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Low plasma zinc concentrations
in pediatric patients with cirrhosis

Ana C. R. Schneider,! Raquel B. Pinto,2 Pedro E. Fréehlich,3
Thais 0. Hammes,* Themis R. da Silveiras

Abstract

Objective: To determine plasma zinc concentrations in children and adolescents with cirrhosis and to investigate
the association between these results and dietary zinc intake, anthropometric data, and severity of liver disease.

Methods: Plasma zinc concentration was assessed by atomic absorption spectrophotometry in 30 children and
adolescents with cirrhosis (105.0+60.0 months; 22 girls) and 27 without liver disease (122.3+47.3 months, 14 girls).
Dietary zinc data were evaluated by 3-day food intake records. Anthropometry measures included height, weight,
skinfold thickness, brachial circumference, and upper arm muscle size. Severity of liver disease was classified according
to the Child-Pugh, MELD, and PELD criteria.

Results: The mean (+ standard deviation) plasma zinc concentrations in control subjects and patients were
105.69+19.46 and 75.44+24.45 ug/dL, respectively (p < 0.001). No associations were found between anthropometric
measures, dietary zinc intake, and plasma zinc concentration. There was statistical difference related to plasma zinc
concentrations between Child-Pugh B + C patients and control subjects (p < 0.001), and concerning PELD, between
patients below the cutoff score of 15 and those above (p = 0.002).

Conclusions: The prevalence of hypozincemia was 43% for patients with cirrhosis. Although low plasma zinc
concentration was associated with more severe liver disease, it was present even in some Child-Pugh A patients.

ORIGINAL ARTICLE

Therefore, zinc supplementation should be considered for cirrhotic children.
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Introduction

Studies have confirmed the importance of zinc as a
fundamental trace element in human metabolism.2 Zinc
affects growth and plays a role in the synthesis of proteins
and nucleic acids, as well as in the synthesis of insulin-
like growth factor 1 (IGF-1) and in its effects on target
tissues.3 Zinc deficiency predisposes to growth retardation,
neurosensory deficit, disorders in the metabolism of several
hormones and enzymes that participate in growth and
bone development, wound healing retardation, skin lesions,

delayed sexual maturation, and immunodeficiency.4-6 This
trace element also acts as an antioxidant by means of two
different mechanisms: protection against oxidation and
inhibition of the production of reactive types of oxygen by
transition metals, such as iron and copper, both metals
linked to liver injury.7.8

No consensus has been reached about the causes of zinc
deficiency in liver diseases: anorexia and reduced intake
of animal proteins, increase in cytokines or hormones that
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may affect zinc metabolism, increase of renal loss of zinc
and also portal hypertension, which is responsible for poor
absorption of nutrients.®

Some alterations of patients with cirrhosis may be
associated with zinc deficiency: alopecia, wound healing
disorders, lack of appetite, hypogeusia, gonadal growth
retardation,!® and it is also associated with hepatic
encephalopathy.11.12 A study with adult patients with
decompensated cirrhosis found that these patients have
plasma zinc concentrations significantly lower than patients
with compensated disease, and that zinc concentrations
are negatively associated with fasting ammonia
concentrations.13

Because of its role during the growth period and for
immunocompetence, we evaluated and compared zinc
concentrations in children and adolescents with liver
disease.

Patients and methods

This case-control study was carried out from August
2003 to July 2005, 57 children and adolescents were
examined. The participants were divided into two groups.
Group 1 was composed of 30 children and adolescents
with cirrhosis regularly seen at the Outpatient Service of
the Pediatric Gastroenterology Unit, Hospital de Clinicas de
Porto Alegre, Porto Alegre, Brazil. Group 2 was composed
of 27 children and adolescents without liver disease and
apparently healthy, selected during routine blood collection
at the Clinical Laboratory, Hospital de Clinicas de Porto
Alegre, Porto Alegre, Brazil.

Cirrhosis diagnosis was confirmed by liver function
tests (prothrombin time, serum albumin, aminotransferase
activity, serum bilirubin, gamma-glutamyl-transpeptidase
and alkaline phosphatase), endoscopy results (esophageal
varices), ultrasound studies (liver with heterogeneous
echogenicity and signs of portal hypertension) and by
histological exam (nodular formation and fibrosis in liver
biopsy). Etiologic factors of cirrhosis were determined for
21 patients (70.0%) but were impossible to identify for nine
of them. In 10 patients, the cause of cirrhosis was biliary
atresia; in nine, autoimmune diseases; in one, Langerhans
histiocytosis; and in one, alpha-1-antitrypsin deficiency.

