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ABSTRACT
Objective: To assess the correlation between the platelet-to-white blood cell ratio
(PWR) and the severity of liver dysfunction, hepatic complications, and prognosis in
Wilson disease (WD) patients.
Methods: A retrospective analysis was conducted on medical records from January 1,
2016, to March 30, 2022. Both univariate and multivariate analyses were performed
to examine the impact of a low PWR (<26.3) on WD severity, liver complications,
and disease progression. Additionally, the effect of splenectomy on PWR was
evaluated.
Results: The study included 315 patients with WD, among whom 105 had a low
PWR and 210 had a high PWR. Those with low PWR exhibited significantly elevated
levels of bilirubin, international normalized ratio, prothrombin time, procollagen
type-III N-terminal propeptide, type IV collagen, hyaluronic acid, and portal vein
diameter. Conversely, they had lower levels of albumin, total cholesterol, low-density
lipoprotein cholesterol, and triglycerides (all P < 0.05). A low PWR correlated with a
greater incidence of splenomegaly/hypersplenism, esophagogastric varices, and
ascites (all P < 0.05). Furthermore, low PWR independently predicted hepatic
decompensation (P < 0.05), and splenectomy led to a marked increase in PWR
among WD patients (P < 0.001).
Conclusion: A low PWR in WD patients is linked to heightened disease severity,
increased risk of liver complications, and rapid progression to decompensation. The
results imply that splenectomy, by enhancing PWR, may serve as a viable strategy to
slow WD progression.

Subjects Gastroenterology and Hepatology, Internal Medicine, Metabolic Sciences
Keywords Blood platelets, Hepatolenticular degeneration, Leukocytes, Liver cirrhosis, Splenectomy

INTRODUCTION
Wilson disease (WD, OMIM 277900) is a hereditary metabolic disorder that disrupts
copper homeostasis due to mutations in the ATP7B gene, which encodes the ATPase
copper-transporting β protein (Shribman et al., 2022). While symptomatic WD is
uncommon, with an incidence of 1 in 30,000 individuals, the genetic form, defined by the
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presence of two pathogenic ATP7B alleles, is more prevalent, affecting approximately 1 in
7,000 individuals (Coffey et al., 2013; Czlonkowska et al., 2018).

In WD, a disorder where the liver plays a central role in copper metabolism, copper
accumulation within the organ typically triggers liver damage as the first apparent
manifestation (Fernando et al., 2020). As the condition progresses, liver damage swiftly
advances to cirrhosis (Roberts & Socha, 2017), which is present in around 50% of cases at
the time of diagnosis (Ferenci et al., 2019). With further progression to decompensated
cirrhosis, patients often face life-threatening complications such as hepatic encephalopathy
and liver failure (Mulligan & Bronstein, 2020), significantly increasing mortality risk
(Czlonkowska et al., 2018). Liver characteristics in WD are notably distinct from those in
other liver conditions (Zhong et al., 2019, 2022). While numerous clinical markers are
employed to assess the severity and forecast the prognosis of chronic liver diseases
(Colapietro et al., 2024; Elkrief et al., 2023; Hernaez et al., 2023; Sanyal et al., 2023), their
applicability and reliability in WD remain uncertain.

A growing body of research has highlighted the potential of inflammatory biomarkers
derived from blood cell counts, such as the platelet-to-white blood cell (WBC) ratio
(PWR), lymphocyte-to-monocyte, and neutrophil-to-lymphocyte ratios, owing to their
affordability and practicality (Adamstein et al., 2023, 2021; Liu et al., 2023). Among these,
the PWR has emerged as a reliable marker for evaluating disease severity and predicting
outcomes in various liver conditions, including hepatic abscess, acute-on-chronic liver
failure, and cirrhosis (Kim et al., 2022; Ko et al., 2022; Liu et al., 2020). This study,
therefore, aims to explore the relationship between PWR and disease severity, liver
complications, and prognosis in patients with WD.

METHODS
Participants
This study comprised a consecutive cohort of inpatients diagnosed with WD at the First
Affiliated Hospital of Guangdong Pharmaceutical University from January 1, 2016, to
March 30, 2022. Exclusion criteria included liver diseases of alternative etiologies, patients
with pre-existing malignancies, and cases with incomplete medical records.

Data collection
Clinical data obtained from the electronic medical record system included demographic
details, smoking and alcohol consumption history, medical background, duration of WD,
anti-copper therapy, urinary copper levels, presence of Kayser–Fleischer rings,
neuropsychiatric symptoms, platelet and WBC counts, liver injury markers (alanine
transaminase (ALT), aspartate transaminase (AST), and total bilirubin), synthetic function
markers (albumin, total cholesterol, high-density lipoprotein cholesterol (HDL-C), and
low-density lipoprotein cholesterol (LDL-C)), triglyceride levels, coagulation markers
(international normalized ratio (INR) and prothrombin time (PT)), liver fibrosis markers
(procollagen type III terminal propeptide (PIIINP), type IV collagen, hyaluronic acid, and
laminin), portal vein diameter, cirrhosis status, hepatic complications (splenomegaly/
splenectomy, esophagogastric varices, ascites, spontaneous bacterial peritonitis (SBP),
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renal impairment, portal vein thrombosis, hepatic encephalopathy, liver failure, and
hepatocellular carcinoma), Child–Pugh score, and hepatic decompensation. The follow-up
period for compensated patients extended from baseline to either hepatic decompensation
or the study’s conclusion.

Methodology of laboratory measurements
Urinary copper concentrations were determined via ICP-MS at DAAN Clinical
Laboratory Central (Guangzhou, China). Serum PIIINP, type IV collagen, hyaluronic acid,
and laminin levels were assessed using an automated chemiluminescence analyzer at the
same facility. Platelet and WBC counts were obtained with a blood routine testing
instrument (Mindray BC-6900). Standard laboratory techniques on an auto-analyzer
(BECKMAN AU5800) were employed to measure serum ALT, aspartate
transaminase, total bilirubin, albumin, total cholesterol, HDL-C, LDL-C, and triglycerides.
PT and INR were measured and calculated using an automated coagulation analyzer
(STAGO STA-R).

