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1 | INTRODUCTION

Keiko Asakura’

| Yuji Nishiwaki? [

Abstract

Wilson disease (WD) is a congenital copper metabolism disorder with various
manifestations and can be treated with oral medication. This study examined
the factors related to decline in activities of daily living (ADL) in patients with
WD as research in this area remains limited. We enrolled 308 patients with
WD, including patients who participated in a national survey and those who
sought cares at the Department of Pediatrics, Toho University Ohashi Medical
Center, from 2016 to 2017. We analyzed the association between ADL decline
and factors including age at diagnosis, period from diagnosis to survey, hepatic
symptoms, neurological signs, and psychiatric presentation at diagnosis. The
relative risks (RRs) for ADL decline were estimated for each factor using multi-
variate modified Poisson regression analysis. Overall, 97 out of 308 (31.5%)
patients experienced ADL decline. After adjusting for explanatory variables,
regression analysis revealed that factors significantly associated with ADL
decline were a period of >20years from diagnosis to survey (adjusted
RR = 2.34, 95% confidence interval [CI]: 1.47-3.74), hepatic symptoms with
splenomegaly (adjusted RR = 2.57, 95% CI: 1.26-5.24), mild neurological signs
(adjusted RR =3.20, 95% CI: 1.96-5.23), and severe neurological signs
(adjusted RR = 3.63, 95% CI: 2.28-5.77). Neurological signs, hepatic symptoms
with splenomegaly, and a period of 20 years from diagnosis to survey are asso-
ciated with ADL decline. Thus, careful assessment of patients for these factors
is necessary, and these findings may guide future efforts to improve patient

prognosis.

KEYWORDS

activities of daily living, hepatic symptom, national survey, neurological sign, Wilson disease

copper in hepatocytes, the brain, kidneys, corneas, and
other tissues. Thus, WD presents with a variety of symp-

Wilson disease (WD) is an autosomal recessive inherited
disorder caused by an abnormality in the ATP7B gene.
This causes impaired excretion of copper from the liver
into the bile and the secretion of cellular plasmin into
the blood." It is characterized by excessive deposition of

toms.>* The incidence of WD is estimated to be one in
30 000-34 000 live births, based on a 1990-1991 national
survey in Japan.*

WD is one of the genetic disorders that can be treated
with oral medication,” and thus early diagnosis and
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appropriate treatment are essential to save patient's lives.
Currently, the main pharmacological treatments for WD
are chelating drugs (D-penicillamine and trientine) and
zinc preparations.®” Moreover, the recommended initial
therapy for patients with hepatic failure is a combination
of trientine and zinc.*

There have been several studies on the mortality
related to WD, the necessity of liver transplantation, and
the prognosis of WD outside Japan.'''® However, few
studies have reported the living conditions, such as the
activities of daily living (ADL) in patients with WD.'”""°
Furthermore, limited studies have evaluated the relation-
ship between the factors present at diagnosis and their
effect on ADL.

The Department of Pediatrics of Toho University
Ohashi Medical Center conducted two national sur-
veys on WD in 1990-1991 and 2005-2009,*° where the
clinical features of WD were examined; however, fac-
tors related to ADL have not yet been fully elucidated.
Additionally, while there are WD guidelines in the
United States, Europe, and Japan,*** none discuss
ADL thoroughly.

Thus, this study aimed to examine factors related to
ADL in patients with WD using data from a third
national survey conducted in 2015-2016 and data from
our institution. Our findings may help guide research to
improve the prognosis of WD.

Patients with WD at primary survey in 2015
(n=468)

2 | MATERIALS AND METHODS

2.1 | Study population

The study population included patients with WD identi-
fied by the results of a 2016 national survey, in addition
to patients with WD who attended the Department of
Pediatrics, Toho University Ohashi Medical Center in
2016 and 2017.

