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Abstract

Background: Wilson disease (WD) is genetically induced failure of copper metabolism which can be successfully
treated with pharmacological agents. The prognosis for survival in most WD patients is favorable if diagnosis and
anti-copper treatment are provided early. Many observations imply that persistence with drug treatment is
generally low in patients with chronic diseases, which impact the treatment effectiveness, but such results are very
limited in WD. The aim of our study was to assess persistence with treatment among WD patients, to analyze its
effect on patient outcome and to identify factors that might be related to persistence.

Methods: 170 newly diagnosed, symptomatic patients with WD who started treatment between 1995 and 2005
were analyzed retrospectively to assess treatment non-persistence, which was defined as at least one reported
break of more than 3 months or minimum two breaks lasting longer than 2 months. Results were further analyzed
according to selected clinical variables.

Results: Only 74.1% of patients were persistent with treatment during the mean 11.7 years of follow up. Treatment
persistence closely impacted positive clinical outcomes. In patients classified as persistent, improvement and lack of
WD progression were observed more often compared to those classified as non-persistent (29.4 and 68.3% vs. 2.3
and 45.5%; p < 0.001, respectively). In contrast, non-persistent patients presented more often with worsening WD
than persistent patients (52.3% vs. 2.4%). Type of WD treatment, gender, phenotypic presentation, adverse events
and duration of treatment were not related to treatment persistence. Higher or upper/post-secondary education
and a supportive family attitude towards treatment were the most important factors related to persistence.

Conclusions: One quarter of WD patients were not taking anti-copper treatment regularly and this had an
important negative effect on clinical outcome. Family support played an important role in treatment persistence.
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Background
Wilson disease (WD) is genetically induced failure of
copper metabolism caused by mutations in the ATP7B
gene located on chromosome 13 and is inherited in an
autosomal, recessive pattern [1, 2]. Mutated ATP7B
leads to dysfunction of the copper-transporting adeno-
sine triphosphatase that it encodes, which results in re-
duced incorporation of copper into ceruloplasmin and
lower biliary excretion of this microelement. Copper
ingested in food initially accumulates in the liver and
after exhausting its storage capacity infiltrates the brain,
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cornea (Kayser-Fleischer ring), and kidneys [1–3]. If un-
treated, WD usually leads to death within several years
from the development of symptoms [1–5]. Onset of
symptoms is mainly at the pediatric and adolescent age,
but it is not infrequent to find patients first have symp-
toms during adulthood [1–4]. The prevalence of WD in
European populations varies between 12 and 29 cases
per 100,000 [1–4].
WD is one of the few inborn metabolic diseases that can

be successfully treated [1, 2]. Therapy is based on prod-
ucts that promote urinary excretion of copper (D-penicil-
lamine and trientine) or prevent its absorption via the
gastrointestinal tract (zinc salts) [1–3]. However, there is a
lack of high-quality evidence to estimate the relative ef-
fects of available treatments [1–3, 5–7]. Patients with
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hepatic presentation of WD are more often treated by D-
penicillamine while zinc seems to be preferred for the
treatment of pre-symptomatic and neurological patients
[1, 2, 8]. While there appears to be no obvious differences
in the clinical efficacy of available treatments, the choice
of drug is most often based on tolerability profiles. In the
majority of cases, early diagnosis and treatment help to
prevent irreversible copper damage but treatment should
continue over the whole lifespan after the diagnosis. Un-
fortunately, in some patients, the disease is relentlessly
progressive even despite of treatment [1, 2, 8].
There are many observations implying that concord-

ance with drug treatment including compliance (using
the prescribed dose), persistence (continuation in drug
use), and adherence (taking medication as prescribed in
relation to time of intake and meals) in patients with
chronic diseases is especially low and that this has a
strong negative impact on treatment outcome [8–16].
However, apart from clinical studies prospectively ana-
lyzing medicine dose dispensations and the completion
of patient diaries, assessment of compliance and adher-
ence are very difficult to perform. In contrast, persist-
ence can be assessed based on patient questionnaires
and medical history according to treatment breaks taken
by the patient [16].
The aim of this observational study was to assess treat-

