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Abstract 

Background: Steroid-resistant nephrotic syndrome (SRNS)is associated with serious complications 

and financial burdens. Studies reported increased levels of urinary neutrophil gelatinase-associated 

lipocalin (uNGAL) in children with idiopathic nephrotic syndrome (INS).  

Objectives: This study aimed to evaluate the uNGAL potential to distinguish SRNS from steroid-

sensitive nephrotic syndrome (SSNS) in Iraqi children. 

Methods: Children with SRNS (n=31) and SSNS (n=32) were recruited from Babylon Hospital for 

Maternity and Pediatrics from 29March to 22June 2022. Patients' collected data included 

demographics, clinical characteristics, and urinary lab tests. The uNGAL concentrations were 

measured via a commercially available ELISA kit. 

Results: A significantly higher uNGAL median (p-value<0.001) was noted in the SRNS group 

(median [IQR] = 131.512 [30.28] ng/mL) than in the SSNS group (88.45 [41.6] ng/mL). The 

correlation between uNGAL levels and estimated glomerular filtration rate (eGFR) was negative 

(Spearman's rho coefficient = − 0.599, p<0.001). The discriminatory power ofuNGAL to discern 

SRNS from SSNS was significantly high (AUC=0.899, p<0.0001) with a sensitivity of 87.1% and 

specificity of 87.5% at an optimal cut-off value of 111.091 ng/mL. 

Conclusion: uNGAL is associated with a reliable discriminatory strength to distinguish, 

noninvasively, children with SRNS from those with SSNS. 

Keywords: Biomarker; Steroid-resistant nephrotic syndrome; Neutrophil gelatinase-associated 

lipocalin; Steroid-sensitive nephrotic syndrome. 

 

Introduction 

 

One of the glomerular diseases in children, nephrotic 

syndrome (NS) is the most common condition, 

which is predominately idiopathic in etiology. 

Development of episodic events of relapses that 

involve edema, proteinuria, and hypoalbuminemia 

are the distinguishing features of NS(1). Minimal-

change disease (MCD) and focal segmental 

glomerulosclerosis (FSGS) are the two most 

frequently encountered histological types of the 

disease upon studying renal biopsy(2–5). Steroid-

resistant nephrotic syndrome (SRNS) was associated 

with a higher risk of disease progression and 

complication development as compared to steroid-

sensitive nephrotic syndrome (SSNS)(6–8). An 

ongoing escalation in the number of SRNS cases has 

been noted and was attributed to the rise in the 

emerging cases of FSGS in children worldwide 

(including in Iraq)(9–12). This is concerning as  

FSGS is the most common non-genetic cause ofend-

stage renal disease (ESRD) and chronic renal failure 

during childhood and is associated with a high 

recurrence rate following transplantation(13–16). 
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It is the standard of care for patients with idiopathic 

nephrotic syndrome (INS) to go through a trial of a 

high-dose steroid regimen (for a prolonged period of 

up to three months), which is considered both a 

therapeutic and diagnostic intervention. The patient 

is presumed SRNSif remission is not acquired, and 

the histopathological category is confirmed with a 

biopsy study(17,18). 

It has been reported that diagnosis of SRNS (more 

specifically FSGS) is often missed with a single 

pediatric needle biopsy because of the limited 

number of biopsied glomeruli and the focally 

localized patterns of the glomerular lesions. 

Subsequently, an accurate diagnosis of FSGS 

requires conducting several biopsies(19). 

The absence of validated diagnostic markers that 

specify SRNS from SSNS in clinical practice, where 

a "one-size fits all" approach is routinely adopted, 

creates a dire need for a biomarker test (preferably a 

non-invasive one) to help in the identification of 

SRNS.The availability of a test that offers further 

insight into the likely responsiveness of a patient to a 

particular regimen can aid the physicians to tailor 

the therapeutic plan for the better care of that 

patient. The management strategy can be 

significantly improved by prompting the earlier 
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initiation of immunosuppressant alternatives and 

preventing unnecessary exposure to long-term high-

dose steroid regimens(20). 

In patients with ISN, damage to the glomerular 

barrier and the tubular cubulin/megalin-mediated 

endocytosis have been proposed to increase the 

levels of uNGAL(21).In a cohort of 96 chronic 

kidney disease (CKD) patients (stages 2-4) that were 

prospectively followed over three months, 

Bolignano et al. highlighted that the initial uNGAL 

concentrations were significantly higher in patients 

with progressive CKD than those of non-progressive 

CKD.uNGAL was still independently capable of 

predicting CKD progression even after adjusting for 

other predictors such as age and kidney impairment 

severity(22). 

It has been hypothesized that the uNGAL levels 

have a differentiating ability for children with SRNS 

from SSNS because SRNS is associated with a 

higher risk of disease progression and poor 

prognosis when compared to SSNS.In India and the 

United States, the uNGAL levels were significantly 

higher in SRNS as compared to SSNS(23,24). 

However, another study from Europe did not find a 

statistically significant difference in the uNGAL 

concentrations among children with SRNS 

compared to those with SSNS (p-value>0.05)(25). 