We conducted a national survey in 2016 that included
207 institutions that treat patients with WD. These insti-
tutions were previously identified in the initial 2015
national survey. The data of 284 (60.7%) patients were
collected and included in this study (Figure 1).The
national survey in 2015 and included institutions with
>200 beds had pediatrics, gastroenterology, neurology,
psychiatry, and transplant surgery departments. An ini-
tial survey to determine the annual number of patients
with WD was distributed to 4133 institutions, of which
1739 (42.1%) responded with whether or not they treated
patients with WD. Results from the initial survey showed
that 207 institutions reported the management of a total
of 468 patients with WD in 2015. In 2016, a secondary
questionnaire was distributed to 207 institutions, and the
data of 284 (60.7%) patients were collected (Figure 1).

The Department of Pediatrics, Toho University
Ohashi Medical Center is one of the hospitals that

Patients with WD at

Secondary survey (2016-2017)——*|

(n=184)

No response to
secondary survey,

the Department of Pediatrics,
Toho University Ohashi medical center
from 2016 to 2017

(n=153)

Patients with WD at secondary survey from 2016 to 2017
(n=284)
Excluded
Unknown ADL, sex, and age at the study
(n=14)
Excluded <
Institutions that did not consent to our study '
(n=18) Study population
(n=405)
' }
Pre-symptomatic patients Study population for main analysis
(n=97) (n=308)
FIGURE 1 Study population. ADL, activities of daily living; WD, Wilson disease.
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specialize in treating patients with WD in Japan and
receives referrals for diagnosis and treatment of WD from
other hospitals. A total of 153 patients who visited this
department between 2016 and 2017 were included in the
survey population; there was no overlap between the
cases in the national survey and the patients from this
institution. Cases with missing information on ADL, sex,
and age (14 cases); those who did not consent to partici-
pate (18 cases); and those who were presymptomatic
(97 cases) were excluded. Presymptomatic patients were
those who were diagnosed in the absence of symptoms.
Presymptomatic patients were determined based on intra-
familial searches (49 cases), during testing for other liver
dysfunctions (40 cases), through pilot studies on mass
screening for WD (4 cases), by identification of Kayser—
Fleischer ring (3 cases) or positive of occult blood in urine
(1 case). After checking the patient background in the
study population, which included patients who were pre-
symptomatic, the main analysis included 308 patients,
excluding those who were presymptomatic (Figure 1).

The study protocol was approved by the Ethics Com-
mittee of the Faculty of Medicine, Toho University
(No. A20054). The protocols of the study were disclosed
on the institutions’ websites or other places, such as bul-
letin boards, and provisions to opt out were presented.

2.2 | Outcome measurement

The attending physician scored the survey using a 5-point
scale: point 1 was scored when there was no decline in
ADL; point 2 when patients with WD had impaired func-
tion and ADL decline; point 3 when the patient received
partial caregiving; point 4 when the patient received full-
caregiving; and point 5 when the patient was under medi-
cal treatment (i.e., admitted to a hospital). For this study,
outcome classifications were created following past
national surveys. Points 2-5 were classified as ADL
decline, while point 1 was classified as no ADL decline.
The rationale for this classification was that the number of
cases with points 3-5 was small making analysis difficult.
This may be attributed to the development of therapeutic
agents that halt disease progression.

2.3 | Explanatory variable measurement
The following items were investigated in this study: gender,
age (age at diagnosis and age at time of survey), hepatic
symptoms at diagnosis (jaundice, hepatomegaly, ascites,
splenomegaly, esophageal varices, abnormal liver function,
and others), neurological symptoms at diagnosis (dysar-
thria, gait disorder, hygrostomia, flapping tremor, dystonia,

_ SSEM WIL Eyj_3

cerebellar ataxia, consciousness disorder, and others), and
psychiatric signs at diagnosis (intellectual disability, depres-
sion, hallucinations, and others) (Appendix A).

In addition to sex and the period from diagnosis to
survey, the following information at diagnosis was used
as explanatory variables: age, hepatic symptoms, neuro-
logical signs, and psychiatric signs.

The ages at the time of diagnosis were categorized as
follows: 0-9, 10-19, and >20 years. The period from diag-
nosis to survey was calculated by subtracting the age at
diagnosis from the age at the survey or from the review
of medical records. Thus, the period from diagnosis to
survey was categorized as follows: 0-9, 10-19, and
>20 years.