ment persistence among patients with WD as well as to
attempt to identify factors that may be related to
persistence.
Methods
Patients and assessments
The study was approved by the Bioethics Committee of
the Institute of Psychiatry and Neurology in Warsaw,
Poland. The conduct of this project was compliant with
principles outlined in the Declaration of Helsinki.
The initial target population included 219 clinically

symptomatic WD patients registered in the database of
Institute of Psychiatry and Neurology at Warsaw that
were diagnosed with WD and started the treatment
between January 1995 and December 2005. Pre-
symptomatic patients were the subject of an earlier ana-
lysis included into a different paper from our team [17].
WD diagnosis was established by the following criteria:
medical history, physical examination, abnormal serum
ceruloplasmin and copper levels results, increased 24-h
urinary copper excretion, genetic analysis for known
mutations and with 64Cu radioactive test (in doubtful
cases) [1, 2, 7, 17]. Patients were defined as being symp-
tomatic if they had clinical signs and symptoms of WD
at diagnosis. Just after diagnosis, the patient received
anti-copper treatment with D-penicillamine or zinc
sulphate, the two main treatments used in our center.
At the time of study conduct from the initial group of
219 patients, 16 were reported dead, 10 had received a
liver transplant, 1 was considered as lost to follow up
and 2 refused to participate in the study. The remaining
190 were asked between February and June 2012 to
complete a detailed questionnaire collecting information
on: persistency of drug use, cause of non-persistence,
adverse events (AE), achieved education level, family
knowledge about WD, and family support provided to
study participants.
The questionnaire included questions based on already

validated scales: Medication Adherence Questionnaire
(MAQ), Brief Adherence Rating Scale (BARS), Medica-
tion Adherence Rating Scale (MARS) and items to assess
persistence with drug treatment, with persistence de-
fined as continuing drug use [18–21]. Patients were clas-
sified as persistent or non-persistent by the attending
physicians (AC, TL, WM) after detailed interview, and
analysis of patient questionnaires, refills, and drug
consumption. Patients were considered non-persistent if
they had at least one reported break of more than 3
months or a minimum of two breaks lasting longer than
2months within the period of treatment.
In addition to patient questionnaires, we also collected

available medical records related to demographic and
clinical characteristics, with a special focus on prescribed
medication, changes in treatment, reported AEs and
clinical outcome. The majority of subjects from the tar-
get population frequently visited our Institute for con-
sultation even if their regular medical care was provided
in other medical facilities. From the reminder, data were
obtained by telephone contacts. Responses of study sub-
jects were verified with information from medical history
of each study participant.
According to clinical symptoms and signs, patients were

classified as having the hepatic and neurological form of
WD using the predominance symptoms scoring system
based on the presence and intensity of individual signs of
WD at diagnosis and as used previously [7, 17]. The
hepatic assessment included a structured interview with
questions about fatigue, weight loss, leg edema, jaundice,
abdominal swelling, hematemesis, hemorrhages, and
fulminant liver failure. Routine laboratory examinations
included measurements of aminotransferases, bilirubin,
international normalized ratio, serum albumin, and ab-
dominal ultrasonography. The upper normal limit for
alanine and aspartate transaminases was 40 IU/L.
To assess neurological state, a scale ranging from 0

to 3 (0, no symptoms; 1, light; 2, mild; 3, severe
neurological signs) was used. Tremor of head, limbs,
other involuntary movements, rigidity, speech, writing,
and gait were evaluated [7, 17]. Patients classification
was performed and verified by the same neurologists
(AC, TL).



