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ABSTRACT 
Background: Trace elements had a vital role in metabolism and usually found in blood attached to 
proteins. The aim was to detect the status of selenium (Se), zinc (Zn), and copper (Cu) in children 
with idiopathic nephrotic syndrome (NS) and to correlate them with vitamin D (Vit. D), parathyroid 
hormone (PTH) and intact PTH (iPTH) in this patients group. Method: 30 NS patients and 24 age-
matched healthy controls were included in the study. The Se, Zn and Cu level in serum were 
measured by the inductively coupled plasma atomic emission spectroscopy (ICP-OES), while, Vit D, 
PTH and iPTH were measured by ELIZA. Results: The serum levels of Zn, Se, Cu, Vit .D and PTH 
and iPTH were significantly lower in patients (for all p < 0.005) than in healthy controls. A significant 
negative correlation was found between serum levels of PTH and Zn levels. Serum Zn and Cu were 
positively correlated with urinary albumin/creatinine ratio Conclusion: PTH may have a role in the 
pathogenesis of Zn deficiency. Serum Zn and Cu levels were favorably associated with proteinuria in 
NS patients. Supplementation with Zn, Se and Cu may be of benefit in children with idiopathic NS. 
 
Keywords: Nephrotic syndrome, Zinc, Copper, Selenium, Vitamin D, Parathyroid hormone, Intact 
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Introduction 

Nephrotic syndrome (NS) is a common pediatric kidney disease; it is characterized by heavy 
proteinuria (Bakkaloglu and Schaefer, 2011), hypoalbuminemia, edema, and hypercholesterolemia 
(Hossain et al., 2016; El-Saeed et al., 2018). Disturbances of mineral metabolism, such as deficiency 
of Zinc (Zn) (Tulpar et al., 2014; Haque et al., 2017 and Manser, 1989), copper (Cu), (Tulpar et al., 
2014; Haque et al., 2017), Selenium (Se) (Tulpar et al., 2014), parathyroid hormone (PTH) 
(Souberbielle et al., 2006) and vitamin D (Vit D) (Joyce et al., 2020) is a common finding in children 
with NS. These are mainly caused by the loss of a variety of plasma proteins and minerals in the urine 
in addition to steroid therapy. Early recognition and treatment of these problems, could prevent 
growth retardation and renal osteodystrophy that affects children with NS (Joyce et al., 2020). 

Trace elements play a vital role in several metabolic processes. Their deficiency can cause 
many problems especially during growth and development periods. Zn is an important element which 
is included in the structure of nearly 120 enzymes (Tulpar et al., 2014), it is present in nearly all body 
tissues. It is a highly protein bound mineral, 50% of plasma Zn is bound to albumin and the rest is 
bound to other plasma proteins  (Haque et al., 2017). Childhood growth retardation, impaired immune 
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function, increased rate of infections, possibly increased rates of mortality as a result of infections and 
abnormal neurobehavioral development are from the functional consequences of Zn deficiency 
(Haque et al., 2017).  

Selenium (Se) is also an important element which has a vital function in gene transcription, 
antioxidant system, thyroid hormone function, cardiomyopathy and immune system (Tulpar et al., 
2014). Copper (CU) deficiency has been associated with some forms of anemia (Manser, 1989). 

The most commonly used assay for measuring PTH levels now in clinical practice is the intact 
PTH assay. Although there is a good correlation between the intact and bioactive PTH assays in 
patients with chronic kidney disease (CKD), mean intact PTH assay are 30–50% higher than PTH 
levels ( Souberbielle et al., 2006). Accumulation of non-(1-84) PTH fragments found seldomely by 
the intact PTH assay may be the cause. Vit D is a fat-soluble vitamin that has a great role in regulation 
of hormones like insulin, renin and PTH production and elevated levels of iPTH (Joyce et al., 2020).  
A small number of researches investigated the status of trace elements in NS in children and there are 
great differences in their results (Tulpar et al., 2014; Hamik et al., 2019; Kumar et al., 2017). 