Ascites, esophageal varices, and splenomegaly are
thought to be caused by liver cirrhosis. However, in
our study, the number of cases presenting with ascites
and esophageal varices was small (Appendix A).
Therefore, hepatic symptoms at diagnosis were classi-
fied as follows: no hepatic symptoms, hepatic symp-
toms without splenomegaly, and hepatic symptoms
with splenomegaly.

Neurological signs at diagnosis were classified as fol-
lows: no neurological signs, mild (absence of dystonia,
disturbance in gait, cerebellar ataxia, and consciousness
disorder), and severe (presence of dystonia, and/or distur-
bance in gait, and/or cerebellar ataxia, and/or disorder in
consciousness). Mild symptoms included dysarthria,
hygrostomia, and others (Appendix A). Symptoms,
including dysarthria and hygrostomia, were classified as
mild since the patients were able to speak, eat, and con-
tinue with their lives despite the inconvenience.

Only a few patients presented with psychiatric signs
at diagnosis; thus, they were classified into two groups
according to the presence or absence of psychiatric signs
at diagnosis.

No specific definitions were used for the classification
of explanatory variables, such as hepatic symptoms with
splenomegaly, neurological signs, and psychiatric signs at
diagnosis. Assessment of patients for the presence of
these variables was left to the discretion of the attending
physicians.

2.4 | Statistical analysis

A descriptive analysis was performed on the explanatory
variables. The relationship between the explanatory vari-
ables and ADL decline was assessed using modified Pois-
son regression. Poisson regression with a robust error
variance was developed to rectify variance overestima-
tion.”® In addition to crude analysis, we applied a
multivariable-adjusted model, which included sex, age at
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diagnosis, period from diagnosis to survey, hepatic symp-
toms, neurological signs, and psychiatric signs at diagno-
sis. The strength of the association was expressed as the
relative risks (RRs) and related 95% confidence intervals
(CIs). The reference for age at diagnosis and period from
diagnosis to survey was set at 0-9 years. For hepatic symp-
toms without splenomegaly at diagnosis, indicating the
lowest risk of ADL decline at the time of the preliminary
analysis, was used as a reference. Meanwhile, the refer-
ence for neurological and psychiatric signs at diagnosis
was no neurological and psychiatric signs, respectively.

We confirmed the validity of the model by checking
for collinearity and model outliers. However, statistical
power was not calculated before starting this study
because the analysis was based on the collection of as
many cases as possible.

TABLE 1 Characteristics of the study participants.
All patients,
Explanatory variables n = 405, n (%)
Sex Male 187 (46.2)
Female 218 (53.8)
Age at diagnosis 0-9 169 (41.7)
(years) 10-19 150 (37.0)
>20 68 (16.8)
Unknown 18 (4.4)
Period from 0-9 145 (35.8)
diagnosis to survey 14_19 133 (32.8)
(years)
>20 109 (26.9)
Unknown 18 (4.4)
Hepatic symptoms at Hepatic symptoms 267 (65.9)
diagnosis without splenomegaly
Hepatic symptoms with 22 (5.4)
splenomegaly
No hepatic symptoms 93 (23.0)
Unknown 23 (5.7)
Neurological signs at No neurological signs 296 (73.1)
diagnosis Mild® 51 (12.6)
Severe” 34 (8.4)
Unknown 24 (5.9)
Psychiatric signs at No 370 (91.4)
diagnosis Yes 23(5.7)
Unknown 12 (3.0)

Abbreviation: ADL, activities of daily living.

Statistical significance was set at p < 0.05. All ana-
lyses were performed using STATA version 15.0 (STATA
Corporation).