Table 1 Demographic and clinical characteristics

Variable, n = 170 Values

Male:female ratio, n (%) 77 (45.3):93 (54.7)

Age, mean ± SD (years) 37.5 ± 10.4

Age at diagnosis, mean ± SD (years) 25.0 ± 10.0

Time from symptom onset, mean ± SD (months) 15.9 ± 14.2

Duration of treatment, mean ± SD (years) 11.7 ± 3.2

Predominant clinical form at diagnosis, n (%)

Hepatic 79 (46.5)

Neurological 91 (53.5)

Type of initial treatment, n (%)

D-penicillamine 98 (57.6)

Zinc sulphate 72 (42.4)

Type of treatment during assessment, n (%)

D-penicillamine 76 (44.7)

Zinc sulphate 94 (55.3)

Persistence in drug use, n (%)

Yes 126 (74.1)

No 44 (25.9)

Adverse events, number of subjects (%) 53 (31.2)

Outcome of treatment (at the time of assessment), n (%)

Improvement 38 (22.4)

No change 106 (62.4)

Worsening 26 (15.3)

SD standard deviation

Table 2 Treatment outcome by treatment persistence

Treatment outcome, n (%)

Improvement
(n = 38)

No
change
(n = 106)

Worsening
(n = 26)

Persistent drug use
(n = 126)

37 (29.4) 86 (68.3) 3 (2.4)

Non-persistent drug use
(n = 44)

1 (2.3) 20 (45.5) 23 (52.3)

P value for comparison
of persistent vs. non-
persistent drug use

p < 0.001
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We analyzed the impact of treatment persistence on
the clinical outcome of treated patients. Clinical out-
comes of treatment were assessed by the attending
physicians using standardized criteria. For hepatic symp-
toms, improvement was defined as liver enzymes reach-
ing normal values or decreasing to a value lower than
double the upper limit of normal value. Worsening was
defined as significant increase of hepatic signs and/or
symptoms, or liver enzyme levels exceeding double base-
line values. For neuropsychiatric symptoms, the gain or
loss of one point, based on our neurological scale, was
regarded as improvement or deterioration [7, 17].
Based on studied literature, we also assessed persist-

ence predictors with treatment like the type of WD
treatment (D-penicillamine vs. zinc sulphate), gender,
phenotypic presentation of WD, AEs, the length of WD
treatment as well as patients achieved education (voca-
tional vs. upper secondary/post-secondary vs. higher
education), and the knowledge and support of family
members about WD.

Statistical analysis
Obtained data were reported with descriptive statistics
and analyzed by two-tailed Fisher’s exact test, chi-square
test, Mann-Whitney test and unpaired Student’s t-test
were appropriate. All data were analyzed in relation to
treatment persistence (yes/no).

Results
Of the 190 patients asked to complete the detailed ques-
tionnaire, responses were obtained from 172 patients
(accrual rate 90.5%); however, due to incomplete data in
two surveys, the final analysis was conducted on 170
subjects. The demographic and clinical characteristics of
these patients are presented in Table 1. The study popu-
lation were 54.7% female, with a mean age of 37.5 years
and a mean age at diagnosis of 25.0 years.
The mean (SD) length of treatment was 11.7 ± 3.2

years, with most patients (57.6%) starting treatment with
D-penicillamine, and the rest with zinc sulphate.
Twenty-seven out of 76 patients (35.5%) who were tak-
ing D-penicillamine at the time of the assessment re-
ported AEs related to drug treatment. Most frequently
occurring AEs were rash (11 cases), gastrointestinal
problems (3), abdominal pain (2), leucopenia (2), and
proteinuria (2). Out of 94 patients taking zinc sulphate,
AEs occurred in 26 patients (27.7%). Most often re-
ported AEs were nausea and vomiting (15 cases) and
abdominal pain (11 cases).
The persistence rate with WD treatment, among

analyzed patients, was 74.1%. Treatment persistence had
a significantly positive impact on clinical outcome
(Table 2). In patients classified as persistent, positive
outcomes were observed more frequently: improvement
(29.4%) and lack of progression of disease (68.3%) vs.
those who made breaks in drug intake (2.3%; and 45.5%,
respectively). Out of 126 patients using prescribed
medication persistently, only 3 deteriorated (2.4%) in
comparison to 23 out of 44 not taking the medication
persistently (52.3%). This outcome was observed regard-
less of predominant symptoms of disease (data not
shown). We did not find any difference in treatment
effectiveness between D-penicillamine and zinc sulphate
in the patients analyzed (p = 0.85; data not shown).
Subsequently, we found no substantial differences
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between treatment persistence rate among patients that
were taking D-penicillamine and zinc sulphate (75.0% vs.
73.4%; p = 0.81). There was no impact on treatment per-
sistence when analyzed by gender (68.8% persistence
rate in males vs. 78.4% in females; p = 0.15), phenotypic
presentation (72.1% persistence rate in the hepatic group
vs. 75.8% in the neurological group; p = 0.59), AE occur-
rence (p = 0.42), or duration of WD treatment (p = 0.81)
(Table 3).
Overall, 52 (30.5%) patients received higher education

