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Abstract

Objectives and study: Zinc deficiency in children with cholestatic liver diseases could affect growth and immunity.
Zinc supplementation is one of the strategies to prevent the consequences of zinc deficiency in children. We aimed

growth in children with cholestatic liver diseases.
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to study the effect of zinc supplementation on the growth of these children.

Methods: Fifty-five infants and children (0.5-10 years) with cholestatic liver diseases enrolled from pediatrics
hepatology clinic, Cairo University Hospital: 27 post-Kasai, 7 with Alagille syndrome, and 21 with progressive familial
intrahepatic cholestasis. Serum zinc, insulin-like growth factor 1 (IGF-1), and anthropometric measurements are
measured at enrollment and 4 months after zinc supplementation and in 30 healthy children with matched age
and sex. Serum zinc was measured by atomic absorption spectrometry.

Results: The mean initial serum zinc (+ SD) in cholestatic and healthy control group was 1251 + 558 and 1461 +
506 ug/l, respectively (P > 0.05). Meanwhile, serum IGF1 median (IQR; range) in patients and control was 54 (118;10:
780) ng/ml and 250 (387;55:635) ng/ml, respectively (p < 0.001). No statistically significant difference was found
between post-Kasai patients and other cholestatic diseases. Children supplemented with zinc had their serum zinc
2223 + 1042 ug/l (P < 0.001) and IGF1 median (IOR; range) 346 (370;50:825) ng/ml (P < 0.001). In addition, among
anthropometric variables, height (length) Z-score and percentile were significantly improved (P < 0.01).

Conclusion: As compared with the baseline, zinc supplementation had significantly elevated serum zinc levels and
IGF1 and improved growth in children with cholestatic liver diseases. Thus, zinc supplementation is beneficial for

Background

Zinc is an essential trace element required for normal
growth and development. It is the second most prevalent
trace element in the human body and has important
antioxidant, anti-inflammatory, and anti-apoptotic ef-
fects. It is required for cell growth and maturation. Daily
zinc consumption for healthy children between 1 and
18 years old varies from 3—-11 mg/day. Zinc restores mu-
cosal barrier integrity and enterocyte brush-border
enzyme activity; it promotes the production of anti-
bodies and circulating lymphocytes against intestinal
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pathogens and has a direct effect on ion channels, acting
as a potassium channel blocker of adenosine 3-5-cyclic
monophosphate-mediated chlorine secretion (Wanzira
& Lazzerini, 2016). The whole blood, plasma, and urine
zinc levels decrease in severe zinc deficiency (Tako, 2019).
Its deficiency causes growth affection in children and ado-
lescents (Umusig-Quitain & Gregorio, 2010). In addition,
it can cause skin rash, diarrhea, and immunodeficiency
(Pereira et al.,, 2011).

Cholestasis is a common presentation of childhood
liver diseases. Children with cholestatic liver disease had
lower serum zinc levels compared with the healthy chil-
dren. The reason of zinc deficiency in liver diseases
patients is likely to be multifactorial, including altered
intestinal transport, reduced dietary intake, and high
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urinary losses. Moreover, induction of hepatic metallo-
thionein results in zinc sequestration. Zinc deficiency
and high urinary zinc losses were reported in children
with liver failure before transplant. As the state of liver
disease worsened, the zinc levels dropped. Normalization
of zinc status without supplementation followed liver
transplantation (Narkewicz et al., 1999; Krebs, 2000).

Insulin growth factor 1 (IGF-1) is a small molecular
weight hormone. It is formed of 70 amino acids, and un-
like other peptides, 99% of IGF-1 is protein bound. Since
the biochemical structure of IGF-1 is similar to that of
the insulin receptor, the free IGF-1 possesses a high af-
finity to bind with IGF-1 receptor compared to that of
insulin receptor, inducing cell proliferation and inhibit-
ing apoptosis (Abdel-Wahab et al., 2015).