3 | RESULTS

Table 1 shows the characteristics of the study popula-
tion. The median age at diagnosis of patients with WD
and without ADL decline who were not presympto-
matic was 10 (range: 0-46) years. In contrast, the
median age at diagnosis of patients with WD and ADL
decline who were not presymptomatic was
15 (range: 4-45) years. In addition, the median period
from diagnosis to survey was 11 (range: 0-45) years
for patients with WD and without ADL decline and

Not presymptomatic
type, n = 308
Presymptomatic = ADL decline ADL decline
type,n =97, n (%) “No,”n=211,n (%) ‘“Yes,”’n =97, n (%)
41 (42.3) 99 (46.9) 47 (48.5)
56 (57.7) 112 (53.1) 50 (51.6)
67 (69.1) 91 (43.1) 11 (11.3)
21 (21.6) 76 (36.0) 53 (54.6)
6(6.2) 35 (16.6) 27 (27.8)
3(3.) 9(4.3) 6(6.2)
34(35.1) 90 (42.7) 21 (21.6)
36 (37.1) 72 (34.1) 25(25.8)
24 (24.7) 40 (19.0) 45 (46.4)
3(3.1) 9(4.3) 6 (6.2)
59 (60.8) 153 (72.5) 55 (56.7)
0(0.0) 14 (6.6) 8(8.2)
38(39.2) 27 (12.8) 28 (28.9)
0 (0.0) 17 (8.1) 6(6.2)
97 (100.0) 168 (79.6) 31 (32.0)
0(0.0) 19 (9.0) 32(33.0)
0(0.0) 7(3.3) 27 (27.8)
0(0.0) 17 (8.1) 7(7.2)
97 (100.0) 198 (93.8) 75(77.3)
0 (0.0) 5(2.4) 18 (18.6)
0 (0.0) 8(3.8) 4(4.1)

“Mild (absence of dystonia, disturbance in gait, cerebellar ataxia, and consciousness disorder).
“Severe (presence of dystonia, and/or disturbance in gait, and/or cerebellar ataxia, and/or consciousness disorder).
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TABLE 2

Number of patients with
ADL decline/all patients (%)

Number of patients with ADL decline and the association between factors and ADL.

_ SSEM WIL EYJ—S

Sex Male 47/146
Female 50/162
Age at diagnosis (years) 0-9 11/102
10-19 53/129
>20 27/62
Period from diagnosis to ~ 0-9 21/111
survey (years) 10-19 25/97
>20 45/85
Hepatic symptoms at Hepatic symptoms 55/208
diagnosis without splenomegaly
Hepatic symptoms with 8/22
splenomegaly
No hepatic symptoms 28/55
Neurological signs at No neurological signs 31/199
diagnosis Mild® 32/51
Severe® 27/34
Psychiatric signs at No 75/273
diagnosis Yes 18/23

Crude RR Adjusted RR
(95% CI) (95% CI1)*
(32.2) Ref - Ref -
(30.9) 096 (0.69-1.33) 1.4 (0.82-1.59)
(10.8) Ref - Ref -
(41.1) 381 (2.10-6.92) 148 (0.75-2.93)
(43.6) 404 (2.16-7.56) 1.68 (0.81-3.49)
(18.9) Ref - Ref -
(25.8) 1.36  (0.82-2.28) 136 (0.82-2.24)
(52.9) 280 (1.81-4.32) 234 (1.47-3.74)
(26.4) Ref - Ref -
(36.4) 138  (0.76-2.50) 2.57 (1.26-5.24)
(50.9) 193  (1.36-2.72) 141 (0.97-2.05)
(15.6) Ref - Ref -
(62.8) 4.03 (2.73-5.93) 320 (1.96-5.23)
(79.3) 510 (3.53-7.35) 3.63 (2.28-5.77)
(27.5) Ref - Ref -
(78.3) 285 (2.13-3.81) 1.30 (0.91-1.86)

Abbreviations: ADL, activities of daily living; CI, confidence interval; RR, relative risk.

#All explanatory variables have been adjusted.

*Mild (absence of dystonia, disturbance in gait, cerebellar ataxia, and consciousness disorder).

“Severe (presence of dystonia, and/or disturbance in gait, and/or cerebellar ataxia, and/or consciousness disorder).

18 (range: 1-50) years for patients with WD and ADL
decline.

Approximately 31.4% of patients with WD who were
not presymptomatic had ADL decline. The proportion of
patients with ADL decline and a period of >20 years from
diagnosis to survey was high at 46.4%. Concerning
hepatic symptoms at diagnosis, 12.8% of the patients
without ADL decline did not have any hepatic symptoms.
In contrast, 28.9% of patients with ADL decline showed
no hepatic symptoms.

