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Abstract:

Background: Wilson disease (WD) is an autosomal recessive
disorder of copper metabolism with diverse clinical
manifestations. Zinc (Zn) has been used for treatment of
WD. Recent studies showed low serum zinc level in patients
suffering from WD than the normal.

Objective: This cross sectional observational study has been
designed to compare the serum Zinc level in children
suffering from different presentation of WD before started
treatment. Methods: This work was carried out at the
department of Pediatric Gastroenterology and nutrition,
BSMMU, Dhaka between July’2018 to June2019. Total 27
children diagnosed as WD disease, aged between three to
eighteen years were included in this study. The patients of
WD were divided into four groups according to their
presentation as acute hepatitis, decompensated liver disease,
acute liver failure and Wilson disease with neurological
manifestation. Informed written consent were obtained from
all patients for participation in this study. Along with other
physical findings and laboratory investigations 3 ml of
venous blood were collected for estimation of serum Zinc
level. After estimation of serum Zinc level results were
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Wilson’s disease (WD) is a rare autosomal recessive
disorder of copper metabolism. Due to mutation of
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analyzed statistically. The difference in serum zinc levels
were compared between the groups.

Results: Serum Zinc level was founded low in all Wilson
disease patients (43.8 £19.7 [13-83] ug /dl) compared to
normal value (64-124ugm. /dl). Among the patients, Serum
Zinc level was significantly lower in those who presented as
CLD (18 cases, 38.4£17.4ug/dl) and acute liver failure (4
cases, 33.1x3.7ug/dl) compared to those presented as acute
hepatitis (4cases, 71.8+4.3 ug/dl) and p value was 0.001 and
<0.001 respectively. Mean serum Zinc level was low in 4
patients suffering from acute liver failure (33.1£3.7ug/dl)
but was not significant compared to those (23) who presented
as Wilson disease non-ALF (45.7+20.8 ug/dl) (P= 0.013)
and as Wilson disease CLD (38.4+17.4ug/dl) (p=.25).

Conclusion: Serum Zinc level was lowered in patients of
Wilson disease. Serum level of zinc was significantly low in
patients presented as CLD and acute liver failure in
comparison to patients with acute hepatitis.
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ATP7B gene located in the chromosome 13, ATP 7B
protein a p type protease is deficient. In the absence of
ATP7B protein copper cannot be incorporated in
apoceruloplasmin leading to deficient ceruloplasmin, a
copper containing protein that transports copper to the
different parts of the body and excretion of copper into
bile is also reduced. As a result copper starts to
accumulate progressively in the hepatocytes, excess
copper causing hepatic toxicity. Subsequently, copper
accumulates in the other tissues like the brain, cornea,
and skeleton & rarely in the heart. The failure to excrete
biliary copper is present since birth but symptom do
not develop until approximately 3 years of age [1]. It
affects I in 30,000 peoples, occurs all over the world
with slight male predominance [2]. Without treatment
outcome of WD is fatal.

In recent decades another metal zinc has also been linked
with Wilson disease especially in the field of treatment.
Zinc induces copper binding metallothioneins (MTs)
both in enterocytes and hepatocytes. In the gut zinc
reduces intestinal absorption of copper into portal
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circulation and in the hepatocytes it reduces the
damaging effects of free liver copper [3]. It is well known
that within the body, copper and Zinc have competing
roles in a way that Cu overload leads to Zn deficiency
[1]. Cu and Zn interact at the intestinal mucosal level,
influencing each other’s absorption. MTs bind Cu within
intestinal cells and thereby prevent the systemic
absorption of Zn. Cu overload could also negatively
influence the expression of Zn transporters and reduce
absorption of Zn in intestine leading to low Zn level [4].
The behavior of serum Zn levels remains unclear in
clinical conditions such as inflammatory states and
malignancy in which serum Cu levels are elevated [5].

It is widely accepted that zinc is a strong inducer of
intestinal MTs that block copper absorption however
there are doubts that an excess copper not clearly
documented in the intestinal lumen of patient’s with
Wilson disease can impair the absorption of zinc. [6]

Recent studies showed discrepancy in serum level of
Zinc in patients suffering from Wilson disease. Most of
the study showed low serum Zinc level in Wilson
disease children. A study conducted by Palittiya
Sintusek et al. found serum Zn level was significantly
lower in WD with acute liver failure patients compared
to those with WD-non-ALF and ALF from indeterminate
causes even when corrected serum Zn for low albumin
& regardless of presentation, Zn levels showed a
negative correlation with the disease severity [7].

The mechanism of Zinc as a decoppering agent has
been known for a long time; however, there are few
studies focused on the level of serum Zn in untreated
WD patients. There is no study in Bangladesh regarding
serum Zinc level in patients suffering from WD so far.
So, this study was done to determine serum Zinc level
in patient’s suffering from various grades of WD before
starting treatment.

