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Abstract

Aim: Nutritional status was accepted as a prognostic marker in
children with chronic liver disease. In the literature, we aimed
to retrospectively investigate 94 Wilson patients followed in our
center due to the lack of studies investigating the frequency and
prognostic effects of malnutrition and micronutrient deficiency in
Wilson’s patient.

Material and Methods: Our studies included 94 Wilson’s disease
children in the Department of Child Gastroenterology, Hepatology
and Nutrition of Inonu University Medicine between 2006—2017.
Presentation patterns, anthropometric measurements, laboratory
findings and prognostic factors of these patients were analyzed
retrospectively.

Results: The mean age of the patients was 9.11+3.2 (3.5-17) and
the female/male ratio was 40/54. Mean age was lower in asymp-
tomatic patients (p=0.000). According to all parameters, malnu-
trition was detected in 43 patients (45.7%). Fulminant Wilson’s
disease had higher height and weight z scores than nerowilson
patients (p=0.045, p=0.019, respectively). Hypocalcemia, hypophos-
phatemia, hypouricemia, hypoalbuminemia and anemia were
more common than cholestasis patients (p<0.001). Vitamin A and
E are lower in patients cholestasis than non-cholestasis patients
(p<0.05). Hypocalcemia, hypophosphatemia and hypo-uricemia
were found higher in the fulminant group (p<0.001). According to
mortality scores (Dhawan, Model for end-stage liver disease and
Child-Pugh). In patients with high mortality, height Z score was
found to be high (p<0.05).

Conclusion: In Wilson'’s disease assessment of growth, detailed an-
thropometric measurements as well as vitamin, trace elements and
electrolytes should be closely monitored.
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Amag: Beslenme durumu, kronik karaciger hastahig1 olan ¢ocuklarda
prognostik bir belirte¢ olarak kabul edilmistir. Dizinde, Wilson hastala-
rinda yetersiz beslenme ve mikro besin eksikliginin sikhig1 ve prognos-
tik etkilerini aragtiran ¢ahsmalarin eksikligi nedeniyle merkezimizde
izlenen 94 Wilson hastasini geriye déniik olarak incelemeyi amagladik.

Gereg ve Yontemler: Galismarmiza 2006-2017 yillar1 arasinda Inénii
Universitesi Tip Fakiiltesi Cocuk Gastroenteroloji, Hepatoloji ve Bes-
lenme bélimiinde 94 Wilson hastalikli cocuk alindi. Bu hastalarin
nutrisyonel durumunu degerlendirebilmek icin, bagvuru sekilleri,
antropometrik 6l¢timleri, laboratuvar bulgular, prognostik etmen-
leri geriye doniik olarak incelendi.

Bulgular: Hastalar demografik 6zelliklerine gore degerlendirildigin-
de yas ortalamasi: 9,11+3,2 (3,5-17) ve kiz/erkek orani 40/54 idi. Yas or-
talamasi asemptomatik hastalarda semptomatik olanlardan anlaml
olarak diisiik bulundu (p<0,001). Hastalarda tiim degiskenler birlik-
te degerlendirildiginde 43 hastada (%45,7) malniitrisyon saptandu.
Fulminan Wilson hastalarinda nérowilson hastalarina gére boy ve
kilo Z skorlarinda istatiksel olarak anlaml yiikseklik vardu. (sirasiyla,
p=0,045, p=0,019) Hipokalsemi, hipofosfatemi, hipoiirisemi, hipo-
albuminemi ve anemi kolestazli hastalarda kolestazi olmayanlara
oranla istatiksel olarak daha sik goriildii (p=<0,001). Vitamin A, E
kolestazi olanlarda olmayanlara kiyasla daha diisiiktii (p<0,05). Hipo-
kalsemi, hipofosfatemi ve hipotirisemi fulminan grupta daha yiiksek
oranda saptand: (p<0,001). Mortalite skorlarina gére bakildiginda
(Dhawan, model for end-stage liver disease ve Child-Pugh); Morta-
litesi yiiksek olan hastalarda, boy Z skoru yiiksek bulundu (p<0.05).

Cikarimlar: Wilson hastaliginda biiylimenin degerlendirilmesinde
ayrintil antropometrik 6l¢iimlerin yaninda vitamin, eser elementler
ve elektrolitlerin de yakindan izlenmesi gerekmektedir..

