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Abstract
Background and purpose: Wilson's disease (WD) is a rare autosomal recessive disorder 
causing excessive copper deposition and a spectrum of manifestations, particularly neu-
rological and hepatic symptoms. We analysed the clinical characteristics of patients with 
WD admitted to the country's only reference centre, which provided long-term care to 
most adult patients in Poland over seven decades (pre-1959 to 2019).
Methods: Electronic prospective data collection began in the 2000s and, for prior years, 
medical records were analysed retrospectively. Demographic and clinical characteristics, 
treatment and outcomes were analysed by decade of diagnosis. Life-years lost were esti-
mated in patients with WD compared with the general population. Kaplan–Meier curves 
were used for a time-to-death analysis using 2000–2009 as a reference.
Results: In total, 929 patients were analysed. The number of patients increased from 
21 before 1959 to 315 for 2000 to 2009 period. Mostly males were diagnosed before 
the 1990s, but the numbers of female patients diagnosed increased thereafter. Initially, 
most patients presented with neurological manifestations; however, the incidence of 
hepatic manifestations and asymptomatic presentations increased over time as patients 
were diagnosed early and consequently were more independent at diagnosis. Fewer 
Kayser-Fleischer rings were detected recently. Prior to 1970, patients were treated with 
D-penicillamine (DP); however, since the introduction of zinc, both therapies have been 
used as often. Since the 1990s, switches between DP and zinc were recorded in 6%–7% 
of patients. Consistent improvement in survival has been observed over the years.
Conclusions: This is the largest cohort of patients with WD reported in Poland, with the 
longest follow-up. Earlier diagnosis and prognosis have improved over seven decades.
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INTRODUCTION

Wilson's disease (WD) is a rare autosomal recessive disorder, pri-
marily impacting copper metabolism [1]. It is a monogenic disorder 
involving mutations in the ATP7B gene, located on chromosome 
13q14-21, which encodes a transmembrane copper-transporting 
ATPase [2]. Mutations in the ATP7B gene can result in impaired cop-
per homeostasis and copper deposition in multiple organs, includ-
ing, but not limited to, the liver and central nervous system [2,3]. 
Patients present with a broad spectrum of hepatic, neurological and/
or psychiatric symptoms or may be asymptomatic. The liver has the 
highest expression of the ATP7B copper transporter and is the organ 
responsible for copper homeostasis. Hence, liver injury in the form 
of hepatitis, fibrosis and cirrhosis is common and hepatic manifesta-
tion is likely to precede neurological manifestations [2].

A number of therapeutic options have been established since 
the end of the 1950s. D-penicillamine (DP), trientine and zinc salts 
are most often prescribed, but novel treatments including tetra-
thiomolybdate and gene therapy are currently being explored [4,5]. 
WD is one of the few disorders that can be successfully treated if 
a diagnosis is established early and the patient is compliant [5]. It 
has been reported that late diagnosis is the most common cause of 
death, although poor compliance with medication can contribute 
significantly [5,6].

The prevalence most often cited for WD is 1 in 30,000 from 
1984, the so-called ‘Scheinberg-Sterlieb Estimate’ [7]. A 2020 up-
date estimated the prevalence to be similar and valid; however, there 
is high geographical variability [8]. For example, the prevalence of 
WD is higher in China and Asian countries compared to Western 
countries [9]. The median age of diagnosis has been found to be 
19 years in a variety of studies; however, again, there is considerable 
variability [10,11]. The mortality rate of WD patients is higher than 
in the general population, but the prognosis of WD is difficult to 
predict due to the inconsistencies within the current literature [12].

Due to the rarity of the disease, there is a paucity of long-term 
data on patient outcomes and clinical practice. In this article, we re-
port seven decades of clinical experience from patients with WD 
admitted to a first-in-country reference centre, which provides long-
term care to the majority of adult WD patients identified in Poland.

METHODS

The first patients believed to have presented with WD were re-
ferred to the Department of Neurology, Institute of Psychiatry and 
Neurology, Warsaw, in the 1950s. Patients could be diagnosed and 
treated before admission to the reference centre, which was then 
responsible for diagnosis confirmation, optimizing therapy and long-
term monitoring. The majority of adult patients (and also children 
before the 1990s) were identified and tracked by the reference cen-
tre, with very few being treated elsewhere.