Approximately 75% of circulating IGF-1 synthesized
by the liver is believed to perform an endocrine function
as it is typically acting remotely (Ohlsson et al., 2009).
Chronic liver disease is associated with growth hormone
resistance, which is characterized by high circulating
growth hormone and low IGF-1 concentrations. Stand-
ard growth hormone replacement has no effect on
serum IGF-1 in pediatric liver disease (Holt et al., 1999).

Zinc deficiency decreases circulating insulin-like
growth factor 1 concentration apart of total energy
intake (Prasad, 2013). A low serum IGF-1 level leads to
several metabolic changes caused by reduced peripheral
glucose and lipid uptake, increased hepatic glucose pro-
duction, elevated stored triglyceride hydrolysis, and sub-
sequently increased circulating glucose and free fatty
acid levels (Bonefeld & Magller, 2011). The role of zinc in
the development and growth of children suffering chronic
liver disease is poorly defined (Lindenmayer et al., 2013).
Well-controlled trials of zinc supplementation have not
been conducted in either adults or children, but the po-
tential benefit of further studies appears indicated
(Mohammad et al,, 2012).

Thus, we aimed to study the effect of zinc supplemen-
tation on the growth of children suffering from chole-
static liver diseases and to examine the interactions
between zinc and insulin growth factor 1.

Patients and methods

Study design

The present study is a cohort study, which was car-
ried out at the Pediatric Hepatology Department,
New Children Hospital, Cairo University, Egypt,
from the beginning of June 2016 to the end of June
2017. All patients were enrolled in the study after an
informed consent obtained from parent/guardian.
The Research Ethics Committee of the Pediatric
Department, Faculty of Medicine, Cairo University,
and National Research Center, Egypt (Registration
number 15152), approved the study. The research
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was carried out in accordance with the Declaration
of Helsinki.

The study enrolled 55 infant and children (0.5-10
years) of both sex, with chronic cholestatic liver disease.
Full demographic and clinical characteristics were re-
ported. Anthropometric measurements included weight
in kilograms, weight percentile, weight Z-score, height
(length) in centimeters, height (length) percentile, height
(length) Z-score, tricuspid skin fold thickness (TSF) in
millimeters, TSF percentile, TSF Z-score, mid upper arm
circumference (MUAC) in centimeter, MUAC percentile,
and MUAC Z-score. Weight was measured on a digital
infant balance scale with a 10-g precision and length
with a 1-mm precision with the use of a rigid length
board with an adjustable foot piece for children less than
3years, and body height was measured without shoes
using Holtain stadiometer for children more than 3 years
and approximated to the nearest 0.1 cm. They were plot-
ted on the Egyptian growth curves (Ghali et al.,, 2008).
The skin fold thickness measurements were taken at
three sites, namely triceps, subscapular, and supra iliac,
using Slim Guide Plastic skin fold caliper. They were
recorded as the mean of three accepted consecutive
readings (Paul et al., 1998). Assessment of skin manifes-
tations of zinc deficiency and complications such as
presence of recurrent infections was recorded.

Patients were subjected to the following laboratory in-
vestigations: complete blood count (CBC), liver function
tests, total and direct bilirubin, aminotransferases, alka-
line phosphatase (ALK), glutamyltranspeptidase (GGT),
albumin, and prothrombin time (PT).

Serum zinc level was measured by atomic absorption
spectrometry.

Detection and quantitation of IGF-1 were performed
using the human insulin-like growth factor 1 (IGF-1)
ELISA kit (INNOVA Biotech Co. Ltd., China) according
to the protocol included with the kit.

Thirty infants and children apparently healthy with
matched age and sex were selected from outpatient
clinic (Centre of Scientific Excellence, NRC) as control
group and were tested for serum zinc level and insulin-
like growth factor 1.

Zinc sulfate supplement (1 mg/kg) was given to all
patients and included those reported to have low serum
zinc level. They were followed up by re-evaluation clinic-
ally (anthropometric measurements) and laboratory by
serum zinc level and IGF-1 status at the end of 4
months.