Anahtar sozcukler: Beslenme, cocuk, Wilson’s hastalig1
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Introduction

Nutritional status is considered a prognostic marker in
children with chronic liver disease and one of the vari-
ables of the Pediatric End-stage Liver Disease (PELD) scor-
ing system. The influence of chronic liver disease (CLD)
on nutritional status depends on the age of onset, cause,
and severity of liver disease. There is a two-way interac-
tion between nutritional status and CLD. Chronic liver
disease frequently causes malnutrition, and malnutrition
influences the prognosis of liver disease negatively (1). In
these children, nutritional support increases quality of life
and posttransplant survival, and prevents serious compli-
cations including rachitis, severe muscle loss, and hem-
orrhagic disease. The evaluation of nutritional status and
intervention is required even in children who do not have
end-stage liver disease in order to prevent complications
such as osteopenia and micronutrient deficiency (1-3).

Wilson’s disease (WD) has very different findings rang-
ing from the asymptomatic form, which is detected by
screening, to a picture of end-stage-liver disease, and
variable prognosis. Although the literature contains stud-
ies that examined nutritional status in children with CLD,
to the best of our knowledge, no studies have investi-
gated the frequency of malnutrition and its prognostic
impact in WD, which is one of the metabolic causes of
CLD. Therefore, we aimed to examine nutritional status
and the effect of malnutrition on prognosis in 94 children
with WD who were being followed up in our center.

Material and Methods

Ninety-four children with WD who were diagnosed with
a score of four or above according to the Leipzig (2001)
diagnostic scoring system in Inénti University Turgut
Ozal Medical Center Division of Pediatric Gastroenterol-
ogy, Hepatology and Nutrition between 2006 and 2017,
were included in our study. Genetic analysis for WD could
not be performed between 2006 and 2017 in our hospital;
therefore, the patients were diagnosed considering other
findings (decreased serum ceruloplasmin level (0.1-0.2
g/L or <0.1 g/L), increased 24-hour urine copper (=2-fold
the upper limit of normal or >5-fold the upper limit of
normal following D-penicillamine), presence of Kayser-
Fleischer ring, increased hepatic dry copper weight (>250
mg (>4 mmol)/g dry weight), neurologic symptoms, pres-
ence of Coombs-negative hemolytic anemia) (4). The pa-
tients were classified in four different groups according
to their signs and symptoms at presentation (4-7).

Asymptomatic WD: The patients in this group were asymp-
tomatic. They were detected as a result of family screen-
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ing or investigated because of asymptomatic transami-
nasemia and subsequently diagnosed as having WD.

Chronic WD: The patients in this group were being fol-
lowed up because of WD and had findings of chronic liver
failure [decreased albumin, increased international nor-
malized ratio (INR), ascites, esophageal varices, advanced
stage fibrosis and cirrhotic changes on liver biopsy)).

Fulminant WD: The children in this group were defined
according to the Acute Liver Failure Study Group (8-10)
criteria: (1) Children who did not have findings of CLD; (2)
Biochemical evidence of acute liver injury; (3) Coagulopa-
thy originating from liver disease (prothrombin time (PT)
=15 s or INR =15 in the presence of clinical encephalopa-
thy that was unresponsive to vitamin K, or PT =20 s or
INR =2 that was unresponsive to vitamin K in the pres-
ence or absence of clinical encephalopathy).

Neurologic Wilson’s disease: The WD group that is mani-
fested by neurologic symptoms and signs.

Body weight and height measurements of the patients
were screened from patient files in order to evaluate nu-
tritional status. The body weight Z score, height Z score,
weight for height (WFH) Z score, and body mass index
(BMI) Z score were calculated using the World Health
Organization (WHO) data. Patients who had a weight Z
score, height Z score, and weight for height (WFH)-BMI
Z score below -2 were considered to have low weight,
chronic malnutrition (short stature), and acute malnu-
trition, respectively. Patients whose Z scores were below
-2 for any of the following variables were considered to
have malnutrition: body weight, height, WFH, and BMI.
Patients who had a BMI Z score of >2 were considered
overweight/obese.

Patients whose weight for age values were below 90% and
who had no edema were considered to have malnutrition.
Patients with a weight for age value between 89% and
75% were considered to have mild malnutrition, patients
with a weight for age value between 74% and 60% were
considered to have moderate malnutrition, and those
with a weight for age value of <60% were considered to
have severe malnutrition.

Among biochemical variables, albumin, vitamin A, vita-
min E, vitamin D, calcium (Ca) and phosphorus (P) values
were screened.