With these inconsistent observations among 

different populations in mind, more investigations 

are still necessary to provide additional information 

about the capability of uNGAL to predict steroid 

responsiveness in children with INS, especially in 

Iraq where, to our knowledge, the literature is 

lacking such investigations. Thus, we performed this 

study to assess the ability of uNGAL as a non-

invasive biomarker to differentiate SRNS from 

SSNS in Iraqi children. 

 

Patients and Methods: 

Settings and study design: This is a cross-sectional 

study conducted in the department of Pediatrics at 

Babylon Hospital for Maternity and Pediatrics from 

March to June 2022. The Human Research 

Committee of Babylon Directorate of Health 

(Decision number: 44 on 28/3/2022) and the 

Research Ethics Committee at the University of 

Baghdad -College of Pharmacy (Approval No.: 

RECAUBCP17102021A on 17/10/2021) approved 

the study protocol.Informed consent was obtained 

from all study participants (or parents/caregivers) 

before their enrollment in the study. 

Participants: Patients aged 1-14 years who were 

already diagnosedwith steroid-sensitive or steroid-

resistant INS were recruited from the pediatric 

nephrology consultation clinic from 29March to 

22June 2022.Children who were categorized as 

steroid-sensitive were those responsive within the 

first four weeks of daily prednisolone therapy (2 

mg/kg/day or 60 mg/m2and a maximum daily dose 

of 60 mg/day) as evidenced by the lack of 

proteinuria on early morning urine dipsticks (less 

than 1+). Alternatively, the steroid-resistant group 

included children who did not acquire remission 

(<1+ proteinuria on early morning urine dipsticks) 

after either eight weeks of daily prednisolone or four 

to six weeks of daily prednisolone regimen (2 

mg/kg/day or 60 mg/m2 and a maximum daily dose 

of 60 mg/day) followed by another four to six weeks 

of alternate day prednisolone regimen (1.5 

mg/kg/day or 40 mg/m2 and a maximum daily dose 

of 50 mg/day)(17,18,26). 

Patients with fever, gross hematuria, acute kidney 

injury, active or recurrent urinary tract infection, and 

NS secondary to systemic diseases such as lupus 

nephritis, viral infections, or diabetes were excluded. 

The patients visited the clinic for routine follow-up 

and were recruited consecutively after their consent 

and satisfaction with the study inclusion and 

exclusion criteria. 

Sample size estimation: The sample size was 

calculated using an online calculator (https://sample-

size.net/sample-size-ci-for-auroc/) (27). The values 

of the expected area under the ROC curve and the 

width of the confidence interval (0.90 and 0.16, 

respectively) were based on the results of previous 

studies(23,24). The calculated sample size was 63 

when the proportion of the sample having the 

positive studied outcome (steroid resistance) is 50% 

of the sample. Thus, 31 patients were included in the 

positive outcome group (steroid resistant) and 32 

patients were recruited for the negative outcome 

group (steroid sensitive). 

 

Data collection: Data about the clinical and 

demographic characteristics of all the study 

participants were collected in a predetermined sheet 

at the time of enrollment. Demographics and clinical 

data included gender, age, height, weight, blood 

pressure, age at onset, intake of concomitant 

medications, urinalysis, proteinuria (by urine 

dipstick), serum urea, serum creatinine, serum 

albumin, steroid-response history, and 

immunosuppressant/drug intake were recorded forall 

the study participants. The updated Schwartz 

equation was used to calculate the estimated 

glomerular filtration rate (eGFR) based on the 

participant's height and serum 

creatinine.Additionally, all patients were screened 

for autoantibodies (anti-double stranded DNA 

antibodies and anti-nucleic acid antibodies), serum 

complement C3 levels (to exclude NS secondary to 

autoimmune diseases such as systemic lupus 

erythematosus), serum fasting blood glucose (to 

exclude diabetes mellitus), and viral antibodies to 

HIV, HBV, and HCV (to exclude NS secondary to 

viral infections). Measurement of uNGAL levels 

was conducted using acommercially available 

ELISA kit (Bioassay Technology Laboratories, 

Zhejiang, China). Urine collection was performed as 

part of a routine clinic visit. After collection, the 

urine sample was subjected to centrifugation at 3000 

RPM for 20 minutes, aliquoted, and stored at -80 °C. 

Repeated freeze-thaw cycles of more than two times 

were not allowed.  

https://sample-size.net/sample-size-ci-for-auroc/
https://sample-size.net/sample-size-ci-for-auroc/
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Statistical analysis:  

The statistical analysis was conducted using the 

Statistical Package for Social Sciences (SPSS) 

statistics software (version 22). Categorical data for 

the demographic and clinical characteristics of the 

study subjects were presented by frequencies and 

percentages and the Chi-square test was used to test 

for the association between categorical variables.  

Shapiro-Wilk test was used to assess the distribution 

normality of the continuous data. The normally 

distributed variables were presented using mean and 

standard deviation. The median and interquartile 

range were used to describe the variables with non-

normal data. The normal data of both study groups 

(height, serum albumin, and eGFR) were compared 

using the unpaired t-test. We used the Mann-

Whitney U test to compare the non-normal data. 

