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Abstract:

Background: Wilson disease (WD) is associated with compromised health-related quality of life
(HRQoL) in both adults and children, even in the early stages of the liver disease.

Aim of the work: to assess HRQoL children and adolescents suffering from WD and to
investigate factors that may affect the HRQoL among them.

Subjects and Methods: This was a case-control study including 30 WD patients and 30 age-
and sex-matched normal healthy controls. The HRQoL was evaluated by the World Health
Organization Quality of Life BREF questionnaire (WHOQoL-BREF) and chronic liver disease
questionnaire (CLDQ) for both patients and controls.

Results: The mean + SD age of the patients was 14.07 + 3.36 years compared to 14.58+ 3.391
years of the control group (p=0.96). At the initial presentation to our unit, 18 patients (60%) were
symptomatic and 12 patients (40%) were asymptomatic. At the study enrollment, liver function
tests were within normal ranges in 15 patients (50%), while the other 15 (50%) patients had
deranged liver functions. Children with WD had significantly poorer HRQoL scores than normal
controls regarding physical (54.3 £14.2 vs 97.2 £3.7) (p=0.000), psychological (33.4 £9.9 vs 57.5 +
7.6) (p=0.000), social (68 +£17 vs 83.5 £9) (p=0.000), and environmental domains (40.3+11.2 vs
52.3 £5.8) (p=0.000) of WHOQoL. Females exhibited significant declined scores in the worry
domain of the CLDQ compared to males (p=0.017). Patients with longer disease duration had
worse scores CLDQ in emotional (26.2 = 2.9) and worry (13.2 = 2.8) domains (p=0.050) and
(p=0.044) respectively, but not the WHOQoL (physical p=0.2, psychological p=0.17, social P=0.85,
environmental p=0.11).

Conclusion: Children with WD have significantly compromised HRQoL, compared to their
healthy peers. The HRQoL in children with chronic liver disease complications were more
affected in the physical aspects. Worry represents a significant morbidity among females with
WD.
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Abbreviations: ALT: alanine aminotransferase; AP: alkaline phosphatase; AST: aspartate
aminotransferase; CLD: Chronic liver disease; CLDQ: chronic liver disease questionnaire; GGT:
gamma glutamyl transpeptidase; HRQoL: health-related quality of life; INR: international
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Introduction

Wilson disease (WD) is an inherited disorder affecting copper metabolism. WD results from
homozygous or compound heterozygous mutations in ATP7B, which encodes the transmembrane
copper-transporting ATPase 2, that governs copper excretion into bile and copper delivery for
the functional ceruloplasmin synthesis (I). The majority of WD patients exhibit affection of liver
and basal ganglia of the central nervous system (2). Other affected systems include renal,
hematological, endocrinological as well as skeletal manifestations. Health-related quality of life
(HRQoL) denotes the functional impact of a disease and its treatment on a patient, as perceived
by the patient. It helps to prioritize health issues for better communication and monitoring (3).
Few studies investigated HRQoL in patients with WD (4). Hence, we aimed to assess HRQoL in
children and adolescents suffering from WD and to investigate factors that may affect the
HRQoL among them.
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Subjects and Methods

This cross-sectional case-control analytical study was conducted at Cairo University
Children’s Hospital. Verbal consent was obtained from the parents of all recruited patients. The
Cairo University Higher Research Committee reviewed and approved the study protocol.

Participants

The study included 30 cases with an established diagnosis of WD and 30 age and sex matched
healthy children as a control group who did not suffer from any chronic condition that can affect
quality of life (QoL). Cases were recruited over a 6-month duration. The WD patients of both
sexes were on chelation therapy as well as zinc treatment for at least 6 months before enrollment
in the study. They were recruited from the Pediatric Hepatology Unit, Faculty of Medicine, Cairo
University Hospitals. Those who were uncooperative, or could not comprehend the questions and
those with any associated chronic condition that may compromise QoL were excluded from the
study. The control group were selected from the outpatient clinic. They presented with acute
simple conditions such as common cold or tonsillitis that do not influence the QOL questionnaire.

Methods

All patients underwent detailed history taking and meticulous clinical examination. The
detailed history-taking was done to detect complications that may compromise QoL among WD
patients; frequency of hospital visits and school absence days, complications resulting from liver
cirrhosis if present (as bleeding, ascites or encephalopathy), neurological symptoms (difficulty
speaking, abnormal movements, bulbar manifestations, seizures), need for hospitalization,
detailed medication history and complications of treatment. They underwent the following
laboratory investigations at enrollment to detect metabolic control: complete blood count (CBC),
total and direct serum bilirubin, aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (AP), gamma glutamyl transpeptidase (GGT), serum albumin,
prothrombin time (PT), international normalized ratio (INR), and 24-h urinary copper
estimation. Their Leipzig scores (5) at the time of presentation was calculated. All patients had
Leipzig score > 4; the diagnostic cut off level for WD.