A corrected serum total calcium level of <9 mg/dL or
<2.12 mmol/L was considered as hypokalemia, a P level
of <2.5 mg/dL (0.8 mmol/L) was considered as hypophos-
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phatemia, a serum magnesium concentration of <0.66
mmol/L (1.6 mg/dL) was considered as hypomagnesemia,
a serum uric acid concentration of <2.0 mg/dL was con-
sidered as hypouricemia, a serum albumin level of <35
g/L or 3.5 mg/dL was considered as hypoalbuminemia, a
serum retinol concentration of <0.70 pmol/L was consid-
ered as vitamin A deficiency, a serum 25-hydroxyvitamin
D (25 (OH) D) level below 20 ng/mL (50 nmol/L) was con-
sidered as vitamin D deficiency, a plasma vitamin E (o-
tocopherol) level of <5 pg/mL (11 pmol/L) was considered
as vitamin E deficiency, and a folic acid level of <4 ng/mL
was considered folic acid deficiency (11-19).

Prognostic evaluation was made according to the pedi-
atric end-stage liver disease (PELD) model for end-stage
liver disease (MELD), Child-Pugh (CHILD), and Dhawan
scores. However, PELD scores were calculated for all pa-
tients aged <12 years, whereas MELD scores was calcu-
lated for patients aged >12 years (20-22). Our study was
designed in accordance with the principles of the Dec-
laration of Helsinki. Institutional ethics committee ap-
proval was obtained for our study (2017 Ethics committee
number: 22-2).

Informed consent was not obtained from the patients be-
cause our study was a retrospective file screening study.

Statistical analysis

Statistical analysis was performed using the Statistical
Package for the Social Sciences for Windows (SPSS Inc.,
Chicago) 16.0 package program. For the comparison of
continuous variables, the data are expressed as mean#-
standard deviation because we used parametric tests.
Categorical variables are expressed as median (n) and
percentage (%). The Kolmogorov- Smirnov test was used
to examine if the numerical variables showed normal dis-
tribution. Student’s t-test or analysis of variance (ANOVA)
was used for parameters that showed normal distribution.
The Mann-Whitney U test or Kruskal-Wallis test was used
for parameters that did not show normal distribution.
The Chi-square test, Student’s t-test or Mann-Whitney U
test were used as a statistical significance test. A p value of
<0.05 was considered statistically significant.

Results

When the patients were evaluated by demographic prop-
erties, it was found that the mean age was 9.11+3.2 (range,
3.5-17) years, and the female/male ratio was 40/54. The
mean age was found to be significantly lower among pa-
tients who were asymptomatic compared with the other
types of presentation (p<0.001). Fourteen (41.1%) of these
patients were detected during family screening (Table 1).
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Jaundice (51%) was the most common symptom, and
hepatomegaly (57%) and splenomegaly (52%) were the
most common physical examination findings. The rates
of jaundice, hepatomegaly, splenomegaly, and ascites
were found to be significantly higher in patients who
had fulminant and chronic WD compared with the
other types of presentation (p<0.001). Four (6.7%) pa-
tients had a body weight Z score below -2 standard de-
viations (SDS), four patients (4.4%) had a body weight Z
score above 2 SDS, and 80 (88.9%) patients had a normal
body weight Z score. Seven (7.9%) patients had a height
Z score below -2 SDS, three (3.4%) patients had a height
Z score above 2 SDS, and 79 (88.8%) patients had a nor-
mal height SDS. Ten (11.2%) patients had a BMI Z score
below -2 SDS, eight (9%) patients had a BMI Z score
above 2SDS, and 71 (79.8%) patients had a normal BMI
Z score. When the patients were evaluated by WFH Z
scores, it was found that three (3.2%) patients had a WFZ
Z score below -2 SDS, three (3.2%) patients had a WFH
Z score above 2 SDS, and 83 (88.3%) patients had a nor-
mal WFH Z score. When the patients were evaluated by
weight for age percentages, it was found that 22 (23.4%)
patients had nutritional deficiency, 33 (35.3%) patients
had mild malnutrition, and nine (9.6%) patients had
moderate malnutrition. None of the patients had se-
vere malnutrition. When all variables were evaluated
together, 43 (45.7%) patients were found to have malnu-
trition (Table 1).