The aim of the study was to investigate the status of the essential elements Zn, Se and Cu in 
children with NS and to correlate with Vit. D, PTH and iPTH levels in this patient group. 
 
Methods 
 
Patients 

This study included 30 children with NS recruited from Pediatric Nephrology Clinic, Children`s 
Hospital, Cairo university and 24 healthy children as control subjects with no history of renal diseases 
were recruited from the pediatric clinic of Centre of Excellence, National Research Centre, Cairo, 
Egypt. They were age and sex, matched. Inclusion criteria of NS children were the presence of 
nephrotic-range proteinuria (protein excretion of more than 40 mg/m2/h), edema, hypoalbuminemia 
(serum albumin <3 gm/dl), and hypercholesterolemia (serum cholesterol >200 mg/dl) at assessment. 
Each NS patient was subjected to full medical history taking focusing on frequency of relapses, 
response to steroid therapy, and need of other immunosuppressive or cytotoxic drugs. Physical 
examination of all included cases and control children focusing on body mass index (BMI) calculated 
by the formula [BMI= weight (kg) / height (m2)], and blood pressure measurement. Nephrotic 
syndrome cases with impaired kidney function and those with ESRD on dialysis were excluded from 
the current study. Ethical considerations: Informed consent was obtained from included children`s 
guardians. The study had been approved by the Ethical committee of National Research Centre 
(NRC), Egypt.  

 
Collection and processing of samples  

Approximately 5 ml of blood was collected from all the study subjects in appropriate tubes for 
subsequent laboratory analyses. Serum was isolated by centrifugation and was used for the 
biochemical analyses.  

Laboratory investigation were done for all cases and controls including complete blood picture 
using Coulter Counter T890 (Coulter Counter, Harpenden, UK) and serum levels of albumin, 
creatinine and cholesterol, using the automated clinical chemistry analyzer (Olympus AU 400 
analyzer). 
 
Assay of PTH, iPTH and 25-hydroxyvitamin D in serum  

Enzyme linked immunosorbent assay (ELISA) was used to measure the concentration of serum 
PTH and iPTH (DRG International, Inc., (USA). (EIA-3645); and 25(OH) D3 (total), (DRG 
Diagnostics GmbH, (Germany, (EIA-5396)). 

 
Assay of serum Zn, Cu and Se levels 

Determination of Se ,Cu and Zn ions using the Agilent 5100 Synchronous Vertical Dual View 
(SVDV) by the inductively coupled plasma atomic emission spectroscopy (ICP-OES), with Agilent 
Vapor Generation Accessory VGA77. All samples were digested to have acceptable matrix for 
measuring of Se, Zn, and Cu ions and to provide acceptable and consistent recovery compatible with 
the analytical method of Kumar et al. (2017) for each series of measurements intensity calibration 
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curve was constructed composed of a blank and three or more standards from Merck Company 
(Germany).Accuracy and precision of the Se, Zn and Cu ions measurements were confirmed using 
external reference standards from Merck, and standard reference material and quality control sample 
from National Institute of Standards and Technology (NIST),were used to confirm the instrument 
reading. 

 
Statistical analysis 

Data were coded and entered using the Statistical package for social science (SPSS) program 
version 16. It was used for analysis of data which was represented as mean ±SD. Student’s t-test for 
quantitative independent variables was used for analysis of difference between two groups. 
Correlation between quantitative variables was done using Pearson’s bivariate test. In all tests P<0.05 
was considered statistically significant. 
 
Results 

Patients were 16 males and 14 females, their age ranges between 4 and 15 years. All NS 
children were on steroids. Steroid resistant NS (failed of response after 4 weeks of daily oral steroid 
therapy of 60 mg/ m2 /day followed by three pulses of methylprednisolone) were in 46% of cases. 
Half of the cases were on cytotoxic drugs in addition to steroid therapy (No: 15). Frequent relapsing 
NS (had two consecutive relapses or two or more relapses in any 6month period) was in 9 patients. 
Calcium channel blocker was taken by 27 patients.  

