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Purpose: The clinical significance of the red blood cell distribution width (RDW)-coefficient of variation (RDW-CV) has been
recognized in numerous diseases, but few studies have investigated the usefulness of RDW-standard deviation (RDW-SD). This study
aimed to compare the utility of RDW-SD and RDW-CV in evaluating liver fibrosis stage in patients with chronic hepatitis B (CHB).
Patients and Methods: In this retrospective study, we enrolled 720 treatment-naive CHB patients and 578 healthy controls, and
evaluated their clinical parameters. In CHB patients, the associations between RDW-CV and liver fibrosis stage were analyzed as
compared to RDW-SD using one-way analysis of variance (ANOVA), Spearman’s rank correlation, student’s #-test, binary logistic
regression, and receiver operating characteristic (ROC) curve.

Results: RDW-SD, rather than RDW-CV was significantly elevated in CHB patients compared with healthy controls. Correlation
analysis showed a stronger association between RDW-SD and liver fibrosis stage than RDW-CV in CHB patients. RDW-CV and
RDW-SD are both independent predictors of significant fibrosis. For the diagnosis of significant fibrosis, the area under the receiver
operating characteristic curve (AUC) for RDW-CV was 0.599, while for RDW-SD, it was 0.706. RDW-to-platelet ratio (RPR), a novel
index for liver fibrosis calculated as RDW-CV/platelet, exhibited an AUC of 0.730. This AUC increased to 0.752 when RDW-CV in
the RPR formula was replaced with RDW-SD. Additionally, subgroup analyses based on age, gender, and HBeAg status showed that
the AUC for RDW-SD in diagnosing significant fibrosis was significantly greater than that for RDW-CV, with statistically significant
differences.

Conclusion: RDW-SD showed superiority in reflecting liver fibrosis stage and diagnosing liver significant fibrosis than RDW-CV in
treatment-naive CHB patients.
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Introduction

Red blood cells (RBCs) account for the most numerous cell type in the bloodstream and serve various physiological
functions.' Besides their well-known roles in oxygen and carbon dioxide transport, RBCs also play a role in systemic
nitric oxide metabolism, redox balance, and inflammatory response regulation.”® Thus, it is not surprising that
abnormal RBCs indices, such as mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
cell hemoglobin concentration (MCHC), and red blood cell distribution width (RDW), have been linked to neurode-
generative diseases, metabolic disorders, cardiovascular disease, hepatorenal disorders, and cancer.*® Among these
indices, RDW is one of the indices routinely reported in the complete blood count (CBC) test, and it reflects the size
variability of RBCs in peripheral blood. Previously, RDW was primarily used for the differential diagnosis of anemia
in the hematologic field.” However, increasing evidence suggests that RDW could be a significant predictor of
outcomes in various diseases, including chronic liver disease.®® Moreover, some researchers have developed
a novel non-invasive index called the RPR and discovered that it can be used to evaluate liver fibrosis and cirrhosis
across a wide array of chronic liver diseases.'®!" However, it is important to note that in these studies, RDW is
calculated as a ratio by multiplying one standard deviation (SD) of the RBCs volume by the MCV and then multiplying
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the result by 100. This method of calculating RDW is now commonly referred to as RDW-coefficient of variation
(RDW-CV). Recently, certain blood cell analyzers have the capability to offer an alternative type of RDW measure-
ment, known as RDW-standard deviation (RDW-SD), as part of the CBC test. Unlike RDW-CV, RDW-SD is not
a ratio but rather a direct measurement of the width of the distribution curve of RBCs volume at a level 20% above the
baseline. Currently, RDW-SD is considered a more accurate indicator of variations in RBCs size than RDW-CV for
the following reasons. Firstly, RDW-CV equation uses MCV as the denominator, and any changes in MCV may affect
the accuracy of RDW-CV in reflecting RBCs volume differences.'” For example, in chronic liver disease, RBCs have
highly heterogeneous volumes with high MCV."® Therefore, RDW-CV may underestimate the deviation of RBCs
width. However, RDW-SD is an absolute value that is not influenced by MCV. Secondly, RDW-CV is limited to
measuring the RBCs distribution within £1 SD range by using 1 SD as the numerator, excluding other abnormally
sized cells beyond this range. In contrast, RDW-SD measures a wider range of RBCs volume distribution that extends
beyond 1 SD, making it a better representative of RBCs volume heterogeneity.'* Indeed, there is evidence that using
RDW-SD instead of RDW-CV makes it easier to identify certain patients with anemia.'?