Both groups answered the validated Arabic translation (6) of the World Health Organization
Quality of Life- BREF (WHOQOL BREF) questionnaire (7). The WHOQOL-BREF Questionnaire
was downloaded and permission to use it was received online through The World Health
Organization Quality of Life (8). The questionnaire comprised 26 questions evaluating four
primary domains relevant to judge HRQoL. However, one item about the appreciation of sexual
life was excluded owing to the young age of the patients in the study group. The assessed
domains covered: 1) Physical health: assessed the capacity to conduct daily living activity with
enough energy, ability to learn, sleep satisfaction, interference of physical pain, and medical
treatment with daily life. 2) Psychological health: assessed the ability to accept body appearance,
to concentrate and to enjoy life, how much the patient was satisfied with him/herself, and how
often the patient had negative feelings, anxiety, or depression. 3) Social relationships: assessed
the satisfaction with interpersonal relationships and the support derived from them. 4)
Environmental domain: assessed the satisfaction with the safety of the physical
environment and the patient's residence, satisfaction with transportation and accessibility to
healthcare services, opportunity of leisure activities, and the accessibility of essential
information in the patient's daily-to-day life.

Each score of the four domains represented an individual's perception of HRQoL within that
specific domain. Scores were scaled positively. Higher scores indicated better QoL. Scores were
calculated using the standard procedure outlined in the WHOQOL Brief manual (9). Items were
related on a 5-point Likert scale and the raw scores obtained were transformed twice. The first
converts raw scores to range between 4-20, and the second converts domain scores to a 0-100
scale for ease of interpretation and comparison with the WHOQoL-100 according to instructions
given in the user’s manual.

The studied group with WD answered the chronic liver disease questionnaire CLDQ (Annex
4) that was prepared in slang Arabic language. It included 29 items covering 6 domains:
abdominal symptoms, fatigue, systemic symptoms, activity, emotional functioning, and worry
(10). Items of each domain were modified to be measured on a Likert scale of 5-points instead of
7-points involved in the original questionnaire, with the purpose of adapting to the young age of
the studied patients. The CLDQ scores ranged from the 1 (worst) to the 5 (best). Patients and
controls were socially classified according to the family income and parental education.
Socioeconomic status of the patients was classified according to the Socioeconomic Status
Composite Scale (SES-CS), for low and middle-income countries as Egypt (11). This scale
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integrates multiple dimensions of the socioeconomic status including parental income, education,
and occupation. Socioeconomic status was classified into three levels: 1) low social level are
families whose per capita daily income is below 22 Egyptian pounds, and the parents have less
than secondary education, i1) moderate social level are families whose per capita daily income is
between 22 and 42LE and the parents have completed secondary education, and 1iii) high social
level are families whose per capita daily income is above 42 LE with parents possessing higher
education degrees.

Patients with WD were categorized into 2 groups; a group with completely normal liver
function tests and a group with deranged liver functions of any of the following: ALT > 40 IU/d],
AST > 50 IU/dl, ALP > 640 IU/dl, GGT >75 IU/dl, albumin level <3.5 mg/dl, INR >1.5.

Statistical Analysis

All gathered questionnaires were examined for completeness, and the data were coded and
tabulated for analysis. A Microsoft Excel database (Microsoft corporation, United States) was
created for data entry. The data was then transferred to SPSS version 21 (IBM SPSS Statistics,
IBM company, United States) for analysis. Simple frequencies were used for data verification.
Data normality was evaluated using the Kolmogorov-Simonov; descriptive statistics, including
the arithmetic mean and standard deviation (SD) to summarize quantitative normally
distributed data, while the median and interquartile range (IQR) were used for non-normally
distributed data. Frequency and percentage were used for analyzing the qualitative data. The
Chi-square test was employed to compare qualitative data. The independent T-test was utilized
to compare means across groups. A p value below 0.05 was deemed significant.

