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Abstract

Introduction: Anemia is a common manifestation of chronic
liver diseases. It is a predictor of severe disease, a high risk of
complications, and poor outcomes in various liver diseases.
However, it remains unclear whether anemia serves as a
similar indicator in patients with Wilson disease (WD). There-
fore, this study aimed to investigate the relationship be-
tween anemia and severity, hepatic complications, and the
progression of WD. Methods: Medical data were collected
retrospectively from January 1, 2016, to December 31, 2020.
Univariate and multivariate analyses were carried out to
investigate the relationship between anemia and liver-
associated disease severity, hepatic complications, and
the progression of WD. Results: A total of 288 WD patients
(48 with and 240 without anemia) were enrolled in the study.
Multivariate linear regression revealed that WD patients with
anemia had significantly higher levels of bilirubin, alanine
transaminase, prothrombin time, international normalized
ratio, type IV collagen, and hyaluronic acid and significantly
lower levels of albumin, total cholesterol, and high-density

lipoprotein-cholesterol (all p < 0.05). Multivariate logistic
regression showed that anemia was a risk factor for gastric
varices and ascites (all p < 0.05). Fully adjusted Cox regres-
sion revealed that anemia was an independent risk factor for
advanced Child-Pugh classification (p = 0.034). Conclusions:
Anemia was common in WD patients and was associated
with greater disease severity, a higher risk of hepatic com-
plications, and a faster progression.

© 2023 S. Karger AG, Basel

Introduction

Wilson disease (WD) is caused by mutations in the
ATPase copper-transporting beta gene, which results in
copper accumulation in the hepatic and extrahepatic
tissues [1]. While WD is rare, with an estimated preva-
lence of symptomatic cases being 1 in 30,000, genetic
variants associated with WD are much more common,
affecting approximately 1 in 7,000 individuals [2, 3].
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Given that the liver is the primary organ involved in
copper excretion, liver injury is the first manifestation in
up to 60% of WD patients [4]. Unlike chronic liver
diseases of other etiologies, WD progresses rapidly [5],
and half of WD patients eventually develop cirrhosis [6].
Once decompensated cirrhosis develops, it is followed by
a series of complications such as ascites, esophagogastric
varices, and hepatic encephalopathy [7], leading to a
marked increase in mortality [1]. Several clinical indica-
tors are widely used nowadays to evaluate the severity of
chronic liver diseases and predict their progression
[8-10]. However, because patients with WD have sig-
nificantly different liver features and complications com-
pared to patients with other liver diseases [11, 12], it
remains unclear whether these indicators could be used to
assess the severity, complications, and progression
of WD.

Anemia is common in patients with chronic liver
diseases due to chronic bleeding, nutritional deficiencies,
and hypersplenism [13]. In these patients, it is also a
predictor of severe disease, a high risk of complications,
and poor outcomes [14, 15]. Because copper causes
oxidative damage in erythrocytes, the resulting hemolysis
is one of the causes of anemia in WD patients, with a
prevalence of 5-6% [16]. WD patients with hemolytic
anemia have higher serum copper levels [17], which is
indicative of a more severe and rapidly progressive dis-
ease [4]. However, it remains unclear whether anemia
could be used as an indicator of disease severity and
complications or as a predictor of disease progression in
WD patients. Therefore, this study aimed to investigate
the relationships between anemia and the severity and
progression of WD as well as the hepatic complications
associated with it.

Materials and Methods

Study Design and Ethical Approval

This retrospective study was conducted in accordance with the
Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines. It was also in compliance with the
Declaration of Helsinki and approved by the Research Ethics
Board of the First Affiliated Hospital of Guangdong Pharmaceut-
ical University (#2021-172). As the study was retrospective in
nature, the requirement for informed consent was waived.

Participants

Based on preliminary data, online software (Power and Sample
Size Calculators; http://powerandsamplesize.com/) was used to
estimate the sample size. Inclusion criteria included consecutive
inpatients with WD at the First Affiliated Hospital of Guangdong
Pharmaceutical University (Guangzhou, China) from January 1,
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2016, to December 31, 2020. Exclusion criteria included the
presence of other liver diseases (viral, alcoholic, autoimmune,
or drug-induced), current malignancies (except for primary liver
cancer), or the absence of important medical data.

