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Abstract 

Background:  Nephrotic syndrome is characterized by proteinuria, hyperlipidemia, and edema. The annual incidence 
of nephrotic syndrome is 2–7 cases/100,000 children.

Methods and results:  The present study included 32 control, 32 steroid-sensitive nephrotic syndrome cases, and 32 
steroid-resistant nephrotic syndrome cases aged ≤ 17 years. Serum samples were handled to check serum albumin, 
creatinine, calcium, and total cholesterol in SSNS and SRNS. Pearson’s correlation test was performed to investigate 
the relationship between the parameters. The independent sample t-test was done to compare the mean differ-
ences between two parameters by SPSS (Statistical Package for the Social Sciences). We found a significant positive 
correlation in SSNS in serum albumin, creatinine, calcium, and total cholesterol. In SRNS, we did not find a correlation 
between serum calcium and total cholesterol.

Conclusions:  The combination of serum albumin, creatinine, and total cholesterol with serum calcium improves the 
diagnostic sensitivity of SSNS and SRNS. Thus, serum calcium may be used as an equivalent marker in the early diag-
nosis and treatment of nephrotic syndrome in children.

Keywords:  Steroid-sensitive nephrotic syndrome (SSNS), Steroid-resistant nephrotic syndrome (SRNS), Serum 
calcium
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Background
Nephrotic syndrome (NS) is a clinical triad of proteinuria, 
hyperlipidemia, and edema. The clinical manifestation of 
NS is characterized by the alteration in the permeabil-
ity of the glomerular capillary wall, which causes exten-
sive loss of plasma proteins and leads to proteinuria [1]. 
The loss of glomerular membrane permeability is might 
be primary with no visible cause, i.e., idiopathic or sec-
ondary with various causes like infections, medications, 
systemic lupus erythematosus, and diabetes mellitus 

[2]. The annual incidence of nephrotic syndrome is 
2–7 cases/100,000 children and the total prevalence of 
16/100,000 [3]. Based on patient response to steroid 
therapy, NS is classified as steroid-sensitive nephrotic 
syndrome (SSNS) and steroid-resistant nephrotic syn-
drome (SRNS) [4]. NS diagnosis depends on proteinuria 
> 1000 mg/M2/day, hypoalbuminemia, hypocalcemia, 
and hypercholesterolemia. The increased loss of pro-
tein in urine is exhibited by urinary loss of protein and 
increased release of protein by the liver [5]. Proteinuria 
leads to hypoalbuminemia (serum albumin < 2.5 gm/dl). 
Hypoalbuminemia causes an increase in the synthesis of 
lipoproteins in the hepatic cells. The exact mechanism 
of hyperlipidemia is not known, but it may be because 
of the elevation in lipoprotein synthesis. Hyperlipidemia 
is a clinical presentation found majorly in all nephrotic 
syndrome patients. It affects the overall composition and 
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consistency of the lipoproteins and leads to different lipid 
abnormalities [6, 7]. There was no definite guideline and 
treatment for this condition. The data for hypercholes-
terolemia in patients with steroid-sensitive and steroid-
resistant nephrotic syndrome is unavailable, making this 
condition under-treated [8]. Hypocalcemic condition 
observed due to severity of proteinuria, which affects cal-
cium metabolism [9]. Patients suffering from nephrotic 
syndrome lose 25-hydroxyvitamin D3 (25OHD3) in 
urine, so the blood 25OHD3 level decreases simulta-
neously, which leads to hypocalcemia [10]. The loss of 
25-hydroxyvitamin D3 (25OHD3) in urine with the ster-
oid treatment contributes to disturbances in calcium (Ca) 
and vitamin D metabolism in nephrotic children [11]. 
Vitamin supplementation does not affect this abnor-
mality [12]. The SSNS patients achieved partial or com-
plete remission associated with steroid treatment, while 
SRNS patients do not respond to steroids, and survival 
of these patients is based on dialysis or renal transplant. 
Therefore, research has been focused on determining the 
disease severity and treatment [13]. Many researchers 
investigated the metabolic disturbances to find out their 
use as indicators of response to treatment. This study 
aimed to determine the correlation between different 
biochemical parameters like serum albumin, creatinine, 
total cholesterol, and calcium, and their significant differ-
ence in steroid-sensitive and steroid-resistant nephrotic 
syndrome patients.