Definitions
In China, the definition of WD aligns with international diagnostic criteria (Czlonkowska
et al., 2018), incorporating factors such as age at onset, liver and neurological symptoms,
copper concentrations in serum, liver, and urine, serum ceruloplasmin levels, the presence
of Kayser–Fleischer rings, and genetic testing (Wang et al., 2023). The PWR is derived by
dividing the platelet count by theWBC count, with values in the lowest third (26.3) serving
as the threshold. Alcoholism is defined as a weekly alcohol intake exceeding 70 g.
Diagnoses for conditions like splenomegaly/splenectomy, ascites, portal vein thrombosis,
and hepatocellular carcinoma rely on a combination of physical examination, imaging,
pathological assessment, and patient history. Esophagogastric varices are identified
through gastroscopy or imaging. SBP is diagnosed when the neutrophil count in ascitic
fluid exceeds 250/mm3 without a surgically treatable cause within the abdomen. Renal
impairment is identified when blood creatinine exceeds 132.6 mmol/L (Piano et al., 2013).
Hepatic encephalopathy diagnosis follows the West Haven Classification (Riordan &
Williams, 1997), while liver failure is indicated by an INR greater than 1.5 in conjunction
with hepatic encephalopathy (Driever et al., 2021). Hepatic decompensation is diagnosed
in the presence of ascites, varices, or hepatic encephalopathy (Jachs et al., 2022). The
Child–Pugh classification is determined as described previously (Pugh et al., 1973).

Statistical analyses
The sample size was calculated using the online Power and Sample Size Calculators.
Statistical analysis was performed with SPSS version 22 (IBM, Armonk, NY, USA),
GraphPad Prism version 8.0.2, and R version 4.3.2. Categorical data were presented as
frequencies (percentages), while continuous data were reported as means ± standard
deviation for normally distributed data or as medians (interquartile range) for
non-normally distributed data. Group comparisons were conducted using chi-square tests,
Fisher’s exact tests, unpaired and paired Student’s t-tests, and Mann–Whitney U tests,
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depending on the data characteristics. Correlations were assessed using Pearson or
Spearman methods, based on the distribution of the data.

The study examined the associations between PWR and various liver function
parameters and complications using multivariate linear and logistic regression analyses.
These models controlled for variables including age, sex, BMI, smoking status, alcohol use,
hypertension, diabetes, and anti-copper therapy. To evaluate the diagnostic utility of
platelet count, WBC count, and PWR in hepatic decompensation, receiver operating
characteristic (ROC) curves were applied to assess specificity and sensitivity. Furthermore,
Kaplan–Meier survival analysis and Cox regression models, both unadjusted and adjusted
for factors such as age, sex, BMI, alcohol use, smoking, hypertension, diabetes, and
anti-copper therapy, were employed to determine if low PWR was an independent risk
factor for hepatic decompensation in WD patients. Results from the linear and logistic
regressions were presented as beta coefficients with standard errors and odds ratios (ORs)
with 95% confidence intervals (CIs), while Cox regression findings were reported as hazard
ratios (HRs) with 95% CIs. A P value of less than 0.05 was considered statistically
significant.

RESULTS
Patient characteristics
A total of 320WD patients were initially enrolled in the study. Following the application of
exclusion criteria, which removed one patient with hepatitis B and four with malignant
tumors, 315 WD patients remained for analysis. These patients were divided into two
groups: 105 with a low PWR (≤26.3) and 210 with a high PWR (>26.3). Baseline
characteristics for each group were presented in Table 1. ATP7B gene analysis was
performed on 19 patients, all of whom displayed mutations.

Low PWR is associated with WD-related liver dysfunction
In patients with WD, those exhibiting low PWR demonstrated significantly higher ALT
and total bilirubin levels compared to those with high PWR (P < 0.05 for both). With
respect to synthetic function, the low PWR group showed markedly lower albumin, total
cholesterol, LDL-C, and triglyceride levels (P < 0.01 for all). Coagulation parameters were
also impaired in the low PWR group, which had substantially elevated INR and PT values
relative to the high PWR group (P < 0.001 for both). Concerning liver fibrosis markers,
concentrations of type IV collagen and hyaluronic acid were significantly higher in the low
PWR group (P < 0.001 for both). Additionally, patients with WD and low PWR exhibited
notably larger portal vein diameters and a higher prevalence of cirrhosis (P < 0.01 for both,
Table 2). These trends were consistent across subgroups of male, female, and untreated
patients (Tables S1–S3).

After adjusting for potential confounders, multivariate linear regression revealed
that patients with low PWR exhibited significantly higher levels of total bilirubin,
INR, PT, PIIINP, type IV collagen, hyaluronic acid, and portal vein diameter. In
contrast, these patients had notably lower concentrations of albumin, total cholesterol,
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LDL-C, and triglycerides compared to those with high PWR (P < 0.05 for all
parameters, Table 3).

Correlation analysis further demonstrated that PWR was negatively associated with
ALT, total bilirubin, INR, PT, type IV collagen, hyaluronic acid, and portal vein diameter,
while it showed positive correlations with albumin, total cholesterol, LDL-C, triglycerides,
and laminin in patients with WD (P < 0.05 for all, Table 4).

Low PWR is a risk factor for WD-related liver complications
Patients with WD and low PWR demonstrated a significantly greater prevalence of
splenomegaly or splenectomy (66.67% vs. 50.48%, P < 0.01), esophagogastric varices
(13.33% vs. 1.43%, P < 0.001), ascites (14.29% vs. 0.48%, P < 0.001), hepatic

Table 1 Patient characteristics.

PWR ≤ 26.3 (n = 105) PWR > 26.3 (n = 210) P value

Age (years) 25.00 (19.00–32.00) 24.00 (18.00–31.00) 0.134

Male sex 53 (50.48) 110 (52.38) 0.750

BMI (kg/m2) 19.87 (18.37–22.75) (n = 93) 19.77 (18.01–21.98) (n = 204) 0.246

Current smoking 9 (8.57) 11 (5.24) 0.253

Alcoholism 2 (1.90) 1 (0.48) 0.538

Hypertension 1 (0.95) 2 (0.95) 1.000

Type 2 diabetes 0 (0) 1 (0.48) 1.000

Age at diagnosis (years) 21.00 (15.50–26.50) 17.00 (10.75–22.00) <0.001

Time from diagnosis to inclusion in the study (months) 0.00 (0.00–11.00) 0.00 (0.00-10.50) 0.253

Urinary copper (mg/24 h) 690.30 (233.04–1,632.57) (n = 53) 526.78 (199.89–921.60) (n = 104) 0.215

Kayser–Fleischer rings 45 (42.86) 58 (27.62) 0.007

Neurological manifestation 73 (69.52) 126 (60.00) 0.099

Psychiatric manifestation 12 (11.43) 22 (10.48) 0.797

Jaundice 8 (7.62) 4 (1.90) 0.029

Clinical forms 0.056

Hepatic 27 (25.71) 79 (37.62)

Neuropsychiatric 6 (5.71) 19 (9.05)

Mixed 71 (67.62) 108 (51.43)

Asymptomatic 1 (0.95) 4 (1.90)