Sixty-two (66%) patients had at least one factor (hep-
atomegaly, splenomegaly, hepatosplenomegaly, ascites)
that could influence the parameter of body weight. When
the body weight, height, WFH, and BMI Z scores were
compared between patients who did and did not have at
least one of these factors, no statistically significant dif-
ference was found (p=0.144, p=0.146, p=0.353, p=0.173, re-
spectively).

No statistically significant difference was found between
the groups in terms of mean BMI and WFH Z scores
by presentation type (p=0.34, p=0.159, respectively). The
height and weight Z scores were statistically significantly
higher in the fulminant WD group compared with pa-
tients with neurologic WD (p=0.045, p=0.019, respectively)
(Table 2). When the patients were evaluated by presenta-
tion type and presence of malnutrition, it was found that
severe malnutrition was not present in any patients. Thir-
ty-three (35.1%) patients had mild and moderate malnutri-
tion. Fifty-two (55.3%) patients did not have malnutrition.
When these values were evaluated using the Chi-square
test, it was found to be statistically significant (p=0.014).
When the patients who did and did not have malnutrition
were evaluated after treatment by presentation type, no
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Table 1. Evaluation of nutritional parameters as laboratory tests according to presentation type

Asymptomatic Acute-fulminant Chronic Neurologic WD Total p
(34) (24) (25) (11) (94)
MediantSDS Median1SDS Median1SDS MediantSDS  MediantSDS
Age (mean) 7.66+3.240. 8.64+2.70 10.58+3.133 11.27+1.553 9.11+3.20 <0.001
Serum copper level 241242031y 126.75+80.68x 45.28+32.99y 38.25+22.60y 62.11+63.77 0.002
24-hour copper level 380.72+403.20y  1691.58+1589.98x 800+1000.89y 562.36+334.78y  854.35t1114.24  <0.001
n—% n-% n-% n—% n—%
Sex (F/M) 12-35.3 13-54.2 1040 5-45.5 40-42.5 0.540
22-64.7 11-45.8 15-60 6-54.5 54-57.5
Low weight 1-3 1-4.1 3-12 1-9 6-6.4 0.646
Normal weight 31-91.1 21-87.5 19-76 9-81 80-85 0.646
Overweight 1-3 1-4.1 2-8 0 4-4.2 0.676
Short stature 3-9 1-4.1 1-4 2-18 7-1.4 0.770
Normal height 29-85.2 20-83 22-88 8-72.7 79-84 0.787
Tall 1-3 141 1-4 0 3-3.2 0.810
Malnutrition 12353 9-37.5 13-52 8-72.7 42-44.7 0.168
Mild malnutrition 12-35.3 8-33.3 9-36 4-36.4 33-35.1 0.039
Moderate malnutrition 0 1-4.2 4-16 4-36.4 9-9.6 0.039
Nutritional deficiency 4-11.8a 3-12.5a 8-32 7-63.6p 22-23.4 0.002
Vit A deficiency 4/14-28.6 1/2-50 5/9-55.6 0 10/25-40 0.180
Vit E deficiency 0/14-0 1/2-50 2/9-22.2 0/5-0 3/10-30 0.067
Vit D deficiency 7/22-31.8 1/5-20 6/13-46.2 3/9-33.3 17/49-34.7 0.725
Folate deficiency 1/19-5.3 1/2-50 0/11-0 0/8-0 2/41-4.9 0.102
Hypocalcemia op 16/24-66.7a. 9/25-360. 1/11-9.8 26/94-27.7 <0.001
Hypophosphatemia 1/34-2.9p 15/24-62.501 7/25-280. op 23/94-24.5 <0.001
Hypomagnesemia 0/15-0 3/24-12.5 1/25-4 1/2-50 5/66-7.6 0.104
Hypomagnasemia 6/28-21.4B 24/24-1000. 19/25-76f 5/9-55.6(3 54/86-62.8 <0.001
Hypoalbuminemia 6/32-18.8 22/23-95.7a 17/25-68a. 2/10-208 47[90-52.2 <0.001
Low BUN 3/32-9.4 5/24-20.8 8/25-32 1/10-10 17/91-18.7 0.150

There is statistically significant difference between o and B values (Crosstab-Chi-square test= P:<0.05). There is statistically signifi-
cant difference between x and y values (ANOVA-post hoc test-Turkey test). WD: Wilson’s disease; SDS: Standard deviation score; F:

Female; M: Male; BUN: Blood urea nitrogen

statistically significant difference was found between the
groups (p=0.605) (Table 2).