Statistical methods

Data were statistically described in terms of mean *
standard deviation (+ SD), median, range, and IQ range
or frequencies (number of cases) and percentages when
appropriate. Comparison of numerical variables between
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the study groups was done using Student’s ¢ test for in-
dependent samples in comparing normally distributed
data and the Mann Whitney U test for independent
samples for comparing not-normal data. For comparing
categorical data, chi-square (y°) test was performed. P
values less than 0.05 was considered statistically signifi-
cant. Statistical analyses were performed using SPSS
software (SPSS, version 23.0; SPSS, Chicago, IL, USA).

Results

The study enrolled 55 infants and children with
chronic cholestatic liver disease; demographic char-
acteristics and laboratory data are shown in Table 1.
The main underlying etiology of cholestasis in the
studied group was post-Kasai in 49%, Alagille syn-
drome in 12.7%, progressive familial intrahepatic
cholestasis type I and type II in 25.3%, and cholesta-
sis with high GGT in 13%.

Skin manifestations of zinc deficiency were reported in
30% cases (brittle hair in 6 (10.9%), dermatitis in 1
(1.8%), and dry skin in 10 (18 %)), while other general
examinations showed rickets in 6 (10.9%), dental caries
in 7 (12.7 %), and clubbing in 3 (5.4%). History of recur-
rent infections was recorded in 10 patients (18%) and
hypogeusia in 2 (3.6%).

The mean serum zinc level of the entire cholestatic
group was lower 1252 pg/l (£ SD = 5580.47) than the

Table 1 Demographic and laboratory data of the cholestatic
patients

Variables

32/23
22 (2.7),[0.5:10]

Sex (male/female)

Age (years) (median (IQR), [range])

Diagnosis
Post-Kasai 27 (49%)
Other cholestatic diseases 28 (51%)
Total serum bilirubin (mg/dl) 1.8 (11), [0.2:31]

(median (IQR), [rangel)

Direct serum bilirubin (mg/dl)
(median (IQR), [rangel)

ALT (u/l) (median (IQR), [rangel)
AST (u/l) (median (IQR), [rangel)
ALK (u/l) (median (IQR), [range])
GGT (u/1) (median (IQR), [range])

14 (84), [0.00:21]

69 (77), [13:502]

100 (174), [37:493]
487 (446), [104:1718]
112 (321), [5:775]

Serum albumin (g/dl) (mean + SD) 34+09
INR (mean + SD) 13+07
Hb (g/dl) (mean + SD) 108+ 16

TLC (median (IQR), [rangel) 74 (4.), [1.9:70]

199 (212), [42:577]

IQR interquartile range, SD standard deviation, Hb hemoglobin, TLC total
leucocytic count, ALT alanine transaminase, AST aspartate transaminase, ALK
alkaline phosphatase, GGT gamma-glutamyl transferase, INR international
normalized ratio

Platelet median (IQR), [rangel)
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control group 1461 ug/l (£ SD = 506) but not statistically
significant (P > 0.05).

There was no significant correlation between serum
zinc before supplementation and serum alkaline phos-
phatase as well as hemoglobin. In addition, no signifi-
cant correlation was found between serum zinc level
before supplementation and all anthropometric mea-
surements (MUAC Z-score, TSF Z-score, weight Z-
score, height Z-score). Meanwhile, significant difference
in serum IGF-1 was observed between patients and con-
trol groups (Table 2). However, post kasai patients
showed no significant difference when compaired to
other cholestatic patients (Table 3).

After zinc supplementation

Following the intake of zinc sulfate (1 mg/kg daily) for 4
months, a significant improvement and almost doubling
of mean serum Zn (mean + SD) (2223 + 1042 pg/l; P =
0.001) as well as significant increase in serum IGF-1
(median (IQR); range) (346 (370); 50:825) (P = 0.001)
were observed. Furthermore, among various anthropo-
metric measurements, the height (length) Z-score and
percentile showed statistically significant improvement
as shown in Table 4.

