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A B S T R A C T

Background: Zinc deficiency, common in children of developing countries, leads to susceptibility to
infections. Relapses in nephrotic syndrome are precipitated mostly by infections. Most of morbidity and
mortality in nephrotic patients is during nephrotic range proteinuria. Management of factors which reduce
duration of relapse, can decrease morbidity in pediatric nephrotic patients. We aimed to study serum zinc
levels, in patients of nephrotic syndrome, at onset/relapse and at remission and tried to find out correlation
between serum zinc levels and time to achieve remission.
Materials and Methods: Observational study was conducted in tertiary centre of North India over 12
months. Consecutive pediatric patients, with initial episode/relapse of NS were enrolled. Patients were
treated as per standard protocol. Time taken for remission was noted. Serum zinc level was estimated
first at confirmation of initial episode/relapse and then at remission. Data were summarized as mean ±
standard deviation. Groups were compared by paired t test. Pearson correlation analysis was done to assess
association between initial zinc level and time to attain remission.
Results: 68 patients were screened for inclusion in the study but only 49 qualified for final analysis.
Serum zinc level was statistically different in all patients at enrolment and at remission. Pearson correlation
analysis showed an insignificant and inverse correlation between time to remission and serum zinc level
(r=0.14, p>0.05) suggesting that, as serum zinc level at enrolment decreases, the time to remission
lengthens.
Conclusion: Zinc level at initial episode/relapse was found to have negative correlation with time to attain
remission.
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1. Introduction:

The annual incidence of nephrotic syndrome (NS) is 1.2-
16.9 per 100,000 children.1 The pathogenesis of minimal
change disease (MCD) is unclear, but there is a strong
evidence of immune dysregulation, chiefly involving cell
mediated immunity (CMI).2 Abnormalities in function
of T cell subset (especially regulatory T cells) have
been variably reported in MCD. Lymphocyte adenosine
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deaminase activity (as a marker of CMI), demonstrated
changes both in active and remission stage of NS.3

Finding of increased plasma levels of IgE, relatively normal
IgG4 with decreased IgG1 and IgG2 and association with
atopy suggest type 2 cytokine bias in MCD.4 NS is also
associated with abnormal immunoglobulin levels. There
are reports regarding involvement of complement system
and B lymphocytes in pathophysiology of NS, although
none of the immunological biomarkers evaluated were
undeniably linked to changes in glomerular permeability
and proteinuria.3 Some studies also suggest link between
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urinary chemokines (such as IL-8/CXCL8 and MCP-
1/CCL2) and changes in glomerular permeability and/or
the deterioration of glomerulopathies.5 In recent years,
evidence of MCD to be a podocytopathy has emerged and
role of a circulating permeability factor is also postulated.6

Zinc deficiency is associated with high mortality in
developing country. Low zinc level has been described
in children with severe malnutrition, malabsorption and
nephrotic syndrome due to either lack of intake, decreased
absorption or loss of zinc in stool and urine.7 Zinc has
pivotal role in immune regulation. Due to its deficiency,
oxidative defence is weakened. Excessive generation
of reactive oxygen species is one of the incriminated
mechanisms in pathogenesis of progression of renal injury.8

Basis for infection triggered relapse are still unclear but
dysregulation of immune mechanism may have some role.
Evidence of perturbed CMI, its association with atopy,
elevated levels of IgE and upregulated gene expression for
interleukin (IL-4, IL-13) suggest T helper 2 (Th2) cytokine
bias.9 Zinc deficiency probably leads to down-regulation of
T-helper 1 (Th1) cytokines, a relative Th2 bias and increased
risk of infection. Zinc supplementation leads to decreased
episode of infections, presumably due to augmentation
of gene expression for IL 2 and interferon, thereby
restoring Th1-Th2 imbalance.10 Decreased infections lead
to lower chances of relapses, hence lower morbidity and
mortality, due to augmentation of immune response. But
zinc supplementation as preventive strategy for NS has not
been found strongly in Cochrane.11

We aimed to measure levels of zinc during initial
episode/relapse and during remission in nephrotic patients
and find correlation between initial zinc level and time to
remission. This may give a hint to involvement of immune
response in pathogenesis of NS and requirement of zinc
supplementation to shorten the duration of relapse.

