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Prevalence and Incidence

Wilson’s disease (WD) is a rare, inherited, progressive,
severely debilitating disorder of copper metabolism. It was
first described in 1912 by Kinnear Wilson as “progressive
lenticular degeneration,” a familial, lethal neurological dis-
ease accompanied by chronic liver disease leading to cirrho-
sis.1 WD has an autosomal recessive inheritance and is
caused by mutations in the ATP7B gene. The dysfunction in
the ATP7B protein leads to impaired copper excretion into
the bile and causes a combination of hepatic, neurologic, and
psychiatric dysfunction. In 1968, Sternlieb and Scheinberg
estimated the worldwide prevalence to be 1:200,000 based
on data available at the time.2 In 1984, they updated their
estimate to be 1:30,000 to 1:50,000. They regarded this
estimate to be universal, except for small isolated popula-
tions with higher frequencies.3 Most high prevalence esti-
mates are from regions in the world where first-cousin
marriage is common. In 2020, Sandahl et al reviewed the
prevalence of WD systematically, using high-quality nation-
wide databases. They estimated the prevalence to remain
unchanged at 1:40,000 to 1:50,000.4 The assumption has
been that WD has 100% penetrance for affected individuals;
hence, the frequency of disease-causing mutated alleles is
�1:180 to 1:300. However, studies from France and Italy

(Sardinia) suggested that the genetic prevalence may be
three to four times higher than the clinical disease preva-
lence. This raises the possibility that the penetrance may not
be 100%, as is generally assumed.

Pathophysiology

The past two decades have seen major advances in our
understanding of the pathogenesis, cellular biology, and
molecular genetics of WD. Mutations in the ATPase cop-
per-transporting β (ATP7B) gene, located on chromosome 13,
lead to impaired function of the copper-transporting protein.
The ATP7B gene is highly expressed in the liver, kidney, and
placenta. The ATP7B gene encodes a transmembrane protein
ATPase, which functions as a copper-dependent ATPase.
Dietary copper is absorbed in the stomach and duodenum
and transported via the portal vein to the liver, which is the
main organ responsible for copper homoeostasis. Copper is
taken up into the hepatocyte via copper transporter 1 on the
sinusoidal aspect of the hepatocyte. A specific copper chap-
erone, ATOX1, delivers copper to ATP7B by copper-depen-
dent protein–protein interaction. ATP7B brings about
transport of copper into the trans-Golgi and holo-cerulo-
plasmin and, under conditions of copper loading, into
vesicles for export of copper into bile. The biliary excretion
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process includes another protein, called MURR1, which
interacts directly with ATP7B (►Fig. 1). Therefore, the
ATP7B transporter has dual synthetic and excretory roles,
functioning in the transport of copper into the trans-Golgi
compartment, for incorporation into the plasma ceruloplas-
min, and into the bile for excretion of excess stores. Hep-
atobiliary excretion is the primarymechanism for removal of
excess copper from the body, whereas urinary excretion is
negligible in healthy persons.3,5,6 In WD, dysfunction of the
ATP7B protein leads to copper accumulation in multiple
organs, most notably in the liver and brain, resulting in
hepatic, neurological, and psychiatric dysfunction.7

The histological changes of early stage hepatic copper
accumulation include macrosteatosis, microsteatosis, and
glycogenated nuclei. These changes are nonspecific and
can been seen in various other disorders, such as nonalco-
holic steatohepatitis.8 Intermediate stages of the disease are
characterized by periportal inflammation, mononuclear cel-
lular infiltrates, lobular necrosis, and bridging fibrosis. Mal-
lory bodies can be seen in up to 50% of biopsy specimens.9

Advanced liver disease is characterized as micronodular or a
mixed of macronodular–micronodular cirrhosis. In patients
with acute liver failure (ALF), parenchymal apoptosis and
necrosis is seen on the background of cirrhosis.10