Data Collection

The following data were extracted from electronic medical
records: demographic variables, body mass index (BMI), comor-
bidities (hypertension and type 2 diabetes), smoking status, alcohol
consumption, duration of WD, anti-copper therapy, imaging
findings, anemia etiology, hepatic complications (gastric varices,
splenomegaly, ascites, spontaneous bacterial peritonitis [SBP],
liver failure, renal impairment, hepatic encephalopathy, and pri-
mary liver cancer) and laboratory tests, including hemoglobin
levels, liver function parameters (bilirubin, alanine transaminase
[ALT], aspartate transaminase, and albumin), coagulation param-
eters (prothrombin time [PT], international normalized ratio
[INR], and platelet count), blood lipid parameters (total choles-
terol, triglyceride, high-density lipoprotein-cholesterol [HDL-C],
and low-density lipoprotein-cholesterol), liver fibrosis parameters
(type IV collagen, procollagen type-III N-terminal propeptide,
laminin, and hyaluronic acid), urinary copper, serum creatinine
levels, and the Coombs test. The follow-up time was calculated for
each patient from the first to the last hospitalization during the
study period.

Definitions

Alcoholism is defined as consuming 70 g or more of alcohol per
week based on self-reported alcohol consumption. Neurological
manifestations in WD patients primarily included movement
disorders, speech disturbances, drooling, and gait and balance
disturbances [1]. Psychiatric manifestations in WD patients pri-
marily included personality disorders, mood disorders, psychosis,
and cognitive impairment [1]. In China, anemia is defined as
hemoglobin levels below 110 g/L in women and below 120 g/L in
men [18]. Cirrhosis was confirmed using a combination of clinical,
biochemical, and imaging examinations. Gastric varices were
diagnosed through gastroscopy, computed tomography, or mag-
netic resonance imaging. Splenomegaly and splenectomy were
diagnosed through physical examinations, imaging findings, and
medical history. Ascites was diagnosed through physical exami-
nation, ultrasound, or computed tomography. SBP was diagnosed
based on an ascitic fluid neutrophil count greater than 250/mm? in
the absence of an evident intra-abdominal, surgically treatable
source. Liver failure is defined as the presence of hepatic ence-
phalopathy and an INR greater than 1.5 [19]. Renal impairment is
defined as serum creatinine levels greater than 1.5 mg/dL [20].
Hepatic encephalopathy was assessed using the West Haven
criteria [21]. Liver cancer was diagnosed through clinical symp-
toms, pathology, and imaging findings. Hepatic decompensation
was confirmed based on the presence of hepatic encephalopathy,
ascites, or varices [22]. The aspartate aminotransferase-to-platelet
ratio index and fibrosis-4 index were calculated as previously
described [23, 24]. The Child-Pugh classification was used to
assess liver function [25]. According to the Child-Pugh classifi-
cation, grades B and C represent advanced hepatic dysfunction.

In China, WD is defined by a combination of age of onset,
hepatic and neuropsychiatric manifestations, serum, liver, and
urinary copper concentrations, serum ceruloplasmin concentra-
tion, Kayser-Fleischer rings, and gene mutation analysis [26],
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Table 1. Patient characteristics

Variable Anemic patients (N = 48) Non-anemic patients (N = 240) p value
Age, years 28.00 (20.50-33.00) 24.00 (18.00-30.75) 0.015
Male sex 17 (35.42) 126 (52.50) 0.031
BMI, kg/m? 19.84 (17.63-21.72) 19.66 (17.92-22.06) 0.984
(n =43) (n = 224)

Diabetes 0 (0) 1(0.42) 1.000
Hypertension 1 (2.08) 2 (0.83) 0.423
Alcoholism 1 (2.08) 2 (0.83) 0.423
Smoking

Never 45 (93.75) 222 (92.50) 0.577

Former 0 (0) 3 (1.25)

Current 3 (6.25) 15 (6.25)
Anti-copper therapy 33 (68.75) 205 (85.42) 0.005
Cirrhosis 39 (81.25) 171 (71.25) 0.155

Data are expressed as median (interquartile range) or n (%). BMI, body mass index.

which is consistent with the international diagnostic scoring
system for WD [1].