Methods
The present study included 32 control, 32 SSNS, and 32 
SRNS cases aged ≤ 17 years. All study procedure was 
sanctioned by the Institutional Ethical Committee of 
Muljibhai Patel Urological hospital (MPUH) Nadiad, 
Gujarat, India [EC/395/2017].

Inclusion criteria
Children (age ≤ 17 years) with glomerular filtration rate 
(GFR) was less than 82 ml/min per 1.73 m2, and renal his-
tology of FSGS (focal segmental glomerulosclerosis) and 
MCD (minimal change disease) on biopsy were recruited 
for this study.

Exclusion criteria
After clinical testing, patients who had other systemic 
diseases and nephrotic patients on vitamin D therapy 
were excluded from the study.

All the patients were clinically examined, and the fol-
lowing tests were performed:

1.	 Serum albumin: BCG (bromocresol green) method 
[14]

2.	 Serum total cholesterol: CHOD/PAP (cholesterol 
oxidase/peroxidase aminophenazone) method [15]

3.	 Serum total calcium: OCPC (o-cresolphthalein com-
plexone) method [16]

4.	 Serum creatinine: Jaffe’s method [17]

Statistical data analysis
The statistical data were analyzed by SPSS (Statistical 
Package for the Social Sciences) version 28. The rela-
tionship between the two parameters was done by Pear-
son’s correlation test. The independent sample t-test 
was done to compare the mean differences between two 
parameters.

Results
There were 96 patients enrolled in this study in which 
there are 32 in the control group, 32 in the SSNS group, 
and 32 in the SRNS group of patients. The mean value of 
serum albumin was 4.19 gm/dl in the control group, 2.59 
gm/dl in the SSNS group, and 2.33 gm/dl in the SRNS 
group of patients. There was 61% lower serum albumin 
observed in the SSNS group, while in SRNS, it was 55% 
lower compared to the control. Decreased serum albu-
min levels indicate hypoalbuminemia. Significant values 
were found between the SSNS vs. control and SRNS vs. 
control in serum albumin concentration (Table  1). The 
serum albumin was significantly decreasing in the SSNS 
and SRNS patients in comparison to the control. There 
was no significant difference found in the SSNS and 
SRNS group of patients in serum albumin.

The serum calcium concentration decreased to the 
same extent (29% lower) in both the SSNS and SRNS 
group of patients compared to the control. Hypocalce-
mic condition observed in the SSNS and SRNS patient 
group. The serum calcium was lower in SRNS compared 
to SSNS. The p-value of serum calcium in both patients’ 
groups was significant compared to the control. In con-
trast, the comparison of SSNS and SRNS was found to 
be non-significant. The mean total cholesterol concen-
tration of control was 185.11 gm/dl. SSNS patients had a 
223% significance increase in the total cholesterol, while 
SRNS patients had 234% compared to control. As shown 
in Table  1, the mean serum creatinine concentration 
was 0.649 mg/dl, 1.606 mg/dl, and 1.727 mg/dl for con-
trol, SSNS, and SRNS, respectively. Patients with SSNS 
showed a 247 % increase in serum total cholesterol, while 
SRNS had 226 %. The p-value of serum creatinine for 
control vs. SSNS and SRNS was 1.54E−15 and 3.84E−14, 
respectively.

Pearson’s correlation test was performed to evaluate 
the correlation between serum albumin, calcium, choles-
terol, and creatinine. There was no correlation found in 
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control patients between any of the studied parameters 
(Table 2). In the SSNS group, we got a significant positive 
correlation for all the performed estimations. The serum 
albumin was found to be positively correlated with serum 
calcium with R2 = 0.4634. The R2 value represents that 
serum albumin concentration is closely related to serum 
calcium concentration (Table  3). The correlation in the 
SRNS found that there was no significant correlation 
observed between serum total cholesterol and calcium. 
As shown in Table 4, the correlation between all the other 
parameters was significantly correlated.

Discussion
The preliminary characteristic of nephrotic syndrome 
is the disturbance in the permselectivity of the filtration 
membrane, which leads to leaking out the macromol-
ecules into the urine. As a result, the most prevalent 
clinical presentation found in NS is hypoalbuminemia. 
The concentration of different biochemical param-
eters is also affected because of this. To determine the 

relationship, if any, it is necessary to investigate the 
correlation between other biochemical parameters and 
albumin. A total of 90 (32 control, 32 SSNS, and 32 
SRNS) patients were recruited in this study. This study 
investigates the correlation between different parame-
ters like serum albumin, total cholesterol, calcium, and 
creatinine.