Methods:
Study protocol and subject

This cross sectional observational study was conducted
at department of Pediatric Gastroenterology and
Nutrition, BSMMU, Dhaka, Bangladesh, from July’ 2018
to June 2019.This study was approved by the
Institutional Review Board of Bangabandhu Sheikh
Mujib Medical University, Bangladesh. (IRB No.
BSMMU/2018/1839). Every ethical issue was discussed
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with the parents regarding the study. Parents were clearly
informed about the nature and purpose of the study,
procedures followed, risk associated with it and benefits
from the study in easily understandable local language.
Then a written consent was obtained from parents. Every
precaution was taken, so that study would not cause
any harm to participants.

The standardized study protocol was made and set to be
applied to all study subjects. The subjects were, children
of 3 to 18 years, suffering from WD having hepatic with
or without neurological manifestation and was not treated
before. Sample size was calculated following the
methodology of Two -Sample T-Test, allowing Unequal
variance alternative hypothesis p1#p2.

Total 27 diagnosed case of Wilson disease were selected
purposively from inpatient department. The patients of
WD were divided into four groups according to their
presentation as acute hepatitis, chronic liver disease,
acute liver failure & neuro-psychiatric manifestation.

Along with clinical data including demographic data,
clinical features, and laboratory investigations ( Hb%
,Serum ALT ,Serum Albumin, Serum Ceruloplasmin, 24
hr Urinary copper , INR. S.bilirubin,KF ring )for
establishing WD, 3 ml of venous blood were collected
for estimation of serum zinc level. The measurement of
serum zinc was done at the analytical Chemistry
laboratory of Atomic Energy Center Dhaka by a method
that has been optimized and validated as per ISO
guideline. Sample was collected in zinc free containers.
The collected Serum samples were acidified with
concentrated Nitric acid (E. Merck, Germany) for
mineralization at least 30 minutes prior to analysis. Then,
concentration of Zn in Serum was determined using a
Varian AA240 FS Atomic Absorption Spectrometer.
Acetylene gas with 99.99% purity was used for lame. A
hollow cathode lamp having a wavelength 0of 213.9 nm
and a slit of 0.7 nm was used and operated according to
the conditions recommended by the manufacturer. The
working standard solutions were prepared daily by the
appropriate dilution of the stock Zn standard solution.
After estimation of serum zinc level results were analyzed
statistically. The difference in serum zinc levels were
compared between the groups.

Data analysis and statistics:
Questionnaire was filled up for each group, which
contained the detailed information obtained from the
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history, clinical examination, findings of laboratory
reports and diagnosis. Collected data was entered in a
data sheet (MS Excel in Windows PC). Data was checked
manually with the questionnaire responses, and data
was edited whenever required. Afterwards data was
analyzed by computer-based program SPSS for
Windows (using version 24.0 Standard Edition).
Univariate analyses were performed for analyzing
different variables, their dispersions and distributions.
Data were expressed in percentage, mean with standard
deviation. Independent t-test was done to compare mean
values and for all statistical tests p value less than 0.05
was considered as significant.

Results:

Twenty seven patients were enrolled in this study.
Among them 16 (59.3 %) were male and 11 (40.7 %) were
female and 26 (98.30 %) were Muslim and 1 (3.70%) was
Hindu. Mean age of the studied population was 10.2+2.2
yrs and all were above 5 years of age. (Table-I).

Table-1

Age distribution of the studied children
with mean age

Age in yrs. Wilsonian children(27)
0-5 0(00)

6-10 15(55.6%)

11-18 12(44.4%)

Mean age 1022422

In the study population 18 patients (66.7 %) presented
as chronic liver disease. Among the rest, acute liver
failure and acute hepatitis compriseds 4 patients (14.8
%) each and 1 patients presented with neuropsychiatric
manifestation (3.7 %).

Table II shows the presenting complains of the studied
population. It shows that 96.3% patients presented with
jaundice, 81.5% with ascites, and 22.2% having
hepatomegaly. Splenomegaly was present in 25.9%
cases, encephalopathy in 14.8% cases, and
coagulopathy in 33.3% cases. K-F ring was found in
63% cases and both K-F ring and sunflower cataract in
7.4% patients.