Hepatitis B virus (HBV) is a DNA virus that primarily infects liver cells and causes chronic hepatitis B (CHB)
infection. CHB affects approximately 296 million people worldwide, with 30% of cases in China.'> Upon infection, the
human immune system is activated and initiates T cell-mediated cellular immunity and B cell-mediated humoral
immunity to attack the virus.'®!” Although these responses can clear most of the infection, they also cause severe
immune-mediated inflammation and liver cell damage, leading to hepatitis. Inflammation and regeneration processes
release cytokines and chemokines that activate hepatic stellate cells (HSCs) and promote the development of liver
fibrosis.'®2° Liver fibrosis is a critical turning point in the progression of chronic hepatitis towards end-stage liver
disease (ESLD), as it is the main precursor lesion for cirrhosis and liver cancer.?' If left untreated, liver fibrosis can
progress to cirrhosis and eventually lead to ESLD, such as liver failure and liver cancer.”” Thus, early detection and
treatment of liver fibrosis is essential to prevent severe liver complications and improve patients’ quality of life
and prognosis. While several studies have evaluated the clinical value of RDW-CV in predicting liver fibrosis progression
and cirrhosis outcome in chronic HBV-infected patients, data on RDW-SD are still limited. Therefore, this study aims to
investigate the potential clinical significance of RDW-SD in reflecting liver fibrosis in treatment-naive HBV-infected
individuals.

Materials and Methods

Study Design and Patients

This study enrolled 720 CHB patients from the Second Hospital of Anhui Medical University between April 2011 and
July 2019. These patients were newly diagnosed with CHB and had not received any prior antiviral treatment. The
inclusion criteria were as follows: age between 18 and 75 years, detectable hepatitis B surface antigen (HBsAg) in serum
for at least 6 months, and the absence of serological markers for other types of viral hepatitis, including hepatitis A,
hepatitis C, hepatitis E, cytomegalovirus hepatitis, and Epstein-Barr virus hepatitis. Participants co-infected with human
immunodeficiency virus (HIV), individuals with decompensated cirrhosis (DLC), liver failure (LF), hepatocellular
carcinoma (HCC), or extrahepatic malignancies were excluded from the study. Additionally, 578 healthy controls who
matched the age and sex of the patient group and visited the same hospital for physical examination during the same
period were selected. The study was conducted in accordance with the Helsinki Declaration of 1983 and was approved by
the Ethics Boards of Anhui Medical College and the Second Hospital of Anhui Medical University. Informed consent
was obtained from all participants.

Liver Histology Examination

The patients underwent ultrasound-guided liver biopsies within one day of admission. Liver specimens shorter than
15 mm were considered unqualified. The qualified specimens were fixed with 10% neutral formalin, embedded in
paraffin, and stained with H&E and Masson trichrome. The histological assessment of each liver biopsy tissue was
performed under double-blind conditions by two independent experienced pathologists in the Department of Pathology at
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the Second Hospital of Anhui Medical University, according to the METAVIR scoring system. The degree of liver
fibrosis was staged from F0-F4, and significant fibrosis was defined as >F2.

Laboratory Tests

Various biochemical parameters were analyzed using a Siemens Dimension RXL automated chemistry analyzer
(Diamond Diagnostics, Holliston, MA), including total protein (TP), albumin, globulin, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total bilirubin (TBIL), alkaline phosphatase (ALP), gamma-glutamyl trans-
peptidase (y-GGT), blood urea nitrogen (BUN), creatinine, and uric acid. Hematological parameters, such as white blood
count (WBC), neutrophils, lymphocytes, monocytes, RBCs count, hemoglobin (Hb), MCV, MCH, MCHC, RDW-CV,
RDW-SD, platelet count, platelet distribution width (PDW), and mean platelet volume (MPV), were determined using
a Sysmex XE2100 hematology analyzer (Sysmex Corporation, Kobe, Japan). Virological parameters, such as HBsAg and
hepatitis B e antigen (HBeAg), were measured using an Abbott Architect 12000 system (Abbott Laboratories, Chicago,
IL, USA), and hepatitis B virus DNA (HBV DNA) was detected using a Strata Gene MX3000P Detection System
(Stratagene, La Jolla, CA, USA).