2. Materials and Methods

This observational study was conducted in Department
of Pediatrics of a tertiary care centre of North India
over 12 months, which included enrolment, analysis
and documentation. Ethical clearance was obtained from
institutional ethical committee. Consecutive patients, in
the age group of 1-14 years, with generalized edema,
who were admitted to emergency department or attending
out patient department of Department of Pediatrics
were screened for the study. The procedure of the
study was explained to parents/caretakers in their own
language. Written and informed consent was taken from
parents/guardian before enrolment. Bedside urinary protein
heat coagulation test (BSUP) was done to look for
proteinuria. Those with nephrotic range proteinuria i.e.,
BSUP 3+/4+ underwent biochemical analysis (24-hour
urinary protein >1000 mg/m2/d, hypoalbuminemia ≤ 2.5
g/dl and hypercholesterolemia >200 mg/dl) to confirm first

episode of NS. Those patients who were already known case
of NS, their home BSUP record was revised to confirm
relapse. Relapse was defined as BSUP 3+/4+ for three
consecutive days, having being in remission previously;
it was further divided into two- infrequent relapse and
frequent relapse. Patients having frequent relapses were
those, who had two or more relapses in initial six months
or four or more relapses in any twelve months. All
the patients were grouped in three categories; patients
with initial episode (IE), infrequent relapsers (IFR) and
frequent relapsers (FR). Patients with clinical evidence of
systemic disease (e.g., tuberculosis, diabetes, chronic liver
disease, malabsorption syndrome), congenital NS, infantile
NS, those taking zinc and zinc containing supplement
within three months prior to study period, or already on
steroid, those with episodes of acute respiratory infections
(ARI) and diarrhea three months prior to study and those
with history of recurrent attacks of ARI & diarrhea were
excluded from the study. Detailed history, anthropometry
and physical examination of each case was recorded
systematically on a standard proforma.

Patients with first episode of NS were treated with
prednisolone at 2mg/kg/day in two divided doses daily for
six weeks, followed by 1.5mg/kg/day single dose every
alternate day for six weeks. Relapse patients were treated
with prednisolone at 2mg/kg/day in two divided doses
daily till remission, followed by 1.5 mg/kg/day single
dose every alternate day for four weeks. Remission was
defined as BSUP nil or trace for three consecutive days.
Patients who did not remit on prednisolone at 2mg/kg/day
for four weeks were labelled as steroid resistant NS
and were excluded from study. Time taken for remission
was noted in each patient. Those patients who did not
complete treatment, were excluded from final analysis.
Serum zinc level was done initially at confirmation of
initial episode/relapse and was repeated at remission. Two
millilitre sample was collected in plain vial for it. Sample
was centrifuged and serum was separated for zinc level
analysis by atomic absorption spectrophotometry. Other
relevant blood investigations e.g., lipid profile, kidney
function test and serum albumin were also done.

Data were entered into Microsoft excel spreadsheet and
then analysed by SPSS 24.0. and Graph Pad Prism version
5. Data were summarized as mean ± standard deviation.
Groups were compared by paired t test. A two-tailed
paired t-test was used at α=5% and considered p<0.05
as statistically significant. Pearson correlation analysis was
done to assess association between initial zinc level and time
to attain remission.

3. Results

All 68 patients were screened for inclusion in the study but
only 49 got qualified for final analysis (Figure 1). Baseline
characteristics of the enrolled patients is in Table 1. Various
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Table 1: Baseline characters of children with nephrotic syndrome

IE(n=19) IFR(n=20) FR(n=10) Total(n=49)
Age (in
years)

Number % Number % Number % Number %

<5 12 63.16% 5 25% 0 0 17 34.7%
5-10 5 26.32% 15 75% 8 80% 28 57.1%
>10 2 10.53% 0 0 2 20% 4 8.2%

Gender
Male 12 63.16% 14 70% 7 70% 33 67.3%
female 7 36.84% 6 30% 3 30% 16 32.7%

Residence
Rural 10 52.6% 18 90% 5 50% 33 67.3%
urban 9 47.4% 2 10% 5 50% 16 32.7%