Subgroup analysis was conducted among children 

with SSNS to examine the influence of proteinuria 

presence on the uNGAL levels. Additionally, SRNS 

patients with concomitant use of calcineurin 

inhibitors (CNIs) were compared with those without 

CNI therapy to test whether CNI intake could have 

influenced uNGAL levels in children with INS. The 

receiver operator characteristics (ROC) curve was 

analyzed to determine the discriminatory power of 

uNGAL level to distinguish SR patients from SS 

patients. 

Spearman rank correlation analysis was performed 

to evaluate the correlation between the uNGAL 

levels with the renal function of the studied 

NSpatients, which was represented by eGFR.A 

statistically significant finding was considered when 

the p-value was less than 0.05. 

 

Results 

Demographics:  

At enrollment, the two groups of children included 

in this study had comparable ages, disease duration, 

gender, weightand height, table (1).  

 

 

 

 

 

 

 

 

 

 

 
Table (1): Demographiccharacteristics of the participants in 

the two study groups 

Demographiccharacteri

stics 

The study participants (n=63) 
p-

value 
SSNS 

(n=32) 

SRNS 

(n=31) 

Age at enrollment 
[years; median (IQR)] 

6.48 (3.4) 8.5 (6) 0.10
4§ 

Gender [male; 

frequency (%)] 

20 (62.5) 21 (67.7) 0.43

2 

Age at onset of disease 
[years; median (IQR)] 

4 (2) 3 (5.5) 0.19§ 

Weight [Kg; median 

(IQR)]  

21 (10.6) 25 (25) 0.13

2§ 

Height (cm; mean ± 

SD) 

111.81 ± 

17.14 

118.77 ± 

26.09 

0.21

8ǂ 
§ Significance value for Mann-Whitney U test. ǂ Significance 

value for independent samples t-test. 

 

Subjects with SRNS had significantly higher serum 

creatinine and blood urea levels as well as lower 

eGFR values as compared to SSNS (p<0.05), table 

2. 

 

Table (2): Biochemical characteristics of the two 

groups of the study participants 

Biochemical 

characteristic 

The study participants (n=63) 
p-

value SSNS (n=32) SRNS (n=31) 

Serum albumin 

(gm/L; mean ± SD) 

37.9 ± 7.15 32.4± 11.29 0.024ǂ 

Serum creatinine 

[μmol/L; median 

(IQR)] 

54 (22.8) 65 (32.0) 0.007§ 

Blood urea [mmol/L; 

median (IQR)] 

2.8 (1.45) 4.1 (2.8) 0.003§ 

eGFR (mL/min/1.73 

m2; mean ± SD) 

72.9 ± 14.71 63.6 ± 14.31 0.014ǂ 

§ Significance value for Mann-Whitney U test. ǂ Significance 

value for independent samples t-test. 

 

A concomitant intake of angiotensin-converting 

enzyme inhibitors (ACEIs; n=8) and diuretics 

(n=14) was more frequent in SRNS than in SSNS 

(n= 2 and 5, respectively) (see table 3).
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Table (3): Clinical characteristics of the study participants in the two groups 

Clinical characteristics 

The study participants (n=63) 

p-value 
SSNS (n=32) SRNS (n=31) 

Presence of hypertension (frequency, %) 

Systolic blood pressure >95 percentile 4 (12.5) 5 (16.1) 0.479* 

Diastolic blood pressure >95 percentile  3 (9.4) 7 (22.6) 0.138* 

Pathology upon biopsy (frequency, %) 

Focal segmental glomerular sclerosis - 1 (3.2) NA 

Membranoproliferative glomerulonephritis  - 1 (3.2) NA 

Minimal change disease - 3 (9.7) NA 

No biopsy 32 (100) 26 (83.9) NA 

Immunosuppressant regimen (frequency, %) 

Prednisolone 32 (100) 3 (9.7) NA 

Prednisolone and cyclosporine 0 18 (58.1) NA 

Prednisolone and tacrolimus 0 3 (9.7) NA 

Prednisolone and chlorambucil 0 1 (3.2) NA 

Prednisolone and mycophenolate mofetil 0 6 (19.4) NA 

Concomitant medications (frequency, %) 

ACEI 2 (6.3) 8 (25.8) 0.036* 

Statin 2 (6.3) 6 (19.4) 0.118* 

Diuretic 5 (15.6) 14 (45.2) 0.011 

* Significance value for Fisher's Exact Test. Statistically significant p-values are in bold. 

 

Quantitative analysis of uNGAL levels: Children 

with SRNS showed significantly higher uNGAL 

levels in comparison to those with SSNS (median 

[IQR] = 131.512 [30.28] vs 88.45 [41.6] ng/mL; p- 

value<0.001), figure 1.  

 

 
Figure(1): uNGAL levels in the studied groups (SSNS) 

and (SRNS)  

 

Subgroup comparison analysis was conducted to test 

the possibility that the inclusion of patients without 

proteinuria had an impact on the uNGAL results of 

SSNS patients. The uNGAL levels of SSNS patients 

(n = 7) with proteinuria (median [IQR] = 80 [34.43]) 

were not significantly different from those (n = 25) 

without proteinuria (median [IQR] = 90.976 [46.91]; 

p-value>0.05), figure 2A. Regarding the SRNS 

group, there were 17 subjects with proteinuria and 

14 subjects without proteinuria. Another subgroup 

analysis of the uNGAL levels was undertaken 

among SRNS patients and there was no statistically 

significant difference in the uNGAL levels of 

children who were treated with a calcineurin 

inhibitor (CNI) agent (median [IQR] = 129.52 

[26.7]) as compared to those of children without 

concomitant CNI therapy (median [IQR] = 133.07 

[49.49], p-value>0.05), figure 2B. 