Statistical Analysis

The data were analyzed using SPSS software (version 19.0, SPSS Inc., Chicago, IL, USA) or MedCalc statistical
software (version 20.118, MedCalc Software Ltd., Ostend, Belgium). Descriptive statistics are presented as mean +
standard deviation or number (percentage). The chi-square test was used to compare categorical variables, and the
Student’s #-test, Mann—Whitney U-test, or one-way ANOVA was used to compare continuous variables as appropriate.
Correlations between RDW-CV, RDW-SD, and liver fibrosis stage were evaluated using Spearman’s rank correlation
coefficient analysis. Binary logistic regression was used to identify risk factors for significant liver fibrosis. The
diagnostic ability of RDW-CV and RDW-SD to identify significant fibrosis was assessed using receiver-operating
characteristic (ROC) curve analysis. The areas under the curves (AUCs) were compared using the DeLong method.”
Statistical significance was defined as a P value less than 0.05.

Results
RDW-CV and RDW-SD in CHB Patients and Healthy Controls

The demographic and clinical data of the subjects are presented in Table 1. Overall, the age and gender distributions were
comparable between CHB patients and healthy controls. However, many biochemical and hematological parameters in
CHB patients were significantly altered. Among the biochemical parameters, serum TP, albumin, and BUN levels were
significantly lower in CHB patients compared to healthy controls, while serum globulin, ALT, AST, TBIL, ALP, GGT,
and creatinine levels were significantly higher in CHB patients. Among the hematological parameters, RBCs count and
hemoglobin were significantly lower, and MCV, MCH, and MCHC were significantly higher in CHB patients compared
to those in healthy controls. Notably, RDW-SD was significantly higher in CHB patients than in healthy controls, while
RDW-CV was not. Additionally, METAVIR fibrosis stage in CHB patients was classified as FO (43 patients; 6.0%), F1
(358 patients; 49.7%), F2 (185 patients; 25.7%), F3 (82 patients; 11.4%), and F4 (52 patients; 7.2%).

Correlations Between RDW-CV, RDW-SD and Liver Fibrosis Stages

Dot plots of RDW-CV and RDW-SD in relation to the METAVIR fibrosis stage were presented in Figure 1A and B,
respectively. A one-way ANOVA revealed a significant increase in both RDW-CV (F=4.310, p=0.001) and RDW-SD
(F=36.868, p<0.001) with the progression of liver fibrosis. Further analysis indicated that RDW-CV and RDW-SD were
positively correlated with liver fibrosis stage, with a correlation coefficient of 0.159 for RDW-CV (p<0.001) and of 0.410 for
RDW-SD (p<0.001), according to the Spearman’s rank correlation test, as shown in Figure 1C and D. Additionally, RDW-CV
(t=3.290, p=0.001) and RDW-SD (t=10.000, p<0.001) were found to be significantly higher in CHB patients with significant
fibrosis (F2-F4) compared to patients with no significant fibrosis (FO-F1), as shown in Figure 1E and F, respectively.
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Table | The Demographic and Clinical Characteristics of CHB Patients and

Healthy Controls

Variables CHB Patients Healthy Controls p-value
(n=720) (n=578)
Age, years 36.71 £ 10.51 36.12 + 12.25 0.348
Gender, Male/Female 424/296 3617217 0.209
TP g/L 69.38 + 6.18 74.18 £ 3.80 <0.001
Albumin, g/L 40.78 + 4.36 46.34 £ 2.43 <0.001
Globulin, g/L 2861 + 441 2785 = 3.16 <0.001
ALT, U/L 44.00 (28.00-77.00) | 16.00 (12.00-24.00) <0.001
AST, U/L 31.00 (23.00-46.00) | 19.00 (17.00-22.00) <0.001
TBIL, umol/L 15.53 £ 12.85 14.19 £ 4.59 0.017
ALP U/L 85.29 + 36.54 81.43 £ 19.42 0.022
v-GGT, U/L 25.00 (16.00—42.00) | 24.00 (16.00-36.00) <0.001
BUN, mmol/L 476 + 1.30 4.78 = 1.06 0.718
Creatinine, pmol/L 7238 £ 17.86 56.38 £ 12.95 <0.001
Uric acid (umol/L) 305.62 + 80.05 318.55 £ 53.15 0.001
WBC, x10° /L 6.32 + 1.76 6.13 £ 1.37 0.784
Neutrophils, x10%/L 330+ 1.23 341 +1.00 0.973
Lymphocytes, x 10%/L 2.25 + 0.69 2.13 £0.57 0.795
Monocytes, x 10%/L 0.59 + 0.20 043 +0.13 0.145
RBC, x10'%/L 4.67 + 0.49 491 + 0.44 <0.001
Hemoglobin, g/L 141.79 £ 16.42 143.47 £ 13.93 0.044
MCV, fL 90.62 * 5.05 89.29 + 3.75 <0.001
MCH, pg 3031 £2.13 29.25 £ 1.57 <0.001
MCHC, g/L 33524 + 12.02 327.61 £ 10.75 <0.001
RDW-CV, % 13.13 + 0.09 13.06 + 0.72 0.137
RDW-SD, fL 4336 £ 3.12 4246 + 2.53 <0.001
Platelet, x10%/L 169.23 + 54.87 235.03 + 52.47 <0.001
PDW, % 15.07 + 2.68 13.76 + 2.42 <0.001
MPV, fL I1.55 + .46 11.23 = 1.05 <0.001
HBsAg, Log o IU/mL 3.59 + 0.94 - -
HBeAg status, -/+ 342/378 - -
HBV DNA, Log o IU/mL 4.94 + 2.59 - -
Fibrosis stage, n (%)
FO 43 (6.0%) - -
Fl 358 (49.7%)
F2 185 (25.7%) - -
F3 82 (11.4%) - -
F4 52 (7.2%) - -