Electronic prospective data collection systematically started 
at the beginning of the current century. In general, data collected 

followed the protocol of the EuroWilson Project [13] and this was 
adjusted to routine local clinical and documentation practice. In the 
current analysis, patients diagnosed before electronic records (pre-
2000) were documented retrospectively from medical records for 
available data. The scope of the data presented here is limited to 
those variables with the fewest missing data and with high-quality 
data.

In the present analysis, demographic and clinical characteris-
tics, treatment and outcomes were grouped by decade of diagnosis. 
Clinical manifestations at diagnosis were defined as asymptomatic 
(mostly patients identified in familly screening), hepatic (asymptom-
atic hepatomegaly or elevation of serum aminotransferase levels to 
hepatic steatosis and cirrhosis) or neurological based on predomi-
nant symptom type, supported with physical examination, labora-
tory findings and imaging techniques as available [14]. Neurological 
signs and symptoms typical of WD, namely, salivation and speech 
abnormalities, gait disturbance and tremor or involuntary move-
ments were recorded across all decades. Additionally, the severity 
of neurological manifestation was illustrated globally as disease-
related dependence (restrictions in  activities of daily living). If 
needed, psychiatric consultation was provided, but this was neither 
systematically evaluated nor structurally reported.

The milestones in WD care in Poland are presented in Figure 1. 
The evaluation covered serum ceruloplasmin (Ravin's method) and 
copper in urine (24-h excretion) and serum (initially with chemical 
methods and subsequently with flame atomic absorption spec-
trometry) assessments, which were completed in the local lab-
oratory for all patients at admission, with additional radioactive 
copper testing in uncertain cases [15,16]. Every patient received at 
least basic liver laboratory tests and ultrasound examination fol-
lowing its increased availability from the 1980s. Ophthalmological 
check-up of Kayser-Fleischer rings by slit lamp examination 
was available for all patients. Access to genetic testing and 

F IGURE  1 Milestones in healthcare of Wilson's disease (WD) 
patients in Poland. DP, D-penicillamine; MRI, magnetic resonance 
imaging
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neuroimaging started in the mid-1990s, subsequently increased, 
and, soon after their development, both diagnostic methods were 
also offered to patients.

Drug therapy was mainly based on the use of anti-copper ther-
apy with oral DP and, since the beginning of the 1970s, zinc sulphate. 
We recorded any switches between therapies. Regarding medica-
tion compliance, patients were interviewed at every follow-up visit 
and any reports of non-persistence, dose self-modification or dis-
continuation (either temporal or permanent) were recorded as non-
compliance and not further graded.

We analysed the long-term outcomes of death, including time 
to death (recorded in the database and confirmed with the official 
death registry), and dependence, defined as the need for assistance 
in daily living activities.

Statistical analysis

Data are presented as rates, means and standard deviations or me-
dians and interquartile ranges for continuous variables, as appropri-
ate. Consequently, we used chi-squared or Kruskal–Wallis tests and 
ANOVA to compare trends over decades.

The overall prognosis of patients with WD was explored via life-
years lost, that is, the difference between age at the patient's death 
and their estimated life expectancy based on birth age. As life tables 
were only available from 1950 onwards, the life-years lost analysis 
was not feasible for the first decades. Additionally, Kaplan–Meier 
estimates and hazard ratios were obtained for time to death, time to 
death or dependence, and time to death or liver transplant, with the 
most recent mature follow-up of 2000–2009 used as a reference. 
The latest decade (2010–2019) was not selected as there was an 
incomplete follow-up of patients.

Ethical approval

Data collection and analysis was approved by the Institute of 
Psychiatry and Neurology Ethics Committee.

RESULTS

Patient characteristics

Up to 2019, 929 patients with WD from all over Poland were re-
corded. The number of patients newly included per decade in-
creased from 21 before 1960 to 315 from 2000 to 2009 (Table 1). 
Initially, patients referred were mostly male; however, WD was 
reported most often in female patients from the 1990s. The mean 
age at diagnosis was below 30 years, with a slight increase more re-
cently. The median time from first signs to diagnosis has halved but 
with increased variability. The average time to diagnosis remained 
greater than 1 year since symptom onset. Patients were more likely 

to receive an earlier referral to the reference centre during the most 
recent three decades.