 

 
Figure (2): Subgroup analysis of uNGAL levels in 

children with SSNS and SRNS. A:uNGAL levels in SSNS 

subgroups with proteinuria and those without 

proteinuria.B:uNGAL levels in SRNS subgroups with CNI 

use and those without CNI use. 

 

A statistically significant negative correlation was 

found between uNGAL levels and renal function in 

children with INS (Spearman's rho coefficient = − 

0.599, p<0.001). The decrease in eGFR 

measurements in the studied patients was associated 

with increasing uNGAL levels, figure 3. In SRNS, 

markedly elevated uNGAL levels were still noted in 

children with preserved renal function (eGFR>60 

mL/min/1.73 m2), figure 3B. 
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Figure (3): Correlation of uNGAL levels with renal function 

in children with INS (A: INS, n=63; B: SRNS, n=31; C: SSNS, 

n=32) 

 

The ability of uNGAL to distinguish children with 

SRNS from SSNS was analyzed using the Receiver 

operator characteristic (ROC) curve. The findings 

revealed that the uNGAL level was an identifier  

 

 

parameter with a significantly reliable 

discriminatory power (AUC=0.899, p<0.0001). The 

ROC curve analysis of uNGAL levels also 

highlighted that a test sensitivity of 87.1% and 

specificity of 87.5% to discern children with SRNS 

from those with SSNS was produced with a cutoff 

value of 111.091 ng/mL (see figure 4 and table 4). 

 
Figure(4): Receiver operator characteristic (ROC) curve 

analysis of uNGAL 
 

Table (4): Results of the ROC curve analysis for uNGAL levels and the curve coordinates 

Test result variable: Urinary neutrophil gelatinase-associated lipocalin (ng/mL) 

Area Under the Curve 

Area Standard Error a Asymptotic Significance b Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

0.899 0.041 <0.0001 (5.2017E-8) 0.818 0.980 

Coordinates of the Curve 

Positive if Greater Than or Equal To c Sensitivity 1 – Specificity 

12.2000 1.000 1.000 

15.6000 1.000 0.969 

88.2450 0.968 0.500 

106.4710 0.903 0.219 

109.1770 0.903 0.156 

110.2745 0.871 0.156 

111.0910 0.871 0.125 

112.0865 0.774 0.125 

117.5240 0.677 0.094 

133.3760 0.419 0.063 

144.3015 0.226 0.063 

147.0580 0.226 0.031 

183.5030 0.032 0.000 

200.7450 0.000 0.000 

a. Under the nonparametric assumption 

b. Null hypothesis: true area = 0.5 

c. The test result variable(s): uNGAL (ng/mL) has at least one tie between the positive actual state group and the negative actual state group. 

The smallest cutoff value is the minimum observed test value minus 1, and the largest cutoff value is the maximum observed test value plus 
1. All the other cutoff values are the averages of two consecutive ordered observed test values. 

 

Discussion 

Children with INSwhoare resistant to steroids are at 

a high risk of sustaining complications and 

progressing to end-stage kidney failure. Presently, 

there are no validated markers available for 

diagnostic purposes of SRNS. The routine approach 

to diagnosing SRNS is to observe the outcome of a 

trial of a long-term prednisolone course, which is 

typically followed by an invasive kidney biopsy for  

 

 

histopathological identification, and prediction of 

treatment responsiveness and disease 

progression(17,18). 

This approach entails that individuals with SRNS are 

being exposed unnecessarily to high-dose steroid 

regimens as well as prompting the postponement of 

administering alternative and potentially more 

effective regimens. 
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uNGAL levels have been remarked as a strong 

predictor of chronic kidney disease (CKD) 

progression (22,28). This study aimed to assess 

whether uNGAL is capable of identifying children 

with SRNS who are more susceptible to poor 

prognosis and at a higher risk of progression to CKD 

than those with the more benign SSNS. 

The results revealed that uNGAL measurements 

were significantly higher in patients with SRNS as 

compared to patients with SSNS. Moreover, it 

showed a high discriminatory power to distinguish 

patients with SRNS from patients with SSNS. This 

result is comparable to the findings of similar studies 

in the United States and India (23,24). 

There were fewer patients without proteinuria (nil or 

trace upon early morning urine dipstick) in the 

SRNS group (n=14) as compared to the SSNS group 

(n=25) which implied a potential contribution to the 

higher levels of uNGALin the SRNS group and 

warranted further subgroup analysis. This subgroup 

analysis highlighted the lack of statistically 

significant differences in the levels of uNGAL 

among SSNS patients with proteinuria and those 

without proteinuria. Thus, the higher concentrations 

of uNGAL in the SRNS group are not fully 

attributed to the proteinuria status of the patients.  