Results

Of the enrolled 30 WD patients; 16 were males (53.3%). Their age range was between 8 to
18 years with a mean + SD of 14.07 + 3.36 years. At the time of the initial presentation to The
Pediatric Hepatology Unit, 18 (60%) patients were symptomatic (among them 3 patients had
neurological symptoms as well) and 12 (40%) were asymptomatic. Healthy controls were age, sex
matched and with no difference as regards socioeconomic level (p=0.96), (p= 1.0) and (p=0.6)
respectively. The mean age + SD of WD presentation was 8.3 = 3.1 years; the median (IQR)
duration of disease (from presentation to time of enrollment to the study) was 5.5 years (range=
1 and 10 years). Figure 1 illustrates the presenting symptoms of WD cases; the 12 (40%)
asymptomatic cases were diagnosed either during family screening of an affected sibling or
diagnosed due to accidentally discovered elevated liver enzymes. Neurological involvement was
present in 3 (10%) patients in the form of speech difficulty, abnormal movements, bulbar
manifestations, and seizures (they were able to comprehend the questionnaire by the assistance
of their parents). Seven (23.3%) patients had a history of previous hospital admission because of
hematemesis. The median (IQR) of school absence days per month was 1.5 (3) days ranging from
1-5 days. Seventeen (57%) patients had complications of CLD in the form of bleeding tendency
in 13 (43%) and ascites 8 (27%).

Asymptomatic 7 7 12

Jaundice 6

Jaundice and Bleeding 4

Bleeding Tendency

S :
Neurological Symptoms — 3
N

Lower Limb Edema

Figure 1. Presenting symptoms of children with WD.
The pre-symptomatic cases were accidently discovered or during family screening, 3(10%)
had bleeding whether hematemesis and melena or from puncture sites, 3(10%) had
neurological manifestations in the form of speech difficulty, abnormal movements, bulbar
manifestations, and seizures.
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Clinical examinations of cases revealed that two (6.7%) of the patients had short stature with
height <3rd percentile and one obese patient had body weight >97th percentile. Two (6.6%) cases
were jaundiced, 27 (90%) patients had hepatomegaly (only 3 (10%) patients from the
asymptomatic group did not have any organomegaly) and 9 (30%) had splenomegaly. Two
patients had lower limb oedema and none of the patients had ascites. Their Leipzig scores (5, 12)
at the time of presentation ranged from 4—6 with a mean of 4.8 + 1.1. All patients had Leipzig
score > 4; the diagnostic cut off level for WD. At enrollment, all patients abstained from diet
containing high copper, all were on D-penicillamine (20 mg/kg/day) and zinc salts 75 mg/day.
Twenty-one (70%) patients were compliant to therapy. At the time of study enrollment, liver
function tests were within normal ranges in 15 (50%) patients, while the other 15 (50%) patients
had deranged liver functions (all 15 patients had elevated transaminases, and 6 patients had
synthetic dysfunction in addition). Nine (60%) patients out of the 15 with deranged liver
functions were not compliant to chelation therapy.

The children with WD had lower scores in all domains of the WHO QoL questionnaire
compared to normal controls, yet only the perception of compromised QoL physical domain was
significant (p=0.029). (Table 1). Although males with WD had lower social and environmental
domains scores and females with WD had lower scores in the physical domain, the differences
were not statistically significant (Table 1). Disease duration did not have an effect on the
different WHOQoL domains (physical P=0.2, psychological P=0.17, social P=0.85, environmental
P=0.11). Furthermore, patients with a history of CLD complications as bleeding tendency and
ascites had lower physical scores than those without complications (p=0.029). WHOQoL score of
patients with normal liver functions was comparable to those with deranged liver functions
(Table 2).

Table 1. WHO QoL domains of cases and controls

Control Cases P Cases P value
Domain (n=30) (n=30) value Mean+ SD
Mean + SD Mean + SD Males Females
Physical 97.2+ 3.7 54.3+14.2 0.029 54.8+16.8 53.7+11.3 0.838
Psychological 57.56+17.6 33.4+9.9 0.129 33.2+10.7 33.6+9.4 0.917
Social 83.5+9 58 + 17 0.382 57 +18.5 59.2+16.4 0.725
Environmental 52.3+5.8 40.3+ 11.2 0.382 37.1+10.3 43.8+11.4 0.105

Maximum WHO QOL score is 100.

Table 2. Comparison between patients with normal and deranged liver functions in
relation to different WHO QoL domains

Patients with normal Patients with
Domains (nL:Fi.)) der?;lie;l;;FT P value
Mean + SD Mean + SD
Physical 50 £15 58.5+11.4 0.105
Psychological 30+9.8 36.8+9.1 0.058
Social 57.8+19.4 58.2+15.6 0.951
Environmental 39.7+11.1 40.8+11.6 0.787

LFT: liver function tests; bilirubin (N< 1.3 mg/dl), ALT (N< 40 IU/dl), AST (N< 50 IU/dl),
ALP (N< 640 TU/dl), GGT (N<75 TU/dl), albumin level (N >3.5 mg/dl), INR (N=1).