Statistical Analyses

Data were analyzed using SPSS Statistics version 22 (IBM
Corp., Armonk, NY, USA). Normally distributed continuous
variables are expressed as mean * standard deviation, non-
normally distributed continuous variables as median (interquartile
range), and categorical variables as frequency (percentage). For
univariate comparisons between groups with and without anemia,
statistical significance was determined using Student’s f tests,
Mann-Whitney U tests, x> tests, or Fisher’s exact tests, as appro-
priate. Additionally, multivariate linear regression and multivari-
ate logistic regression were used to adjust for age, sex, BMI,
alcoholism, smoking status, anti-copper therapy, and cirrhosis
to assess the relationship of anemia with laboratory results and
hepatic complications. Kaplan-Meier curves and Cox proportional
hazards regression models (adjusted for age, sex, BMI, alcoholism,
smoking, anti-copper therapy, and cirrhosis [for the advanced
Child-Pugh classification]) were used to determine whether ane-
mia was a risk factor for an advanced Child-Pugh classification
(grade B or C) in patients with WD and hepatic decompensation in
patients with WD-associated cirrhosis. The results of significant
variables in multivariate logistic regression are expressed as odds
ratios (ORs) (95% confidence interval [CI]) and p values, while the
results of Cox regression are expressed as hazard ratios (95% CI)
and p values. A p value <0.05 was considered statistically
significant.

Results

Patient Characteristics

The clinical data of 294 patients with WD were
reviewed retrospectively. Based on our inclusion and
exclusion criteria, a total of 288 patients were enrolled
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in our study, with 48 (16.67%) having anemia and 240 not
having anemia. The demographic and clinical character-
istics of the groups with and without anemia are detailed
in Table 1. The duration of WD (5.00 [0.00-10.00] vs.
5.00 [1.00-10.00] years, p = 0.909), as well as the rates of
neurological manifestation (75.00% vs. 62.08%, p =
0.088), psychiatric manifestation (8.33% vs. 11.25%,
p = 0.552), and the Kayser-Fleischer ring (37.50% vs.
30.83%, p = 0.366), were not significantly different be-
tween the anemic and non-anemic groups. However,
urinary copper levels were significantly higher in patients
with anemia than in those without anemia (751.4
[197.3-1,514] vs. 572.2 [226.1-982.4] pg/24 h, p = 0.405).

In patients undergoing anti-copper therapy, 201
(84.45%) were treated with sodium dimercaptosulfonate
alone, 6 (2.53%) with penicillamine alone, 29 (12.18%)
with sodium dimercaptosulfonate and penicillamine, and
2 (0.84%) with sodium dimercaptosulfonate and dimer-
captosuccinic acid. The prevalence of anti-copper therapy
was significantly lower in the anemic group compared to
the non-anemic group (68.75% vs. 85.42%, p = 0.005).
After adjusting for age, sex, BMI, alcoholism, smoking,
and cirrhosis, anti-copper therapy was associated with a
lower risk of anemia in patients with WD (OR = 0.36,
95% CI: 0.17-0.76; p = 0.008).

Anemia and Liver-Associated Disease Severity

In terms of liver function parameters, WD patients
with anemia had significantly higher levels of bilirubin,
ALT, PT, and INR and significantly lower levels of
albumin and platelet count compared to those without
anemia (all p < 0.05). In terms of blood lipid parameters,
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Table 2. Liver-related parameters in WD patients with and without anemia