Table III shows that in the studied population, mean
Hb% was 9.1+1.7 gm. /dl, mean Serum ALT was 109+20
u/L, Serum Albumin was 21.7+5.1gm/L, Serum
Ceruloplasmin was 8.24+4.5gm/L, mean 24 hr Urinary
copper was1199+128 pg/day, INR was 2.6+ 1.1 denotes
presence of significant coagulopathy and S.bilirubin
was 6.02545.9 mg/dl .S.zinc level was 43.8+19.7 (ugm/dl)

Table-11

Clinical parameters of children with WD (n=27)

History/Clinical parameter No (%)
Consanguinity 11(40.7)
Family history of liver disease 11(40.7)
Family history of death from liver disease 3(11.1)
History of sib death from liver disease 4(14.8)
Jaundice 26(96.3)
Ascites 22(81.5)
Hepatomegaly 6(22.2)
Splenomegaly 7(25.9))
Hepatosplenomegaly 6(22.2)
Encephalopathy 4(14.8)
Coagulopathy 9(33.3)
K-Fring 17(63)

K-F ring+sunflower cataract 2(74)

Table-III

Biochemical parameter of the children with WD (n=27)

Biochemical parameter Minimum Maximum Mean Std. deviation
Hb(gm/dl) 5.50 11.7 9.1 1.7
S.ALT(u/l) 10 1095 109 20

INR 1.1 5.5 2.6 1.1
S.albumin (gm/dl) 10 35 21.6 5.1
S.ceruloplasmin(gm/dl) 3 21 82 45
24hr.u.copper(pgm/d) 120 4362.8 1199 128
S.bilirubin(mg/dl) 90 234 6.02 59
S.Zinc (pgm/dl) 13 83 438 19.7
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Table IV shows that mean Hb was low in all cases but
normal in neuropsychiatric Wilson disease. ALT was
normal in neuropsychiatric WD but higher in WD with
CLD, Serum Albumin was low in all cases. Serum
Ceruloplasmin was also low in all cases. Mean 24 hr.
Urinary copper was high in acute hepatitis group .INR
was more than normal in all groups but highest in acute
liver failure group which denotes presence of significant
coagulopathy and bilirubin was highest in WD
presented as CLD.

Table V shows normal level of serum zinc (64.8+11.8
pgm/dl) and lower than normal (43.9+19.7pugm/dl) in

children with Wilson disease. Among the children with
WD low serum zinc level was found in those who
presented as chronic liver disease and acute liver failure
but found normal in acute hepatitis and in
neuropsychiatric manifestation.

Table VI shows serum zinc level was significantly lower
in WD patients presented as CLD (38.4+17.4pgm /dl)
than who presented as acute hepatitis (71.8+4.8ugm /
dl) (p=0.001).and in acute liver failure patients (33.10+3.7)
pgm/dl compared to patients presented as acute
hepatitis (71.8+4.8ugm/dl) (p=<0.001). This table also
shows significant difference of serum zinc level between

Table-IV

Biochemical parameters of different presentation of Wilson disease patients (n=27)

Lab parameter Acute Chronic liver Acute liver Neuropsychiatric
hepatitis disease failure Wilson disease

@) (18) @) ey
Hb( gm/dl) 92 9.1 82 11
S.ALT(uw/L) 573 1275 101.7 18
INR 19 2.7 32 14
S.albumin (gm/1) 23 202 238 32
S.ceruloplasmin( gm/L) 53 89 6.3 16
24 hrucopper (ug/day) 3075 1234 2069 665
S.bilirubin(mg/dl) 1.7 7.1 6.9 1.02

Table-V
Serum Zinc level of the studied children (n=27)
Presentation of patients Number of S.Zinc level pgm /dl S.Zinc level pgm /dl
patients (Normal) (Measured)

Wilson disease 27 64-125 43.8+19.7
Wilson disease as AH 4 64-125 71.8+4.8
Wilson disease as CLD 18 64-125 384+174
Wilson disease as ALF 4 64-125 33.143.7
Neuropsychiatric WD 1 64-125 71

Table-VI

Serum Zinc level in different presentation of WD in the studied population

WD WD WD WD P Value
wd WD WD WD
(CLD) (AH) (ALF) nonALF  (CLD) (ALF) (ALF) (ALF)
(18) “) “) (23) and and and and
WDas WDas WDas  WDas
AH AH  NonALF CLD
S.Zinc level pgm /dl 384+174  71.8+4.8 33.143.7  45.65+20.8 .00l <0.001 013 249
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patients of acute liver failure and non-acute liver failure
(33.1£3.7pugm/dl vs 45.7+20.8ugm/dl, p=0.013 and non-
significant difference between acute liver failure and
CLD (33.143.7pgm/dl vs 38.4+17.4 ngnv/dl, p=0.249)