Forty-six (48.9%) patients had cholestasis and 48 (51.1%)
patients did not have cholestasis. The body weight,
height, and BMI Z scores were found to be significantly
higher in patients with cholestasis compared with those
without cholestasis (p=0.006, p=0.005, p=0.020, respec-
tively). In conjunction with this condition, organomegaly
and ascites were found with a statistically significant
higher rate in the patients with cholestasis compared
with those without cholestasis, as expected (p<0.001). The
levels of vitamin A and vitamin D were lower in patients
with cholestasis compared with those without cholestasis
(p=0.028, p=0.030, respectively). No significant difference

was found between the two groups in terms of vitamin
D and folic acid levels (p=0.894, p=0.628, respectively).
Hypocalcemia, hypophosphatemia, hypouricemia, hy-
poalbuminemia, and anemia were observed with a sta-
tistically significantly higher frequency in patients with
cholestasis compared with those without cholestasis
(p<0.001) (Table 3).

When we evaluated the relationship between the patients’
anthropometric values and prognostic scores, we found
that 58 (61.7%) patients had a PELD score of >10 and 36
(48.3%) patients had a PELD score of <10. There was no sta-
tistically significant difference between patients who had
PELD scores of >10 and patients who had PELD scores of
>10 in terms of anthropometric measurements (Table 4).
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Table 2. Evaluation of nutritional status before and after treatment by presentation type

Asymptomatic Acute-fulminant Chronic Neurologic WD Total p
(34) (24) (25) (11) (94)
MedianSDS MedianSDS MediantSDS MediantSDS  MedianSDS
Before treatment

Weight Z score -0.205+1.09 0.200+1.24a -0.176+1.42 -1.259+0.64p -0.211+1.24  0.019

Height Z score -0.233£1.16 0.330+1.08a -0.241+1.48 -0.988+0.93p -0.181+1.25  0.045

BMI Z score -0.137+1.40 0.348+1.31 0.091+1.61 -0.572+1.08 -0.004+1.41 0.340

WFH Z score 0.055+1.09 -0.026+0.92 0.192+1.10 -0.672+0.66 -0.009+£1.03  0.159
n-% n—% n—% n-% n—%

No malnutrition 22-64.7 15-62.5 12-48 3-27.3 52-55.3

Mild malnutrition 12-35.3 8-33.3 9-36 4-36.4 33-35.1 0.014*

Moderate malnutrition 0 1-4.2 4-16 4-36.4 9-9.6

Asymptomatic Acute-fulminant Chronic Neurologic WD Total p
(22) (9) (17) (9) (57)
MediantSDS MediantSDS MediantSDS MediantSDS  MediantSDS
One year after treatment

Weight Z score -0.441+0.88 0.300+1.11 -0.292+1.14 -0.789+0.84 -0.429+£0.98  0.551

Height Z score -0.811+1.12 -0.600+1.30 -0.423+1.13 -0.955+1.28 -0.685t1.16  0.525

BMI Z score -0.007+1.01 -0.104+1.47 0.278+1.19 -0.866+1.19 0.200+1.18  0.267

WEFH Z score 0.189+0.59 0.155+1.05 0.121+0.72 0.476+0.81 0.058+0.77 0.871
n—% n—% n—% n—% n—%

No malnutrition 14-63.6 6—66.7 8-47.1 4-44.4 32-56.1

Mild malnutrition 6-27.3 1-11.1 6-35.3 2-22.2 15-26.3 0.605*

Moderate malnutrition 2-9 2-22.2 3-17.6 3-33.3 10-17.5

The difference between a and f values is statistically significant (p<0.05 (one-way ANOVA). *Crosstab-Chi-square test was used.
A p value of <0.05 was considered significant. WD: Wilson’s disease; SDS: Standard deviation score; BMI: Body mass index; WFH:

Weight for height

When the patients were evaluated by Dhawan mortality
scores, it was found that 42 (44.7%) patients had a Dhawan
score of >10 and 52 (55.3%) patients had a Dhawan score
of <10. The body weight, height, and BMI Z scores were
found to be statistically significantly higher in patients
who had a score of >10 (p=0.001, p=0.004, p=0.025, re-
spectively). There was no significant difference in terms
of weight for height Z score (p=0.603) (Table 4).