Variable Anemic patients (N = 48) Non-anemic patients (N = 240) p value
Liver function parameters
Bilirubin, pumol/L 12.65 (8.725-40.85) 10.70 (8.23-15.78) 0.017
ALT, U/L 33.50 (23.50-54.75) 26.00 (20.00-38.75) 0.038
AST, U/L 27.50 (12.50-46.75) 28.00 (16.25-45.00) 0.661
Albumin, g/L 36.74+4.57 39.98+4.17 <0.001
Coagulation parameters
PT, s 15.15 (14.10-18.78) 14.00 (13.20-14.70) <0.001
INR 1.20 (1.08-1.58) 1.08 (1.01-1.15) <0.001
Platelet count, 10°/L 109.00 (78.25-214.50) 162.00 (115.00-230.80) 0.005
Blood lipid parameters
Total cholesterol, mmol/L 3.26 (2.78-3.81) n = 38 3.91 (3.38-4.46) n = 210 <0.001
Triglycerides, mmol/L 0.77 (0.56-1.04) n = 38 0.88 (0.70-1.29) n = 210 0.019
HDL-C, mmol/L 1.06 (0.88-1.28) n = 38 1.26 (1.09-1.47) n = 210 <0.001
LDL-C, mmol/L 1.75 (1.45-2.21) n = 38 2.19 (1.75-2.59) n = 210 0.004
Liver fibrosis parameters
FIB-4 0.97 (0.47-1.88) 0.76 (0.39-1.36) 0.075
APRI 0.61 (0.23-1.32) 0.45 (0.24-0.76) 0.212
Type IV collagen, ng/mL 61.47 (49.35-83.07) n = 36 55.61 (47.47-64.95) n = 224 0.049
PIIINP, pg/mL 94.77 (66.99-117.70) n = 34 81.16 (63.81-110.90) n = 220 0.192
Laminin ng/mL 106.10 (95.22-125.80) n = 36 110.90 (98.18-123.10) n = 224 0.735
Hyaluronic acid, ng/mL 97.10 (33.92-233.10) n = 36 51.45 (31.21-86.41) n = 224 0.002
Portal vein diameter, mm 10.00 (10.00-12.00) n = 32 10.00 (9.00-11.00) n = 191 0.070
Child-Pugh classification
A 41 (85.42) 234 (97.50) 0.001
B/C 7 (14.58) 6 (2.50)
Hepatic decompensation 16 (33.33) 13 (5.42) <0.001

Data are expressed as mean = standard deviation, median (interquartile range), or n (%). ALT, alanine transaminase; APRI,
aspartate aminotransferase-to-platelet ratio index; AST, aspartate transaminase; BMI, body mass index; FIB-4, fibrosis-4; HDL-C,
high-density lipoprotein-cholesterol; INR, international normalized ratio; LDL-C, low-density lipoprotein-cholesterol; PIIINP,
procollagen type-lll N-terminal propeptide; PT, prothrombin time; WD, Wilson disease.

the levels of total cholesterol, triglycerides, and HDL-C
were all significantly lower in the anemic group (all p <
0.05). In terms of liver fibrosis markers, the levels of type
IV collagen and hyaluronic acid were significantly higher
(p=0.49 and p = 0.002, respectively) in the anemic group.
Additionally, anemic WD patients had a higher rate of
advanced Child-Pugh classification (p = 0.001) and hep-
atic decompensation (p < 0.001) (Table 2).

Multivariate linear regression analyses revealed that
WD patients with anemia had significantly higher
levels of bilirubin, ALT, PT, INR, type IV collagen,
and hyaluronic acid and significantly lower levels of
albumin, total cholesterol, and HDL-C compared to
those without anemia (all p < 0.05) (Table 3). More-
over, multivariate logistic regression analyses revealed
that anemia was a risk factor for advanced Child-Pugh
classification (OR = 7.56, 95% CI: 2.92-19.59; p <
0.001) and hepatic decompensation (OR = 9.60, 95%
CI: 3.48-26.50; p < 0.001).

Anemia and Wilson Disease

Anemia and Hepatic Complications

WD patients with anemia had higher rates of gastric
varices (18.75% vs. 2.50%, p < 0.001), ascites (22.92% vs.
1.67%, p < 0.001), liver failure (8.33% vs. 0.42%, p =
0.002), and hepatic encephalopathy (8.33% vs. 0.83%, p =
0.006) than those without anemia (Table 4). SBP, renal
impairment, and liver cancer were absent in both groups.