Anti-copper treatment 77 (73.33) 170 (80.95) 0.121

Anti-copper drugs n = 77 n = 170 0.522

Sodium dimercaptosulfonate 59 (76.62) 133 (78.24)

Penicillamine 3 (3.90) 10 (5.88)

Dimercaptosuccinic acid 0 (0) 2 (1.18)

Sodium dimercaptosulfonate + penicillamine 15 (19.48) 22 (12.94)

Sodium dimercaptosulfonate + dimercaptosuccinic acid 0 (0) 2 (1.18)

Penicillamine + Dimercaptosuccinic acid 0 (0) 1 (0.59)

Treatment time (years) 21.00 (15.50–26.00) (n = 77) 16.00 (10.00–22.00) (n = 170) <0.001

Note:
Categorical data are presented as frequencies (percentages), while continuous data are reported as means ± standard deviation for normally distributed variables or as
medians (interquartile range) for non-normally distributed variables. BMI, body mass index; PWR, platelet-to-white blood cell ratio.
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Table 2 Association of PWR (cut-off: 26.3) with liver function parameters in patients with WD.

PWR ≤ 26.3 (n = 105) PWR > 26.3 (n = 210) P value

Liver injury parameters

ALT (U/L) 28.00 (22.00–45.50) (n = 105) 25.00 (18.00–42.00) (n = 207) 0.013

AST (U/L) 30.00 (18.50–48.10) (n = 105) 27.00 (17.00–45.00) (n = 207) 0.262

Total bilirubin (mmol/L) 15.30 (9.65–24.95) (n = 105) 10.30 (7.80–14.60) (n = 207) <0.001

Synthetic function parameters

Albumin (g/L) 38.10 (35.00–42.00) (n = 105) 40.00 (37.00–43.00) (n = 207) 0.002

Total cholesterol (mmol/L) 3.62 (2.98–4.17) (n = 88) 3.97 (3.54–4.66) (n = 177) <0.001

HDL-C (mmol/L) 1.21 (0.99–1.40) (n = 88) 1.26 (1.07–1.47) (n = 177) 0.085

LDL-C (mmol/L) 2.02 (1.57–2.29) (n = 88) 2.26 (1.77–2.64) (n = 177) 0.002

Triglyceride (mmol/L) 0.81 (0.62–1.06) (n = 88) 0.97 (0.71–1.34) (n = 177) 0.003

Coagulation parameters

INR 1.18 (1.10–1.44) (n = 101) 1.07 (1.00–1.13) (n = 196) <0.001

PT (s) 14.90 (14.15–17.35) (n = 101) 13.90 (13.10–14.68) (n = 196) <0.001

Liver fibrosis parameters

PIIINP (mg/mL) 82.89 (64.53–116.21) (n = 90) 75.96 (54.79–107.94) (n = 182) 0.141

Type IV collagen (ng/mL) 63.45 (53.67–76.09) (n = 94) 53.84 (45.76–62.12) (n = 184) <0.001

Hyaluronic acid (ng/mL) 87.86 (54.72–199.74) (n = 94) 39.21 (25.86–70.28) (n = 184) <0.001

Laminin (ng/mL) 107.19 (97.05–118.27) (n = 94) 110.95 (97.91–124.29) (n = 184) 0.256

Portal vein diameter (mm) 10.00 (9.00–12.00) (n = 80) 10.00 (8.00–11.00) (n = 144) 0.005

Cirrhosis 89 (84.76) 131 (62.38) <0.001

Note:
Categorical data are presented as frequencies (percentages), while continuous data are reported as means ± standard deviation for normally distributed variables or as
medians (interquartile range) for non-normally distributed variables. ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; HDL-C,
high-density lipoprotein cholesterol; INR, international normalized ratio; LDL-C, low-density lipoprotein cholesterol; PIIINP, procollagen type III terminal propeptide;
PT, prothrombin time; PWR, platelet-to-white blood cell ratio; WD, Wilson disease

Table 3 Multivariate linear regression analyses of low PWR (< 26.3) as a risk factor for worse liver
function in patients with WD.

Beta Standard error P value

Liver injury parameters

ALT (U/L) – – –

AST (U/L) – – –

Total bilirubin (mmol/L) 8.83 2.10 <0.001

Synthetic function parameters

Albumin (g/L) −1.97 0.58 0.001

Total cholesterol (mmol/L) −0.48 0.12 <0.001

HDL-C (mmol/L) – – –

LDL-C (mmol/L) −0.33 0.11 0.003

Triglyceride (mmol/L) −0.24 0.11 0.024

Coagulation parameters

INR 0.26 0.04 <0.001

PT (s) 2.25 0.34 <0.001
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encephalopathy (4.76% vs. 0.48%, P < 0.05), liver failure (4.76% vs. 0%, P < 0.01),
advanced Child–Pugh classification (26.73% vs. 2.58%, P < 0.001), and hepatic
decompensation (23.81% vs. 2.38%, P < 0.001, Table 5) compared to those with high
PWR. Subgroup analysis further identified that low PWR was linked to a higher
incidence of WD-related liver complications in both male and female patients
(Tables S4 and S5).

Table 3 (continued)

Beta Standard error P value

Liver fibrosis parameters

PIIINP (mg/mL) 12.63 6.19 0.042

Type IV collagen (ng/mL) 11.70 2.46 <0.001

Hyaluronic acid (ng/mL) 97.27 20.22 <0.001

Laminin (ng/mL) – – –

Portal vein diameter (mm) 0.87 0.27 0.002

Note:
Analyses were adjusted for age, sex, BMI, smoking, alcoholism, hypertension, diabetes, and anti-copper treatment. ALT,
alanine transaminase; AST, aspartate transaminase; BMI, body mass index; HDL-C, high-density lipoprotein cholesterol;
INR, international normalized ratio; LDL-C, low-density lipoprotein cholesterol; PIIINP, procollagen type III terminal
propeptide; PT, prothrombin time; PWR, platelet-to-white blood cell ratio; WD, Wilson disease

Table 4 Spearman correlations between PWR and liver function parameters in patients with WD.