while 78 (45.8%) received upper secondary/post-secondary
education and 40 (23.5%) patients received vocational
education. Education appeared to affect persistence rate,
such that persistent patients were more likely to report
Table 3 Persistence breakdown by symptoms, adverse events,
drug use, knowledge of family members about Wilson disease
(WD) and position towards treatment

Description Persistent Non-
persistent

P value for persistent
vs. non-persistent

Symptoms, n (%)

Hepatic (n = 79) 57 (45.2) 22 (50.0) 0.59

Neurological (n = 91) 69 (54.8) 22 (50.0)

Gender, n (%)

Male (n = 77) 53 (42.1) 24 (54.5) 0.15

Female (n = 93) 73 (57.9) 20 (45.5)

Adverse events, n (%)

Yes (n = 61) 43 (34.1) 18 (40.9) 0.42

No (n = 109) 83 (65.9) 26 (59.1)

Drug used, n (%)

D-penicillamine (n = 76) 57 (45.2) 19 (43.2) 0.81

Zinc sulphate (n = 94) 69 (54.8) 25 (56.8)

Treatment duration,
mean ± SD, years

11.7 ± 3.2 11.6 ± 3.0 0.81

Educational level, n (%)

Vocational education 29 (23.0) 11 (25.0)

Upper secondary/post
secondary

51 (40.5) 27 (61.4) 0.01

Higher education 46 (36.5) 6 (13.6)

Family knowledge
about WD, n (%)

Minimal 4 (3.2) 4 (9.1)

Little 21 (16.7) 12 (27.3) 0.14

Moderate 42 (33.3) 12 (27.3)

Good 59 (46.8) 16 (36.4)

Family position towards
treatment, n (%)

Negative 0 0 < 0.001

Neutral 16 (12.7) 18 (40.9)

Supportive 110 (87.3) 26 (59.1)

SD standard deviation
higher education with no difference for vocational educa-
tion level (Table 3).
Most patients reported that their family had a moder-

ate or good knowledge of WD, but it was not statistically
related to persistence (Table 3). In contrast, positive
family support towards treatment was most commonly
reported by persistent patients compared with non-
persistent patients (Table 3).

Discussion
WD is one of the few inborn metabolic diseases which
can be successfully treated with pharmacological agents,
but intake of medicines should continue over the whole
patient’s lifespan after diagnosis to effectively reverse
copper overload [1–3, 22, 23]. Unfortunately, there are
many observations implying that in chronic diseases,
such as diabetes or hypertension, the concordance with
drug treatment is generally much lower than doctors as-
sume [13–15, 23], but such data in WD are very limited
[24]. Our current study documented that the rate of per-
sistence, i.e., patients regularly taking pharmacological
treatment without breaks, is about 74.1% in WD. These
findings are consistent with treatment persistence rates
in a small study of patients with WD (n = 39) [25] and in
other chronic neurodegenerative disorders, such as
Parkinson’s disease (PD) [26]. Taken together, in PD and
WD, it appears that almost 25–30% of patients suffering
from chronic neurological disorders are not persistent
with treatment. Additionally, here we document that
treatment persistence in WD has a significant positive
impact on clinical treatment outcome. In patients taking
medicines regularly, the persistent group, clinical im-
provement or disease stabilization was noted in almost
98% cases. Despite the correct anti-copper therapy, we
found that 2% of patients deteriorated, probably due to
other factors, such as the effects of additional drugs
(hepatotoxicity, influencing dopamine neurotransmis-
sion, etc.), and this is concordant with our other studies
[27]. In contrast to the situation in persistent patients,
clinical worsening was noted in 52.2% of non-persistent
patients. Most of the remaining patients exhibited dis-
ease stabilization (45.5%) and one patient (2.3%) showed
improvement, which may be due to treatment taken be-
tween the breaks. Based on such results, we would like
to emphasize that the effect of treatment persistence is a
key factor related to treatment outcome in WD. Further,
our data may explain, at least in part, some of the wors-
ening of clinical symptoms or “lack of treatment effi-
cacy” that is seen during WD treatment [7, 17, 28].
Analyzing the factors that may be related to treatment