Patients were consistently less neurologically affected and de-
pendent at diagnosis. Initially, the majority of patients presented 
with neurological manifestations and 30%–40% of patients were 
dependent (Table 1). Over the decades, patients were less often 
dependent  upon referral, they were consistently less neurologi-
cally affected, and their neurological symptoms were less severe. 
In particular, patients were two times less likely to present with 
excessive salivation or gait disturbances in 2010–2019 compared 
with 1960–1969 (Table 2). Over the decades, more patients were 
referred with liver manifestations (especially female patients and 
adolescents) as well as asymptomatic patients (Table 1). Currently, 
hepatic manifestations are most common, although every fifth 
patient presents with no symptoms at diagnosis. Kayser-Fleischer 
rings were reported less often over the decades as more asymp-
tomatic patients were diagnosed. Psychiatric symptoms affected 
up to 15% of patients in 1980–1989 and 6% in the most recent 
decade.

Drug treatment

Patients were treated mainly with DP before 1970 (Table  3). The 
proportion of patients treated with zinc increased gradually since 
its introduction, with DP and zinc used equally as initial therapy for 
almost 30 years. Rates of switches from DP to zinc or vice versa 
appear to be similar at up to 6%–7%. Self-reported compliance in-
creased over the decades and the majority of patients appeared to 
follow drug-use recommendations in the last decade studied.

Patient outcomes

The overall 10-year survival for pooled populations of all decades 
was estimated at 89% (lost to follow-up rate was low and totalled 
8.2%). Life-years lost have remained high, especially in female pa-
tients (Table 1), but Kaplan–Meier analyses showed constantly im-
proving survival over time, with patients diagnosed between the 
1960s and 1990s having a statistically significantly higher hazard 
ratio of death compared with the 2000–2009 decade (Figure  2; 
Table 4). Similar results were found for time to death or dependence, 
and time to death or liver transplant (altogether 45 patients under-
went transplants; all due to liver failure and no one with neurological 
deficit only), but were less consistently and statistically significant 
(Table  4). Improvement was observed in a specific analysis of de-
pendence (patients initially dependent might have improved over 
time, thus Kaplan–Meier analyses could not be adjusted accordingly) 
in the whole population, but especially in patients with neurological 
symptoms (data not shown). In patients diagnosed in 2000–2010, 
almost every fifth patient gained independence in daily living activi-
ties (data not presented as there was less consistent assessment in 
the early decades).
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DISCUSSION

This long-term follow-up report of more than 900 patients diag-
nosed with WD in Poland over 70 years represents one of the largest 
and most comprehensive analyses of patients with this rare disease.

Over the decades, we observed an increase in the number of 
patients diagnosed, which was not unexpected and is likely attrib-
utable to improved awareness among healthcare professionals, and 
advances in screening and recognition by the reference centre. We 
also noted a shift in the presenting WD symptoms. In the first few 
decades, WD patients usually presented with neurological manifes-
tations as, initially, mostly neurologists were involved in diagnosis 
and treatment. The centre's neurological orientation facilitated ini-
tial cooperation with other neurological centres, but gradually other 
specialties joined and networked. Over the years, the incidence of 
hepatic manifestations as well as asymptomatic presentations at 
diagnosis has increased. Long-term outcome studies in Portugal, 
Greece, Serbia, South Korea and Finland found similar results [10, 
17–19]. This shift in WD manifestations could be attributed to the 
early and accurate diagnosis of patients' relatives and early hepatic 
manifestations as well as advances in appropriate identification 
of less specific hepatic symptoms and, again, to improved aware-
ness among healthcare professionals and recognition by the refer-
ence centre. For those patients who did present with neurological 
symptoms, we found that these were less severe in recent years 
and patients were more likely to be independent in their daily living 
activities.

Compared with the period pre-1959 to 1979, patients in the 
most recent three decades compared to previous ones were re-
ferred to our centre more quickly to either confirm the diagnosis 
or reassess the treatment. This suggests a benefit of the ongoing 
centralization of care, the increased role of the reference centre 
and, most likely, improved awareness among medical professionals. 
The mean time to diagnosis remained similar over the last three de-
cades, although there seemed to be increased variability. It appears 
that some patients are still waiting a considerable length of time 
for appropriate diagnosis and treatment, indicating substantial di-
agnostic challenges [20].