Discussion

In this study, 27 Bangladeshi children aged 3-18 yr.
diagnosed as WD were included before starting
treatment. Among them 16 (59.3 %) were male and 11
(40.7 %) were female and 26 (98.30 %) were Muslim and
1 (3.70%) was Hindu. Median age at diagnosis was 10.2
years with minimum?7 years and maximum 15 years. The
studied children (27) were subdivided according to their
presentation as acute hepatitis (4) (14.81%), chronic liver
disease (18) (66.7%), acute liver failure (4) (14.81%) and
neuropsychiatric WD (1) (14.81%). Presenting features
in the studied patients were: jaundice 26 (96.3.3%),
ascites 22 (81.5%), hepatomegaly 6 (22.2%),
splenomegaly 7 (25.9%), hepatosplenomegaly 6 (22.2%),
coagulopathy 9 (33.3%), Encephalopathy 4(14.8%) and
deterioration of school performance in 5 (18.5%) cases.
There was male preponderance over female 16(59.3%) v
11(40.7%). Males have a slightly higher risk of
developing WD than females, possibly because of
differences in estrogen level and iron metabolism [2].
Mean age was similar to Li et al, who found mean age as
8.3 years, Deverabhavi et al found the mean age was 9.7
years with male preponderance in a large paediatric WD
associated liver failure cohort[8, 9].Iacob et al.and Deguti
et al. also found male predominance (51.4% and 65.2%)
10.11 " Consistent result was also observed in another
study done in Bangladesh by Karim et al [12]. In that
study 32 patients with WD were studied and the mean
(xSD) age was 9 + 2.9 years, and the youngest age at
diagnosis was 3.5 year. In contrast, Wang et al. found
mean age 15+9 years in their study and Taly et al in
Bangalore, India, found female preponderance!3: 4.
Present study demonstrated parental consan- guinity
in 11(40.7%) of cases which is almost similar to the study
done in Bangladesh by Rukunuzzaman, who found
consanguinity in 30% cases but not similar to Taly et al,
who found parental consan- guinity in 55 %
patients!*15, Wilson disease more commonly expressed
in consanguineous family as it is an autosomal recessive
genetic disorder. History of sib death was found in
4(14.3%) cases. K-F ring was present in 18 (64.3%)
patients. It is higher than the findings of lacob et al.
(39.5%), Hua et al. (50%) and Li et al. (43%) however KF
ring is usually present in 50 to 60% cases of hepatic

manifestation of WD [8,10,16]. Mean serum Hb level in
studied population was 9.08gm/I but the lowest in
patients who presented as WD with ALF. Albumin level
in was also low (21.7 gm/l).

Among the studied population mean serum
ceruloplasmin level was 6.2 mg/dl who presented as
ALF and 8.6 mg/dl in without ALF. This values are
lower than normal. Whereas up to 35% of WD patients
with hepatic presentation and 60% of patients with
fulminant hepatic failure maintain normal or raised levels
at the time of diagnosis as ceruloplasmin is an acute
phase reactant!’- 18, Mean 24 hours urinary copper
excretion was 1187 ig /day and the level was much higher
in those who presented as liver failure (2069 mcg/day)
than who presented without liver failure (1040 ig /day,
normal =<40ig /day). Basal 24-hour urinary copper
excretion >100 ig /day is considered positive for WD

Mean serum Zinc level in the studied patients was
significantly lower (45.1 £20.1 pg/dl) than normal (64-
124pg /dl). Similar findings was described by Geetha et
al in a cohort of 18 children with Wilson disease versus
20 age and sex matched healthy volunteers 60.6 +7.3
pg/dl Versus 131.9+15.8 ug/dl, P<0.001 [24].In our study,
we found mean serum Zinc level in patients with WD
who presented as ALF was lower (33.1£1.8pug/dl)
compared to non-ALF patients (45.6+20.8ug/dl) however
p value was non-significant (P>0.005) This findings is
not similar to the findings observed by Palittiya Sintusek
etal [7].They found serum Zn was significantly lower in
WD-ALF patients compared to those with WD-non-
ALF. This may be due to the small number of patients of
WD with ALF we could include in our study.

Serum Zinc level was significantly lower in WD patients
who presented as chronic liver disease (38.43+17.4 ngm/
dl) and in acute liver failure (33.10+3.7) pgm/dl compared
to acute hepatitis (71.8+4.8 pgm/dl) (p=.001 and <0.001
respectively). In our study we found serum Zinc level
was normal in acute hepatitis group (71.8+4.8 ugm/dl,
normal=64-124 pgm /dl), this findings is similar to the
findings of a study conducted by lorio and Ranucci,
where they found normal or high serum Zinc at diagnosis
in patients with a mild liver disease (163+32.6ugm /dl)°.

Conclusion:

The Serum Zinc level was lower in Wilson disease
children in this study. Moreover among the children
with WD Zinc level was also found significantly lower
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in CLD and acute liver failure group in comparison to
who were presented as acute hepatitis.

Limitation of the study

1. Time and resources were limited.

2. Small sample size.

3. Single center study.

Recommendations:

Further studies with larger sample size of children with
WD before starting treatment is necessary to find out
the better correlation of serum Zinc level with clinical
phenotype and the severity of disease.
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