persistence, we did not find any impact of gender, type
of WD treatment, phenotypic presentation, AE occur-
rence or duration of WD treatment. We did not confirm
observations from other studies regarding treatment
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persistence, such as hypertension studies, which suggest
that male gender is a risk factor for non-persistence [13].
We also did not detect any effect of AE occurrence on
persistence. This may be explained by the mild AEs ob-
served in our study. Skin and gastrointestinal reactions
were not serious and, although they could have caused
some discomfort, they did not lead to drug withdrawal.
The phenotypic presentation and duration of treatment
have no effect on persistence, unlike a supportive family
position towards treatment. Thus, it appears that not the
signs and symptoms, but family support is an important
treatment persistence driver in WD. These observations
are consistent with current knowledge about the signifi-
cance of patient awareness to disease and persistence
[12, 13]. Previously, we have shown that patients who
were non-persistent with WD treatment less frequently
achieved upper/post-secondary or higher education
compared with persistent patients (66.0% vs. 76.3%; NS)
and their primary source of outcome was significantly
less often a salary (18.9% vs. 40.3%; p = 0.001) [29].
Finally, analyzing treatment persistence and clinical
outcome, we showed that the question of which medi-
cine to prescribe, D-penicillamine or zinc salts, is likely
less important than whether the medication will be used
persistently. We did not find any difference in treatment
effectiveness between D-penicillamine and zinc sulphate
in the patients analyzed, which is consistent with our
previous observations [2, 5, 7, 17, 24, 30]. Both drugs are
administered three times a day. Certainly, more
advanced pharmaceutical formulations intended for
once daily use may improve compliance and persist-
ence [31, 32].
Our study has some limitations. Firstly, it is a retro-

spective study based mainly on subjective self-reported
patient reports with secondary objective verification by
the treating physician, but without separate analysis of
copper metabolism. We excluded patients who were
transplanted or who died from the analysis. They mostly
consisted of patients severely affected since diagnosis,
and reliable assessment of their persistence was not feas-
ible. We did not include pre-symptomatic individuals
since they were assessed in a previous investigation [17].
A strength of our current study is that we included pa-
tients with a WD diagnosis verified in our clinic who
remained within our care. We performed only persist-
ence analysis without the compliance analysis with ac-
curate drugs dose calculating, like in clinical trials,
because such analysis is only possible in prospective
studies with drug dispensation and calculation of com-
pliance on each visit. Also, direct analysis of compliance
using a Country Prescribed Drug Register employed in
some European countries [13] was not possible because
no such data are available for physicians in Poland. We
also did not analyze treatment adherence, meaning
taking medication as prescribed in relation to the time
of intake and meals, because we did not have enough
objective data to verify patients’ answers. We did not
assess economic status since the costs of drugs for WD
are low and all Polish citizens are covered by medical in-
surance, with unrestricted access to necessary medical
care. When analyzing factors that may impact treatment
persistence, we did not analyze the effect of mental dis-
orders. There are data that treatment persistence in
patients with severe mental disorders is especially low
(20–30% over a treatment period of more than 6
months) [12]; however, due to the low number of pa-
tients in our study, such an analysis of a sub-group of
patients with severe neuropsychiatric impairment was
not feasible. Finally, we cannot exclude the possibility
that some of our patients did not record accurate re-
sponses about persistence, but physician verification of
patient records aimed to reduce the likelihood of this
occurring.

Conclusions
In conclusion, our data show that treatment persistence
is a key factor for a positive clinical outcome over the
course of treatment for WD. It appears that the type of
treatment to prescribe is less important than the fact
that the medication is used persistently. Higher educa-
tion and a positive, supportive family position toward
WD treatment seem to be the most important factors
that may impact the correct administration of de-
coppering medicines by WD patients.