Table 3. Comparison between low and moderate social levels of cases in relation to WHOQoL domains
Moderate social level

Low social level (n=18)

Domain n=12) P value
Mean + SD Mean + SD
Physical 53.3 £16.3 55.7+10.9 0.658
Psychological 34.5+11.5 31.8+7.3 0.484
Social 53.7+14.5 64.5+19.6 0.093
Environmental 34.4 +8.9 49 +8.1 0.000*

WHO QOL score is 100. i) low social level are families whose per capita daily income is
below 22 Egyptian pounds, and the parents have less than secondary education, ii)
moderate social level are families whose per capita daily income is between 22 and 42LE
and the parents have completed secondary education.
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Based on the educational status of the parents as well as the family income (11), patients with
low social level had significantly lower scores in the environmental domain of WHOQoL
compared to patients with moderate social level (p =0.0001) (Table 3).

The CLDQ among patients showed mild reduction in scores of abdominal symptoms, fatigue,
systemic symptoms domains, and moderate reduction in activity, emotional, and worry domains
(Table 4). Female patients had significantly lower scores in worry domains rather male patients
with mean + SD 2.7 + 3.1 versus 16.6 + 48 for males (p= 0.017). Furthermore, patients who
experienced complications of CLD including bleeding and ascites had statistically worse
abdominal symptoms domain with mean + SD 11.4 + 2.8 when compared to those patients with
no complications; 13.4 £ 1.1 (p= 0.028). There was no statistical difference regarding CLDQ
domains in patients with normal and abnormal liver functions.

Table 4. Scores of children with Wilson Disease in different domains of CLDQ

Patients with Patient with
Domain Score Range of deranged LFT  normal LFT P value
mean + SD score (n=15) (n=15)
Mean + SD Mean + SD
Abdominal symptoms 122+ 24 3-15 11.9+£2.6 12.5+£2.2 0.518
Fatigue 19.6 + 3.5 5-25 19.1+3.3 20.2+3.7 0.418
Systemic symptoms 21.5+2.6 5-25 21.3+£2.9 21.8+2.3 0.633
Activity 10.8+ 2.8 3-15 10.8+£3.2 10.8+2.4 0.950
Emotional function 27.7+4.3 8-40 26.54+3.9 28.944.4 0.131
Worry 14.8+4.5 5-25 14.9+4.3 14.7+4.8 0.906

CLDAQ scores are done only for cases.

Those with a disease duration of less than 5 years and those with 5 years or more had
comparable results as regards the different WHOQoL domains. Yet, those with longer than 5
years disease duration had worse scores in emotional and worry domains when compared in
relation to CLDQ domains (Table 4). Those with lower social level had lower scores in
environmental domain compared to patients with moderate social level (P value= 0.000) (Table
5). Female patients had significantly lower scores in the worry domain of CLDQ rather male
patients (p= 0.017) (Table 5). Furthermore, patients who experienced complications of CLD
including bleeding and ascites had statistically worse abdominal symptoms domain when
compared to patients with no complications; 13.4 + 1.1 (p= 0.028). Patients with longer disease
duration had worse scores in the emotional and worry domains of CLDQ (Table 5).

Table 5. Relation of disease duration and CLDQ domains

Sex Complications of CLD Disease duration
Domain Males  Females value Yes No VallDue ye<35rs yeEa5rs VallDue
N=16  N=14 N=17 N=13 o1 Neis
Abdominal 12.8+1.7 11.5+2.9 0.16 11.4+£2.8 13.4+1.1 0.028 12.242.6 12.2+2.3 0.95
Fatigue 20+£3.6 19.2+3.4 0.59 18.9+3.8 20.6+2.9 0.20 19.7+4 19.6+3 0.92
Systemic 21.2+2.5 21.2+25 0.44 2142.9 22.3+1.9 0.17 22.3+2.6  20.8¢2.4 0.10
Activity 10.8£2.6 10.8+3.1 0.96 10.4+£3.1 11.34+2.4 0.36 11.1£2.8 10.5+2.9 0.57
Emotional 28.8+5 26.4+29 0.12 27.5+5 27.9+3.2 0.83 29.2+5  26.242.9 0.05
Worry 16.6 +48 12.7+3.1 0.017 15+4.7 14.6+4.3 0.821 16.4+5.3 13.2+2.8 0.044

Abdominal symptoms domain scores ranged from 3-15, Fatigue domain score ranged from 5-25, Systemic
symptoms domain score ranged from 5-25, Activity scores ranged from 3-15, Emotional functioning
domain score ranged from 8-40, Worry domain score ranged from 5-25.