Walshe reported that late diagnosis was the most common cause 
of death [6]. The longer the disease progresses without treatment, 
the more likely it is that the liver and brain will be damaged by toxic 
copper accumulation. The long-term prognosis for people with WD 
varies and largely depends on timely diagnosis and treatment. In 
terms of mortality, the Kaplan–Meier analysis showed consistent 
improvement in survival, with patients diagnosed long ago having 
a statistically significant higher hazard ratio of death compared to 
those diagnosed during the most recent decade. Although survival 
improved over the decades in Poland, there remains a substantial 
unmet medical need as patients' life expectancy is shortened com-
pared with the general population.

The mean age of diagnosis was below 30 years, with a borderline 
non-significant increase over the decades. Initially, our centre admit-
ted a few children who were then referred to paediatric centres [21]. TA
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Long-term follow-up in Northern Portugal and Greece found the 
median age at diagnosis to be 19 years, which is similar to previously 
described data [10,11,22]. Hence, the mean age at diagnosis of our 

cohort was slightly older than in other studies and may have been 
driven by the specialty profile of the centre. A study conducted in 
Germany also found 30 years to be the mean age of diagnosis. Initial 

TA B L E  3 Drug treatment of patients with Wilson's disease

Pre-1959 1960–1969 1970–1979 1980–1989 1990–1999 2000–2009 2010–2019

p value for 
cross-decade 
comparisons

DP treatment at diagnosis, n (%) 15 (71.4) 42 (77.8) 64 (91.4) 55 (82.1) 101 (58.0) 158 (50.2) 105 (46.1) <0.001

Zinc treatment at diagnosis, n (%) 0 (0.0) 1 (1.9) 4 (5.7) 12 (17.9) 79 (45.4) 147 (46.7) 116 (50.9) <0.001

Switch from zinc to DP, n (%) 0 0 0 3 (4.5) 11 (6.3) 23 (7.3) 11 (4.8) <0.001

Switch from DP to zinc, n (%) 0 0 2 (2.9) 2 (3.0) 6 (3.4) 24 (7.6) 16 (7.0) <0.001

Self-reported compliance, n (%) 0 (0.0) 1 (25.0) 15 (65.2) 13 (48.1) 56 (54.4) 148 (54.8) 173 (82.0) <0.001

Abbreviation: DP, D-penicillamine.

F IGURE  2 Ten-year survival curves by decade of diagnosis
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<1959 1.84 (0.82–4.13) 1.44 (0.53–3.90) 0.91 (0.42–1.97)

1960–1969 2.49 (1.42–4.37) 1.59 (0.80–3.15) 1.23 (0.74–2.04)

1970–1979 3.23 (1.95–5.34) 2.66 (1.52–4.67) 1.60 (1.03–2.48)

1980–1989 1.85 (1.03–3.35) 1.37 (0.69–2.71) 0.98 (0.58–1.67)

1990–1999 2.03 (1.26–3.28) 1.57 (0.95–2.61) 1.06 (0.71–1.58)

2000–2009 Reference Reference Reference

2010–2019 1.19 (0.64–2.21) 1.83 (1.02–3.29) 0.74 (0.45–1.22)

Abbreviation: CI, confidence interval.

TA B L E  4 Outcomes in patients with 
Wilson's disease by decade
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neurological presentation usually occurs at the age of 20–30 years; 
however, in other studies, the youngest patient with neurologi-
cal manifestations was 6 years old and the oldest was 72 years old 
[2,23]. The varied clinical course of WD could be attributed to mul-
tiple factors (genetic, epigenetic, hormonal and environmental) [2]. 
Given the wide age range of symptom onset, WD must be consid-
ered as a differential diagnosis at all ages.

Our study found that, prior to the 1990s, those registered in 
the centre were mostly male. A potential reason for the earlier im-
balance may lie in the higher proportion of neurological disease in 
males and, thus, a higher representation in the referrals to our cen-
tre, which then became more balanced in recent years. A long-term 
follow-up of 24 patients in Northern Portugal from 1975 to 2020 
found that 54% of patients were male [10] and comparisons from 
Germany and the United States showed consistent sex-balanced 
prevalence [24].