Abbreviations
AE: Adverse event; PD: Parkinson’s disease; SD: Standard deviation;
WD: Wilson’s disease

Acknowledgements
We wish to thank all participants in this study and Emma Marshman who
provided medical writing services.

Authors’ contributions
WM, AC, TL and MN: Study design, data acquisition and interpretation,
drafting of manuscript, manuscript revision. MN conducted statistical
analyses. All authors read and approved the final manuscript.

Funding
This study and medical writing services were supported by statutory activity
of the Institute of Psychiatry and Neurology.

Availability of data and materials
The data sets generated and/or analyzed during this study are not publicly
available because they contain protected health information. However, de-
identified data sets are available from the corresponding authors on reason-
able request.

Ethics approval and consent to participate
The ethics committee at the Institute of Psychiatry and Neurology (Warsaw,
Poland) approved the study. All patients gave written informed consent.

Consent for publication
Not applicable.



Masełbas et al. BMC Neurology          (2019) 19:278 Page 6 of 6
Competing interests
We have no relevant financial interest in the submitted publication matter.
All financial involvement (e.g., employment, consultancies, honoraria, stock
ownership or options, grants or patents receiving or pending, royalties) with
any organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the submitted publication
material are completely disclosed.

Received: 9 April 2019 Accepted: 17 October 2019
References
1. Roberts EA, Schilsky ML. Diagnosis and treatment of Wilson’s disease: an

update. Hepatology. 2008;47:2089–111.
2. Członkowska A, Litwin T, Dusek P, Ferenci P, Lutsenko S, Medici V,

Rybakowski JK, Weiss KH, Schilsky ML. Wilson disease. Nat Rev Dis Primers.
2018;4:21.

3. European Association for Study of Liver. EASL clinical practice guidelines:
Wilson’s disease. J Hepatol. 2012;56:671–85.

4. Chu NS, Hung TP. Geographic variations in Wilson’s disease. J Neurol Sci.
1993;117:1–7.

5. Czlonkowska A, Tarnacka B, Litwin T, Gajda J, Rodo M. Wilson’s disease –
cause of mortality in 164 patients during 1992-2003 observation period. J
Neurol. 2005;252:698–703.

6. Weiss KH, Stremmel W. Clinical considerations for an effective medical
therapy in Wilson's disease. Ann N Y Acad Sci. 2014;1315:81–5.

7. Członkowska A, Litwin T, Karliński M, Dziezyc K, Chabik G, Czerska M. D-
penicillamine versus zinc sulfate as first-line therapy for Wilson’s disease. Eur
J Neurol. 2014;21:599–606.

8. Brewer GJ, Terry CA, Aisen AM, Hill GM. Worsening of neurologic syndrome
in patients with Wilson’s disease with initial penicillamine therapy. Arch
Neurol. 1987;44:490–3.

9. Fincke BG, Miller DR, Spiro A 3rd. The interaction of patient perception of
overmedication with drug compliance and side effects. J Gen Intern Med.
1998;13:182–5.

10. DiMatteo MR, Lepper HS, Croghan TW. Depression is a risk factor for
noncompliance with medical treatment: meta-analysis of the effects of
anxiety and depression on patient adherence. Arch Intern Med. 2000;160:
2101–7.

11. Leeman E. The costs of compliance. J Am Acad Psychoanal Dyn Psychiatr.
2007;35:179–87.

12. Conti V, Lora A, Cipriani A, Fortino I, Merlino L, Barbui C. Persistence with
pharmacological treatment in the specialist mental healthcare of patients
with severe mental disorders. Eur J Clin Pharmacol. 2012;68:1647–55.

13. Qvarnström M, Kahan T, Kieler H, Brandt L, Hasselström J, Bengtsson
Boström K, et al. Persistence to antihypertensive drug treatment in Swedish
primary healthcare. Eur J Clin Pharmacol. 2013;69:1955–64.

14. Pyatak EA, Florindez D, Weigensberg MJ. Adherence decision making in the
everyday lives of emerging adults with type I diabetes. Patient Prefer
Adherence. 2013;7:709–18.