Discussion
Although failure to thrive (FTT) is associated with dif-
ferent chronic diseases, nutritional supply and absorp-
tion were prominent factors associated with FTT.
Therefore, intensive nutrition therapy may help with
catch-up growth. Zinc after absorption by the small in-
testine is carried to the liver by portal circulation. Zinc
absorption is regulated by matallotheionin that binds
both Cu and Zn and helps as a Zn storage protein in the
liver (Sandstrom, 1997). Recently, zinc and the proteins
that transfer zinc ion have been implicated in the endo-
plasmic reticulum stress response. Specifically, the endo-
plasmic reticulum-specific zinc transporter ZIP7, named
the gatekeeper of zinc release from the endoplasmic
reticulum into the cytosol, was found to be essential for
maintaining endoplasmic reticulum homeostasis in in-
testinal epithelium cells (Adulcikas et al., 2019).

Zinc deficiency in infants and children has been
known to cause malabsorption and loss of appetite
(Monge et al., 2019). In addition, it leads to dry skin,

Table 2 Comparison between serum Zn and IGF-1 before
treatment in the cholestatic patients and control

Variables Patients Controls P

value
Serum Zn (mean + SD) pg/I 1252 + 557 1461 + 506 >0.05
IGF-1 (median (IQR), [rangel) 54 (118), [10: 250 (387, [55: 0.001*
ng/ml 780] 635])

*P < 0.05 is significant
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Table 3 Comparison between post-Kasai patients and other cholestatic patients before intervention

Variables Cholestasis (n = 28) Post-Kasai (n = 27) P value
MUAC Z-score (median (IQR), [range]) —-15(2.2), [-58:0.83] —-12(1.7), [-59:092] >0.05
MUAC percentile (median (IQR), [range]) 6.5 (44), [0.00:80] 12 (38), [0.00:82] >0.05
TSF Z-score (median (IQR), [rangel) —-28(1.2), [-7.73—0.07] —-2222),[-7602] >0.05
TSF percentile (median (IQR), [rangel) 0.00 (1), [0.00:47] 1 (10), [0.00:58] >0.05
Weight Z-score (median (IQR), [range]) -15(1.8), [-396.3] —-06(1.8), [-55:09] >0.05
Weight percentile (median (IQR), [range]) 4 (21), [0.00:97] 225 (41.7), [-2.7:81] >0.05
Height (length) Z-score (median (IQR), [range]) —-18(1.7), [-48:24] —09 (28), [- 3.641] >0.05
Height (length) percentile (median (IQR), [range]) 3(11), [0.00:99] 14.5 (44.5), [- 0.2:92] >0.05
Serum Zn (mean + SD) pg/I 1222 + 512 1282 + 610 >0.05
IGF-1 (median (IQR), [rangel) ng/ml 46 (81), [10:550] 57 (369), [18:780] >0.05

*P < 0.05 is significant

delayed healing of wounds, immune dysfunctions,
and abnormal neurosensory changes (World Health
Organization, 2004). It is important to maintain a
consistent supply because zinc is not stored in the
body (Sultan et al., 2015). The normal range of serum
zinc levels is 700—1200 pg/I (Soldin et al., 1999).

Our study shows lower level of serum Zn in children
with chronic compensated cholestasis than healthy con-
trol group. However, it was not statistically significant (P
> 0.05). Umusig-Quitain and Gregorio (2010) found that
children with chronic liver disease, whether in a com-
pensated or decompensated state, had lower Zn level
compared to healthy controls. This finding might be the
result of decreased liver albumin, poor food intake or
protein restriction, and increased clearance of zinc
(Umusig-Quitain & Gregorio, 2010; Soldin et al., 1999).

Zinc supplementation at doses no higher than 10 mg/day
increased the serum zinc concentrations of children and
reduced the risk of suffering from zinc deficiency, whereas
the effect of zinc administered in fortification trials,
although in comparable concentrations as supplemental

zinc, had no significant effect on serum zinc levels (Lin &
Huang, 2006). In addition, studies in children with short
stature found that 10 mg/day of elemental zinc supplemen-
tation improved growth (Petry et al., 2016), mid upper arm
circumference (Ninh et al., 1996), and biochemical markers
of bone metabolism (Imamo_glu et al., 2005).