R P value

Liver injury parameters

ALT (U/L) −0.12 0.039

AST (U/L) −0.05 0.361

Total bilirubin (mmol/L) −0.33 <0.001

Synthetic function parameters

Albumin (g/L) 0.20 <0.001

Total cholesterol (mmol/L) 0.25 <0.001

HDL-C (mmol/L) 0.10 0.108

LDL-C (mmol/L) 0.19 0.002

Triglyceride (mmol/L) 0.23 <0.001

Coagulation parameters

INR −0.51 <0.001

PT (s) −0.47 <0.001

Liver fibrosis parameters

PIIINP (mg/mL) −0.11 0.066

Type IV collagen (ng/mL) −0.30 <0.001

Hyaluronic acid (ng/mL) −0.46 <0.001

Laminin (ng/mL) 0.13 0.037

Portal vein diameter (mm) −0.28 <0.001

Note:
ALT, alanine transaminase; AST, aspartate transaminase; BMI, body mass index; HDL-C, high-density lipoprotein
cholesterol; INR, international normalized ratio; LDL-C, low-density lipoprotein cholesterol; PIIINP, procollagen type III
terminal propeptide; PT, prothrombin time; PWR, platelet-to-white blood cell ratio; WD, Wilson disease
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Logistic regression analyses revealed that low PWR independently predicted several
complications in WD patients. Specifically, low PWR was associated with an increased risk
of splenomegaly/splenectomy (OR = 1.93, 95% CI [1.15–3.25], P < 0.05), esophagogastric
varices (OR = 9.93, 95% CI [2.73–36.10], P < 0.001), ascites (OR = 21.75, 95% CI
[2.71–174.37], P < 0.01), and hepatic decompensation (OR = 9.71, 95% CI [3.47–27.15],
P < 0.001; Table 6).

Table 5 Association of PWR (cut-off: 26.3) with WD-related hepatic complications.

PWR ≤ 26.3
(n = 105)

PWR > 26.3
(n = 210)

P value

Splenomegaly/splenectomy 70 (66.67) 106 (50.48) 0.006

Esophagogastric varices 14 (13.33) 3 (1.43) <0.001

Ascites 15 (14.29) 1 (0.48) <0.001

SBP 1 (0.95) 0 (0) 0.333

Renal impairment 1 (0.95) 0 (0) 0.333

Portal vein thrombosis 0 (0) 1 (0.48) 1.000

Hepatic encephalopathy 5 (4.76) 1 (0.48) 0.029

Liver failure 5 (4.76) 1 (0.48) 0.007

Hepatocellular carcinoma 0 (0) 0 (0) –

Child–Pugh classification (n = 101) (n = 194) <0.001

A 74 (73.27) 189 (97.42)

B/C 27 (26.73) 5 (2.58)

Hepatic decompensation 25 (23.81) 5 (2.38) <0.001

Note:
Data are presented as n (%). PWR, platelet-to-white blood cell ratio; SBP, spontaneous bacterial peritonitis; WD, Wilson
disease.

Table 6 Logistic regression analyses of decreased PWR (<26.3) as a risk factor for WD-related
hepatic complications.

OR 95% CI P value

Splenomegaly/splenectomy 1.93 [1.15–3.25] 0.013

Esophagogastric varices 9.93 [2.73–36.10] <0.001

Ascites 21.75 [2.71–174.37] 0.004

SBP – – –

Renal impairment – – –

Portal vein thrombosis – – –

Hepatic encephalopathy – – –

Liver failure – – –

Hepatocellular carcinoma – – –

Advanced Child–Pugh classification – – –

Hepatic decompensation 9.71 [3.47–27.15] <0.001

Note:
CI, confidence interval; OR, odds ratio; PWR, platelet-to-white blood cell ratio; SBP, spontaneous bacterial peritonitis;
WD, Wilson disease.
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Figure 1 illustrated the use of ROC curves to assess the diagnostic value of platelet count,
WBC count, and PWR in differentiating hepatic decompensation from compensation. The
area under the curve (AUC) values were 0.85 (95% CI [0.77–0.92]) for PWR, 0.78 (95% CI
[0.69–0.87]) for platelet count, and 0.62 (95% CI [0.50–0.74]) for WBC count. The DeLong
test confirmed that the AUC for PWR was significantly greater than for both platelet and
WBC counts (P < 0.05 for each comparison).

Baseline low PWR is an independent risk factor for predicting hepatic
decompensation during follow-up
Among the 285 WD patients initially presenting with hepatic compensation, 234
completed at least one follow-up visit. Over a median follow-up duration of 34.78 months
(range: 15.18–50.58), 18 patients progressed to hepatic decompensation. Kaplan–Meier
analysis revealed a more rapid progression to decompensation in those with low PWR
(P < 0.01). After multivariable adjustments, the Cox proportional hazards model identified
low PWR as an independent predictor of hepatic decompensation, with a hazard ratio of
3.68 (95% CI [1.21–11.18], P < 0.05).

Figure 1 Receiver operating characteristic (ROC) curves of platelets, WBCs, or PWR for hepatic
decompensation in patients with WD. PWR, platelet-to-white blood cell ratio; WBC, white blood
cell; WD, Wilson disease. Full-size DOI: 10.7717/peerj.19379/fig-1
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Splenectomy is an effective approach to recover PWR
Hypersplenism frequently contributes to thrombocytopenia in WD patients (Strickland,
Chang & Beckner, 1972), prompting an investigation into the effect of splenectomy on
PWR in this cohort. Compared to patients with splenomegaly who did not undergo
splenectomy, those who underwent the procedure demonstrated significantly higher
platelet counts (118.00 [80.00–168.25] vs. 282.00 [221.25–338.25], P < 0.001), WBC counts
(4.55 [3.53–5.71] vs. 6.24 [4.94–8.04], P < 0.001), and PWR values (27.00 [18.56–34.46] vs.
43.70 [35.21–54.69], P < 0.001, Fig. 2A). Additionally, a subgroup of nine patients who had
not initially undergone splenectomy but did so during the follow-up period showed
significant increases in platelet count (95.33 ± 51.39 vs. 439.33 ± 163.96, P < 0.001), WBC
count (2.88 [2.32–4.62] vs. 6.03 [4.77–7.44], P < 0.05), and PWR (25.99 ± 7.88 vs. 69.72 ±
21.52, P < 0.001, Fig. 2B) after splenectomy.

DISCUSSION
This study establishes a clear association between low PWR and increased WD
severity, marked by more severe liver injury and fibrosis, impaired synthetic
and coagulative functions, and elevated portal vein pressure. Additionally, low PWR
correlates with a higher risk of hepatic complications, including splenomegaly/
hypersplenism, esophagogastric varices, and ascites, as well as a more rapid
progression to decompensation. The results further suggest that splenectomy
effectively restores PWR in WD patients. To our knowledge, this is the first
investigation to explore the relationship between PWR and the severity, complications,
and progression of WD.