The severity of liver disease was evaluated using the
Child-Pugh, the Pediatric End-Stage Liver Disease (PELD),
and the Model for End-Stage Liver Disease (MELD) criteria.
According to the Child-Pugh criteria,'4 15 patients were
classified as A, 10 as B, and five as C. In the Child-Pugh
classification, mild disease is classified as A, moderate
disease as B, and severe disease as C. We used the MELD
for patients aged 12 and older and the PELD for those
aged 11 and younger.1> Higher values indicate more severe
disease. A score of 15 is the cutoff point for these criteria.
Fifteen out of 20 patients younger than 12 years had a
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PELD score below 15, and five had a PELD score above
15. Only one out of 10 patients older than 12 years had a
score above 15.

Exclusion criteria were the same for the patients and
control subjects: intake of mineral supplements (zinc, copper
orboth), oral contraceptives, antibiotics up to 15 days before
blood collection, lactulose, vegetarianism, gestation, blood
transfusion less than 1 month before collection, infections,
smoking and diagnosis of Wilson’s disease.

This study was approved by the Ethics Committee
of Hospital de Clinicas de Porto Alegre. The participants’
guardians signed an informed consent form.

Dietary intake data and anthropometry

Patients and control subjects filled out a dietary
questionnaire to determine dietary zinc intake (2 weekdays
and 1 weekend day). Patients underwent anthropometric
tests that measured weight, height, brachial circumference
(BC), triceps skinfold (TSF) and upper arm muscle size
(UAMS). Anthropometric indices - weight/age (W/A) and
height/age (H/A) - were calculated using the z score and
the NutStat software (Epi-Info 3.6, CDC/WHO 2000). BC,
TSF and UAMS were calculated according to the Frisanchol®
equations and compared with the normal values in the
Frisancho!” tables.

Plasma zinc

Material for fasting plasma zinc measurements was
collected between 7:00 and 10:00 a.m. All the material used
in collection and storage was free of metal contamination:
sodium heparin tubes (367735, BD Vacutainer®), powderless
silicone gloves, pipette tips and tubes previously sterilized
with deionized water and nitric acid and dried in oven at
60 °C. Hemolyzed samples were excluded. Blood collected
was immediately centrifuged at 3,000 rpm for 10 min. After
centrifuging, plasma was pipetted, placed in test tubes
(Eppendorf Tips, 50-1,000 uL) and stored at -20 °C. Plasma
samples analysis were performed on an automated Perkin-
Elmer Analyst 300 atomic absorption spectrophotometer
(Welleslay, MA, USA), and the coefficient of variation was
below 10%. The cutoff point for fasting zinc deficiency was
70 ug/dL.18 This cutoff point is two standard deviations (SD)
below the population mean, and concentrations between
70 and 150 ud/dL were classified as normal.

Statistical analysis

The Student t test was used to compare means of
patients with cirrhosis and control subjects and PELD and
MELD scores. One-way analysis of variance and the Tukey
test were used to determine differences between plasma
zinc concentrations and severity of cirrhosis according to
the Child-Pugh score. The chi-square test and the Fischer
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test were used to compare categorical variables. The
Pearson coefficient was calculated to determine correlations.
Microsoft Excel for Windows® was used for the database,
and the Statistical Package for Social Sciences® (SPSS
12.0), for statistical tests. The level of significance was
established at p < 0.05.

Results

Fasting blood samples were obtained from 30 patients
(105.0+£60.0 months; 22 girls) and 27 control subjects
(122.3+£47.3 months; 14 girls). The comparison of age
(p = 0.23) and sex (p = 0.26) for patients and controls did
not show any statistically significant difference. Plasma zinc
concentrations, the results of the laboratory assays and
anthropometric indices are summarized in Table 1.

Dietary intake data and anthropometry

The assessment of dietary zinc intake showed that
18 (66.6%) of the 27 patients that filled out the intake
questionnaire had an adequate dietary zinc intake for the
age. The analysis of the questionnaires filled out by control
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subjects (20/27) showed an adequate dietary zinc intake.
No patient or control subject had diets with only whole
foods or exclusively vegetarian, nor any type of diet that
contained components that may compromise dietary zinc
absorption.

The z score of W/A index ranged from -5.20 to 2.15
(-0.53£1.46). The H/A index had z scores ranging from
-3.92 to 1.76 (-0.81+£1.23). Z scores below -2 were
found for 5/30 patients (16.6%) in the W/A index, and
4/30 patients (13.3%) in the H/A index. Measures of BC,
TSF and UAMS below the 5th percentile were found for
5/29 (17.2%), 8/29 (27.6%), and 5/29 patients (17.2%),
respectively.