Clinical Manifestations

With current genetic and laboratory diagnostic capabilities,
WD may sometimes be diagnosed during the preclinical or
asymptomatic stage.Most often, however, diagnosis does not
occur until after symptoms have appeared. The most fre-
quent clinicalmanifestations ofWD can be divided into three

modes of appearance: hepatic, neurological, and psychiatric.
Hepatic impairment commonly occurs during the first de-
cade of life, whereas neuropsychiatric symptoms more fre-
quently appear during the second through fourth decades of
life.11 However, neurological manifestations may be the
initial presentation in 40 to 60% of individuals, with a broad
reported range that extends from as early as age 6 years to as
late as 72 years.12

Hepatic Dysfunction
Hepatic WD has a variable clinical presentation that ranges
from asymptomatic abnormalities in liver function tests to
ALF that is fatal without emergent liver transplant.13,14 WD
accounts for�5% of ALF cases worldwide.15 ALF is defined by
coagulopathywith an international normalized ratio (INR) of
>1.5, any degree of encephalopathy, in patients without
cirrhosis, with an illness of <26 weeks.16 Patients with an
acute presentation of WD may be categorized as ALF if they
develop hepatic encephalopathy in the setting of coagulop-
athy and alterations in liver tests.14 Precipitants of ALF in
patients with WD include a viral infection or nonadherence
to medical management. Despite having underlying WD,
these patients are still considered as having ALF due to the
poor prognosis without liver transplant, and because their
clinical presentation is similar to that of ALF, with liver
failure, coagulopathy, and hepatic encephalopathy.14 Other
classic findings in ALF due to WD include the following: a
patient <20 years of age, with Coombs negative hemolytic
anemia, a high bilirubin to alkaline phosphatase ratio, rela-
tively modest rise in transaminases (< 2,000 IU/L), and rapid
progression to renal failure.13,14Hemolysis, the consequence
of copper-induced damage to erythrocyte membranes, is a

Fig. 1 Pathways of copper metabolism in the hepatocyte. Cp, caeruloplasmin; CTR1, copper transporter 1; Cu, copper; GSH, glutathione; MT,
metallothioneins. (With permission from Ala A et al. Lancet 2007;369(9559):397–408.)
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distinguishing characteristic of ALF due to WD. Patients may
present with a sudden and marked drop in hemoglobin with
an unconjugated hyperbilirubinemia.13

Outside of ALF, patients with WD may present with
asymptomatic hepatomegaly, isolated splenomegaly, elevat-
ed aminotransferase, fatty liver, acute hepatitis with acute
liver injury, and cirrhosiswith orwithout decompensation.17

Other patients may present with intermittent episodes of
jaundice secondary to hemolysis without clinically apparent
liver disease. Autoimmune hepatitis (AIH) and WD can be
clinically indistinguishable due to the mutual presence of
immunoglobulins and autoantibodies. Thus, patients with
AIH who are not responding to medical management should
be evaluated for WD.13 Patients with cirrhosis due to WD
may develop hepatic decompensation including ascites, var-
iceal bleeding, hepatocellular carcinoma, and encephalopa-
thy. These patients need standard cirrhosis management
including abdominal imaging to screen for hepatocellular
carcinoma, and may need an upper endoscopy for varices
screening and management.

Neurological Dysfunction
Basal ganglia–based movement abnormalities are hallmarks
of WD; therefore, impaired coordination, handwriting
changes, and slurred speech with drooling are reported
frequently in WD. The most common heralding symptom
of neurological WD is dysarthria (57.6%), followed by dysto-
nia (42.4%), abnormal gait (37.8%), tremor (36.2%), parkin-
sonism (17.3%), choreoathetosis (15.3%), and seizures
(4.7%).11,18 In a recent study of recently diagnosed patients
with WD, 62% of the patients exhibited tremors and ataxia,
whereas only 15% demonstrated dystonia.19 Even though the
neurological manifestation of WD is heterogenous, the neu-
rologic variant has been grouped (in order of frequency) into
parkinsonian, pseudosclerotic (tremor), dystonic, and cho-
reic subtypes.20

Tremor is a common neurologic feature, present in 22 to
55% of patientswithWD. Thewing-beating tremor (proximal
tremor, appearing when the patient holds arms semiflexed
and outstretched) has been suggested to be a hallmark type
of tremor in WD.19,21 Patients also may exhibit a typical
postural and action tremor that can be easily confused with
essential tremor.22