When the patients were evaluated by MELD scores, it was
found the 48 (51%) patients had a MELD score of >19 and
46 (49%) patients had a MELD score of <19. The height
Z score was found to be statistically significantly higher
in patients who had MELD scores of >19 compared with
those who had lower scores (p=0.009). There was no sig-
nificant difference in terms of weight, MI, and WFH Z
scores between the groups (p=0.053, p=0.504, p=0.980, re-
spectively) (Table 4).

When the patients were evaluated by Child-Pugh

scores (CHILD), it was found that 42 (44.7%) patients
were in the CHILD A group, 13 (13.8%) patients were
in the CHILD B group, and 39 (41.5%) patients were in
the CHILD C group. The height, weight, and BMI Z
scores were significantly higher in the CHILD C group
compared with the CHILD A group (p=0.041, p=0.036,
p=0.041, respectively). There was no statistically signifi-
cant difference between the CHILD groups in terms of
WFH Z scores (Table 4).

In all mortality scores, we observed that the rates of the
factors including organomegaly and ascites, which influ-
ence measurements of body weight, also increased as the
score increased (p<0.001) (Table 4).

When the patients were evaluated by laboratory measure-
ments, it was found that the levels of Ca, P, and albumin
were significantly lower in patients who presented with
fulminant WD compared with patients with other types
of presentation (p<0.001) (Table 2).
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Table 3. Evaluation of nutritional status in patients with Wilson’s disease who had cholestasis

Cholestasis absent Cholestasis present Total p
MediantSDS MediantSDS MediantSDS
Weight Z score -0.589+1.00 0.119+1.35 -0.211+1.24 0.006
Height Z score -0.538+1.06 0.200+1.34 -0.181+1.25 0.005
BMI Z score -0.341+1.31 0.355+1.45 -0.009+1.03 0.020
WEFH Z score -0.065+1.11 0.050+0.95 -0.004+1.41 0.599
n—% n-% n-%
Malnutrition 24-52.2 17-38.6 41-45.6 0.197
Mild malnutrition 19-413 12-27.9 31-34.8 0.563
Moderate malnutrition 4-87 4-9.3 89 0.694
Nutritional deficiency 11-23.9 8-18.2 19-21.1 0.505
Hepatomegaly 15-313 39-84.8 54 -57.4 <0.001
Splenomegaly 10-20.8 39-84.8 49-52.1 <0.001
Hepatosplenomegaly 6-12.5 36-78.3 42-44.7 <0.001
Ascites 2-4.2 32-69.6 34-36.2 <0.001
Vit A deficiency 4-20 6—60 10/30-33.3 0.028
Vit E deficiency 0 3-30 3/30-10 0.030
Vit D deficiency 12-35.3 5-333 17/49-34.7 0.894
Folate deficiency 1-37 1-7.1 2/41-4.9 0.628
Anemia 11-24.4 32-69.6 43-47.3 <0.001
Hypocalcemia 1-21 26-56.5 27/94-28.8 <0.001
Hypophosphatemia 1-21 22-47.8 23/94-24.5 <0.001
Hypomagnesemia 1-5 4-8.7 5/66—6 0.602
Hypouricemia 11-26.8 43-95.6 54/86-62.8 <0.001
Hypoalbuminemia 7-15.6 40-88.9 47/90-52.2 <0.001
Low BUN 5-11 12-26 17/91-18.7 0.067

SDS: Standard deviation score; BMI: Body mass index; WFH: Weight for height; BUN: Blood urea nitrogen

The level of vitamin A was measured in 25 of patients.
Vitamin A level was low in 10 (40%) of these patients
and there was no significant difference by presentation
type (p=0.180). The level of vitamin E was measured in 10
patients and it was found to be low in three (30%). The
level of vitamin D was found to be low in 17 of 40 patients
(34.7%), but there was no significant difference between
the different presentation types (p=0.725). The level of folic
acid was found to be low in 2 of 41 patients (4.9%) (Table 1).

When vitamin levels were evaluated in patients who did
and did not have malnutrition, no significant difference
was found between the two groups in terms of vitamin
A, vitamin E, vitamin D, and folic acid levels (p=0.496,
p=0.475, p=0.946, p=0.707, respectively). There was no sig-
nificant difference between the groups that did and did
not have malnutrition in terms of aspartate transaminase
(AST), alanine transaminase (ALT), and serum albumin lev-
els (p=0.533, p=0.545, p=0.244, respectively). Hypocalcemia,

hypophosphatemia, hypouricemia, and hypoalbuminemia
were found with a significantly higher rate in patients who
had cholestasis and in the fulminant group compared with
the other presentation types (p<0.001) (Table 1, 3).