Abbreviations: TP, total protein; ALT, alanine aminotransferase; AST, aspartate aminotransferase;
TBIL, total bilirubin; ALP, alkaline phosphatase; y-GGT, gamma-glutamyl transpeptidase; BUN, blood
urea nitrogen; WBC, white blood count; RBC, red blood cell; MCV, mean corpuscular volume; MCH,
mean corpuscular hemoglobin; MCHC, mean cell hemoglobin concentration; RDW-CYV, red blood cell
distribution width-coefficient of variation; RDW-SD, red blood cell distribution width- standard devia-
tion; PDWY, platelet distribution width; MPV, mean platelet volume; HBsAg, hepatitis B surface antigen;
HBeAg, hepatitis B e antigen; HBV DNA, hepatitis B virus DNA.

Both RDW-CV and RDW-SD Independently Predict Significant Fibrosis

The close association of RDW-CV and RDW-SD with liver fibrosis stages prompted us to investigate whether RDW-CV
and RDW-SD are independent predictors of liver fibrosis. Table 2 presents a comparison of demographic characteristics
and clinical parameters between patients with and without significant fibrosis. Table 3 displays the results of the
prediction study using significant fibrosis as the dependent variable, conducted through uni- and multivariate logistic
regression. Since RDW-CV and RDW-SD are highly correlated parameters, we included them separately in the
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Figure | Associations between RDW-CV, RDW-SD, and liver fibrosis stages. (A) Comparisons of RDW-CV across liver fibrosis stages. (B) Comparisons of RDW-SD across
liver fibrosis stages. (C) Correlations between RDW-CV and liver fibrosis stages. (D) Correlations between RDW-SD and liver fibrosis stages. (E) Comparison of RDW-CV
between patients with and without significant fibrosis. (F) Comparison of RDW-SD between patients with and without significant fibrosis.

multivariate logistic regression analysis. In the univariate regression analysis, the following parameters were found to be
associated with significant fibrosis: age (p=0.005), gender (p=0.014), albumin (p=0.004), globulin (p=0.001), ALT
(p=0.001), AST (p<0.001), TBIL (p<0.001), ALP (p<0.001), GGT (p<0.001), WBC (p=0.001), neutrophils (p=0.011),

Table 2 The Demographic and Clinical Characteristics of CHB Patients with and

without Significant Fibrosis

Variables No Significant Fibrosis | Significant Fibrosis p-value
(n=401) (n=319)
Age, years 35.74 + 1.04 3795 + 1.05 0.003
Gender, Male/Female 220/181 3817217 0.006
TP, g/L 69.34 £ 5.71 69.43 £ 6.72 0.993
Albumin, g/L 41.19 £ 4.03 40.26 £ 4.70 0.004
Globulin, g/L 28.11 + 4.07 29.24 £ 4.75 0.004
ALT, U/L 40.00 (25.00-64.00) 50.00 (33.00-92.00) <0.001
AST, U/L 27.00 (22.00—40.00) 37.00 (27.00-55.00) <0.001
TBIL, umol/L 13.85 + 7.58 61.82 + 96.46 <0.001
ALP, U/L 79.17 £ 30.99 92.98 + 4].28 <0.001
y-GGT, U/L 22.00 (15.00-35.00) 32.00 (20.00-58.00) <0.001
BUN, mmol/L 471 £ 1.24 483 £ .38 0.369
(Continued)
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Table 2 (Continued).