In the present study, serum IGF-1 is significantly lower
than healthy control group. Notably, liver cirrhosis, in
which the hepatic tissue is irreversibly replaced by fibro-
sis, necrosis, and regenerating nodules, leads to the
deterioration of normal liver function. Systematically,
cirrhosis patients experience several clinical manifesta-
tions of their decreased metabolic liver function and
subsequent IGF-I deficiency and growth hormone eleva-
tion (Abdel-Wahab et al., 2015).

We investigated the effects of zinc supplementation
for 4 months on catch-up growth in infant and children
with chronic cholestatic liver diseases. There was signifi-
cant increase in serum zinc level and IGF-1. It has been
associated with significant improvement in the height
(length) Z-score and percentile. It was reported that

Table 4 Anthropometric measurements, serum zinc, and IGF 1 of the cholestatic patients before and after zinc supplementation

Variables Initial After 4 months P value
MUAC Z-score (median (IQR), [rangel) -15(2), [-5909] 1.5 (1.3), [-3.7:0.6] >0.05
MUAC percentile (median (IQR), [range]) 7 (41), [0.00:82] 6 (23), [0.00:71] >0.05
TSF Z-score (median (IQR), [range]) —245(1.8),[-7.7:02] —2(26), [-5.09:0.1] >0.05
TSF percentile (median (IQR), [range]) 1 (3), [0.00:58] 2.5 (21), [0.00:55] >0.05
Weight Z-score (median (IQR), [range]) -12(19), [-5563] -0.7 (1.9), [-2.7:94] >0.05
Weight percentile (median (IQR), [range]) 11.5 (37), [ 2.7:97] 22 (53), [0.00:88] >0.05
Height (length) Z-score (median (IQR), [rangel) - 16 (26), [-4.841] —05 (26), [ 2.5:16] 0.01*
Height (length) percentile (median (IQR), [range]) 4 (31), [-0.23:99] 21 (58), [-0.9:100] 0.01*
Serum Zn (mean + SD) ug/I 1252 + 557 2223 + 1042 0.001*
IGF-1 (median (IQR), [rangel) ng/ml 54 (118), [10:780] 346 (370), [50:825] 0.001*

TSF tricuspid skin fold thickness, mm millimeters, MUAC mid upper arm circumference, cm centimeter, Zn zinc, IGF-1 insulin-like growth factor 1

*P < 0.05 is significant
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undernourished children with serum zinc concentrations
of <750 ug/l experienced significant increase in height,
weight, weight-for-age, and BMI-for-age Z-scores after
12- and 24-week zinc supplementation when compared
with the children with a serum zinc concentration of >
750 pg/l (Chao et al., 2018). Zinc supplementation in
infants and early childhood improves specific growth
outcomes, with evidence for a potentially stronger effect
after 2years of age (Liu et al, 2018). Moreover, con-
sumption of zinc (50 mg/day for 2 months) improved
the secretion of growth hormone in children aged 3.7-
16.2 years. It has been postulated that zinc influence on
increased bone formation may be via IGF-1, the growth
factor produced mainly by the liver and, to a lesser ex-
tent, by non-hepatic tissues including bone. Once IGF-1
is secreted by osteoblasts in response to growth hor-
mone and parathyroid hormone (Canalis et al., 1989), it
recruits preosteoblasts to the bone-remodeling surface
and increases the synthesis of bone collagen and matrix
(Hershkovitz et al.,, 1999). Indeed, the relation between
zinc supply and IGF-1 has been observed in children
with short stature (Imamo_glu et al., 2005) and failure to
thrive infants (Hershkovitz et al., 1999). Thus, we can
speculate that the effect of zinc could be mediated by
increasing IGF-1 (Himoto & Masaki, 2018).

Conclusions

In our study, zinc supplements improved growth in
infants and children with chronic cholestatic liver dis-
ease. Zinc supplementation should be part of the micro-
nutrient intake of infants and children with chronic
cholestatic liver disease.
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