Plasma zinc

The analysis of plasma zinc in children and adolescents
with cirrhosis showed that 43% (13/30) had concentrations
below 70 pg/dL. Mean £+ SD and range were 75.44+24.45
pg/dL, ranging between 35.07 and 132.00 pg/dL. Results for
control subjects were normal (mean £ SD = 105.69+19.46
ug/dL). The comparison of the two groups revealed a
significant difference (p < 0.001) (Figure 1).

Table 1 - Characteristics of patients classified according to plasma zinc concentrations

All patients (n = 30) Low zinc Normal zinc

Characteristics mean = SD (n=13) (n=17) p*
Age (months) 105.0+60.0 88.8+62.9 117.29+56.58 0.20
Sex (M/F) 8/22 4/9 4/13 0.97
Plasma zinc (pg/dL) 75.44+24.45 53.72+9.99 92.05+19.21 0.001
Total bilirubin (mg/dL) 7.37+11.30 14,99+13.99 1.55+1.28 0.005
Conjugated bilirubin (mg/dL) 3.96+6.37 8.4+7.7 0.54+0.53 0.003
Albumin (g/dL) 3.9+0.8 3.2+0.79 4.4+0.40 0.001
Creatinine (mg/dL) 0.59+0.15 0.62+0.19 0.56+0.13 0.36
Prothrombin time (seconds) 4.5£4.6 7.04+5.44 2.64+2.79 0.013
AST (U/L) 174.3+£216,5 265.5+£293.4 104.6+91.7 0.038
ALT (U/L) 131.2+163.2 179.3+£219.2 94.3+94.4 0.14
Gamma-glutamyl-transpeptidase (U/L) 152.6+215.67 111.1+155.4 188.6+256.97 0.53
Alkaline phosphatase (U/L) 934.8+527.0 943.7+437.9 926.6+615.1 0.93
Anthropometric data

WAZ -0.53+1.46 -0.62+1.96 -0.46%+0.98 0.77

HAZ -0.81+1.23 -0.74+1.48 -0.86+1.04 0.79

BC (n = 27)" 17.5 25 0.13

TSF (n = 27)1 10 25 0.08

UAMS (n = 27)" 17.5 25 0.19

ALT = alanine aminotransferase; AST = aspartate aminotransferase; BC = brachial circumference; HAZ = height for age z score; SD = standard deviation; TSF = triceps

skinfold; UAMS = upper arm muscle size; WAZ = weight for age z score.

ANOVA and Tukey test.
* Normal vs. low zinc.
t Median.
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Figure 1 - Comparison of plasma zinc concentrations between
patients (n = 30) and control subjects (n = 27)
(p < 0.001)

There were no associations between anthropometric
measures and plasma zinc concentrations or between
dietary zinc intake and plasma zinc concentrations. The
comparison of plasma zinc concentrations between patients
with sufficient (78.54+25.01 pg/dL) and insufficient dietary
intake (69.40+22.95 ug/dL) did not reveal any statistically
significant difference (p = 0.38).

The comparison of liver disease severity according to
the Child-Pugh criteria and plasma zinc concentrations
yielded the following results: mean £ SD and the range of
plasma zinc in Child-Pugh A patients were 91.26+22.88
ug/dL (58.59-132.0 pg/dL); in B patients, 64.62+14.98
pg/dL (35.07-81.91 ug/dL); and in C patients, 49.63+8.97
ug/dL (42.43-64.20 pg/dL). The number of patients with
low plasma zinc concentration classified as Child-Pugh A
was 3/15, as B, 5/10, and as C, 5/5. For statistical analysis,
data for patients classified as Child-Pugh B and C were put
inthe same group (Figure 2). The results of the comparisons
between patients and control subjects were as follows:
105.69+19.45 pg/dL for controls vs. 91.26+22.88 pg/dL
for children classified as Child-Pugh A (ANOVA and Tukey
test, p = 0.038); 105.69+19.45 ug/dL for controls vs.
59.62+14.85 pg/dL for children classified as Child-Pugh
B+C (ANOVA and Tukey test, p < 0.001); 91.26+22.88
pg/dL for Child-Pugh A vs. 59.62+14.85 pg/dL for Child-
Pugh B+C (ANOVA and Tukey test, p < 0.001). There was
no statistical difference between Child-Pugh A patients
and control subjects (p = 0.038), but there was a statistic
difference between Child-Pugh B+C patients and control
subjects (p < 0.001) and between Child-Pugh B+C and
Child-Pugh A patients (p < 0.001).
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For the analysis of the association between the PELD
and MELD scores and plasma zinc concentration, the cutoff
point was 15. Concerning the PELD, mean plasma zinc
concentrationin the 15 patients with scores below the cutoff
point was 81.80+25.41 pg/dL. In the five patients with
scores above the cutoff point, plasma zinc concentration
was 50.19+8.74 ug/dL (p =0.002). The mean concentration
of zinc in the nine patients with MELD score < 15 was
82.17+20.89 pg/dL. A statistical comparison with MELD
score >15 was not possible since there was only one patient
in this category.