IE = initial episode; IFR = infrequent relapse; FR = frequent relapse

Table 2: Biochemical findings at enrolment and at remission (Initial episode) p-value <0.05 = statistically significant; SD = standard
deviation

n=19 Assessed at Mean SD Minimum Maximum Median p-value

VDRL (mg/dl) Enrolment 100.52 45.18 7.83 186.0 95.0 0.32
Remission 85.76 44.73 7.96 179.0 90.0

HDL (mg/dl) Enrolment 58.70 17.59 26.80 82.72 65.43 0.63
Remission 62.02 24.0 25.60 105.58 60.30

TG (mg/dl) Enrolment 469.46 170.59 231.79 931.20 443.20 <0.0001
Remission 158.63 84.89 79.20 447.84 132.30

Cholesterol
(mg/dl)

Enrolment 437.64 144.48 272.00 777.00 453.13 <0.0001
Remission 155.15 94.99 46.20 409.50 110.00

Serum urea
(mg/dl)

Enrolment 43.83 25.41 17.13 117.90 36.64 0.39
Remission 37.57 18.94 22.48 96.80 29.29

Serum
creatinine
(mg/dl)

Enrolment 0.70 0.27 0.18 1.07 0.71 0.72
Remission 0.73 0.20 0.34 0.96 0.78

Serum albumin
(g/dl)

Enrolment 2.59 0.58 1.65 3.89 2.40 <0.0001
Remission 3.36 0.36 2.86 4.48 3.24

Serum zinc
(µg/dl)

Enrolment 49.32 33.25 4.00 165.00 43.00 0.0002
Remission 104.00 47.61 29.00 213.00 98.00

VLDL= very low-density lipoprotein; HDL= high density lipoprotein; TG = triglyceride

Table 3: Biochemical findings at enrolment and at remission (Infrequent relapse) p-value <0.05 = statistically significant; SD = standard
deviation

n=20 Assessed at Mean SD Minimum Maximum Median p-value
VLDL
(mg/dl)

Enrolment 73.64 40.57 4.59 132.20 82.50 0.44
Remission 84.01 42.90 16.00 178.00 80.30

HDL (mg/dl) Enrolment 57.52 18.80 9.91 90.00 58.40 0.68
Remission 55.21 16.65 22.67 80.15 54.30

TG (mg/dl) Enrolment 281.22 128.50 104.20 531.92 261.68 0.0002
Remission 135.40 94.87 36.20 412.00 109.20

Cholesterol
(mg/dl)

Enrolment 286.95 140.85 76.20 612.00 235.45 0.0002
Remission 139.96 78.13 41.20 380.37 116.20

Serum urea
(mg/dl)

Enrolment 33.96 22.52 14.34 102.40 25.20 0.70
Remission 31.79 11.04 16.27 53.50 28.99

Serum
creatinine
(mg/dl)

Enrolment 0.84 0.31 0.34 1.60 0.86 0.43
Remission 0.78 0.20 0.43 1.10 0.78

Serum
albumin (g/dl)

Enrolment 2.79 0.70 1.30 4.41 2.75 0.0021
Remission 3.55 0.76 2.32 5.87 3.39

Serum zinc
(µg/dl)

Enrolment 46.75 27.58 4.00 127.00 43.00 <0.00001
Remission 144.90 74.95 20.00 369.00 134.00

VLDL= very low-density lipoprotein; HDL= high density lipoprotein; TG = triglyceride
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Fig. 1: Patient recruitment. AKI = acute kidney injury
IE = initial episode; IFR = infrequent relapse; FR = frequent relapse

Fig. 2: Pearson correlation graph between zinc level at enrolment and time to attain remission.
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Table 4: Biochemical findings at enrolment and at remission (Frequent relapse) p-value <0.05 = statistically significant; SD = standard
deviation

n=10 Assessed at Mean SD Min. Max. Median p-value
VDRL (mg/dl) Enrolment 71.17 44.78 3.39 132.20 68.00 0.97

Remission 71.87 28.00 42.00 108.70 67.10

HDL (mg/dl) Enrolment 50.99 20.93 9.40 90.52 48.00 0.59
Remission 56.08 20.35 32.20 102.00 55.19

TG (mg/dl) Enrolment 276.45 113.20 145.65 427.00 262.60 0.0025
Remission 133.25 61.49 92.20 291.15 107.60