Two potential explanations may account for these results. First, severe chronic liver
disease typically induces hypersplenism through portal hypertension and reduced hepatic
thrombopoietin production, leading to increased platelet clearance and diminished platelet

Figure 2 Impact of splenectomy on PWR in patients with WD. (A) Comparison of PWR betweenWD
patients with splenomegaly who underwent splenectomy (n = 32) and those who did not (n = 144).
(B) Pre-and post-splenectomy PWR analysis in WD patients (n = 9) PWR, platelet-to-white blood cell
ratio; WD, Wilson disease. Full-size DOI: 10.7717/peerj.19379/fig-2
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production (Lim & Cuker, 2022). Furthermore, a reduced platelet count correlates with
greater disease severity and poorer outcomes in patients with acute-on-chronic liver failure
and hepatocellular carcinoma (Ouyang et al., 2021; Peng et al., 2021; Schrecker et al., 2022).
Second, an elevated WBC count in liver disease patients often signals significant
inflammation due to liver damage and may indicate a concurrent infection. Such
elevations are linked to more severe disease progression and worse prognosis in conditions
like non-alcoholic fatty liver disease and acute-on-chronic liver failure (Wang et al., 2016;
Yu et al., 2024). Consequently, the PWR may serve as a more reliable and robust marker
for evaluating the severity and prognosis of WD.

Multiple studies have identified PWR as a reliable biomarker for assessing the severity of
various diseases (Amalia & Dalimonthe, 2020; Tiuca et al., 2023). For example, a
multicenter study by Ko et al. (2022), involving 833 patients with pyogenic liver abscesses,
found that patients with low PWR (<17.05) exhibited significantly higher ALT levels and
lower albumin compared to those with high PWR. Similarly, a prospective cohort study by
Kim et al. (2022), which included 1,670 patients with acute decompensation of cirrhosis,
reported that a low PWR (≤12.1) correlated with notably lower albumin levels, as well as
elevated INR and Child-Pugh scores. Jie et al. (2018) also demonstrated that a low PWR
(<9.0) was linked to elevated ALT, total bilirubin, and MELD scores in patients with acute-
on-chronic liver failure. Consistent with these findings, our study revealed that a low PWR
was associated with more severe liver dysfunction, advanced fibrosis, and increased portal
vein pressure in WD patients. Although gender has been associated with the clinical
presentation of WD (Ferenci et al., 2019), our results show that both male and female
patients with low PWR exhibit more pronounced liver dysfunction. This supports the
notion that low PWR reflects liver damage independent of gender. Additionally, PWR was
inversely correlated with liver injury, coagulation, and fibrosis markers, while positively
correlating with synthetic function parameters, further emphasizing PWR’s role as a key
indicator of WD severity.

This study identifies low PWR as a significant risk factor for various hepatic
complications, including splenomegaly/hypersplenism, esophagogastric varices, and
ascites, in patients withWD. Given their association with portal hypertension, these results
suggest that PWR may serve as an important clinical marker for evaluating complications
related to portal hypertension. In line with this, Kim et al. (2022) reported that cirrhotic
patients with acute deterioration and low PWR had markedly higher incidences of ascites,
bacterial infections, gastrointestinal bleeding, and acute-on-chronic liver failure compared
to those with high PWR. Ko et al. (2022) similarly found that low PWR correlated with a
significantly greater incidence of complications in liver abscess patients. While low PWR
was linked to an increased occurrence of liver failure and hepatic encephalopathy in WD
patients, further analysis with adjustments revealed that it did not intensify the risk for
these complications. Moreover, our analysis demonstrated that patients with low PWR
were at an elevated risk of hepatic decompensation compared to those with high PWR.
Cox regression further indicated that PWR outperformed platelets and WBC counts as a
predictor of decompensation.
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Recent studies have identified PWR as a prognostic factor in various liver diseases (Jie
et al., 2018; Kim et al., 2022; Ko et al., 2022; Liu et al., 2020; Zhang et al., 2020). A low PWR
has been consistently associated with increased mortality in acute-on-chronic liver failure
and hepatitis B virus-related decompensated cirrhosis (Jie et al., 2018; Liu et al., 2020;
Zhang et al., 2020). Additionally, low PWR serves as a predictor for prolonged
hospitalization in liver abscess patients (Ko et al., 2022) and for adverse outcomes, such as
liver transplantation or death, in those with cirrhosis experiencing acute deterioration
(Kim et al., 2022). In line with these results, our clinical cohort study demonstrated that
patients with WD and a low PWR faced a 3.68-fold increased risk of progressing to
decompensation compared to those with high PWR, highlighting the importance of low
PWR as a key risk factor for decompensation in WD.

Targeting the spleen through splenectomy or splenic embolization has proven effective
in increasing platelet counts in patients with WD-related hypersplenism or cirrhosis (Li
et al., 2015;Matsukiyo et al., 2018; Yamamoto et al., 2015). Splenectomy, in particular, has
demonstrated greater efficacy than splenic embolization in enhancing platelet levels
(Huang et al., 2022). The current study revealed that patients with WD who underwent
splenectomy experienced significant increases in both platelet counts and PWR, compared
to those with splenomegaly who did not receive the procedure. Additionally,
within-subject analysis showed a substantial rise in platelet counts and PWR levels
post-splenectomy compared to preoperative values. These results suggest that
splenectomy-induced improvement in PWR could represent an effective strategy to delay
progression to decompensation in WD patients.

Several limitations of this study warrant consideration. First, the exclusive enrollment of
hospitalized patients, who typically present at more advanced disease stages, may
introduce selection bias into the findings. Second, the incidence of certain complications,
such as SBP, renal impairment, portal vein thrombosis, and hepatocellular carcinoma, was
either extremely low or absent, limiting the assessment of the relationship between PWR
and these complications inWD patients. Third, a substantial proportion of WD patients in
this cohort (21.59%) either did not receive anti-copper therapy or discontinued treatment,
potentially affecting liver function and the development of complications. Finally, despite
including 315 patients, the sample size remains relatively small due to the rarity of WD.
Consequently, these findings should be interpreted with caution and further studies are
needed for validation.

In conclusion, low PWR correlates with greater disease severity, an increased risk of
liver complications, and faster progression to decompensation in WD patients.
Splenectomy, by restoring PWR, may offer a potential strategy to delay decompensation
progression.

ACKNOWLEDGEMENTS
We acknowledge Bullet Edits Limited for their assistance in the linguistic editing and
proofreading of the manuscript.

Zhong et al. (2025), PeerJ, DOI 10.7717/peerj.19379 12/17

http://dx.doi.org/10.7717/peerj.19379
https://peerj.com/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Shenzhen Science and Technology Program
(JCYJ20230807115306013). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Shenzhen Science and Technology Program: JCYJ20230807115306013.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
. Hao-Jie Zhong performed the experiments, analyzed the data, prepared figures and/or
tables, authored or reviewed drafts of the article, and approved the final draft.

. Jun-Yi Chen performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

. Wei-Ming Wu performed the experiments, analyzed the data, prepared figures and/or
tables, and approved the final draft.