Discussion

The present study evaluated the subjective perception of HRQoL of patients with WD. It is
alarming, that our study revealed a significant lower HRQoL (assessed by WHO QoL Brief
Questionnaire) in children with WD as compared to healthy children in physical (54.3 £14.2 vs
97.2 £3.7) (p=0.000), psychological (33.4 £9.9 vs 57.5 + 7.6) (p=0.000), social (58 +17 vs 83.5 +£9)
(p=0.000), and environmental domains (40.3+11.2 vs 52.3 £5.8) (p=0.000). However, our study
did not find an association between duration of illness and different domains of HRQoL, in
contrast to others who reported a significant correlation with the duration of treatment in
relation to the physical domain (p < 0.01) (I13). Moreover, these attributes may be genetically
predisposed as there are 1275 reported different mutations of ATP7B (14). Hence, the spectrum
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of clinical expression of each mutation needs exploration and there might be a genetic
susceptibility to perceiving quality of life as low. We did not study the effect of dietary restriction
among these children, yet the strict need for dietary restriction in Wilson disease maybe another
contributing factor to this dis-satisfaction among the children with Wilson disease, especially
among those with disadvantaged lower socio-economic standard. This lower quality of life needs
to be addressed by future enabling of these children by more environment friendly interventions,
support groups, tailored competitive sports, copper free attractive foods etc. Few studies have
been performed, which aimed to verify the 36-item Short Form Health Survey (SF-36) and the
WHO QoL Brief Questionnaire (WHOQoL-BREF) in patients with WD. The main conclusion
from these studies is that patients who experience a long delay before receiving WD treatment
have poor QoL, which highlights the importance of early WD diagnosis (12, 15).

There is emerging evidence that support a role of copper elevation in pathogenesis of
depression (16). We did not assess depression among our studied cohort as it was beyond the
scope of our study, yet it seems to be a venue for future research. Moreover, others have reported
that up to 30% of patients with WD have deteriorated emotional status with anxiety and
depression, which is greater in the neurological and mixed involvement subgroup. WD impacts
patients’ HRQoL, especially in the emotional domain (17).

The perceived dissatisfaction in our studied cohort even among those with absent CLD maybe
related to the copper in WD, or related to the clinical phenotype according to genotype of WD.
The pressure of life long therapy compliance are other factors that may contribute to the
dissatisfaction among children with WD. Once a diagnosis of WD is established, treatment would
be lifelong. Failure to adhere to lifelong therapy can lead to substantial progression of WD-
associated liver disease and/or liver failure. Studies suggest that up to 45% of patients who are
treated with current pharmacological therapies have poor or problematic long-term adherence;
therefore, adherence should be carefully monitored in patients with WD with all forms of
disease presentation (I8). In our study, about one third of the patients were not compliant on
therapy and had elevated transaminases. One of our study limitations is the relation of HRQoL
to the compliance of children with Wilson disease to copper chelating drugs and management.
We did not have an objective method to assess compliance and it was out of scope of this study.

The poor psychologic domain among children with WD, needs to studied prospectively. There
is a gap of knowledge especially that almost all patients are expected to exhibit psychiatric
manifestations during the course of illness (19). We did not study the burden of this poor HRQoL
on the family and care givers for the patient with WD.

It is not clear why the females worried significantly more, it may be related to other
confounders and small sample size as this was not reported in another bigger sample sized study.

One of our study limitations is the relatively small sample size that may affect the ability to
detect more statistically significant differences either between WD patients and healthy controls
or within cases themselves. We did not validate objectively the impaired quality of life as this
was not part of the scope of this study. Future studies are needed to assess the implication of
neuropsychiatric disease, growth parameters, adherence to treatment, presence of complications
of liver disease on HRQOL and CLDQ and interventions to improve the HRQOL. Despite these
limitations, this study provides important information regarding HRQoL in children with WD
and its findings highlight areas for providers to focus clinical attention, assessment, and
intervention when dealing with this specific group of patients. It also highlights the need of WD
patients for supportive family members and age-mated colleagues’ interaction. Further studies
are needed to investigate the effect of family support on adherence to therapy as well as
improving their social life quality (20).

Conclusion

Children with WD complicated by CLD have significantly compromised HRQoL, compared
to their healthy peers. Females with WD have worry concerns that need to be addressed. The
emotional domain of HRQoL was more affected with longer duration of WD disease. Targeted
efforts to improve the perception of quality of life should be part of the lifelong intervention in
WD.
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