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Introduction: Zinc is an essential trace element for human nutrition, and its deficiency is 

associated with anorexia, poor food efficiency, growth retardation, and impaired neurological 

and immune systems. The zinc-deficiency rate is particularly high in many disease states, such 

as with end-stage renal disease patients undertaking hemodialysis. The aim of this study was 

to determine the effect of zinc supplementation on body mass index (BMI) and serum levels of 

zinc and leptin in pediatric hemodialysis patients.

Patients and methods: This was a prospective clinical trial study in which 60 hemodialysis 

patients were randomly divided into two groups: group I received 50–100 mg zinc sulfate 

(equivalent to 11–22 mg elemental zinc) according to age, sex, and nutritional status of the 

child; and group II received placebo (cornstarch) twice daily for 90 days. Anthropometric mea-

surements were taken, and serum zinc and leptin levels were determined by colorimetric test 

with 5-Br-3′-phosphoadenosine-5′-phosphosulfate and enzyme-linked immunosorbent assay, 

respectively, at days 0 and 90 of the study.

Results: Zinc supplementation resulted in a significant increase in mean serum zinc level and 

BMI. Serum leptin decreased significantly after supplementation in children under hemodialysis. 

A significant negative correlation was observed between serum zinc and leptin levels as a result 

of zinc supplementation.

Conclusion: There was an increase in serum zinc level and BMI and decreased serum leptin 

after zinc supplementation in children under hemodialysis.
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Introduction
Zinc is an essential trace metal for human nutrition; it is vital for several body func-

tions, such as cell reproduction, growth, immunity, vision, and cognition. It plays an 

important role in metabolism, particularly as a cofactor of many enzymes, required 

for natural metabolic processes.1

There is an association between zinc deficiency and growth retardation, immune 

system disturbances, poor nutritional status, and high rates of infections.2 Research 

has shown decreased zinc plasma levels in patients with chronic kidney insufficiency 

conservatively treated or on hemodialysis (HD).3 Serum zinc deficiency has been 

reported in chronic kidney disease (CKD) patients due to hypoproteinemia, tubular 

reabsorption impairment, proteinuria, and calcitriol deficiency, which has a role in 

zinc absorption from the intestine.4

Leptin is an adipocytokine that limits food intake and increases energy expen-

diture by acting on the hypothalamus,5 and it may offer a tool for making clear the 
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physiology of zinc deficiency-induced anorexia according 

to the relationship between zinc and leptin levels.6 Patients 

with chronic renal failure have a high level of serum leptin 

due to decreased renal clearance;7 also, leptin is thought to 

be related to malnutrition, changes in body composition, and 

chronic inflammation in HD patients.8

The relationship between zinc and leptin has been previ-

ously investigated in HD patients,6 but there have been no 

studies investigating the effect of zinc supplementation in 

children under HD. Therefore, the aim of this work was to 

determine the effect of zinc supplementation on serum zinc 

and leptin levels and body mass index (BMI) in pediatric 

HD patients.

Patients and methods
This was a prospective clinical trial conducted on 60 children 

between 5 and 18 years old on regular HD at the pediatric 

dialysis units, Benha University and Menoufia University 

hospitals. This study was approved by the ethics committee 

of Benha University of Medicine.

The selected patients were on regular HD three times 

weekly for a minimum of 6 months. Patients with diabetes, 

malignancy, or gastrointestinal disorders were excluded. 

Patients were randomly divided into two groups: group I 

(supplemented group, n=40) received zinc sulfate supple-

mentation, and group II (control, n=20) received placebo 

(cornstarch capsules) twice daily for 90 days.

The mean age of group I (21 females and 19 males) 

was 13.8±3.1 years, and the mean age of the control group 

(ten males and ten females) was 12.5±3.1 years. Writ-

ten informed consent was obtained from all patients or 

guardians after explaining the purpose of the study and the 

importance of zinc supplementation and complications with 

its deficiency.