Another common neurologic finding in WD patients is
dystonia, which is seen in 10 to 65% of all patients.23Dystonic
symptoms vary from focal to generalized dystonia. Focal
dystonia in the craniofacial region can manifest as severe
dysphonia, dysarthria, risus sardonicus, and dysphagia. Gen-
eralized dystonia can cause debilitating symptoms
with secondary skeletal changes and inability to walk.18,19

Hypokinetic features, which become evident in 20 to 60% of
patients, include masked face, hypophonic soft voice, micro-
graphia, and shuffling gait. The parkinsonian symptoms tend
to be symmetrical, but unilateral tremor can be observed,
which should be distinguished from idiopathic Parkinson’s
disease.11,18,19,24,25

Choreoathetosis and other hyperkinetic movement are
encountered less frequently in WD and often are seen in

younger individuals. Incoordination and balance problems
are more often the result of basal ganglia dysfunction, rather
than manifestations of true cerebellar ataxia.18,26

Psychiatric Dysfunction
WD can present with such a variety of psychiatric and
cognitive symptoms that it has been named the “great
masquerader.”27 The psychiatric form of WD typically
appears in the second decade of life. The reported prevalence
of psychiatric disturbance in WD ranges between 4 and 15%,
but up to 20% of affected individuals report having seen a
psychiatrist prior to the diagnosis.28–30 In this variant, the
median timebetween the onset of psychiatric symptoms and
diagnosis of WD averages 2.42 years.31 In comparison, the
time between initial symptoms and diagnosis of WD is 1.5
years for the neurologic variant and 0.5 years for hepatic
disease.25 The most common psychopathological features
with whichWD presents at onset are a decrease in scholastic
performance, behavioral problems, affective disorders, and
psychosis.27,32–34

Frank psychosis is present in �10% of these patients, and
frequently is misdiagnosed as schizophrenia or bipolar dis-
ease. Psychosis or schizophrenia-like syndrome in WD is
characterized most often by persecutory delusion, halluci-
nations, or a very complex schizophrenia-like syndrome.29,34

Behavioral disturbances (disinhibition, agitation, and ag-
gression) and personality change are frequently reported,
but these are nonspecific and can overlap with other psychi-
atric disorders. Clinical depression has been reported with a
low prevalence of 2 to 3% in multiple studies.11,25,35,36

Suicide attempts have been disclosed with a prevalence of
3 to 15%.25,29 Cognitive impairment typically is mild and
reported in a lowpercentage of patients.18,29,34However, the
prevalence of cognitive impairment is higher among WD
patients with neurological dysfunction (45%).32 Dementia is
infrequent in WD, but may become apparent in individuals
with advanced disease.37

Sleep and Autonomic Dysfunction
Frequent nocturnal awakening, poor nocturnal sleep quality,
delayed morning wake-up, and sleepiness during the day
have been reported in patients with WD. A recent study
indicated that individuals with WD experience more fre-
quent and more severe insomnia than normal individuals.
Insomniawasmore severe in neurologic variant than hepatic
form of the disease, and more severe in patients with
depression. REM sleep behavior disorder is more frequent
inWD than in the normal population.38Anticopper therapies
may improve REM sleep behavior disorder in patients with
WD by reducing the copper overload in the subcoeruleus
region responsible for REM sleep atonia.39

The autonomic nervous system (ANS) may be affected in
patientswithWD. The exact pathophysiologyof ANS damage
is not clear, but may result from central nervous system,
peripheral nervous system, or cardiac involvement.40 Both
sympathetic and parasympathetic nervous systems may be
impaired inWD.40 ANS dysfunction is present in almost one-
third ofWD patients; however, these abnormalities often are
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asymptomatic and diagnosed only via testing.41,42 ANS dys-
functionmay precede the development of other neurological
abnormalities, with orthostatic hypotension being the most
frequently observed feature of ANS dysfunction.41

Other Clinical Features

Hematologic
Coombs-negative hemolytic anemia may be the initial man-
ifestation of WD in 10 to 15% of cases.12,43 Low bone density
and bone fractures are also common in WD. Low bone
density may be related to inadequate food intake, liver
disease, and poorly understood neuroendocrinological
mechanisms.44 Higher fracture rates may be the conse-
quence of low bone density and frequent falls due to neuro-
logical motor dysfunction.