Variables No Significant Fibrosis | Significant Fibrosis p-value
(n=401) (n=319)
Creatinine, pmol/L 7129 £ 18.17 73.75 £ 17.38 0.076
Uric acid (umol/L) 303.15 + 79.38 308.71 + 80.89 0.604
WBC, x10° /L 6.52 £ 1.71 6.08 £ 1.79 0.001
Neutrophils, x10°/L 341 £ 1.16 3.17 £ 1.31 0.003
Lymphocytes, x10°/L 2.35 £ 0.68 2.14 £ 0.69 <0.001
Monocytes, x 10%/L 0.55 + 0.21 0.57 £ 0.20 0.440
RBC, x10'/L 470 £ 0.5 4.63 £ 0.46 0.033
Hemoglobin, g/L 142.23 + 15.58 141.43 + 17.07 0.753
MCV, fL 89.70 + 4.98 91.76 £ 4.92 <0.001
MCH, pg 29.95 £ 2.20 30.75 £ 1.94 <0.001
MCHC, g/L 33524 + 12.02 335.24 + 12.04 0.869
RDW-CYV, % 13.03 £ 0.92 13.26 + 0.95 <0.001
RDW-SD, fL 42.38 +2.75 4458 £ 3.12 <0.001
Platelet, x10°/L 187.28 + 51.91 146.53 + 49.90 <0.001
PDW, % 14.74 + 2.48 1548 + 2.86 <0.001
MPV, fL 11.42 + 1.40 11.71 £ 1.50 0.003
HBsAg, Log,o IU/mL 3.71 £0.99 3.43 £ 0.86 <0.001
HBeAg status, -/+ 184/217 158/161 0.367
HBV DNA, Log;o IU/mL 5.14 £ 2.58 4.68 + 2.57 0.011

Table 3 Univariate and Multivariate Analysis of Clinical Parameters Associated with Significant Liver Fibrosis

Variables Univariate Regression Multivariate Regression® Multivariate Regression®
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Age, years 1.020 (1.006—1.035) 0.005 0.990 (0.972-1.009) 0.310 0.989 (0.970-1.008) 0.259
Gender, Male/Female | 1.459 (1.080-1.973) 0.014 1.692 (1.174-2.438) 0.005 1.649 (1.140-2.385) 0.008
TP g/L 1.002 (0.979-1.026) 0.849

Albumin, g/L 0.951 (0.919-0.985) 0.004 | 0.953 (0.910-0.997) 0.037 0.957 (0.914-1.002) 0.058
Globulin, g/L 1.061 (1.025-1.097) 0.001 1.089 (1.042—1.138) | <0.001 1.085 (1.038-1.135) | <0.001
ALT, U/L 1.003 (1.001-1.005) 0.001 1.000 (0.996—1.004) 0.987 1.000 (0.996—1.004) 0.973
AST, U/L 1.007 (1.003-1.011) | <0.00I 1.001 (0.995-1.008) 0.683 1.002 (0.995-1.008) 0.653
TBIL, pmol/L 1.034 (1.016-1.052) | <0.001 1.016 (0.994-1.039) 0.154 1.014 (0.992-1.037) 0.200
ALP, U/L 1.013 (1.008-1.018) | <0.001 1.008 (1.002-1.015) 0.007 1.008 (1.002-1.015) 0.008
GGT, U/L 1.009 (1.005-1.014) | <0.001 1.001 (0.996-1.007) 0.626 1.001 (0.996-1.007) 0.659
BUN, mmol/L 1.073 (0.958-1.201) 0.223

Creatinine, umol/L 1.008 (0.999-1.016) 0.068

Uric acid (umol/L) 1.001 (0.999-1.003) 0.355

WBC, x107 /L 0.865 (0.793-0.943) 0.001 1.433 (0.755-2.719) 0.272 1.364 (0.713-2.611) 0.349
Neutrophils, x10°/L | 0.853 (0.755-0.964) 0.011 0.703 (0.341-1.451) 0.341 0.744 (0.357-1.549) 0.429
Lymphocytes, x10°/L | 0.637 (0.510-0.796) | <0.001 | 0.565 (0.260—1.228) 0.149 0.611 (0.278-1.344) 0.221
Monocytes, x107/L 1.384 (0.674-2.843) 0.376