A total of 60.8% and 12.3% (mild: 9.0%; severe: 3.3%)
of patients with and without ADL decline, respectively,
had neurological signs (Table 1). Other mild symptoms
described by the attending physicians included finger
tremors, intention tremors, dysgraphia, clumsiness of the
hand (i.e., awkwardness in using buttons and playing the
piano), involuntary movements of the lower limbs, bra-
dykinesia, dysphagia, convulsions, and tension of the
upper limbs (Appendix A).

Among patients with and without ADL decline, 18.6%
and 2.4%, respectively, presented with psychiatric signs
(Table 1). Other mild psychiatric symptoms described by
the attending physicians included anxiety, withdrawal,
emotional instability such as frustration, conversion

disorder, obsessive-compulsive disorder, behavioral disor-
ders such as violence, and immature mental function.

Table 2 shows the association between the individual
factors and ADL decline. Even after adjusting for all
explanatory variables, the period >20 years from diagno-
sis to survey, hepatic symptoms with splenomegaly at
diagnosis, and both mild and severe neurological signs at
diagnosis were still associated with ADL decline
(Table 2). Longer duration from diagnosis to survey was
associated with ADL decline. The adjusted RR (95% CI)
of the period >20 years from diagnosis to survey was 2.34
(1.47-3.74). Moreover, the presence of hepatic symptoms
with splenomegaly at diagnosis was more likely to be
associated with ADL decline (adjusted RR [95% CI] was
2.57 [1.26-5.24]) as compared to the reference category.
Both mild and severe neurological signs at diagnosis
showed an elevated risk of ADL decline (adjusted RR
(95% CI) for severe and mild signs, was 3.20 [1.96-5.23]
and 3.63 [2.28-5.77], respectively) even in the
multivariable-adjusted model.

However, age at diagnosis, absence of hepatic symp-
toms, and psychiatric presentation at diagnosis were not
associated with ADL decline (Table 2). The crude RR
(95% CI) for age at diagnosis was 3.81 (2.01-6.92) for
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those aged 10-19 years and 4.04 (2.16-7.56) for those
aged >20 years old. However, after adjusting for all cov-
ariates, these associations were no longer statistically
significant. Although the crude RR (95% CI) of no
hepatic symptoms was 1.93 (1.36-2.72), the association
became insignificant (adjusted RR =14, 95% CIL
0.97-2.05) after adjusting for other factors. Similarly,
psychiatric presentation at diagnosis was not associated
with ADL decline.

4 | DISCUSSION

Neurological symptoms, the presence of splenomegaly at
diagnosis, and a period of >20 years from diagnosis to
survey were associated with a decline in ADL in patients
with WD. Remarkably, the proportion of presymptomatic
patients was as high as 24.0% (97/405), which is consider-
ably higher than the 3.3% (14/425) reported from the first
national survey from 1990 to 1991.%° This could be attrib-
uted to the increase in intrafamilial searches and oppor-
tunities to collect blood samples from children for
testing, such as allergy and preoperative testing.

A period of >20 years from diagnosis to survey was
associated with ADL decline. A longer period from diagno-
sis may result in ADL decline due to the effects of aging
itself and may indicate that complications associated with
WD may have developed. These complications can be
detected or managed through immediate follow-up consul-
tation and may include decrease in white blood cell and
platelet counts***® and esophageal varices, which are a typ-
ical complication in patients with WD and splenomegaly.
Meanwhile, aspiration pneumonia and scoliosis are possi-
ble complications in patients with neurological signs.”**’
Other complications include osteoporosis, susceptibility to
fractures, and osteoarthritis.”**° These complications may
be related to copper accumulation without adequate treat-
ment. We were unable to analyze information on medica-
tion compliance and drug neglect due to the presence of
many missing values. This topic may be addressed in future
studies.