In the present study, in comparison to control, we 
found a decrease in the albumin concentration in the 
SSNS (61%) and SRNS (55%). In addition, we found 
a significant difference in serum albumin in SSNS 
(p=1.01E−13) and SRNS (p=2.12E−15) compared to a 
healthy individual. However, we did not find a significant 
difference between SSNS and SRNS in serum albumin. 
One study by Krishanamurthy et  al. found nearly the 
equivalent serum albumin concentration of 2.21 gm/dl in 
the NS patients [18]. A study on the Bangladesh popula-
tion found decreased albumin levels in these populations. 
They also found a negative correlation between serum 
albumin and cholesterol [11].

Table 1  % change of serum albumin, calcium, cholesterol, and creatinine in all the three studied group (control, SSNS and SRNS)

Statistical significance was evaluated by t-test with p-values < 0.05

The p-value represented by a and b

a All NS patients were compared with normal healthy individuals
b Comparison of SSNS with SRNS in each group

Control Steroid-sensitive nephrotic syndrome (SSNS) Steroid-resistant nephrotic syndrome (SRNS)

Mean ± SD Mean ± SD % change p-value Mean ± SD % change p-value

Albumin (gm/dl) 4.19 ± 0.372 2.59 ± 0.826 − 61 1.01E−13a

0.233407b
2.33 ± 0.877 − 55 2.12E−15a

0.233407b

Calcium (mmol/l) 2.34 ± 0.153 0.692 ± 0.260 − 29 5.59E−37a

0.92356 b
0.685 ± 0.300 − 29 1.53E−34a

0.92356 b

Cholesterol (gm/dl) 185.11 ± 7.36 414.46 ± 97.07 + 223 1.81E−17 a

0.525862 b
433.31±129.36 + 234 2.18E−14 a

0.525862 b

Creatinine (mg/dl) 0.649 ± 0.318 1.606 ± 0.364 + 247 1.54E−15 a

0.290145 b
1.727 ± 0.500 + 266 3.84E−14 a

0.290145b

Table 2  Correlation between serum albumin, calcium, cholesterol, and creatinine of control group

a R2 value was obtained from the graph

Albumin (gm/dl) Calcium (mmol/l) Cholesterol (mg/dl) Creatinine (mg/dl)

Albumin (gm/dl) Pearson correlation 1 0.259
a0.067

0.021
a0.0004

0.159
a0.0253

Sig. (2-tailed) – 0.167 0.913 0.402

Calcium (mmol/l) Pearson correlation 0.259
a0.067

1 − 0.060
a0.0036

0.188
a0.0355

Sig. (2-tailed) 0.167 – 0.753 0.319

Cholesterol (mg/dl) Pearson correlation 0.021
a0.0004

− 0.060
a0.0036

1 − 0.200
a0.0398

Sig. (2-tailed) 0.913 0.753 – 0.290

Creatinine (mg/dl) Pearson correlation 0.159
a0.0253

0.188
a0.0355

− 0.200
a0.0398

1

Sig. (2-tailed) 0.402 0.319 0.290 –
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Hypercholesterolemia observed in steroid-sensitive 
and steroid-resistant nephrotic syndrome patients. 
The SRNS patients had higher mean cholesterol con-
centrations than SSNS. Still, there was no significant 
difference found in serum total cholesterol between 
them. The correlation study found that serum choles-
terol significantly correlated with serum albumin, cre-
atinine, and calcium in SSNS. In SRNS, there was no 
correlation found between serum total cholesterol and 
calcium, but cholesterol was significantly correlated 
with serum albumin and creatinine. These suggest 
that cholesterol is also associated with serum creati-
nine. Hashim et  al. found the most significant nega-
tive correlation between serum albumin and serum 
cholesterol which was p=0.001. There was severe 

hypercholesterolemia observed with the mean serum 
cholesterol of 11.29 mmol/L [19]. A study held in India 
found hypoalbuminemia with hypercholesterolemia. 
And the albumin was inversely proportional to choles-
terol. They also discovered that cholesterol and triglyc-
erides, LDL, and VLDL were also higher in nephrotic 
syndrome patients [20]. According to Biswas et al. and 
Agrawal et al., the significant increase in the cholesterol 
concentration in the NS patients is because of elevated 
apoB levels. The apoB is responsible for hypercholester-
olemia with the impaired removal of lipoproteins from 
the blood of NS patients [21, 22].