Clinical characteristics and biochemical indicators of the NS patients and healthy controls were 
shown in table 1. Serum vitamin D and PTH (11. .48±5.407ng/ml vs 27. 81±5.65 ng/ml, p=0.000), 25. 
18±1.07 pg/ml vs. 49.67±2.93pg/ml, p=0.003, respectively) levels were significantly lower in NS 
children than in controls. Serum iPTH, levels was significantly lower in NS children (21.77±8.50 
pg/ml vs 88.69±39.03 pg/ml, p=0.000) than in controls. 
 
Table 1: General characteristics and biochemical parameters of the studied groups.  
Parameter Controls (N=24) NS (N=30) P-Value 
Age (years) 8 ±4.51 8.17±3.41 0.12 
Gender: M/F 12/12(50%/50%) 16/14(53.33%/46.67%) 0.22 
BMI(kg/m2)  20.60±1.44 17.1 ±4.8 0.006** 
SBP(mmHg) 95.54±9.70 98.66±6.66 0.022* 
DBP(mmHg) 61.55±10.10 64.66±6.67 0.032* 
Hemoglobin (g/dL) 14.07±0.65 12.14±1.30 0.001** 
Albumin(g/dl) 4.81±0.31 2.94±1.02 0.000** 
Cholesterol (mg/dL) 173.29±14.20 372.14±73.15 0.001** 
Urinary ACR 1.90±0.2 3.97±1.5 0.000** 
PTH (pg/mL) 49.67±2.93 25. 18±1.07 0.003** 
iPTH (pg/mL) 88.69±39.03 21.77±8.50 0.000** 
Vit D (ng/mL)   27.81±5.65 11.48±5.40 0.000** 
Se(µg/gm) 635.00±24.63 454.28±41.74 0.0001** 
Cu(µg/gm) 482.86±30.6 426.21±26.07 0.000** 
Zn(µg/gm) 452.36±287.33 346.14±51.95 0.002** 
Zn/ Alb ratio  0.941 1.193 0.0001** 
BMI (body mass index), SBP (systolic blood pressure), DBP (diastolic blood pressure), ACR (Albumin/ creatinine 
ratio). Vit D (Vitamin D), PTH (parathyroid hormone), iPTH (intact parathyroid hormone).All data are represented as 
mean± SD or % as applicable. *P value <0.05 or **P<0.01was considered significant. 

 
Trace elements, Zn, Cu and Se levels were significantly lower in NS children than in controls, 

(346.14±51.95 µg/gm vs.452.36±287.33 µg/gm, p=0.002), (426.21±26.07 µg/gm vs. 482.86±30.6 
µg/gm, p=0.000), (454.28±41.74 µg/gm vs. 635.00±24.63 µg/gm, p=0.0001). Zinc/Albumin ratio 
(Zn/Alb) was significantly higher in NS patients than in healthy controls (1.193 vs. 0.941, p=0.0001). 
Hemoglobin (Hb) levels, (12.14±1.30 gm/dl vs.14.07±0.65gm/dl, p= 0.001), serum cholesterol levels 
(372.14±73.15 mg/dl vs. 173.29mg/dl ±14.20, p=0.001) and urinary albumin/creatinine ratio (ACR) 
(3.97±1.5 vs.1.90±0.2, p< 0.000) showed highly significant difference between NS children group and 
healthy controls.  
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Serum Cu and Zn levels were correlated positively with ACR (r=0.620, p=0.018 & r=0.617, 
p=0.019 respectively). There was a significant negative correlation between serum PTH and Zn levels 
(r= -0.598, p=0.024) (Table 2). A significant positive correlation was detected between serum Vit D 
and cholesterol levels (r= 0.592, p=0.026) in NS. A significant positive correlation was found between 
serum Cu and Zn levels (r=0.931, p=0.00) and a significant negative correlation was found between 
serum iPTH levels and hemoglobin levels (r = -0.559, p=0.038). 
 