Patients (supplemented group) were on a daily supple-

mentation of zinc sulfate (50–100 mg zinc sulfate [equivalent 

to 11–22 mg elemental zinc]), according to age, sex, and 

nutritional status of each child, to be taken during or after 

food without other medication for 90 days, with strict regular 

follow-up of zinc intake.

A full medical history was taken, focusing on nutritional 

history (regarding quality and quantity of food rich in zinc), 

etiology and duration of the original renal disease, and his-

tory of medication and supplementation. Anthropometric 

measures were body weight (kg) of the patients, which was 

measured with little clothing, height (cm), which was mea-

sured with bar foot, and BMI (kg/m2), which was calculated 

as weight divided by height squared.

Predialysis, 4 cm of venous blood samples were collected 

into metal free tubes and centrifuged after fasting all night. 

Serum samples were stored at −20°C until analysis (divided 

into two samples: one for leptin, and the other for zinc) before 

zinc supplementation. A second similar sample was taken 

after zinc supplementation.

Zinc determination
Determination of zinc levels was done using Greiner kits. 

This zinc-assay kit it is a direct colorimetric assay based 

on the 5-Br-3′-phosphoadenosine-5′-phosphosulfate 

(5-Br-PAPS) method without deproteinization of the sample. 

The zinc determination is based on the reaction of zinc with 

5-Br-PAPS at alkaline pH in a buffered media, which forms 

a stable colored complex. The color intensity is proportional 

to the zinc concentration in the sample. Absorbance of the 

Zn2+ complex is measured at 560 nm.9

Leptin determination
This was done using a DRG leptin enzyme-linked immu-

nosorbent assay (ELISA) kit. The leptin kit is a solid-phase 

sandwich. A monoclonal antibody specific for human lep-

tin has been coated onto the wells of the microtiter strips 

provided. Standards, control specimens, and unknowns are 

pipetted into these wells, followed by the addition of a sec-

ondary biotinylated monoclonal antibody.

During the first incubation, the leptin antigen binds to 

the immobilized (capture) antibody on one site and to the 

solution-phase biotinylated antibody on a second site. After 

removal of excess second antibody, streptavidin–peroxidase 

(enzyme) is added. This binds to the biotinylated antibody 

to complete the four-member sandwich. After a second 

incubation and washing to remove all the unbound enzyme, 

a substrate solution is added, which is acted upon by the 

bound enzyme to produce color. The intensity of this colored 

product is directly proportional to the concentration of leptin 

present in the original specimen.10

Statistical analysis
The collected data were tabulated and analyzed using 

SPSS version 16 software (SPSS Inc., Chicago, IL, USA). 

Categorical data are presented as number and percentages, 

while quantitative data are expressed as means and standard 

deviation, or median and range. Student’s t-test, paired t-test, 

Spearman’s correlation coefficient (ρ), Mann–Whitney 

U test, Wilcoxon test, and Kruskal–Wallis test were used 

as tests of significance. Stepwise multiple linear regression 

analysis was used to detect the significant predictors of zinc 
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level. The accepted level of significance in this work was 

set at 0.05 (P,0.05).11

Results
The most common causes of renal failure in our patients were 

congenital anomaly (22.5%), chronic glomerulonephritis 

(17.5%), and chronic obstructive uropathy (17.5%), while 

the least common causes were systemic lupus erythematosus 

(5%) followed by Alport syndrome (3%).

No significant difference between two groups (supple-

mented and control) at the beginning of the study was 

observed (Table 1). Serum zinc mean levels were 53.2±8.15 

in group I and 55.45±9.1 µg/dL in group II, which were in the 

lower-than-normal range of serum zinc in normal children of 

the same age and sex (63.8–110 µg/dL).9 After 90 days of study, 

the mean serum zinc level had highly significantly increased 

from 53.2±8.15 µg/dL to 90.75±12.2 µg/dL (P,0.001) while 

it remained unchanged in the control group (Figure 1).