Hypocalcemic condition observed in the SSNS and 
SRNS. There was a minute difference in the mean serum 
concentration between SSNS and SRNS, which showed 

Table 3  Correlation between serum albumin, calcium, cholesterol, and creatinine of SSNS group

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
a R2 value was obtained from the graph

Albumin (gm/dl) Calcium (mmol/l) Cholesterol (mg/dl) Creatinine (mg/dl)

Albumin (gm/dl) Pearson correlation 1 0.681**
a0.4634

0.512**
a0.2625

0.481**
a0.231

Sig. (2-tailed) – 0.000 0.004 0.007

Calcium (mmol/l) Pearson correlation 0.681**
a0.4634

1 0.387*
a0.1494

0.465**
a0.2163

Sig. (2-tailed) 0.000 – 0.035 0.010

Cholesterol (mg/dl) Pearson correlation 0.512**
a0.2625

0.387*
a0.1494

1 0.516**
a0.2664

Sig. (2-tailed) 0.004 0.035 – 0.004

Creatinine (mg/dl) Pearson correlation 0.481**
a0.231

0.465**
a0.2163

0.516**
a0.2664

1

Sig. (2-tailed) 0.007 0.010 0.004 –

Table 4  Correlation between serum albumin, calcium, cholesterol, and creatinine of SRNS group

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
a R2 value was obtained from the graph

Albumin (gm/dl) Calcium (mmol/dl) Cholesterol (gm/dl) Creatinine (mg/dl)

Albumin (gm/dl) Pearson correlation 1 0.749**
a0.5614

0.507**
a0.2566

0.687**
a0.4726

Sig. (2-tailed) – 0.000 0.004 0.000

Calcium (mmol/dl) Pearson correlation 0.749**
a0.5614

1 0.336
a0.1127

0.372*
a0.1386

Sig. (2-tailed) 0.000 – 0.070 0.043

Cholesterol (gm/dl) Pearson correlation 0.507**
a0.2566

0.336
a0.1127

1 0.646**
a0.4172

Sig. (2-tailed) 0.004 0.070 – 0.000

Creatinine (mg/dl) Pearson correlation 0.687**
a0.4726

0.372*
a0.1386

0.646**
a0.4172

1

Sig. (2-tailed) 0.000 0.043 0.000 –
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no significant difference in serum calcium between the 
patients who responded and non-respond to steroids. 
According to Goldstein et al., steroids may also contrib-
ute to causing hypocalcemia with the loss of albumin 
and vitamin D metabolites [23]. The positive correla-
tion between serum albumin and calcium in the current 
study suggests that serum calcium may use as an equiva-
lent marker for the nephrotic syndrome as serum albu-
min and creatinine. The study on 60 NS patients found 
hypoalbuminemia as well as a significant positive correla-
tion between serum albumin and calcium (p-value< 0.01) 
[9]. The study by Hashim et al. found hypocalcemic con-
ditions in their studied population with hypoalbumine-
mia [19].

The serum creatinine had a significant positive corre-
lation with all the studied parameters in both groups. A 
study on the Nepal population discovered almost simi-
lar findings to the current research in serum creatinine 
concentration (1.58 mg/dL) in idiopathic primary NS 
patients [24]. The Pearson’s correlation study was per-
formed to find a correlation between different param-
eters in all the studied groups. There was no correlation 
found in the control group. In SSNS patients, we found 
a significant positive correlation between all the studied 
parameters. But in SRNS, we did not find a significant 
correlation between serum calcium and total cholesterol. 
The serum albumin and creatinine have already been 
used as biomarkers for SSNS and SRNS. This study found 
that serum calcium and total cholesterol had a significant 
positive correlation with serum albumin and creatinine. 
So, the present study results suggest that serum calcium 
may also be used as a biomarker for SSNS and SRNS 
patients.

Conclusion
The present study found that the patients had low albu-
min levels, leading to hyperlipidemia and hypocalcemia. 
Concentrations of these parameters were significantly 
correlated with each other in SSNS and SRNS. The com-
bination of serum albumin, creatinine, and total cho-
lesterol with serum calcium improves the diagnostic 
sensitivity of SSNS and SRNS. The study did not find a 
significant difference between SSNS and SRNS, and it 
may be due to the delayed response of steroid treatment. 
However, the study population was small still a larger 
population would be needed to strengthen the study.
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