Cardiac
Myocardial involvement inWD is not widely recognized, but
also is surprisingly common and may include both cardiac
hypertrophy and electrocardiographic abnormalities.12

Ophthalmologic
Ophthalmologic evaluation is part of the diagnostic workup
for WD. Ophthalmologic changes observed include Kayser-
Fleischer rings, which are the result of copper deposition
within Descemet’s membrane, and sunflower cataracts due
to copper deposition in the anterior capsule.13 Kayser-
Fleischer rings appear as a reddish/greenish band 1 to
3mm in width, starting with an arc in the superior pole,
followed by an arc in the inferior pole, which eventually
merge to form a ring around the cornea (►Fig. 2).45 Both
findings are seen via slit lamp examination.13,46

Diagnosis

The diagnosis of WD is accomplished using serologic data,
physical examination findings, clinical history, and more
recently, genetic testing. Advances in the diagnostic tools
have allowed for earlier diagnosis when patients have mild
disease.13 Patients with WD typically have abnormal ami-
notransferase levels even at a young age. They may also have
transient, unconjugated hyperbilirubinemia due to
hemolysis.13

Ceruloplasmin is a glycoprotein synthesized by hepato-
cytes that contains copper atoms. Ceruloplasmin as a screen-
ing tool forWD has limitations. Several factorsmay affect the
concentration of ceruloplasmin since it is an acute phase
reactant and increases with inflammation. Additionally,
ceruloplasmin is elevated by hyperestrogenemia in pregnan-
cy, with oral contraceptive pills, and with estrogen supple-
mentation, and may be decreased in absolute copper
deficiency.13,47 Thus, a serum ceruloplasmin within the
normal laboratory range does not exclude the diagnosis of
WD.13

Serum copper is primarily a reflection of the serum
ceruloplasmin level and therefore is not typically used in
the diagnosis of WD. One exception is in ALF due to WD,

when the serum copper level is significantly elevated
(>200 μg/dL) due to hepatic necrosis and release of copper
from hepatocytes.48 In general, however, a 24-hour urinary
copper test is a more valuable test for diagnosing WD. This
test helps quantify non–ceruloplasmin-bound copper. A cut-
off of>100 μg/24hours of urinary copper is the typical value
used to diagnose WD in symptomatic patients.21,49

A liver biopsy is a more invasive diagnostic test for WD.
However, it is helpful in evaluating for other etiologies of
liver disease and assessing for liver fibrosis and progression
to cirrhosis. Findings on liver biopsy in WD are nonspecific
andmay include steatosis and inflammatory infiltrates, with
interface hepatitis similar to AIH.13 Hepatic copper quantifi-
cation on liver biopsy is also useful in diagnosing WD.
However, copper is patchily deposited, which may result in
negative copper staining in small biopsy samples.13 Normal
hepatic copper content is <50μg/g dry weight, whereas in
WD the hepatic copper content typically is >250μg/g dry
weight.13Hepatic copper content is also elevated in cirrhosis
and cholestatic liver disease, though typically not to
the degree present in WD.50

European societies (European Association for the Study of
the Liver in 2012 and European Society for Pediatric Gastro-
enterology, Hepatology and Nutrition in 2018) have advo-
cated for using the Leipzig score to establish a diagnosis of
WD.51,52 The components of this scoring system include
presence or absence of Kayser-Fleischer rings, neurological
symptoms, level of serum ceruloplasmin, the presence or
absence of Coombs-negative hemolytic anemia, liver copper
quantification, urinary copper excretion over 24 hours, and
mutation analysis for ATP7B gene. The diagnosis of WD is
deemed “unlikely,” “probable,” or “highly likely” based on the
number of points accrued. The Leipzig scoring system is
limited by the fact that it is derived by expert opinion,
without specific data to support the weighting ascribed to
individual components.53