The Kayser-Fleischer ring is an important diagnostic feature of 
WD and has been found to occur in almost all neurological patients 
and a significant number of hepatic patients [23]. The observed in-
crease in patients with hepatic manifestations and asymptomatic 
individuals may have consequently led to a decreased proportion of 
patients presenting with Kayser-Fleischer rings [10,11,23]. Similar 
trends with more liver manifestations and fewer Kayser-Fleischer 
rings detected were reported in Portugal and Greece [10,11].

Our study found that psychiatric symptoms affected every ninth 
patient, but this could be an underestimate as symptoms were re-
corded at referral admission and no systematic examinations pro-
vided by a specialist were available over the analysed timeframe of 
follow-up.

Prior to 1970, WD patients in Poland were treated with DP only, 
with a few of the first patients diagnosed receiving British anti-
Lewisite (2,3-dimercaptopropanol). Since zinc's introduction, DP 
and zinc have been used for initial therapy in similar proportions of 
patients. There are no consistent data on which drug is superior or 
inferior [25] and the manifestations of WD appear to be adequately 
managed with either therapy; hence, patients generally have a rel-
atively normal quality of life [2]. Long-term studies have also sup-
ported this claim and found that most patients stabilize and improve 
with treatment [26]. We found both drugs, DP and zinc, to be effec-
tive and well tolerated; consequently, few switches were observed 
compared to other studies [4,25]. Patients may be switched between 
therapies not only because of adverse effects, ineffective treatment 
or comorbidities but due to financial/reimbursement/availability 
concerns [27]. Temporal limitations in access to or reimbursement of 
anti-copper therapies were reported in Poland and could contribute 
to drug persistence findings.

Although many treated patients have a favourable prognosis, fail-
ure to comply with lifelong therapy can aggravate clinical manifesta-
tions [2]. Patients who have been on medications for many years will 
deteriorate even with a brief interruption in therapy [28-30]. A case 
series of 11 patients found that patients who discontinued DP all 
progressed to fulminant hepatitis or hepatic decompensation [31]. 
Self-reported compliance was most likely overrated by patients in 

this analysis because, in our dedicated study on patient compliance, 
every fourth patient was found to be not taking their medication 
regularly [32].

The life expectancy of the general population in Poland has im-
proved significantly since the 1950s (9 and 11 years for males and 
females, respectively). Thus, we observed no significant change in 
life-years lost over decades; nevertheless, prognosis for WD pa-
tients improved, as shown in Kaplan–Meier analysis.

Our study limitations mainly result from missing data, as well as 
evolving clinical practice and definitions. We used a structured da-
tabase to collect the data; however, patients diagnosed before the 
2000s could only be studied retrospectively. We were unable to 
control well for confounders and adjust for clinical practice changes 
when assessing patients' prognoses. Temporal non-medical changes 
in healthcare could also have affected the results and observed time 
trends. This is most evident for patients diagnosed in the 1970s 
when there was a lack of continuity of care at the reference centre 
due to unavailability of key medical personnel and less coordinated 
long-term supervision, which resulted in relatively poor outcomes. 
As a consequence, more patients were both diagnosed and treated 
before referral to the reference centre. Comprehensive and struc-
tured liver function evaluation over a long follow-up time was not 
possible; additionally, our centre has established thorough coopera-
tion with hepatologists for the last two decades only. Consequently, 
we were unable to adopt a consistent approach to cirrhosis evalu-
ation and decided to focus mainly on the neurological manifesta-
tion of WD. A specific study conducted in our centre on cirrhosis in 
patients newly diagnosed with the neurological phenotype of WD 
found that almost every second patient had cirrhosis diagnosed; all 
had oesophageal varices and at least one sign of hepatic disease on 
ultrasound examination [33].

In conclusion, this is the largest cohort of patients with WD (over 
900 patients) reported in Poland, with long-term follow-up covering 
over seven decades. The number of diagnosed patients increased 
over time, with improved prognosis over the years, most likely due 
to more accurate and early diagnosis, effective therapy and qualified 
follow-up care.
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