A "forest fire" theory has been suggested to explain 

the elevated levels of uNGAL with kidney injury 

where the rise in uNGAL was interpreted as a 

consequence of ongoing damage that triggers the 

surrounding "inflamed" cells to continuously 

produce NGAL(29).Increased concentrations of 

uNGALwere found to be a powerful predicting 

factor of disease progression and were significantly 

associated with histological findings of nephron 

fibrosis and atrophy in CKD patients (30).A possible 

interpretation of the higher uNGAL concentrations 

in the SRNS group is that children with SRNS who 

are at a higher risk of disease progression have an 

ongoing and more extensive underlying injury than 

children with SSNS, which is non-progressive. 

Furthermore, this study found a negative correlation 

between the uNGAL measurements and renal 

function as evidenced by the increased levels of 

uNGAL that are associated with decreasing eGFR 

values, which was reported by another study(31). 

In the current study, the eGFR values of the SRNS 

group were significantly lower as compared to those 

of the SSNS group. However, high levels of uNGAL 

were still present in SRNS subjects despite 

preserved renal function (eGFR>60 mL/min/1.73 

m2). This finding may reflect the ongoing and 

greater extent of kidney damage that is typically a 

part of SRNS pathology and a potential contributor 

to the higher levels of uNGAL in children with 

SRNS. 

Moreover, Wasilewska et al showed that a CNI 

regimen was associated with an elevation in the 

concentration of uNGAL in children with NS. In the 

current study, a subgroup analysis was conducted 

among SRNS patients with and without CNI 

therapy, which revealed no statistically significant 

difference in the uNGAL levels inthe two 

subgroups. Interestingly, the probability that the 

greater increases inuNGAL level due to SRNS might 

have masked the small increases in uNGALlevel due 

to CNI therapy is still possible and merits further 

investigation(32). 

Several urinary biomarkers have been evaluated for 

their ability to predict steroid responsiveness in 

children with NS(33–36). Khurana et al. revealed a 

characteristic urinary proteome that was able to 

specify steroid responsiveness via mass 

spectrometry technique (surface-enhanced laser 

desorption/ ionization). The latter study reported that 

a β-2 microglobulin fragment protein (11.117 KDa) 

was found in most of the SRNS patients but was 

absent in the SSNS group (33). 

A later study used the same technology to explore 

urinary markers of steroid response in NS with an 

additional phase of finding validation using the 

Western blot technique. Piyaphanee et al discovered 

a fragment of α1-B glycoprotein (13.8 kDa) with a 

significantly high strength to classify SRNS from 

SSNS. However, this fragment was only detectable 

in 36.84% of the SRNS patients, particularly those 

with a greater decline in renal function(34). 

However, the unavailability of such mass 

spectrometry techniques in most laboratories and the 

anonymity of the identifier protein sequence limits 

the utility of these findings in clinical practice. 

Other investigations assessed the responsiveness 

predicting capability of urinary cytokines in NS. 

Urinary TGF-beta (1) showed a promising potential 

to differentiate FSGS from MCD but a statistically 

significant difference in the marker expression was 

not found between SRNS and SSNS patients (35). 

In Egypt, Ahmed et al studied the ability of urinary 

interleukin 8 to predict steroid resistance in children 

with NS. The authors compared the urinary IL-8 

levels between SRNS and SSNS in two separate 

states of relapse and remission. Urinary IL-8 levels 

were significantly higher in the SRNS in the relapse 

group as compared to the SSNS in the relapse group 

and the SRNS in the remission group as compared to 

the SSNS in the remission group(36). Nevertheless, 

a statistically significant difference in the IL-8 levels 

was not found between the SSNS in the relapse 

group and the SRNS in the remission group(36). 

There is an information gap in the literature 

regarding the potential of uNGAL as a noninvasive 

biomarker to distinguish SRNS from SSNS in Iraqi 

children with INS, which we attempted to cover 

through the findings of the current study. Before any 

conclusion can be drawn from this study, it is 

important to consider several limitations. This is a 

pilot cross-sectional study that derived the data from 

a small sample of patients who were attending a 

single center and on-ongoing steroid treatment at the 

time of recruitment. 

A variability in the uNGAL data of the participants 

was noted in the SRNS group. Availability can 

inherently be encountered when investigating the 

treatment response in children with INS. Such 
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variability might be augmented in small samples. 

Nevertheless, we conducted a non-parametric 

statistical analysis, as the uNGAL data were not 

normally distributed. Furthermore, the groups were 

significantly different with such strength indicating 

that the analysis findings are indeed powerful.  

It is also important to account for the probability that 

the rise in the uNGAL might originate from renal 

tubular damage, which could develop in various 

types of CKD rather than being a distinctively 

emerging event in patients with SRNS. 

This preliminary work aims to build up baseline data 

and promote interest in future studies for appropriate 

validation of the utility of the initial uNGAL levels 

for the prediction of renal functional decline or the 

early detection of treatment responsiveness in Iraqi 

children with INS. This would necessitate the 

inclusion of a large number of patients from multiple 

centers in a cohort-designed work. The validation 

investigation should also study the uNGAL levels 

and other parameters of renal impairment and 

treatment response before starting NS therapy and 

prospectively follow the patients for prolonged 

periods. 

The purpose of urinary biomarker availability is not 

to replace the histological diagnosis with a biopsy. 

However, a urinary biomarker in combination with 

other clinical investigations can provide a source of 

valuable information to develop more impactful and 

personalized therapy approaches for children with 

NS. 