Treatment

Treatment of WD consists of lifelong oral pharmacotherapy
in addition to dietary copper avoidance (►Table 1). If treat-
ment is started early, and taken consistently, patients with
WD have a survival similar to the general populations.13 The
main treatments consist of D-penicillamine and trientine,
which are copper chelators, and zinc, which inhibits intesti-
nal copper absorption. Patients without symptoms should
remain asymptomatic with treatment. Patients with hepatic
dysfunction may begin to see improvement in synthetic
function, jaundice, and ascites after 2 to 6 months of treat-
ment with continued improvement a possibility.13 A retro-
spective observational study suggests that discontinuation of
oral treatment for WD leads to rapid clinical deterioration
and potential death.54

Penicillamine induces renal excretion of copper but car-
ries the potential for several serious adverse effects. Early
sensitivity includes fever, cutaneous eruptions, proteinuria,
thrombocytopenia, and neutropenia that can occur in the
first 1 to 3 weeks of treatment. Later toxicities may include
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Fig. 2 Kayser-Fleischer ring was seen in the peripheral cornea (white arrow). A sunflower cataract was observed on the anterior lens capsule in both
eyes (black arrow) (A—right eye, B—left eye). (With permission from Jang HJ, Kim JM, Choi CY. Elemental analysis of sunflower cataract in Wilson’s disease:
a study using scanning transmission electron microscopy and energy dispersive spectroscopy. Exp Eye Res 2014;121, 58–66.

Table 1 Wilson’s disease treatment13,51

Treatment Mechanism of
action

Side effects Treatment goals Additional notes

D-penicillamine Induces urinary
excretion of
copper via
chelation

Early sensitivity reactions
• Fever
• Cutaneous eruptions
• Lymphadenopathy
• Neutropenia
• Thrombocytopenia
Later reactions
• Bone marrow toxicity
• Dermatological toxicity
• Lupus-like syndrome
• Hepatotoxicity
Very late side effects
• Nephrotoxicity
• Myasthenia gravis
• Polymyositis
• Loss of taste
• Serous retinitis
• Immunoglobulin A

depression

Clinical and biochemical
improvement
Urinary copper
excretion of 200–500
µg/24 h on stable
treatment

10–20% of patients may
experience neurological
worsening in the initial phase
of treatment
Dose reduction needed
during surgery for wound
healing and during
pregnancy
Supplemental pyridoxine is
recommended as
D-penicillamine interferes
with pyridoxine action

Trientine Induces urinary
excretion of
copper via
chelation
Also chelates
iron

Pancytopenia
Colitis
Esophageal irritation
Reversible sideroblastic
anemia occurs with
overtreatment due to copper
deficiency

Clinical and biochemical
improvement
Urinary copper
excretion of 150–500
µg/24 h on stable
treatment

10–15% of patients may
experience neurological
worsening in the initial phase
of treatment
Dose reduction needed
during surgery for wound
healing and during
pregnancy
Avoid coadministration of
Trientine with iron due to
potential toxicity

Zinc Induces
metallothionein
which inhibits
intestinal
uptake of
copper

Gastric irritation
Gastritis
Immunosuppressant effects
Reduction in leukocyte
chemotaxis
Elevation in lipase/amylase
without clinical or radiologic
evidence of pancreatitis

Clinical and biochemical
improvement
Urinary excretion of
copper<100µg/24hon
stable treatment

Neurologic worsening may
occur during the initial phase
of treatment but is
uncommon
No dosage reduction needed
during surgery or pregnancy
Unknown if high-dose zinc is
safe with impaired renal
function
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nephrotoxicity, bone marrow toxicity, lupus-like syndrome,
and dermatologic toxicities, including lichen planus and
pemphigoid lesions. Because of these toxicities, incremental
dosing is recommended.13

Trientine also induces renal excretion of copper, and is
recommended in patients intolerant of penicillamine. Unlike
penicillamine, trientine has few side effects, with rare cases
of pancytopenia and colitis reported.13,55 Of note, both
penicillamine and other chelators including trientine may
provoke potentially irreversible neurological deterioration
due to a sudden increase in free copper.56 Thus, patients
must be monitored very closely during treatment, particu-
larly when initiating treatment with chelation therapy.