The mean serum leptin was 8.03±4.6 ng/dL in group I 

and 8.9±6 ng/mL in group II before supplementation, but 

after 90 days of study, the mean serum leptin level had sig-

nificantly decreased (P,0.04) in group I, while it remained 

unchanged in group II. Also it was observed that body weight 

and BMI were highly significant increased (P,0.001) after 

a period of supplementation in group I, while there was no 

change in group II.

There was a statistically significant negative correlation 

(P,0.05) between both serum zinc and serum leptin levels 

and duration of dialysis. However, there was a statistically 

significant positive correlation of serum zinc with both body 

weight and BMI, but no statistically significant correlation of 

serum zinc with age or height among the study group after 

zinc supplementation (Table 2).

In this study, mean serum leptin was higher in females 

than males, while mean serum zinc and BMI were higher in 

males than females, but there was no statistical significance 

according to sex (Table 3). Factors found to be significantly 

correlated with zinc level (weight, BMI, leptin, and duration 

of dialysis) were entered into the stepwise multiple linear 

regression model. It was found that only leptin level and BMI 

were significant predictors of Zinc level (Table 4).

Discussion
Zinc is a trace element that is proving vital for a number of 

human biological processes. Almost all cells have a requirement 

for zinc at some level.12 During dialysis, some trace element 

may enter the dialysate from blood, while others can accumulate 

in the body, leading to trace-element disturbance.13

Table 1 Mean ± SD of serum zinc, serum leptin, body weight, and BMI in both the studied groups

Group I Group II

Supplemented group (n=40) Control group (n=20)

Before After P-value Before After P-value

Zn (μg/dL) 53.2±8.15 90.75±12.2 ,0.001 55.45±9.1 55.35±9.15 0.17
Leptin (ng/mL) 8.03±4.6 6.34±4.3 0.041 8.9±6 8.6±6 0.51
Body weight (kg) 34.0±16.07 35.1±16.6 ,0.001 38±19.52 37.97±19.52 0.65
BMI (kg/m2) 18.7±5.8 19.02±6.0 ,0.001 19.91±6.08 19.95±6.13 0.96

Abbreviations: SD, standard deviation; BMI, body mass index.
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Figure 1 Box plot comparing serum zinc levels before and after zinc supplementation 
in the supplemented group.

Table 2 Correlation between serum zinc level and the studied 
variables after intervention in the study group

Variable Serum zinc (μg/dL)

ρ P

Age (years) -0.225 0.16
Height (cm) 0.156 0.34
Weight (kg) 0.511 0.011*
BMI (kg/m2) 0.490 0.021*
Serum leptin (ng/mL) -0.454 0.03*
Duration of dialysis -0.450 0.04*

Note: *P,0.05.
Abbreviation: BMI, body mass index.
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In this study, the most common causes of renal failure in 

our patients were congenital anomalies, followed by chronic 

obstructive uropathy and chronic glomerulonephritis. This is 

consistent with Harambat et al, who showed that congenital 

anomalies of the kidney and urinary tract are the most com-

mon cause of renal failure (48%), followed by glomerulone-

phritis (14%) and hereditary nephropathies (10%).14

In this study, before zinc supplementation, mean serum 

zinc level in patients was 54±8.1 µg/dL, which is less than the 

lower limit of normal range for children (63.8–110 µg/dL). 