Table 2: Pearson’s Correlations between SE, Cu and Zn and other laboratory parameters in children 

with NS 
 Zn 

r 
p-value Cu 

r 
p-value Se 

r 
p-value 

Vit D(ng/ml) -0.148 0. 615 0.109 0.712 0.339 0.236 
PTH(pg/ml) -0.598 0.024* 0.425 0.129 0.186 0.524 
iPTH(pg/ml) -0.074 0.802 -0.043 0.884 0.062 0.833 
Hemoglobin(g/dl -0.154 0.600 -0.114 0.697 0.082 0.780 
Cholesterol(mg/dl) 0.167 0.568 0.412 0.143 0.294 0.307 
Urinary ACR 0.617 0.019** 0.620 0.018** -0.018 0.952 
Vit D (Vitamin D), PTH (parathyroid hormone), iPTH (intact parathyroid hormone), ACR (Albumin/ creatinine 
ratio).  *P value <0.05 or **P<0.01 was considered significant. 

 
Discussion 

In this study, we found that serum Zn, Cu and Se levels were deficient in children with NS than 
in healthy controls. Zn is needed for many aspects of cellular metabolism. Nearly 100 enzymes need 
Zn for their catalytic activity. Cell division, DNA synthesis, Protein formation, wound healing and 
immune function require Zn. It is also needed for optimum growth and development (NIH, 2020). 
increased risk of infections, down regulation of type-1 cytokine and relative type-2 cytokine bias may 
result from low Zn levels (Manser, 1989; Hamik et al., 2019 ; Kumar et al., 2017 and APHA et al., 
2017 ). Zinc supplementation may be considered as preventive strategy from infections and relapses 
in nephrotic syndrome (Sasi et al., 2009). Arun et al. (2009) suggest that either higher dose is required 
or Zinc deficiency may not be contributing factor for infection and relapses in nephrotic children. 
Afroze et al. (2014) postulated that restoration of balance with use of Zn may be the mechanism 
preventing relapses rather than reduction in infections and thereby relapses.  

Cu is very important for the hematological and neurological systems. Its deficiency can lead to 
many serious conditions (Wazir and Ghobrial, 2017). Our findings reveled that children with NS have 
much lower levels of Se, Zn and Cu which can lead to the associated manifestations with those 
elements deficiency Abnormalities of Cu and Zn metabolism are well documented in patients with 
NS. It is postulated that renal scars could be prevented or reduced by administration of different types 
of antioxidants (Tulpar et al., 2014). 

Se is an essential trace element for human health. Selenoproteins, which is formed from Se are 
important for normal health and metabolism. It is important for glutathione peroxidase (GPx), 
Iodothyronine deiodinases, immune system functioning, cognition and behavior (Shreenath and 
Dooley, 2020). Previous Egyptian research revealed behavioral problems in children with nephrotic 
syndrome which can be attributed to mineral and trace element deficiency as Se (Boraey and El-
Sonbaty, 2011). 

A diet, which is deficient in Se resulted in reduction in GPx activity, which in turn reduces 
antioxidant activity in the tissues. Prednisone can affect absorption and metabolism of Se. 
Transcriptional regulation of GPx could be affected by Se. Expression of mRNA for the Se-dependent 
GPx impaired markedly by Se deficiency. During the edematous stage, after prednisone treatment, 
and in remission; Se exhibit reduced GPx activity. Serum Se level increases with enhanced activity of 
GPx. at the end of high-dose prednisone treatment. Reduced dose of alternate day prednisone 
treatment does not affect GPx activity (Fydryk et al., 2003).  