Zinc is an alternative treatment option frompenicillamine
and trientine that is typically used as maintenance therapy,
but can be used as first-line treatment, typically in patients
who are asymptomatic. Zinc inhibits the intestinal uptake of
copper and is relatively well tolerated, with gastritis being
the most frequently occurring adverse effect.13

Patientswith hepatic decompensationdue toWD including
jaundice, ascites, encephalopathy, and varices may respond to
medical treatments. However, in these patients who do not
respond to, or are unable to tolerate medical therapy, liver
transplantation should be considered. Liver transplantation as
a treatment for WD corrects the hepatic metabolic defects in
copper metabolism, and eliminates the need for medical
therapy. Indications for liver transplant in WD are ALF, acute
liver injuryprogressing toALF, anddecompensatedcirrhosis.13

Survival after liver transplant forWDisexcellent,withpossibly
better outcomes in patients undergoing transplant for decom-
pensated liver disease than for ALF.13,51

Liver transplantation is not recommended as primary
treatment of neurologic symptoms in WD, since the hepatic
manifestations are stabilized with medical management.
Some data, however, suggest that neuropsychiatric symp-
toms improve after liver transplant.57 Similarly, in a small
study of patients with severe neurologic symptoms of dys-
tonia and parkinsonism who underwent liver transplanta-
tion, statistically significant improvement in the modified
Rankin scale, a scale used to quantify the degree of disability
in daily activities, was evident in some individuals.58 How-
ever, further prospective, multicentered studies are needed
to demonstrate improvement in neurologic and psychiatric
symptoms related toWDafter liver transplant before this can
be considered standard treatment.

Targetedmolecular therapies that restore the localization
and/or function of ATP7B are also being developed. A 20-
residue peptide derived from αB-crystallin, a heat-shock
protein, has been shown to restore localization of ATP7B in
cells transfected with ATP7B-H1069Q. Whether this ap-
proach translates into a clinically meaningful restoration of
ATP7B function remains to be seen.59 Gene therapy using an
adeno-associated viral vector has shown encouraging results
in animal models of WD. In this model, a dose-dependent
restoration of biliary copper excretionwith normalization of
urinary copper output, hepatic copper content, and liver
function was found.60 An open-label phase I/II trial was
initiated in 2021 (NCT04537377).

Prognosis

Before the development of medical therapy, WD was consid-
ered an inevitably fatal disease. Early diagnosis in WD is key
and is associated with reduced mortality and need for liver
transplantation.61 The use of anticopper agents in preclinical
or early disease allows clinically overt disease to be effectively
prevented. Life expectancy and quality of life in treated
patientswithWD is similar to that in thegeneral population.62

Most evidence suggests that both neurologic and hepatic
symptoms improvewith appropriate therapy inmost patients,
although dystonia is the least likely of the neurologic symp-
toms to respond to treatment.18,61,63 Psychiatric symptoms
are also expected to improve with anticopper treatment,
although there may be a plateau in response.64

Prevention and Screening

Appropriate screening of individuals for WD enables timely
initiationof treatment. TheAmericanAssociation for theStudy
of Liver Diseases recommends that first-degree relatives of
patients who are newly diagnosed with WD should be
screened for the disease. Screening should include genetic
testing if available. Other options for screening are basic
history and physical examinations, with particular attention
to information regarding a history of liver disease, neurologic
andpsychiatric symptoms, andevaluation forKayser-Fleischer
rings. Additionalworkup should include serum copper, serum
ceruloplasmin and albumin levels, basal 24-hour urinary
copper excretion level, aminotransferase levels, and conjugat-
ed and unconjugated bilirubin levels.13 Additionally, any indi-
vidual with a family member with WD, regardless of
their degree of closeness to each other, who also exhibits signs
or symptoms of the disease should be screened for WD.13

Conclusion

WD is a rare genetic disorder of copper metabolism affecting
multiple organs. Its multitude of hepatic, neurological, and
psychiatric manifestations can mimic other diseases often
resulting in delayed diagnosis. WD should be among the
deferential diagnosis of a young individual with unexplained
liver or neuropsychiatric disease. Early diagnosis is key to
prevent end-organ damage, some which are irreversible.
Copper chelating agents and zinc remain mainstay of thera-
py. Liver transplantation could be necessary in advanced
liver disease. Targeted molecular and gene therapy are in the
horizon. Ongoing monitoring for treatment compliance and
screening family members are other important facets of
disease management.
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