There was a negative correlation between plasma zinc
concentration and total (r = -0.59) and direct (r = -0.60)
bilirubin. But the most significant association was
between hypozincemia and conjugated hyperbilirubinemia
(p < 0.001). Albumin correlated positively (r = 0.69) with
plasma zinc, but 4/13 patients had normal albumin levels
and low zinc concentrations.
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Figure 2 - Comparison of plasma zinc concentrations between
Child-Pugh A (n = 15) and Child-Pugh B+C patients
(n =15) (p < 0.001)

Discussion

The liver is important for the regulation of zinc
homeostasis, while zincis necessary for proper liver function.
Decreased zinc levels have been implicated in both acute
and chronic liver disease states, but its hepatoprotective
property has not been fully elucidated.® This study found
a significant plasma zinc deficiency (43%) in pediatric
patients with liver cirrhosis when compared with normal
control subjects in the same age group. The results of
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this study are compatible with those reported by Chin et
al.,'® who evaluated the nutritional status of 27 children
awaiting liver transplantation and found hypozincemia in
42% of the patients.

There is no consensus about the relationship of severity
of the liver disease and serum/plasma zinc concentration,
both in adults and pediatric patients. A study with adult
patients with cirrhosis found an association between zinc
deficiency and the increase in the severity of cirrhosis,®20
but another study did not.2! Hambidge et al.,22 studying
children with biliary atresia, did not find significant differences
for plasma zinc, hepatic function and biliary drainage. Sato
et al.23 evaluated copper and zinc in children with biliary
atresia at different stages and found a decrease in liver and
serum zinc and an increase in copper concentrations as liver
impairment progressed. In our study, the mean plasma
zinc in total patients group with cirrhosis was within normal
values; however, when patients were separated into groups
according to the Child-Pugh criteria, patients classified
as A had mean concentrations within normal values, but
B and C patients had means below the cutoff point. The
same trend was found when the PELD was used - patients
with scores below 15 had a normal mean concentration,
whereas those with a score above 15 had lower plasma
zinc concentrations. The association with severity of liver
disease according to the Child-Pugh and PELD revealed
that plasma zinc deficiency was associated with the worst
prognoses determined by these criteria.

A significant correlation between zinc and albumin
was found in our study and by other authors who studied
patients with liver disease and also cystic fibrosis.24:25
It is interesting to notice that even in patients with low
albumin concentrations the supplementation may correct
hypozincemia.26.27

Low plasma zinc in patients with liver cirrhosis does not
seem to be associated with the diet. This study did not find
a significant statistical difference, although 9/27 (45%)
patients reported insufficient dietary zinc intake according
to the recent Recommended Dietary Allowance (RDA). We
also noted that 5/6 patients with more advanced cirrhosis
had zinc intake over the RDA recommendations values,
nevertheless presented low plasma zinc concentrations.
These results may indicate that the zinc deficiency in
these patients is related to the liver impairment and not
to dietetic zinc intake.

A meta-analysis of randomized and controlled studies of
prepuberty children found that zinc supplementation resulted
in weight and height gains in children with zinc deficiency.28
A positive association between supplementation and the
increase in growth velocity in children was also observed
by Nakamura et al.?® and by Michaelsen et al.3? Our study
did not find any association between anthropometric data
and plasma zinc concentrations, which is in agreement with
other studies of pediatric patients with cirrhosis.19.24 In a
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recent study that evaluated plasma zinc concentration in
pediatric patients with cystic fibrosis, the body mass index
was not correlated with low plasma zinc concentrations
as well.25

Trials of zinc supplementation have shown positive effects
on clinical outcomes and growth, especially among children
who are stunted.3!:32 Hambidge et al.,22 studying children
with biliary atresia, considered that the zinc requirement for
net absorption would be 40% greater than that of healthy
infants. Considering that the liver impairment affects the
zinc metabolism and absorption of dietetic zinc, we believe
that zinc supplementation could improve the zinc status of
these patients.

Conclusions

The 43% prevalence of low plasma zinc concentrations
was observed in the present sample of children and
adolescents with cirrhosis. There were no associations
between dietary zincintake and nutritional status measured
by anthropometry and plasma zinc concentrations. However,
this study found lower zinc concentrations associated with
an increase in cirrhosis severity. It is important to note
that some patients classified as Child-Pugh A and PELD
score below 15 also had hypozincemia and, therefore, zinc
deficiency should be investigated in all patients regardless
of cirrhosis severity. We conclude that zinc should be
included among the micronutrients that are given particular
consideration in the management of cirrhosis in order to
prevent zinc deficiency.
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