Numerous selenocompounds as selenoproteins are important enzymes for maintaining the 
cellular redox homeostasis. Compromised immune responses resulted from deficiency of Se and 
selenoproteins (Hiller et al., 2015). Higher urinary protein in rats with induced nephrotic syndrome, 
resulted from Se-deficient diet (Kang et al., 2019; Fydryk et al., 2003).  
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The present study revealed lower levels of PTH, iPTH and vitamin D level in NS patients as 
compared to the control group. Lower levels of PTH and iPTH might be due to small sample size of 
the study. NS patients usually suffer from metabolic bone disease which is a side effect of long-term 
steroid treatment, it had a great effect on the overall disease burden of NS including 
immunosuppression, osteoporosis, poor growth and notable changes in skin and fat composition 
(Joyce et al., 2020 and Boraey et al., 2012). Secondary hyperparathyroidism developed in NS patients 
due to glucocorticoids suppression of calcium intestinal absorption and reduction of calcium 
reabsorption (Preedy, 2011). 

A significant negative correlation was observed between serum zinc and level of PTH in 
patients with NS. The effect of PTH on plasma zinc concentration in case of chronic renal failure was 
investigated by Chen et al. (2005). They found that PTH enhanced extra renal zinc disposal and 
enhances uptake of liver zinc which suggests that the over-secretion of PTH may have a role in Zn 
deficiency .On the other hand, Kimmel et al. (2001) found that zinc deficiency limits the increase in 
plasma PTH concentration and the expression of secondary hyperparathyroidism bone disease. The 
exact mechanism of this effect is not known, but, synthesis, release, metabolism, clearance, and/or 
action of PTH on cellular level may be affected directly by Zn. 

The present study revealed, positive correlations between both of serum Zn ad Cu levels and 
urinary ACR. These positive correlations might be due to small sample size of the study. Zn/Alb ratio 
was significantly higher in NS patients than in healthy controls. An increase in the serum Zn/Alb ratio 
in the presence of proteinuria, indicating a proportionately larger albumin loss (Haque et al., 2017). 
Another thing which has been observed was that serum Zn and serum Cu had positive correlation with 
each other. Hypoalbuminemia can cause plasma Zn deficiency, as zinc is bound to albumin in the 
circulation. 90% Cu is bound to ceruloplasmin and 10% to albumin. Ito et al. (2001) suggested that in 
nephrotic syndrome the Cu deficiency was the consequence of urinary losses of ceruloplasmin. 

Increased 24 hour urinary protein losses, decreased dietary intake and urinary losses of trace 
elements were reported as the causes of Zn and Cu deficiency in NS (Mumtaz et al., 2011).  
According to Shah et al. (2008) disturbed tubular function alter reabsorption of filtered aminoacids 
and trace metals. In the absence of proteinuria, there is urinary losses of Zn which means that Zn 
losses resulted from alteration in renal tubular reabsorption or secretion. 

Zn deficiency reduced renal blood flow and increased renal vascular resistance, which may be 
resulted from decreased nitric oxide activity due to the presence of increased concentrations of 
superoxide anions through low SOD activity in the kidneys (Kurihara et al., 2002). Zn deficiency 
augments tubulointerstitial nephropathy in rats due to an increase in the action of angiotensin II and 
endothelin (Yanagisawa et al., 1998). Renal function was improved by Zn supplementation (Sun et 
al., 2014), it also reduces albumin excretion in patients with diabetic nephropathy (Parham et al., 
2008; Khan et al., 2013). Zn has important role in preserving renal function. More studies are needed 
to explore the association between Zn and/or Cu and renal function in humans.  A study done by 
Hamasaki et al. (2016) suggested that serum Zn/Cu ratio can be used as a biomarker for renal 
function. 
 
Conclusion 

Our data showed that serum levels of Zn, Cu and Se were lower in children with NS than in 
healthy children. The negative correlation between serum PTH and low Zn levels might infer a causal 
relationship. Serum Zn and Cu levels were significantly associated with proteinuria in NS patients. 
According to these results, Supplementation of these trace elements may be considered in patients 
with NS. Large scale longitudinal researches are needed to assess the beneficial effects of these trace 
elements supplementation in NS children. 
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