According to multivariate logistic regression, anemia
was a significant predictor of gastric varices (OR = 6.24,
95% CI: 1.95-19.90; p = 0.002) and ascites (OR = 21.93,
95% CI: 4.21-114.20; p < 0.001).

Anemia and the Progression of WD-Associated Cirrhosis

A total of 208 WD patients without an advanced Child-
Pugh classification at baseline had at least one follow-up visit.
During the median follow-up of 25.4 (13.1-41.7) months, 11
cases progressed to Child-Pugh classification. According to
the fully adjusted Cox proportional hazards regression mod-
el, there were 15.08 times the number of cases with an
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Table 3. Multivariate linear regression analyses of hepatic features in WD patients with and without anemia

Variable Beta Standard error p value

Liver function parameters

Bilirubin, pmol/L 21.328 8.486 0.013

ALT, U/L 9.294 3.357 0.006

AST, U/L - - -

Albumin, g/L —2.558 0.675 <0.001
Coagulation parameters

PT, s 2.349 0.389 <0.001

INR 0.256 0.042 <0.001

Platelet count, 10%/L - - _
Blood lipid parameters

Total cholesterol, mmol/L -0.577 0.177 0.017
Triglycerides, mmol/L - - -
HDL-C, mmol/L -0.232 0.051 <0.001
LDL-C, mmol/L - - -
Liver fibrosis parameters
FIB-4 - - -
APRI - - -
Type IV collagen, ng/mL 11.315 3.532 0.002
PIIINP, pg/mL - - -
Laminin, ng/mL - - -
Hyaluronic acid, ng/mL 112,933 27.818 <0.001

Portal vein diameter, mm - - _

Analyses were adjusted for age, sex, BMI, alcoholism, smoking, anti-copper therapy use, and cirrhosis. ALT, alanine transaminase;
APRI, aspartate aminotransferase-to-platelet ratio index; AST, aspartate transaminase; BMI, body mass index; Cl, confidence interval;
FIB-4, fibrosis-4; HDL-C, high-density lipoprotein-cholesterol; INR, international normalized ratio; LDL-C, low-density lipoprotein-
cholesterol; OR, odds ratio; PIIINP, procollagen type-IIl N-terminal propeptide; PT, prothrombin time; WD, Wilson disease.

Table 4. Hepatic complications in patients with and without anemia

Variable Anemic patients (N = 48) Non-anemic patients (N = 240) p value
Gastric varices 9 (18.75) 6 (2.50) <0.001
Splenomegaly/splenectomy 33 (68.75) 135 (56.25) 0.109
Ascites 11 (22.92) 4 (1.67) <0.001
SBP 0 (0) 0 (0) -

Liver failure 4 (8.33) 1 (0.42) 0.002
Renal impairment 0 (0) 0 (0) -
Hepatic encephalopathy 4 (8.33) 2 (0.83) 0.006
Liver cancer 0 (0) 0 (0) -

Data are expressed as n (%).

advanced Child-Pugh classification among WD patients During the median follow-up of 25.9 (14.9-40)
with anemia than among those without anemia (hazard months, 13 of them developed decompensated cirrho-
ratio = 15.08, 95% CI: 1.22-186.05; p = 0.034). sis. However, the fully adjusted Cox model revealed

A total of 155 WD patients with compensated thatanemia did notincrease the risk of decompensated
cirrhosis at baseline had at least one follow-up visit. cirrhosis.
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Table 5. Linear regression analyses of hepatic features in WD patients with and without hemolytic anemia