15. Dieltjens M, Braem MJ, Vroegop AV, Wouters K, Verbraecken JA, De Backer
WA, et al. Objectively measured vs self-reported compliance during oral
appliance therapy for sleep-disordered breathing. Chest. 2013;144:1495–502.

16. Cramer JA, Roy A, Burrell A, Fuldeore MJ, Ollendorf DA, et al. Medication
compliance and persistence terminology and definitions. Value Health.
2008;11:44–7.

17. Dziezyc K, Karlinski M, Litwin T, Członkowska A. Compliant treatment with
anti-copper agents prevents clinically overt Wilson’s disease in pre-
symptomatic patients. Eur J Neurol. 2014;21:332–7.

18. Litwin T, Gromadzka G, Czlonkowska A. Gender differences in Wilson’s
disease. J Neurol Sci. 2012;312:31–5.

19. Morisky DE, Green LW, Levine DM. Concurrent and predictive validity of a
self-reported measure of medication adherence. Med Care. 1986;24:67–74.

20. Thompson K, Kulkarni J, Sergejew AA. Reliability and validity of a new
Medication Adherence Rating Scale (MARS) for the psychoses. Schizophr
Res. 2000;42:241–7.

21. Byerly MJ, Nakonezny PA, Rush AJ. The Brief Adherence Rating Scale (BARS)
validated against electronic monitoring in assessing the antipsychotic
medication adherence of outpatients with schizophrenia and schizoaffective
disorder. Schizophr Res. 2008;100(1–3):60–9.
22. Medici V, Trevisan CP, D’Inca R, Barollo M, Zancan L, Fagiuoli S, et al.
Diagnosis and management of Wilson’s disease: results of a single center
experience. J Clin Gastroenterol. 2006;40:936–41.

23. Miller NH. Compliance with treatment regimens in chronic asymptomatic
diseases. Am J Med. 1997;102:43–9.

24. Maselbas W, Chabik G, Czlonkowska A. Persistence with treatment in
patients with Wilson disease. Neurol Neurochir Pol. 2010;44:260–3.

25. Jacquelet E, Beretti J, De-Tassigny A, Girardot-Tinant N, Wenisch E, Lachaux
A, Pheulpin MC, Poujois A, Woimant F. Compliance with treatment in
Wilson's disease: on the interest of a multidisciplinary closer follow-up. Rev
Med Interne. 2018;39:155–60.

26. Hou GJ, Wu LJ, Moore S, Ward C, York M, Atassi F, et al. Assessment of
appropriate medication administration for hospitalized patients with
Parkinson’s disease. Parkinsonism Relat Disord. 2012;18:377–81.

27. Litwin T, Dzieżyc K, Karliński M, Chabik G, Czepiel W, Członkowska A. Early
neurological worsening in patients with Wilson’s disease. J Neurol Sci. 2015;
355(1–2):162–7.

28. Litwin T, Czlonkowska A. Wilson disease – factors affecting clinical
presentation. Neurol Neurochir Pol. 2013;47:161–9.

29. Maselbas W, Litwin T, Czlonkowska A. Social and demographic
characteristics of a polish cohort with Wilson disease and the impact of
treatment persistence. Orphanet J Rare Dis. 2019;14:167.

30. Członkowska A, Gajda J, Rodo M. Effects of long-term treatment in Wilson’s
disease with d-penicillamine and zinc sulphate. J Neurol. 1996;243:269–73.

31. Ala A, Aliu E, Schilsky ML. Prospective pilot study of a single daily dosage of
trientine for the treatment of Wilson disease. Dig Dis Sci. 2015;60:1433–9.

32. Weiss KH, Askari FK, Czlonkowska A, Ferenci P, Bronstein JM, Bega D, Ala A,
Nicholl D, Flint S, Olsson L, Plitz T, Bjartmar C, Schilsky ML. Bis-choline
tetrathiomolybdate in patients with Wilson's disease: an open-label,
multicentre, phase 2 study. Lancet Gastroenterol Hepatol. 2017;2:869–76.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients and assessments
	Statistical analysis

	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