The anthropometric measurements before treatment and
one year after treatment were compared in 57 patients; it
was found that the weight, WFH, and BMI Z scores did
not change statistically significantly over time (p=0.336,
p=0.669, p=0.387, respectively). However, the mean height
Z score before treatment was found to be statistically sig-
nificantly higher compared with the mean height Z score
after treatment (p=0.016) (Table 2).

Discussion
The cause of malnutrition is multifactorial in patients with

CLD. In children, insufficient energy intake is present in
more than 70% of patients. In addition, vomiting, loss of
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Table 4. Effect of growth on mortality in patients with Wilson’s disease

Dhawan
<10 >10
MediantSDS MediantSDS ¢
Weight Z score -0.605+1.085 0.226+1.290 0.001
Height Z score -0.512+1.127 0.268+1.303 0.004
BMI Z score -0.302+1.362 0.384+1.419 0.025
WEFH Z score -0.098+1.153 0.116+0.859 0.318
PELD
<10 >10
MediantSDS MediantSDS P
Weight Z score -0.570+0.979 -0.123+1.223 0.090
Height Z score -0.405+1.189 -0.122+1.294 0.333
BMI Z score -0.074+1.488 -0.060+1.291 0.965
WEFH Z score -0.109+0.703 -0.016+1.015 0.656
MELD
<19 >19
MediantSDS MediantSDS P
Weight Z score -0.474+1.049 0.0663+1.4178 0.053
Height Z score -0.554+1.129 0.2+1.34008 0.009
BMI Z score -0.019+1.388 0.1954+1.45601 0.504
WFH Z score 0.048+1.117 0.043+0.95677 0.980
Child Score
Class A Class B Class C
MediantSDS MediantSDS Median+SDS P
Weight Z score -0.604+1.054p 0.002+1.025 0.09+1.400a 0.036
Height Z score -0.536+1.1153 -0.008+1.252 0.167+1.342a 0.041
BMI Z score -0.371x1.3273 0.807+1.419a. 0.220+1.455 0.041
WFH Z score -0.046+1.162 -0.122+1.181 0.116+0.818 0.723

The difference between a and f vaues is statistically significant (p:<0.05 (Independent samples T test and One-Way ANOVA). SDS:
Standard deviation score; WFH: Weight for height; BMI: Body mass index; Child: Child-Pugh score; MELD: Model for end-stage

liver disease score; PELD: Pediatric end-stage liver disease score

appetite, mucosal congestion, decreased intestinal motil-
ity, and early satiety due to ascites and organomegaly
are observed. Dieting because of various causes also de-
creases intake (23). Absorption of long-chain fatty acids
is disrupted because of impairment in excretion of bile
acids (24).

In a study conducted by Da Silva et al. (25) that included
patients with cholestasis, it was shown that WFA and WFH
Z scores were below -2 SDS in one-third of the patients.
When WFH was considered, only 12.1% of the patients
had a Z score below -2 SDS. When evaluated by BMI,
16.5% of the patients had a Z score below -2 SDS. It was
shown that malnutrition was present in 43.9% and 46.2%
of the patients according to mid-upper arm circumfer-

ence and triceps skinfold thickness, respectively, and the
rate was higher with these methods (8). In our study, the
rates of low weight and short stature were found as 6.7%
and 7.9%, respectively. Ten (11.2%) patients had a BMI Z
score below -2 SDS and three (3.2%) patents had a WFH Z
score below -2 SDS. When the parameters of body weight,
height, WFH, and BMI Z scores were evaluated together,
it was found that 42 (44.7%) patients had malnutrition
(positivity of one of these parameters was considered in
favor of malnutrition). When evaluated by presentation
type, it was found that the weight and height Z scores
were significantly lower in patients with neurologic WD
compared with fulminant WD (p=0.019, p=0.045, respec-
tively). The weight, height, and WFH Z scores were higher
in patients who had organomegaly or ascites compared
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with those without organomegaly or ascites. Although the
influence of weight could be easily interpreted, the fact
that the mean height was also high was interpreted such
that height was not influenced as much in WD.

In children with CLD, organomegaly, ascites, and periph-
eral edema limit the reliability of body weight, which is
the most important indicators for the evaluation of nutri-
tion. Therefore, data including triceps skinfold thickness
and mid-upper arm circumference, which are not influ-
enced by the above-mentioned factors, are required in
addition to a meticulous physical examination and classic
anthropometric measurements (25, 26). The most impor-
tant limitation and deficient aspect of our study was the
fact that these parameters, which are more reliable, could
not be obtained because it was a retrospective study.
There was at least one factor that could influence body
weight measurement in 62 (66%) of 94 subjects.