A study has reported that a lot of CKD patients (either under 

conservative treatment or dialysis) have zinc deficiency.15 

Anees et  al clarified different causes of decreased serum 

zinc level in HD patients as decreased zinc intake and 

dietary restriction.16 Also, the etiologies of zinc deficiency 

reported by Dashti-Khavidaki et al were tubular reabsorp-

tion impairment, losses by dialysate, proteinuria, and 

hypoproteinemia.4

The results of the present study showed that serum zinc 

concentrations after zinc supplementation increased from 

53.2±8.15 to 90.75±12.2 µg/dL (within normal ranges). This 

is consistent with previous findings that showed improvement 

of serum zinc concentrations in the HD population after zinc 

supplementation.3,17

In this study, before zinc supplementation, serum leptin 

level in patients was 8.03±4.6 ng/mL, which was higher in 

females compared to males. This higher concentration of lep-

tin in females agrees with previous research,18 and similar to 

Aranha et al, who observed that low plasma zinc levels were 

negatively associated with high leptin levels in HD patients.6 

Impairment of glomerular filtration in patients with renal 

insufficiency may lead to leptin-level elevation, which may 

cause loss of appetite and protein-energy malnutrition in 

patients with renal insufficiency.7

Although not all patients with CKD have elevated serum 

leptin levels as reported in some studies, a significant eleva-

tion is noted when such levels are adequately corrected for 

age and body-fat mass.19,20 Investigators have hypothesized 

that lung, liver, or muscle tissues could play a role in leptin 

metabolism, as these tissues also express leptin-receptor 

messenger RNA. However, in the presence of normal renal 

function, no plasma removal of leptin via lung, liver, or 

muscle tissue has been observed.21

The result of our study showed that the mean serum leptin 

level in patients was 6.34±4.3 ng/mL after zinc supplemen-

tation, with significant negative correlation between serum 

zinc and leptin. Argani et al showed that mean serum leptin 

decreased significantly after zinc supplementation in adults, 

but the mechanisms by which serum leptin level is affected 

as a result of zinc supplementation in HD patients needed 

to be clarified.13

Sánchez et  al reported that glomerular filtration and 

consequently serum leptin level were affected positively 

after zinc supplementation.22 Another hypothesis put forward 

by Mariani et al reported that IL-6 and subsequently serum 

leptin levels may be decreased after zinc supplementation.23 

As Trujillo et  al demonstrated, IL-6 has multiple effects 

in human adipose tissue and most importantly, IL-6 could 

increase leptin production.24

In our study, there was a statistically significant increase 

in both weight and BMI after zinc supplementation. 

These results agree with previous findings that oral zinc 

supplementation improved appetite and stimulated food 

intake.25,26 Also, the results of our study showed that there 

was a significant negative correlation between serum zinc 

and duration of dialysis, which agrees with the results of 

Anees et al and Esfahani et al, which showed that dura-

tion of dialysis had a negative correlation with serum zinc 

level.16,27

Conclusion
Serum zinc level and BMI significantly improved after 

zinc supplementation, while serum leptin level decreased 

in children under HD, so we recommend zinc supplemen-

tation to all children under HD to improve their appetite 

and build.

Table 3 Mean ± SD of serum zinc, serum leptin, and body mass 
index in males and females in group I (supplemented group)

Male (n=19) Female (n=21)

Before After Before After

Zn (μg/dL) 54±8.25 92.9±10.5 53.98±8.26 88.76±13.54
Leptin (ng/mL) 7.04±4.6 5.86±4.3 8.92±6.9 6.78±6
BMI (kg/m2) 20.29±7.04 21.52±7.29 17.32±4.08 17.67±4.19

Abbreviations: SD, standard deviation; BMI, body mass index.

Table 4 Stepwise multiple linear regression analysis for factors 
affecting zinc level

Variables R2 (adjusted R2) 0.376 (0.342)

F2,37 and Pmodel 11.1 and ,0.001
b0 65.07
β P 95% CI of β

Leptin level -0.261 ,0.001 -0.399 to –0.123
0.498

BMI -0.469 0.014 -0.840 to –0.099
-0.334

Notes: Y = b0+ b1X1 + b2X2; zinc level =65.07 – (0.261× leptin level) – (0.469× BMI).
Abbreviations: CI, confidence interval; BMI, body mass index.
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