RBC, x10'%/L 0.728 (0.537-0.987) 0.041 1.535 (0.959-2.456) 0.074 1.572 (0.983-2.513) 0.059
Hemoglobin, g/L 1.003 (0.994-1.012) 0.517

MCYV, fL 1.098 (1.060-1.137) | <0.001 1.106 (1.035-1.182) 0.003 0.990 (0.919-1.068) 0.802
MCH, pg 1.235 (1.133-1.347) | <0.001 1.183 (0.998-1.403) 0.053 1.201 (1.015-1.422) 0.033
MCHC, g/L 1.000 (0.988-1.012) 0.994

(Continued)
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Table 3 (Continued).

Variables Univariate Regression Multivariate Regression® Multivariate Regression®
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

RDW-CV, % 1.308 (1.109-1.543) | 0.001 1.921 (1.452-2.543) | <0.001

RDW-SD, fL 1.292 (1.221-1.368) | <0.001 1.272 (1.171-1.383) | <0.001
Platelet, x10°/L 0.984 (0.981-0.987) | <0.001 | 0.982 (0.977-0.987) | <0.001 | 0.982 (0.978-0.987) | <0.001
PDW, % .11 (1.050-1.175) | <0.001 | 0.958 (0.872-1.052) | 0.371 0.974 (0.885-1.072) | 0.593
MPV, fL 1.149 (1.036-1.274) | 0.008 1.017 (0.860-1.202) | 0.848 | 0.977 (0.820-1.163) | 0.791
HBsAg, Ig IU/mL 0.717 (0.610-0.843) | <0.001 | 0.731 (0.572-0.935) | 0.013 | 0.738 (0.576-0.946) | 0.017
HBeAg status, -/+ 1.157 (0.862-1.554) | 0.331

HBV DNA, Ig lU/mL | 0.933 (0.881-0.988) | 0.018 1.068 (0.975-1.170) | 0.154 1.071 (0.977-1.175) | 0.144

Notes: Multivariate regression * and Multivariate regression ® are two independent multivariate logistic regression analyses. The former includes
RDW-CYV along with other parameters, while the latter incorporates RDW-SD along with other parameters.

lymphocytes (p<0.001), red blood cells (p=0.041), MCV (p<0.001), MCH (p<0.001), RDW-CV (p=0.001), RDW-SD
(p<0.001), platelets (p<0.001), PDW (p<0.001), MPV (p=0.008), HBsAg (p<0.001), and HBV DNA (p=0.018).
Subsequently, through two separate multivariate logistic regression analyses, we determined that both RDW-CV
(p<0.001) and RDW-SD (p<0.001) are independent predictors of significant fibrosis in CHB patients.

Efficacy of RDW-CV and RDW-SD for Diagnosing Significant Fibrosis

Figure 2A displays the ROC curves for diagnosing significant fibrosis, revealing AUCs of 0.599 (95% confidence
interval [CI]: 0.562—-0.635) for RDW-CV and 0.706 (95% CI: 0.671-0.762) for RDW-SD. A significant difference existed
between the AUCs (p<0.001). The cut-off values for diagnosing significant fibrosis were determined by the maximum
Youden index, resulting in 12.8% for RDW-CV (sensitivity 61.71%, specificity 50.87%) and 43.4 fL for RDW-SD
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Figure 2 ROC curves of RDW-CV and RDW-SD. (A) ROC curves for diagnosing significant fibrosis using RDW-CV and RDW-SD in CHB patients. (B) ROC curves for
diagnosing significant fibrosis using RPR and RsdPR in CHB patients. (C) ROC curves for diagnosing significant fibrosis using RDW-CV and RDW-SD in CHB patients younger
than 30. (D) ROC curves for diagnosing significant fibrosis using RDW-CV and RDW-SD in CHB patients aged 30 or older. (E) ROC curves for diagnosing significant fibrosis

using RDW-CV and RDW-SD in female CHB patients. (F) ROC curves for diagnosing significant fibrosis using RDW-CV and RDW-SD in male CHB patients. (G) ROC curves