Neurological signs at diagnosis had the highest
adjusted RR. Masetbas et al. reported that neurological
manifestations at diagnosis impair workability.”’ Addi-
tionally, they reported that patients with neurological
manifestations at diagnosis declared low salaries as the
primary income, and more often were on disability pen-
sions.>* Svetel et al. reported that lower scores on the
SF-36 domains (a generic instrument that provides a pro-
file assessment of the health-related quality of life in
eight domains) were found in patients with neurological
signs compared with those with a predominantly hepatic
form of WD at the time of investigation.'® Patients with

neurologic signs at diagnosis may have had residual neu-
rologic signs at the time of the investigation.

The crude RR of no hepatic symptoms was as high as
1.93 (95% CI: 1.36-2.72), which could be attributed to the
fact that patients who lack hepatic symptoms inevitably
have neurological signs and/or psychiatric presentations.
In the multivariable adjustment model, this association
diminished. However, hepatic symptoms with splenomeg-
aly at diagnosis were associated with ADL decline even
after adjusting for explanatory variables. This may be
explained by the presence of hypersplenism associated
with splenomegaly. Hypersplenism causes anemia and
thrombocytopenia that can lead to fatigue and bleeding
tendency, respectively, and contribute to a decline in
ADL.*® Svetel et al. reported that the liver domain of the
Global Assessment Scale for WD has positive associations
with the “role functioning physical” and “role functioning
emotional” of SF-36."® Therefore, patients with splenomeg-
aly at diagnosis may have had residual hepatic symptoms
at the time of the investigation. Liver cirrhosis is generally
considered irreversible; however, there are reports in
which reversal of fibrosis/cirrhosis was possible in various
clinical conditions, such as WD, hemochromatosis, pri-
mary biliary cirrhosis, and autoimmune hepatitis.*?

Our study had several strengths. First, it was con-
ducted across Japan. Second, we examined the associa-
tion between ADL and patients’ conditions at diagnosis,
rather than the current symptoms and findings. Third,
the data collected, such as the age at diagnosis and other
findings, were objective as the questionnaire was
answered by the attending physician, and not the patient.

Our study had several limitations. First, due to the
nature of the questionnaire, we selected the words that
could be interpreted as either “at diagnosis” or “at first
onset.” While it is expected that most physicians would
describe the situation at the time of diagnosis, some phy-
sicians might describe findings at the time of the first
onset if there was a delay between onset and diagnosis.
Second, for assessing ADL, we used our own classifica-
tion method, modified from previously used assessment
indices. Moreover, there is no reference for the sources
from which the outcome classification created for this
study was based. Additionally, no questionnaire was
available for standardization of the assessment. Third, no
specific definitions were used for all explanatory variables
listed in the questionnaire, and this process was left to
the discretion of the attending physician, which could
lead to misclassification. Fourth, the diagnosis of WD
was left to the attending physician as the diagnostic cri-
teria were not specified in the questionnaire. Fifth,
although data on treatment and medication status
between diagnosis and survey were collected in the ques-
tionnaire, we were unable to analyze the data owing to
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variability in treatment patterns and the presence of
many missing values making them difficult to use. Sixth,
only surviving patients were included. Seventh, the
patients were from hospitals with >200 beds; patients
from small facilities, such as clinics were not included.
However, WD is rare, and physicians usually treat WD
only at advanced facilities. Finally, a longer follow-up
period indicates longer survival of patients. Therefore,
the RR for ADL decline might be underestimated in this
analysis.

5 | CONCLUSIONS

Neurological signs, hepatic symptoms with splenomegaly at
diagnosis, and a period of >20 years from diagnosis to sur-
vey are associated with ADL decline in patients with WD. It
may be necessary to carefully assess patients with WD for
neurological signs or hepatic symptoms with splenomegaly
at initial diagnosis.
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APPENDIX A

Hepatic symptoms

Neurological signs

Psychiatric signs

Jaundice
Hepatomegaly

Ascites

Splenomegaly
Esophageal varices
Abnormal liver function
Others

Dysarthria

Gait disorder
Hygrostomia

Flapping tremor
Dystonia

Cerebellar ataxia
Consciousness disorder
Others

Intellectual disability
Depression
Hallucination

Others
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