. Xing-Xiang He conceived and designed the experiments, authored or reviewed drafts of
the article, and approved the final draft.

. Yong-Qiang Zhan conceived and designed the experiments, authored or reviewed drafts
of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

This study was approved by the Ethics Committee of the First Affiliated Hospital of
Guangdong Pharmaceutical University (No. 2021-172).

Data Availability
The following information was supplied regarding data availability:

The raw data supporting these findings are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.19379#supplemental-information.

REFERENCES
Adamstein NH, Cornel JH, Davidson M, Libby P, de Remigis A, Jensen C, Ekstrom K,

Ridker PM. 2023. Association of interleukin 6 inhibition with ziltivekimab and the
neutrophil-lymphocyte ratio: a secondary analysis of the RESCUE clinical trial. JAMA
Cardiology 8(2):177–181 DOI 10.1001/jamacardio.2022.4277.

Zhong et al. (2025), PeerJ, DOI 10.7717/peerj.19379 13/17

http://dx.doi.org/10.7717/peerj.19379#supplemental-information
http://dx.doi.org/10.7717/peerj.19379#supplemental-information
http://dx.doi.org/10.7717/peerj.19379#supplemental-information
http://dx.doi.org/10.1001/jamacardio.2022.4277
http://dx.doi.org/10.7717/peerj.19379
https://peerj.com/


Adamstein NH, MacFadyen JG, Rose LM, Glynn RJ, Dey AK, Libby P, Tabas IA, Mehta NN,
Ridker PM. 2021. The neutrophil-lymphocyte ratio and incident atherosclerotic events:
analyses from five contemporary randomized trials. European Heart Journal 42(9):896–903
DOI 10.1093/eurheartj/ehaa1034.

Amalia L, Dalimonthe NZ. 2020. Clinical significance of platelet-to-white blood cell ratio (PWR)
and National Institute of Health Stroke Scale (NIHSS) in acute ischemic stroke. Heliyon
6(10):e05033 DOI 10.1016/j.heliyon.2020.e05033.

Coffey AJ, Durkie M, Hague S, McLay K, Emmerson J, Lo C, Klaffke S, Joyce CJ, Dhawan A,
Hadzic N, Mieli-Vergani G, Kirk R, Elizabeth Allen K, Nicholl D, Wong S, Griffiths W,
Smithson S, Giffin N, Taha A, Connolly S, Gillett GT, Tanner S, Bonham J, Sharrack B,
Palotie A, Rattray M, Dalton A, Bandmann O. 2013. A genetic study of Wilson’s disease in the
United Kingdom. Brain 136(5):1476–1487 DOI 10.1093/brain/awt035.

Colapietro F, Maisonneuve P, Lytvyak E, Beuers U, Verdonk RC, van der Meer AJ, van Hoek B,
Kuiken SD, Brouwer JT, Muratori P, Aghemo A, Carella F, van den Berg AP, Zachou K,
Dalekos GN, Di Zeo-Sanchez DE, Robles M, Andrade RJ, Montano-Loza AJ,
van den Brand FF, Slooter CD, Macedo G, Liberal R, de Boer YS, Lleo A, Dutch AIH Study
Group, International Autoimmune Hepatitis Group. 2024. Incidence and predictors of
hepatocellular carcinoma in patients with autoimmune hepatitis. Journal of Hepatology
80(1):53–61 DOI 10.1016/j.jhep.2023.09.010.

Czlonkowska A, Litwin T, Dusek P, Ferenci P, Lutsenko S, Medici V, Rybakowski JK,
Weiss KH, Schilsky ML. 2018. Wilson disease. Nature Reviews Disease Primers 4:21
DOI 10.1038/s41572-018-0018-3.

Driever EG, Stravitz RT, Zhang J, Adelmeijer J, Durkalski V, Lee WM, Lisman T. 2021. VWF/
ADAMTS13 imbalance, but not global coagulation or fibrinolysis, is associated with outcome
and bleeding in acute liver failure. Hepatology 73(5):1882–1891 DOI 10.1002/hep.31507.

Elkrief L, Ganne-Carrie N, Manceau H, Tanguy M, Valainathan SR, Riescher-Tuczkiewicz A,
Biquard L, Barget N, Chaffaut C, Louvet A, Paradis V, Ziol M, Baek R, Jørgensen MM,
Van Niel G, Coly PM, Hammoutène A, Dujardin F, Peoc’h K, Poynard T, Chevret S,
Rautou PE. 2023. Hepatocyte-derived biomarkers predict liver-related events at 2 years in
Child-Pugh class A alcohol-related cirrhosis. Journal of Hepatology 79(4):910–923
DOI 10.1016/j.jhep.2023.05.025.

Ferenci P, Stremmel W, Czlonkowska A, Szalay F, Viveiros A, Stattermayer AF, Bruha R,
Houwen R, Pop TL, Stauber R, Gschwantler M, Pfeiffenberger J, Yurdaydin C, Aigner E,
Steindl-Munda P, Dienes HP, Zoller H, Weiss KH. 2019. Age and sex but not ATP7B
genotype effectively influence the clinical phenotype of Wilson disease. Hepatology
69(4):1464–1476 DOI 10.1002/hep.30280.

Fernando M, van Mourik I, Wassmer E, Kelly D. 2020. Wilson disease in children and
adolescents. Archives of Disease in Childhood 105(5):499–505
DOI 10.1136/archdischild-2018-315705.

Hernaez R, Karvellas CJ, Liu Y, Sacleux SC, Khemichian S, Stein LL, Shetty K, Lindenmeyer CC,
Boike JR, Simonetto DA, Rahimi RS, Jalal PK, Izzy M, Kriss MS, Im GY, Lin MV, Jou JH,
Fortune BE, Cholankeril G, Kuo A, Mahmud N, Kanwal F, Saliba F, Sundaram V, Artzner T,
Jalan R, Multi-Organ D, the Multi-Organ Dysfunction and Evaluation for Liver
Transplantation (MODEL) Consortium. 2023. The novel SALT-M score predicts 1-year
post-transplant mortality in patients with severe acute-on-chronic liver failure. Journal of
Hepatology 79(3):717–727 DOI 10.1016/j.jhep.2023.05.028.