for diagnosing significant fibrosis using RDW-CV and RDW-SD in HBeAg-negative CHB patients. (H) ROC curves for diagnosing significant fibrosis using RDW-CV and
RDW-SD in HBeAg-positive CHB patients.
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(sensitivity 61.76%, specificity 71.82%). As the RPR has been established as an easily calculated index for diagnosing
significant fibrosis, we investigated whether replacing RDW-CV with RDW-SD in the RPR calculation formula could
improve diagnostic performance. To avoid confusion, we re-named the RPR after the replacement as RsdPR. Figure 2B
demonstrates that the AUC of RsdPR (0.752, 95% CI: 0.719-0.783) significantly outperforms RPR (0.730, 95% CI:
0.696-0.762), and the DelLong test revealed a statistically significant difference in AUC between RsdPR and RPR
(p<0.001, Z=5.744). We subsequently conducted subgroup analyses for the AUC of RDW-CV and RDW-SD in different
populations, as shown in Figure 2C—H. In the age subgroup analysis, the AUC for diagnosing significant fibrosis in
patients younger than 30 was 0.650 (95% CI: 0.584-0.713) for RDW-CV and 0.749 (95% CI: 0.687—-0.805) for RDW-
SD. For patients aged 30 or older, the AUC for RDW-CV was 0.571 (95% CI: 0.527-0.615), and for RDW-SD, it was
0.677 (95% CI: 0.634—0.718). In the gender subgroup analysis, the AUC for diagnosing significant fibrosis in female
patients was 0.590 (95% CI: 0.531-0.646) for RDW-CV and 0.682 (95% CI: 0.626-0.735) for RDW-SD. For male
patients, the AUC for RDW-CV was 0.605 (95% CI: 0.557-0.652), and for RDW-SD, it was 0.724 (95% CI: 0.678—
0.766). In the HBeAg status subgroup analysis, the AUC for diagnosing significant fibrosis in HBeAg-negative patients
was 0.589 (95% CI: 0.535-0.642) for RDW-CV and 0.683 (95% CI: 0.631-0.732) for RDW-SD. For HBeAg-positive
patients, the AUC for RDW-CV was 0.606 (95% CI: 0.555-0.656), and for RDW-SD, it was 0.725 (95% CI: 0.677—
0.770). In all of these subgroup analyses, the DeLong test revealed that the AUC for RDW-SD consistently exceeded that
of RDW-CV and exhibited statistical significance.

Discussion

The clinical significance of RDW in various diseases, especially liver disease, has been extensively studied. Liver fibrosis
is a common pathway and pathological basis of chronic liver disease (CLD) that can progress to ESLD. While the
association between RDW-CV and liver fibrosis is well-established, less is known about the relationship between RDW-
SD and liver fibrosis, particularly in individuals infected with HBV. This study found that RDW-SD, but not RDW-CV,
was significantly elevated in CHB patients compared to healthy controls. Furthermore, in CHB patients, RDW-SD
displayed a significant and positive correlation with liver fibrosis staging, with a stronger correlation coefficient than
RDW-CV. Importantly, although both RDW-CV and RDW-SD were independently associated with significant fibrosis in
patients, RDW-SD demonstrated higher diagnostic value in discriminating significant fibrosis compared to RDW-CV.
These findings provide important evidence supporting the potential applicability of RDW-SD in evaluating liver disease,
where liver fibrosis is a central feature of disease progression.

RDW-SD, like RDW-CV, is a measure of the variation in RBCs size. However, compared to RDW-CYV, the clinical
applications of RDW-SD are limited. Recent studies have suggested that RDW-SD may provide additional diagnostic
value over RDW-CV,'? as it is not influenced by MCV, which is frequently elevated in CLD patients. Therefore, when
investigating the clinical value of RDW in CLD, the influence of MCV on RDW should be considered. In this study, we
found that only RDW-SD was significantly elevated in CHB patients compared to healthy controls, likely due to the
markedly elevated MCV observed in CHB patients. This leads to a smaller value of RDW-CV, which may be similar to
that of healthy controls. Therefore, RDW-SD may offer a more accurate assessment of RBCs size heterogeneity in CHB
patients.