 

Conclusion 

The present study revealed that uNGALis capable of 

discriminating SRNS from SSNS in Iraqi children 

with significant reliability.   

 

Author declarations 

We hereby confirm that all the Figures and Tables in 

the manuscript are ours. Besides, the Figures and 

images, which are not ours, have been given 

permission for re-publication attached with the 

manuscript.-Authors sign on ethical consideration’s 

approval-Ethical Clearance: The project was 

approved by the local ethical committee in College 

of Pharmacy / University of Baghdad according to 

the code number (RECAUBCP17102021A on 

17/10/2021). 

Conflicts of Interest: None. 

Funding: None 

 

Author contributions 

Study conception & design: (Ali M Abd Alridha & 

Dheyaa J Kadhim). Literature search: (Ali M Abd 

Alridha & Dheyaa J Kadhim). Data acquisition: (Ali 

M Abd Alridha & Dheyaa J Kadhim ). Data analysis 

& interpretation: Ali M Abd Alridha ). Manuscript 

preparation: (Ali M Abd Alridha & Dheyaa J 

Kadhim). Manuscript editing & review: (Ali M Abd 

Alridha, Ayad HA Alkhazrajy & Dheyaa J Kadhim). 

 

 

 

References 

1. Eddy AA, Symons JM. Nephrotic syndrome in 

childhood. The Lancet. 2003 Aug 23;362(9384):629-

39. 

https://doi.org/10.1016/S0140-6736(03)14184-0.  

2. Olowu WA, Ademola A, Ajite AB, Saad YM. 

Childhood nephrotic syndrome in tropical Africa: 

then and now. Paediatr Int Child Health. 2017 

Nov;37(4):259-68. 

https://doi.org/10.1080/20469047.2017.1374002.  

3. Arif MK, Arif M, Amjad N. A histopathological 

outlook on nephrotic syndrome: A pediatric 

perspective. Indian J Nephrol. 2016 Jun;26(3):188-

91.https://doi.org/10.4103/0971-4065.159555.  

4. Ahmed NF, Ibrahim R. Childhood nephritic 

syndrome Clinical manifestations and 

histopathlogical spectrum. J Fac Med Baghdad. 

2007 Oct 1;49(3):304-6. 

5. Azat NFA, hameed NN, Sahib OA. Pediatric 

Glomerular Diseases (Review of histopathological 

subtypes). J Fac Med Baghdad. 2010 Apr 4;52(1):1-

2. 

6. Hjorten R, Anwar Z, Reidy KJ. Long-term 

Outcomes of Childhood Onset Nephrotic Syndrome. 

Front Pediatr. 2016;4:53. 

https://doi.org/10.3389/fped.2016.00053.  

7. Gipson DS, Chin H, Presler TP, Jennette C, 

Ferris ME, Massengill S, et al. Differential risk of 

remission and ESRD in childhood FSGS. Pediatr 

Nephrol Berl Ger. 2006 Mar;21(3):344-9. 

https://doi.org/10.1007/s00467-005-2097-0.  

8. Frankul FM, Fahmi N, Ahmed L. Hypertension in 

Children with Nephrotic Syndrome. J Fac Med 

Baghdad. 2005 Apr 3;47(1):5-8. 

9. Banaszak B, Banaszak P. The increasing 

incidence of initial steroid resistance in childhood 

nephrotic syndrome. Pediatr Nephrol Berl Ger. 

2012 Jun;27(6):927-

32.https://doi.org/10.1007/s00467-011-2083-7.  

10. Nandlal L, Naicker T, Bhimma R. Nephrotic 

Syndrome in South African Children: Changing 

Perspectives in the New Millennium. Kidney Int Rep. 

2019 Apr;4(4):522-34. 

https://doi.org/10.1016/j.ekir.2019.01.019.  

11. Mohammed TF, Al-Badri AA, Abd Al-Latteef A, 

Abdulhussain RMH. Trends of Histopathology in 

Childhood Nephrotic Syndrom. Iraqi Postgrad Med 

J. 2009;1(1):47-55. 

12. Kumar J, Sarwar B, Kishan J, Khan AR, 

Abdullah MA, Shah SS. Changing Histopathological 

Trends in Idiopathic Steroid Resistant Nephrotic 

Syndrome in Pediatric Population. Ann Pak Inst 

Med Sci. 2021 May 19;17(2):146-

50.https://doi.org/10.48036/apims.v17i2.456.  

13. Gipson PE, Gipson DS. CHAPTER 27 - Focal 

segmental glomerulosclerosis. In: Lerma EV, Sparks 

MA, TOPF JM, editors. Nephrology Secrets (Fourth 

Edition) [Internet]. Elsevier; 2019. p. 186-91. 