Zhong et al. (2025), PeerJ, DOI 10.7717/peerj.19379 14/17

http://dx.doi.org/10.1093/eurheartj/ehaa1034
http://dx.doi.org/10.1016/j.heliyon.2020.e05033
http://dx.doi.org/10.1093/brain/awt035
http://dx.doi.org/10.1016/j.jhep.2023.09.010
http://dx.doi.org/10.1038/s41572-018-0018-3
http://dx.doi.org/10.1002/hep.31507
http://dx.doi.org/10.1016/j.jhep.2023.05.025
http://dx.doi.org/10.1002/hep.30280
http://dx.doi.org/10.1136/archdischild-2018-315705
http://dx.doi.org/10.1016/j.jhep.2023.05.028
http://dx.doi.org/10.7717/peerj.19379
https://peerj.com/


Huang Y, Ren D, Gao F, Ding Y, Cheng H, Huang X, Xu X. 2022. An updated meta-analysis of
partial splenic embolization versus splenectomy in the treatment of hypersplenism due to
cirrhosis. Minimally Invasive Therapy & Allied Technologies 31(5):664–675
DOI 10.1080/13645706.2021.1933535.

Jachs M, Hartl L, Simbrunner B, Bauer D, Paternostro R, Scheiner B, Schwabl P,
Stattermayer AF, Pinter M, Eigenbauer E, Quehenberger P, Trauner M, Reiberger T,
Mandorfer M. 2022. Decreasing von Willebrand factor levels upon nonselective beta blocker
therapy indicate a decreased risk of further decompensation, acute-on-chronic liver failure, and
death. Clinical Gastroenterology and Hepatology 20(6):1362–1373
DOI 10.1016/j.cgh.2021.07.012.

Jie Y, Gong J, Xiao C, Zhu S, Zhou W, Luo J, Chong Y, Hu B. 2018. Low platelet to white blood
cell ratio indicates poor prognosis for acute-on-chronic liver failure. BioMed Research
International 2018:7394904 DOI 10.1155/2018/7394904.

Kim JH, Kim SE, Song DS, Kim HY, Yoon EL, Kim TH, Jung YK, Suk KT, Jun BG, Yim HJ,
Kwon JH, Lee SW, Kang SH, KimMY, Jeong SW, Jang JY, Yoo JJ, Kim SG, Jin YJ, Cheon GJ,
Kim BS, Seo YS, Kim HS, Sinn DH, Chung WJ, Kim HY, Lee HA, Nam SW, Kim IH, Suh JI,
Kim JH, Chae HB, Sohn JH, Cho JY, Kim YJ, Yang JM, Park JG, Kim W, Cho HC, Kim DJ.
2022. Platelet-to-white blood cell ratio is associated with adverse outcomes in cirrhotic patients
with acute deterioration. Journal of Clinical Medicine 11(9):2463 DOI 10.3390/jcm11092463.

Ko DG, Park JW, Kim JH, Jung JH, Kim HS, Suk KT, Jang MK, Park SH, Lee MS, Kim DJ,
Kim SE. 2022. Platelet-to-white blood cell ratio: a feasible biomarker for pyogenic liver abscess.
Diagnostics (Basel) 12(10):2556 DOI 10.3390/diagnostics12102556.

Li LY, Yang WM, Chen HZ, Wu YH, Fang X, Zhang J, Wang Z, Han YS, Wang Y. 2015.
Successful splenectomy for hypersplenism in Wilson’s Disease: a single center experience from
China. PLOS ONE 10(4):e0124569 DOI 10.1371/journal.pone.0124569.

Lim HI, Cuker A. 2022. Thrombocytopenia and liver disease: pathophysiology and periprocedural
management. Hematology/The Education Program of the American Society of Hematology
2022(1):296–302 DOI 10.1182/hematology.2022000408.

Liu W, Ren S, Yang L, Xiao Y, Zeng C, Chen C, Wu F, Hu Y. 2023. The predictive role of
hematologic markers in resectable NSCLC patients treated with neoadjuvant
chemoimmunotherapy: a retrospective cohort study. International Journal of Surgery
109:3519–3526 DOI 10.1097/JS9.0000000000000650.

Liu LX, Zhang Y, Nie Y, Zhu X. 2020. Assessing the prediction effect of various prognosis model
for 28-day mortality in acute-on-chronic liver failure patients. Risk Management and Healthcare
Policy 13:3155–3163 DOI 10.2147/RMHP.S281999.

Matsukiyo Y, Nagai H, Matsui T, Igarashi Y. 2018. Host immunological effects of partial splenic
embolization in patients with liver cirrhosis. Journal of Immunology Research 2018(4):1746391
DOI 10.1155/2018/1746391.

Mulligan C, Bronstein JM. 2020. Wilson disease: an overview and approach to management.
Neurologic Clinics 38(2):417–432 DOI 10.1016/j.ncl.2020.01.005.

Ouyang R, Li H, Xia J, Wang X, Zheng X, Huang Y, Meng Z, Gao Y, Qian Z, Liu F, Lu X, Shi Y,
Shang J, Liu J, Deng G, Zheng Y, Yan H, Zhang W, Qiao L, Jiang X, Wang H, Zhong G, Li B,
Chen J. 2021. Lower platelet counts were associated with 90-day adverse outcomes in acute-on-
chronic liver disease patients. Annals of Palliative Medicine 10(9):9342–9353
DOI 10.21037/apm-21-1019.

Zhong et al. (2025), PeerJ, DOI 10.7717/peerj.19379 15/17

http://dx.doi.org/10.1080/13645706.2021.1933535
http://dx.doi.org/10.1016/j.cgh.2021.07.012
http://dx.doi.org/10.1155/2018/7394904
http://dx.doi.org/10.3390/jcm11092463
http://dx.doi.org/10.3390/diagnostics12102556
http://dx.doi.org/10.1371/journal.pone.0124569
http://dx.doi.org/10.1182/hematology.2022000408
http://dx.doi.org/10.1097/JS9.0000000000000650
http://dx.doi.org/10.2147/RMHP.S281999
http://dx.doi.org/10.1155/2018/1746391
http://dx.doi.org/10.1016/j.ncl.2020.01.005
http://dx.doi.org/10.21037/apm-21-1019
http://dx.doi.org/10.7717/peerj.19379
https://peerj.com/


Peng W, Li C, Zhang X, Wen T, Chen Z. 2021. The impact of thrombocytopenia on prognosis of
HBV-related small hepatocellular carcinoma: a propensity score matching analysis. World
Journal of Surgical Oncology 19:46 DOI 10.1186/s12957-021-02160-2.

Piano S, Rosi S, Maresio G, Fasolato S, Cavallin M, Romano A, Morando F, Gola E, Frigo AC,
Gatta A, Angeli P. 2013. Evaluation of the acute kidney injury network criteria in hospitalized
patients with cirrhosis and ascites. Journal of Hepatology 59(3):482–489
DOI 10.1016/j.jhep.2013.03.039.

Pugh RN, Murray-Lyon IM, Dawson JL, Pietroni MC, Williams R. 1973. Transection of the
oesophagus for bleeding oesophageal varices. Journal of British Surgery 60(8):646–649
DOI 10.1002/bjs.1800600817.