Variable Model 1 Model 2

Beta Standard error  p value  Beta Standard error  p value
Total bilirubin, pmol/L 248.95 86.32 0.006 - - -
ALT, U/L 88.97 16.65 <0.001 51.59 16.17 0.003
AST, U/L 68.31 12.95 <0.001 38.92 14.60 0.011
PT, s 14.68 4.53 0.002 - - -
INR 1.83 0.55 0.002 - - -
Triglycerides, mmol/L - - - 1.35 0.38 0.001
Type IV collagen, ng/mL  164.04  19.68 <0.001 101.00  25.04 <0.001
PIIINP, ug/mL 176.81 39.46 <0.001 - - -
Laminin, ng/mL 86.63 13.38 <0.001 77.35 19.00 <0.001
Hyaluronic acid, ng/mL 877.83  210.70 0.006 - - -

ALT, alanine transaminase; AST, aspartate transaminase; INR, international normalized ratio; PIIINP,
procollagen type-lll N-terminal propeptide; PT, prothrombin time; WD, Wilson disease. Model 1: non-
adjusted. Model 2: adjusted for age, sex, BMI, alcoholism, smoking, anti-copper therapy use, and cirrhosis.

Etiology and Severity of Anemia for the

Liver-Associated Disease Severity, Hepatic

Complications, and Progression of

WD-Associated Cirrhosis

Table 5 shows that patients with hemolytic anemia had
significantly higher levels of total bilirubin, ALT, aspar-
tate transaminase, PT, INR, type IV collagen, PIIINP,
laminin, and hyaluronic acid than those without hemo-
lytic anemia (all p < 0.05). However, hemolysis did not
increase the risk of hepatic complications or advanced
Child-Pugh classification in the anemic patients.

Among the anemic patients, 38 had mild anemia (Hb
less than 9 g/dL) and 10 had moderate anemia (Hb
between 6 g/dL and 9 g/dL). Patients with moderate
anemia had a higher risk of gastric varices than those
with mild anemia (OR = 8.27, 95% CI: 1.41-48.54; p =
0.019). However, the levels of liver-associated disease
severity parameters and the risk of progression to the
advanced Child-Pugh classification did not differ signifi-
cantly between patients with mild and moderate anemia
(all p > 0.05).

Discussion

Anemia was found to be common in WD patients,
and it was associated with a greater disease severity, a
higher risk of hepatic complications, and a faster pro-
gression. Moreover, in WD patients with anemia, he-
molysis was associated with a more severe liver dys-
function. To the best of our knowledge, this is the first
study to investigate the relationship between anemia and

Anemia and Wilson Disease

disease severity, complications, and progression in WD
patients.

Anemia is a common hematologic disorder in chronic
liver diseases that has been linked to disease severity [27]. A
recent study of 494 patients with the advanced chronic
liver disease found that patients with anemia had lower
levels of serum albumin and higher levels of INR, hepatic
venous pressure, Child-Pugh score, and model for end-
stage liver disease points, as well as a higher rate of
decompensated liver disease compared to those without
anemia [14]. Another study of 239 cirrhotic patients found
that those with an advanced Child-Pugh classification were
more likely to have low hemoglobin levels [28]. Moreover,
anemia was found to be a predictor of liver fibrosis and
cirrhosis in patients with chronic hepatitis B infection [29].
In line with these studies, we found that WD patients with
anemia, particularly hemolytic anemia, had a more severe
liver injury, worse coagulation, more serious lipid synthesis
dysfunction, more advanced liver fibrosis, and a more
advanced disease stage than those without anemia. Our
findings indicate that anemia, hemolytic anemia, in par-
ticular, is an important indicator of severity in patients
with WD and should be valued accordingly.

The following mechanisms can help explain the above
findings: First, patients with more severe WD may be
more likely to develop anemia. In patients with severe
WD, a higher level of non-ceruloplasmin-bound copper
was found to be released into the blood from necrotic
hepatocytes, causing oxidative damage in erythrocytes
[30]. Anemia is also exacerbated by gastrointestinal
bleeding, hypersplenism, and poor nutrition, which are
all symptoms of severe liver disease [31]. Furthermore,
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copper-transporting ATPase dysfunction impaired ceru-
loplasmin synthesis, which decreased ferroxidase activity,
resulting in iron accumulation in the liver and contributing
to iron deficiency anemia [32]. Second, anemia can also
aggravate WD. Anemia not only increases gastric blood
flow but also worsens hyperdynamic circulation in patients
with chronic liver disease, potentially exacerbating portal
hypertension [33]. Additionally, higher serum copper
levels have been reported in WD patients with hemolytic
anemia [17], which can lead to hepatocyte stress and death,
worsening liver function [34]. Impaired liver function
disrupts bile acid synthesis and secretion, reduces fat
absorption, and subsequently leads to low blood lipid
levels [35]. Third, some case reports indicate that copper
deficiency in WD patients caused by overtreatment may
also cause anemia by affecting ferroportin stability [36, 37].