In a study conducted in Brazil with 22 children and ado-
lescents with cholestasis, it was shown that malnutrition
was present in 23.8% and 33.3%, respectively, according to
WFA and HFA criteria, but the WFH value was not below
-2 Z score in any patients (27). In our study, there were
44 children with cholestasis and the weight Z score was
below -2 SDS in four (9%) of these patients, the height Z
score was below -2 SDS in two (4.5%), the BMI Z score was
below -2 SDS in three (6.8%), and the WFH Z score was
below -2 SDS in only one (2.2%) patient.

In a study that evaluated protein energy malnutrition, the
nature of biochemical abnormalities related with this and
the relationship of these with each other using the body
composition and laboratory data of 27 children who had
end-stage liver failure (10), the height, weight, and head
circumference values were unsurprisingly found to be
significantly lower compared with their peers. However,
no correlation was found between the severity of malnu-
trition and the degree of cholestasis, synthetic function
of the liver, hepatic injury, and vitamin or mineral defi-
ciencies. In our study, the rates of organomegaly and as-
cites were high in patients with cholestasis, as expected
(p<0.001) because a small portion of these patients had
fulminant liver disease and most had decompensated liver
disease. Therefore, their weight, height, and BMI Z scores
were higher compared with patients without cholestasis
(Table 3). In contrast, the levels of vitamin A and E were
lower in patients who had cholestasis compared with
those without cholestasis (p=0.028, p=0.030, respectively).
Hypocalcemia, hypophosphatemia, hypouricemia, hy-
poalbuminemia, and anemia were observed with a sta-
tistically significantly higher frequency in patients who
had cholestasis compared with those without cholestasis

Giingor et al. Nutritional status of Wilson’s patients

(p<0.001). This shows that laboratory measurements in-
dicating nutritional deficiency will support malnutrition,
though the height and weight Z scores are influenced by
the picture of organomegaly and ascites.

When the patients were evaluated by presentation type,
the levels of P, Ca, and albumin were found to be signif-
icantly lower in fulminant WD compared with the other
presentation types. Again, Widodo et al. () found that the
AST, ALT, and interestingly, serum albumin levels were
statistically significantly higher in patients who had mal-
nutrition compared with those without malnutrition in
a study conducted with 21 patients who had CLE. In our
study, no significant difference was found between the
groups who did and did not have malnutrition in terms
of AST, ALT, and serum albumin levels (p=0.533, p=0.545,
and p=0.244, respectively). These observations may sug-
gest that there is no full correlation between hepatic
dysfunction and the degree of malnutrition, and it may
be possible to eliminate deficiencies by increasing body
stores and micronutrient intake despite hepatic dysfunc-
tion. On the other hand, the fact that more sensitive mea-
surements were not used in the diagnosis of malnutrition
may be the reason for the results obtained both in our
study and in the above-mentioned study.

It is thought that nutritional deficiency increases mortality
following liver transplantation (1, 28). However, Zemberlan
et al. (29) showed that there was no correlation between
nutritional status and mortality following transplantation
in 60 children and adolescents. Figueiredo et al. (30) in-
vestigated the effects of nutritional status on outcomes
following liver transplantation and concluded that none
of the nutritional measurements (BMI, anthropometry,
subjective global evaluation) was correlated with increased
mortality risk. In our study, no significant correlation was
found between malnutrition and mortality according to
PELD mortality scores, whereas mortality scores were ob-
served to increase significantly as the body weight, height,
and BMI Z scores increased according to the Dhawan
score, as the height Z score increased according to the
MELD Z scores, and as the height and BMI Z scores in-
creased according to the CHILD classification (Table 4).
This arises from the fact that the patients who had high
mortality scores carried a least one of the risk factors influ-
encing weight measurement including organomegaly and
ascites with a higher frequency. However, the relationship
of mortality score with height could not be interpreted.

In conclusion, vitamins, trace elements, and electrolytes
should be monitored closely in addition to detailed an-
thropometric measurements in the assessment of growth
in WD. Nutritional risk should be emphasized in patients
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with neurologic WD specifically, in addition to the nega-
tive nutritional effects of CLD in those with WD.
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