Available from: 

https://www.sciencedirect.com/science/article/pii/B9

https://doi.org/10.1016/S0140-6736(03)14184-0
https://doi.org/10.1080/20469047.2017.1374002
https://doi.org/10.4103/0971-4065.159555
https://doi.org/10.3389/fped.2016.00053
https://doi.org/10.1007/s00467-005-2097-0
https://doi.org/10.1007/s00467-011-2083-7
https://doi.org/10.1016/j.ekir.2019.01.019
https://doi.org/10.48036/apims.v17i2.456
https://www.sciencedirect.com/science/article/pii/B9780323478717000368


A Cross-Sectional Study of Urinary Neutrophil Gelatinase-Associated Lipocalin and its                    Ali M AbdAlridha et al 
Association with Steroid Responsiveness in Iraqi Children with Idiopathic Nephrotic Syndrome 

 

J Fac Med Baghdad                                                       170                                                Vol.65, No.3, 2023 

780323478717000368https://doi.org/10.1016/B978-

0-323-47871-7.00036-8.  

14. Pelletier JH, Kumar KR, Engen R, Bensimhon A, 

Varner JD, Rheault MN, et al. Recurrence of 

nephrotic syndrome following kidney 

transplantation is associated with initial native 

kidney biopsy findings. Pediatr Nephrol Berl Ger. 

2018 Oct;33(10):1773-

80.https://doi.org/10.1007/s00467-018-3994-3.  

15. Francis A, Trnka P, McTaggart SJ. Long-Term 

Outcome of Kidney Transplantation in Recipients 

with Focal Segmental Glomerulosclerosis. Clin J 

Am Soc Nephrol CJASN. 2016 Nov 7;11(11):2041-6. 

https://doi.org/10.2215/CJN.03060316.  

16. Ahmed NF, Hussain HH. Chronic Renal Failure 

in Children Admitted to Children Welfare Teaching 

Hospital. Iraqi Postgrad Med J. 2008 Jan 1;7(1):12-

7. 

17. Tullus K, Webb H, Bagga A. Management of 

steroid-resistant nephrotic syndrome in children and 

adolescents. Lancet Child Adolesc Health. 2018 

Dec;2(12):880-90. https://doi.org/10.1016/S2352-

4642(18)30283-9.  

18. Trautmann A, Vivarelli M, Samuel S, Gipson D, 

Sinha A, Schaefer F, et al. IPNA clinical practice 

recommendations for the diagnosis and management 

of children with steroid-resistant nephrotic 

syndrome. Pediatr Nephrol Berl Ger. 2020 

Aug;35(8):1529-61. https://doi.org/10.1007/s00467-

020-045191.  

19. Glassock RJ. Con: kidney biopsy: an 

irreplaceable tool for patient management in 

nephrology. Nephrol Dial Transplant. 2015 

Apr;30(4):528-31. 

https://doi.org/10.1093/ndt/gfv044.  

20. Stone H, Magella B, Bennett MR. The Search for 

Biomarkers to Aid in Diagnosis, Differentiation, and 

Prognosis of Childhood Idiopathic Nephrotic 

Syndrome. Front Pediatr [Internet]. 2019;7. 

Available from: 

https://www.frontiersin.org/articles/10.3389/fped.20

19.00404https://doi.org/10.3389/fped.2019.00404.  

21. Bolignano D, Donato V, Coppolino G, Campo S, 

Buemi A, Lacquaniti A, et al. Neutrophil gelatinase-

associated lipocalin (NGAL) as a marker of kidney 

damage. Am J Kidney Dis. 2008 Sep;52(3):595-605. 

https://doi.org/10.1053/j.ajkd.2008.01.020.  

22. Bolignano D, Lacquaniti A, Coppolino G, 

Donato V, Campo S, Fazio MR, et al. Neutrophil 

gelatinase-associated lipocalin (NGAL) and 

progression of chronic kidney disease. Clin J Am 

Soc Nephrol CJASN. 2009 Feb;4(2):337-44. 

https://doi.org/10.2215/CJN.03530708.  

23. Bennett MR, Piyaphanee N, Czech K, Mitsnefes 

M, Devarajan P. NGAL distinguishes steroid 

sensitivity in idiopathic nephrotic syndrome. Pediatr 

Nephrol Berl Ger. 2012 May;27(5):807-12. 

https://doi.org/10.1007/s00467-011-2075-7.  

24. Choudhary A, Mohanraj PS, Krishnamurthy S, 

Rajappa M. Association of Urinary Vitamin D 

Binding Protein and Neutrophil Gelatinase-

Associated Lipocalin with Steroid Responsiveness in 

Idiopathic Nephrotic Syndrome of Childhood. Saudi 

J Kidney Dis Transplant. 2020 Oct;31(5):946-56. 

https://doi.org/10.4103/1319-2442.301201.  

25. Ochocińska A, Jarmużek W, Janas R, Grenda R. 

Response to corticosteroid therapy is not related to 

serum and urine NGAL concentration in nephrotic 

children. Pediatr Pol - Pol J Paediatr. 

2018;93(3):245-

50.https://doi.org/10.5114/polp.2018.77439.  

26. Rovin BH, Adler SG, Barratt J, Bridoux F, 

Burdge KA, Chan TM, et al. KDIGO 2021 Clinical 

Practice Guideline for the Management of 

Glomerular Diseases. Kidney Int. 2021 Oct 

1;100(4):S1-276. 

https://doi.org/10.1016/j.kint.2021.05.021.  

27. Hanley JA, McNeil BJ. The meaning and use of 

the area under a receiver operating characteristic 

(ROC) curve. Radiology. 1982 Apr;143(1):29-

36.https://doi.org/10.1148/radiology.143.1.7063747.  