Anemia was also found to be a risk factor for hepatic
complications in patients with WD, including gastric
varices, ascites, and hepatic encephalopathy. Similarly,
Paternostro et al. [33] demonstrated that anemia was
associated with a higher incidence of ascites in patients
with cirrhosis. Moreover, Scheiner et al. [14] reported
that patients with anemia were more likely to have
hepatic complications, as evidenced by higher incidence
rates of varices and refractory ascites. Notably, our
findings revealed that anemia was associated with an
increased risk of hepatic encephalopathy. Given that
gastrointestinal bleeding is the leading cause of anemia
in patients with chronic liver disease [13], the higher
incidence of hepatic encephalopathy in WD patients
with anemia may be due to hyperammonemia caused by
gastrointestinal bleeding. Although anemia has previ-
ously been found to be an independent risk factor for
intra-abdominal bacterial infections [38], liver failure
[39], and liver cancer [40] in patients with chronic liver
diseases, no such associations were found in our study
because SBP and liver cancer were absent, and liver
failure was rare among our enrolled patients.

Anemia is also considered to be a major contributor to
disease progression and poor outcomes in many chronic
liver diseases [33, 41-43]. For instance, a retrospective
cohort study of 1,244 patients indicated that anemia was an
independent risk factor for hepatic decompensation in
compensated patients [33]. Several studies have also re-
vealed that anemia is associated with a higher mortality
rate in patients with alcoholic liver disease, pyogenic liver
abscess, acute-on-chronic liver failure, and hepatic ence-
phalopathy [15, 42-44]. In our cohort, WD patients with
anemia had a higher risk of developing an advanced Child-
Pugh classification, indicating that anemia may promote
WD progression. Therefore, treating anemia may delay
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disease progression and improve clinical outcomes in
these patients. However, because no patients died during
the follow-up period, it is unclear whether anemia
contributes to higher mortality in WD patients.

According to our findings, non-anemic WD patients
were more likely to receive anti-copper therapy. Further-
more, multivariate logistic regression revealed that anti-
copper therapy was associated with a lower risk of anemia
in WD patients. Several studies have reported that early
anti-copper therapy can reduce copper accumulation in
the body while stabilizing liver function [45, 46]. More-
over, lowering the level of non-ceruloplasmin-bound
copper was beneficial in alleviating oxidative damage
in erythrocytes and, thus, hemolysis [30]. Therefore,
encouraging WD patients to initiate and adhere to
anti-copper therapy could lower the incidence of anemia
and thereby delay WD progression.

Some limitations are worth mentioning. First, due to the
retrospective nature of the study, we were unable to control
for some potential confounders, such as dietary copper
intake. Second, because several hepatic complications were
rare or even absent among the enrolled patients, the
relationship between anemia and these complications
(liver failure, SBP, renal impairment, and liver cancer)
was difficult to assess. Third, while hemolytic anemia is
associated with the severity of WD, determining the cause
of hemolysis is difficult because it can be caused by WD-
associated copper accumulation or cirrhosis-associated
hypersplenism. Finally, the median duration of follow-
up was only 25 months. Therefore, additional research
with larger sample sizes and longer follow-up periods is
required to confirm our findings.

In conclusion, anemia was found to be associated with
more severe disease, a higher risk of hepatic complica-
tions, and a faster progression in WD patients. By
identifying anemia in WD patients, early intervention
may be able to prevent hepatic complications and delay
disease progression.
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