Riordan SM, Williams R. 1997. Treatment of hepatic encephalopathy. New England Journal of
Medicine 337(7):473–479 DOI 10.1056/NEJM199708143370707.

Roberts EA, Socha P. 2017. Wilson disease in children. Handbook of Clinical Neurology
142(Suppl. 1):141–156 DOI 10.1016/B978-0-444-63625-6.00012-4.

Sanyal AJ, Shankar SS, Yates KP, Bolognese J, Daly E, Dehn CA, Neuschwander-Tetri B,
Kowdley K, Vuppalanchi R, Behling C, Tonascia J, Samir A, Sirlin C, Sherlock SP, Fowler K,
Heymann H, Kamphaus TN, Loomba R, Calle RA. 2023. Diagnostic performance of
circulating biomarkers for non-alcoholic steatohepatitis. Nature Medicine 29(10):2656–2664
DOI 10.1038/s41591-023-02539-6.

Schrecker C, Waidmann O, El Youzouri H, Trojan J, Schnitzbauer AA, Bechstein WO,
Zeuzem S, Koch C. 2022. Low platelet count predicts reduced survival in potentially resectable
hepatocellular carcinoma. Current Oncology 29(3):1475–1487 DOI 10.3390/curroncol29030124.

Shribman S, Marjot T, Sharif A, Vimalesvaran S, Ala A, Alexander G, Dhawan A, Dooley J,
Gillett GT, Kelly D, McNeill A, Warner TT, Wheater V, Griffiths W, Bandmann O, British
Association for the Study of the Liver Rare Diseases Special Interest Group. 2022.
Investigation and management of Wilson’s disease: a practical guide from the British
Association for the Study of the Liver. The Lancet. Gastroenterology & Hepatology 7(6):560–575
DOI 10.1016/S2468-1253(22)00004-8.

Strickland GT, Chang NK, Beckner WM. 1972. Hypersplenism in Wilson’s disease. Gut
13(3):220–224 DOI 10.1136/gut.13.3.220.

Tiuca OM, Morariu SH, Mariean CR, Tiuca RA, Nicolescu AC, Cotoi OS. 2023. Predictive
performances of blood-count-derived inflammatory markers for liver fibrosis severity in
psoriasis vulgaris. International Journal of Molecular Sciences 24(23):16898
DOI 10.3390/ijms242316898.

Wang SQ, Zhan YQ, Hu X, Zhuang YP, Liu HQ, Hong MF, Zhong HJ. 2023. Anemia is
associated with disease severity, hepatic complications, and progression of Wilson disease: a
retrospective cohort study. Digestive Diseases 41(4):632–640 DOI 10.1159/000530473.

Wang S, Zhang C, Zhang G, Yuan Z, Liu Y, Ding L, Sun X, Jia H, Xue F. 2016. Association
between white blood cell count and non-alcoholic fatty liver disease in urban Han Chinese: a
prospective cohort study. BMJ Open 6(6):e010342 DOI 10.1136/bmjopen-2015-010342.

Yamamoto N, Okano K, Oshima M, Akamoto S, Fujiwara M, Tani J, Miyoshi H, Yoneyama H,
Masaki T, Suzuki Y. 2015. Laparoscopic splenectomy for patients with liver cirrhosis:
Improvement of liver function in patients with Child-Pugh class B. Surgery 158(6):1538–1544
DOI 10.1016/j.surg.2015.05.008.

Yu X, Liu X, Tan W, Wang X, Zheng X, Huang Y, Chen J, Li B, Meng Z, Gao Y, Qian Z, Liu F,
Lu X, Shang J, Yan H, Zheng Y, Zhang W, Yin S, Gu W, Deng G, Xiang X, Zhou Y, Hou Y,
Zhang Q, Xiong S, Liu J, Chen R, Long L, Jiang X, Luo S, Chen Y, Jiang C, Zhao J, Ji L, Mei X,

Zhong et al. (2025), PeerJ, DOI 10.7717/peerj.19379 16/17

http://dx.doi.org/10.1186/s12957-021-02160-2
http://dx.doi.org/10.1016/j.jhep.2013.03.039
http://dx.doi.org/10.1002/bjs.1800600817
http://dx.doi.org/10.1056/NEJM199708143370707
http://dx.doi.org/10.1016/B978-0-444-63625-6.00012-4
http://dx.doi.org/10.1038/s41591-023-02539-6
http://dx.doi.org/10.3390/curroncol29030124
http://dx.doi.org/10.1016/S2468-1253(22)00004-8
http://dx.doi.org/10.1136/gut.13.3.220
http://dx.doi.org/10.3390/ijms242316898
http://dx.doi.org/10.1159/000530473
http://dx.doi.org/10.1136/bmjopen-2015-010342
http://dx.doi.org/10.1016/j.surg.2015.05.008
http://dx.doi.org/10.7717/peerj.19379
https://peerj.com/


Li J, Li T, Zheng R, Zhou X, Ren H, Sheng J, Li H, Shi Y. 2024. The clinical courses of
HBV-related acute-on-chronic liver failure and a multi-state model to predict disease evolution.
Hepatology Communications 8(1):e0354 DOI 10.1097/HC9.0000000000000354.

Zhang J, Qiu Y, He X, Mao W, Han Z. 2020. Platelet-to-white blood cell ratio: a novel and
promising prognostic marker for HBV-associated decompensated cirrhosis. Journal of Clinical
Laboratory Analysis 34(12):e23556 DOI 10.1002/jcla.23556.

Zhong HJ, Sun HH, Xue LF, McGowan EM, Chen Y. 2019. Differential hepatic features
presenting in Wilson disease-associated cirrhosis and hepatitis B-associated cirrhosis. World
Journal of Gastroenterology 25(3):378–387 DOI 10.3748/wjg.v25.i3.378.

Zhong HJ, Zhuang YP, Zhang YT, Xu SP, Hong MF, He XX. 2022. Distinguishing between the
complications of Wilson disease-related cirrhosis and HBV-related cirrhosis. Current Medical
Research and Opinion 38:75–81 DOI 10.1080/03007995.2021.1993160.

Zhong et al. (2025), PeerJ, DOI 10.7717/peerj.19379 17/17

http://dx.doi.org/10.1097/HC9.0000000000000354
http://dx.doi.org/10.1002/jcla.23556
http://dx.doi.org/10.3748/wjg.v25.i3.378
http://dx.doi.org/10.1080/03007995.2021.1993160
http://dx.doi.org/10.7717/peerj.19379
https://peerj.com/

	Clinical significance of platelet-to-white blood cell ratio in patients with Wilson disease: a retrospective cohort study
	Introduction
	Methods
	Results
	Discussion
	flink5
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


