and

95 % CI

Estimated area under

ROC and 95 % CI

p value of ROC

contrast test#
Optimized

cutoff

Sensitivity

(%)

Specificity

(%)

PPV

(%)

NPV

(%)

Native liver

RDW 1.184 (1.067, 1.313) 0.684 (0.598, 0.770) 0.093 15.7 71.1 62.0 49.3 80.5

RDW/plt 3.760^ (2.133, 6.629) 0.770 (0.693, 0.847) – 0.088 82.7 61.0 52.4 87.1

MELD 1.040 (0.998, 1.084) 0.613 (0.521, 0.705) 0.001 8.4 86.5 36.0 41.3 83.7

Transplanted liver

RDW 1.011 (0.808, 1.266) 0.528 (0.467, 0.589) \.001 14.5 75.0 45.2 15.0 93.3

RDW/plt 1.284 (0.801, 2.058) 0.693 (0.637, 0.748) – 0.174 75.0 75.8 28.6 95.9

MELD 1.075 (0.983, 1.174) 0.688 (0.634, 0.741) 0.892 14.1 75.0 69.4 24.0 95.6

RDW red cell distribution width, PLT platelet, MELD model for end-stage liver disease
^ Odds ratio for. 0.1-unit increase
# Compared with RDW/Plt

Fig. 1 Receiver-operating characteristic (ROC) curves of RDW,

RDW/plt and MELD in the prediction of cirrhosis for native liver.

RDW red cell distribution, Plt platelet, MELD model for end-stage

lilver disease

Fig. 2 Receiver-operating characteristic (ROC) curves of RDW,

RDW/plt and MELD in the prediction of cirrhosis for transplanted

liver. RDW red cell distribution, Plt platelet, MELD model for end-

stage lilver disease
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variability [15]. RDW may reflect a nutritional deficiency,

chronic inflammation, or bone marrow depression [16, 17].

These conditions are common in patients with liver disease,

correlate with the severity of the disease, and are related to

worse prognosis [18]. Another situation that may result in

an increase in RDW is hemolytic anemia, which is com-

monly present in patients with chronic liver disease and

cirrhosis [19]. Thrombocytopenia is also a known com-

plication of chronic liver disease and cirrhosis, and the

platelet count has been used in different predictive models

for liver fibrosis and cirrhosis [8].

In the study by Lou et al. [5] and Karagoz et al. [6], RDW

values were significantly increased in hepatitis B patients,

and the elevation was correlated with the severity of the

disease. RDW was also shown to be an independent pre-

dicting factor for 3-month mortality in these patients. Our

study showed in a patient population comprising different

hepatitis types, with the majority being hepatitis C patients,

RDW has a statistically significant correlation with the

degree of fibrosis in native liver. This correlationwas slightly

stronger than the correlation between the MELD score and

liver fibrosis. However, the correlation between the RDW

and degree of inflammation in native liver was not signifi-

cant. RDW was not significantly correlated with either

inflammation or fibrosis in the transplanted liver group. This

may be related to either the smaller sample size in this group

or significantly lower fibrosis in the transplanted liver group

compared to the native liver group.

A study by Chen et al. [8] showed that in patients with

chronic hepatitis B, RPR is an accurate tool for predicting

significant fibrosis and cirrhosis. In their study, the AUC

for predicting severe fibrosis and cirrhosis was 0.882 and

0.885, respectively. Our study showed that the RPR was

significantly correlated with the degree of fibrosis in native

liver. This correlation was the strongest compared to the

RDW and MELD score. Similar to the MELD score and

RDW, RPR failed to show a significant correlation with

inflammation in native liver, which may be attributable to

the lower fibrosis level in the transplanted liver group or its

smaller sample size.

The RPR also showed the highest area under the curve

(AUC) in the receiver-operating characteristic (0.770) and

highest positive and negative predictive values when

compared to the RDW and MELD score for predicting

cirrhosis in native liver. This is concordant with the results

of the study by Chen et al. [8] that showed RPR could be a

useful and accurate tool for predicting cirrhosis and severe

fibrosis in chronic hepatitis B patients. However, our study

had a sample size of different hepatitis categories with a

majority of patients with chronic hepatitis C. This shows

that the RPR can be a useful tool to predict the degree of

fibrosis and cirrhosis in other forms of chronic hepatitis as

well. None of the tested variables could significantly

predict cirrhosis in the transplanted liver. This may be

attributable to the very small number of patients with cir-

rhosis in the transplanted liver group.

The mechanism of association between RDW and liver

fibrosis is not well understood. A recent study by Lippi

et al. [20] showed RDW has a strong and graded corre-

lation with the degree of inflammatory markers, which

was independent of ferritin, age, sex, and other hemato-

logical variables. Another prospective study showed that

RDW elevation might be an indicator of inflammatory

stress and impaired iron mobilization [21]. Iron overload

and inflammation may subsequently contribute to the

hepatic fibrosis [22]. The role of platelets in the pro-

gression of fibrosis is also not clear. In a recent study by

Knight et al. [23] it was shown that platelets alleviate

liver fibrosis through the decreased expression of the

principal profibrogenic cytokine TGF-b and the increased

expression of matrix metalloproteinases. This suggests a

negative correlation between platelets and liver fibrosis

[8].

The current study has several limitations. The patients

were retrospectively enrolled in the study. In addition, due

to the lack of data, we did not investigate the possible

causes that may affect RDW values, such as iron or vitamin

B12 deficiency. We also did not include the data regarding

the antiviral therapy for these patients, and the possible

effect of antiviral medications on blood indices were not

studied.

In conclusion, the current study shows that the RPR can

be a useful predictor of the degree of fibrosis and cirrhosis

in patients with chronic hepatitis and native liver. Because

RDW and platelet values are easily available at no addi-

tional cost to the routine complete blood cell counts and are

highly reproducible, it may serve as an important bio-

marker and potentially reduce the need for liver biopsy in

this patient population. Further studies are needed to vali-

date this index in different types of hepatitis. Studies with a

larger sample size of transplanted liver patients are also

warranted to study this index in this patient population.
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