Cholesterol
(mg/dl)

Enrolment 244.56 86.52 139.56 452.08 222.20 0.0050
Remission 138.77 59.02 75.00 244.38 115.20

Serum urea
(mg/dl)

Enrolment 38.27 11.22 22.75 54.60 36.25 0.96
Remission 38.52 9.70 26.42 59.90 36.95

Serum
creatinine
(mg/dl)

Enrolment 0.72 0.17 0.44 0.98 0.69 0.29
Remission 0.82 0.25 0.32 1.10 0.93

Serum
albumin (g/dl)

Enrolment 2.78 0.69 1.80 3.93 2.66 0.08
Remission 3.22 0.34 2.64 3.70 3.32

Serum zinc
(µg/dl)

Enrolment 44.30 17.83 21.00 78.00 43.50 <0.00001
Remission 104.30 29.50 52.00 151.00 104.50

VLDL= very low-density lipoprotein; HDL= high density lipoprotein; TG = triglyceride

biochemical parameters in all the three categories of patients
at enrolment and at remission are enumerated in Tables 2,
3 and 4. In patients with initial episode and infrequent
relapses, levels of triglyceride, cholesterol and albumin
was statistically different at enrolment and at remission. In
frequent relapsers, only levels of triglyceride and cholesterol
was statistically different at enrolment and at remission.
Serum level of zinc was statistically different in all patients
at enrolment and at remission.

Correlation between serum zinc level at enrolment and
time to remission is summarized graphically in Figure 2.
Pearson correlation analysis showed an insignificant and
inverse correlation between time to remission and serum
zinc level (r=0.14, p>0.05) suggesting that as serum
zinc level at enrolment decreases, the time to remission
increases. However, the correlation was statistically not
significant. On subgroup analysis; correlation between
initial serum zinc level and time to remission showed
a significant and negative correlation (r=6.082, p<0.05)
in patients with initial episode suggesting that as serum
zinc level decreases, time to remission increases and vice
versa. Correlation in IFR showed, insignificant and positive
correlation between serum zinc level and time to remission
(r=0.862, p>0.05). Correlation in FR patients also showed
an insignificant and positive correlation between initial
serum zinc level and time to remission (r=2.225, p>0.05).

4. Discussion

In present study, there was significant difference in mean
value of serum zinc during relapse and remission (p
value<0.05). It was low at relapse but normal at remission.
Correlation study do point out that low serum zinc level
at relapse led to greater time required to attain remission,

however the values were not statistically significant.
The serum for assessment of zinc level was stored (at

-20◦C) for an average of one month before analysis as
samples needed to be transported to another centre for
analysis. Changes, if any, brought about by this storage is
not accounted for, in the analysis. Zinc level at remission
was considered to be representative of normal baseline
level for individual patients, which may not be true in all
scenarios.

Almosawi concluded hypozincemia can occur in chronic
renal problem like NS. Low serum zinc level was commoner
in frequent relapsers.12 Asim Mumtaz found that there
was high prevalence of zinc and copper deficiency in
patients suffering from NS. Causes of hypozincemia and
hypocuperemia were hypoalbuminemia and raised 24-
hour urinary protein losses. Other probable factors were
decreased dietary intake and increased loss of trace
metals in urine.13 Lindeman also studied serum zinc
concentrations and found it to be decreased in patients
with a variety of clinical disorders including nephrotic
syndrome, cirrhosis and renal insufficiency. He found that
symptoms of acute zinc deficiency (anorexia, dysfunction
of smell and taste, mental and cerebellar disturbances)
and chronic zinc deficiency (growth retardation, anemia,
testicular atrophy and impaired wound healing) are common
in these patients.14 However, to our knowledge there is no
study that found out correlation between the low zinc status
and persistence of proteinuria.

5. Conclusion

Overall zinc level was found to have negative correlation
with remission time. Therefore, it can be concluded that
zinc supplementation with standard steroid therapy can
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be tried to decrease relapse duration. Characterization of
profile of immune response might help in development of
specific and individualized therapies, leading to clinical
improvement and better prognosis. However, large scale,
well designed, prospective studies across different setting
are needed to substantiate the recommendation of zinc
along with standard steroid therapy in idiopathic nephrotic
syndrome.
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