Liver fibrosis is a precursor to cirrhosis.>* In recent years, numerous studies have shown that RDW is closely related to
the progression of HBV-related liver disease, especially cirrhosis.”> >’ However, it’s worth noting that most of these studies
have focused on RDW-CV, rather than RDW-SD. Therefore, we next investigated the correlation of both RDW-CV and
RDW-SD with liver fibrosis stage in CHB patients. Although both RDW-CV and RDW-SD significantly increased with
higher fibrosis stages, the latter showed a stronger association with liver fibrosis stage than the former. To determine
whether this differential correlation is influenced by MCV, we substituted RDW-SD and RDW-CV with (RDW-SD/MCV
ratio) x100 (substitution of 1SD by RDW-SD in the RDW-CV calculation) and MATH-1SD*® (calculation formula is
RDW-CV x MCV/100) in the correlation analyses of liver fibrosis, respectively. In this scenario, RDW-SD/MCYV ratio
correlated weaker with liver fibrosis stage than RDW-SD (r=0.242 vs r=0.410) (Supplement Figure 1A), whereas MATH-
1SD correlated stronger with liver fibrosis stage than RDW-CV (1=0.330 vs r=0.159) (Supplement Figure 1B). These results
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indicate that, unlike the RDW-CV equation which uses MCV as the denominator, RDW-SD removes the influence of MCV.
Therefore, RDW-SD may be a more suitable parameter for reflecting the staging of liver fibrosis.

The determination of liver fibrosis status in CHB patients, particularly the identification of significant fibrosis, is
crucial for effective clinical management.?® In this study, patients were divided into two groups based on the presence or
absence of significant fibrosis. Multivariate logistic regression analysis revealed that both RDW-CV and RDW-SD were
independent predictors of significant fibrosis. ROC analysis demonstrated that RDW-SD exhibited significantly superior
diagnostic performance compared to RDW-CV for the diagnosis of significant fibrosis (AUC=0.706 vs AUC=0.599).
RDW-SD had a higher specificity of 71.82% compared to the 50.87% specificity of RDW-CV, while their sensitivities
were similar (61.76% vs 61.71%). This indicates that the diagnostic efficacy of RDW-SD over RDW-CV is mainly due to
increased specificity.

The aspartate aminotransferase (AST)-to-platelet ratio index (APRI) and fibrosis-4 (FIB-4) index are commonly used
non-invasive markers for predicting liver fibrosis in CHB patients. In this study, while the AUC of RDW-SD in
distinguishing significant fibrosis is lower than that reported for APRI and FIB-4 in a systematic review and meta-
analysis,>® RDW-SD is more convenient to use as it is a routine parameter in complete blood cell counts, in contrast to
the complex calculations required for APRI and FIB-4. Recent studies have incorporated RDW-CV into a novel index
named RPR for diagnosing liver fibrosis, with a meta-analysis of 13 studies reporting an AUC of 0.73 for significant
fibrosis diagnosis.®' This is consistent with our findings. Interestingly, substituting RDW-CV with RDW-SD in the RPR
calculation formula resulted in a significant improvement in diagnostic performance (AUC=0.752). Furthermore, upon
conducting subgroup analyses for the AUC of RDW-CV and RDW-SD, we found that regardless of the age subgroup,
gender subgroup, or HBeAg status subgroup, RDW-SD consistently outperformed RDW-CV in diagnosing significant
fibrosis. Our findings strongly suggest that RDW-SD serves as a superior diagnostic marker for significant fibrosis in
CHB patients compared to RDW-CV.

This study had a few limitations that need to be acknowledged. Firstly, it was a retrospective and single-center study.
Therefore, it is essential to conduct prospective and external validation studies to substantiate the findings presented in
this study. Secondly, a previous European study observed significant variability in RDW measurements across different
hematological analyzers.*? This study solely utilized Sysmex XE-2100 for assessing RDW-CV and RDW-SD, necessitat-
ing the replication of our findings in other clinical laboratories employing various hematological analyzers to ensure their
generalizability. Additionally, our study exclusively enrolled CHB patients; hence, it remains inconclusive whether the
superiority of RDW-SD over RDW-CV in diagnosing liver fibrosis extends to other types of viral hepatitis, such as
chronic hepatitis C (CHC).

In summary, the present study revealed the differential correlation between RDW-CV, RDW-SD and liver fibrosis
stage, emphasizing the potential value of RDW-SD as a diagnostic index for significant fibrosis. Given that diagnosis of
fibrosis within liver disease is important to evaluate the prognosis, it might also be worth testing RDW-SD as
a prognostic evaluation index for other liver disease, such as liver cirrhosis, acute on chronic liver failure (ACLF) and

HCC. This will be our next research direction.
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