28. Patel ML, Sachan R, Misra R, Kamal R, Shyam 

R, Sachan P. Prognostic significance of urinary 

NGAL in chronic kidney disease. Int J Nephrol 

Renov Dis. 2015;8:139-44. 

https://doi.org/10.2147/IJNRD.S87423.  

29. Mori K, Nakao K. Neutrophil gelatinase-

associated lipocalin as the real-time indicator of 

active kidney damage. Kidney Int. 2007 

May;71(10):967-70. 

https://doi.org/10.1038/sj.ki.5002165.  

30. Nickolas TL, Forster CS, Sise ME, Barasch N, 

Solá-Del Valle D, Viltard M, et al. NGAL (Lcn2) 

monomer is associated with tubulointerstitial 

damage in chronic kidney disease. Kidney Int. 2012 

Sep;82(6):718-22. 

https://doi.org/10.1038/ki.2012.195.  

31. Bolignano D, Coppolino G, Lacquaniti A, 

Nicocia G, Buemi M. Pathological and prognostic 

value of urinary neutrophil gelatinase-associated 

lipocalin in macroproteinuric patients with 

worsening renal function. Kidney Blood Press Res. 

2008;31(4):274-9. 

https://doi.org/10.1159/000151665.  

32. Wasilewska A, Zoch-Zwierz W, Taranta-Janusz 

K, Michaluk-Skutnik J. Neutrophil gelatinase-

associated lipocalin (NGAL): a new marker of 

cyclosporine nephrotoxicity? Pediatr Nephrol Berl 

Ger. 2010 May;25(5):889-97. 

https://doi.org/10.1007/s00467-009-1397-1.  

33. Khurana M, Traum AZ, Aivado M, Wells MP, 

Guerrero M, Grall F, et al. Urine proteomic 

profiling of pediatric nephrotic syndrome. Pediatr 

Nephrol Berl Ger. 2006 Sep;21(9):1257-65. 

https://doi.org/10.1007/s00467-006-0165-8.  

34. Piyaphanee N, Ma Q, Kremen O, Czech K, Greis 

K, Mitsnefes M, et al. Discovery and initial 

validation of α 1-B glycoprotein fragmentation as a 

differential urinary biomarker in pediatric steroid-

resistant nephrotic syndrome. Proteomics Clin Appl. 

2011 Jun;5(5-6):334-42. 

https://doi.org/10.1002/prca.201000110.  

35. Woroniecki RP, Shatat IF, Supe K, Du Z, Kaskel 

FJ. Urinary cytokines and steroid responsiveness in 

https://www.sciencedirect.com/science/article/pii/B9780323478717000368
https://www.sciencedirect.com/science/article/pii/B9780323478717000368
https://doi.org/10.1016/B978-0-323-47871-7.00036-8
https://doi.org/10.1007/s00467-018-3994-3
https://doi.org/10.2215/CJN.03060316
https://doi.org/10.1016/S2352-4642(18)30283-9
https://doi.org/10.1016/S2352-4642(18)30283-9
https://doi.org/10.1007/s00467-020-045191
https://doi.org/10.1007/s00467-020-045191
https://doi.org/10.1093/ndt/gfv044
https://www.frontiersin.org/articles/10.3389/fped.2019.00404
https://www.frontiersin.org/articles/10.3389/fped.2019.00404
https://doi.org/10.3389/fped.2019.00404
https://doi.org/10.1053/j.ajkd.2008.01.020
https://doi.org/10.2215/CJN.03530708
https://doi.org/10.1007/s00467-011-2075-7
https://doi.org/10.4103/1319-2442.301201
https://doi.org/10.5114/polp.2018.77439
https://doi.org/10.1016/j.kint.2021.05.021
https://doi.org/10.1148/radiology.143.1.7063747
https://doi.org/10.2147/IJNRD.S87423
https://doi.org/10.1038/sj.ki.5002165
https://doi.org/10.1038/ki.2012.195
https://doi.org/10.1159/000151665
https://doi.org/10.1007/s00467-009-1397-1
https://doi.org/10.1007/s00467-006-0165-8
https://doi.org/10.1002/prca.201000110


A Cross-Sectional Study of Urinary Neutrophil Gelatinase-Associated Lipocalin and its                    Ali M AbdAlridha et al 
Association with Steroid Responsiveness in Iraqi Children with Idiopathic Nephrotic Syndrome 

 

J Fac Med Baghdad                                                       171                                                Vol.65, No.3, 2023 

idiopathic nephrotic syndrome of childhood. Am J 

Nephrol. 2008;28(1):83-90. 

https://doi.org/10.1159/000109396.  

36. Ahmed HM, botrous OE, khattab R, Abdallah 

AM. Urinary Interleukin-8 as a Biomarker for 

Steroid Resistance in Childhood Onset Nephrotic 

Syndrome. GEGET. 2019;14(1):90-5. 

https://doi.org/10.21608/geget.2019.38030.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

How to cite this Article 

Abd Al Ridha AM, Kadhim DJ, Ali Alkhazrajy AH. A 

Cross-Sectional Study of Urinary Neutrophil 

Gelatinase-Associated Lipocalin and its Association 

with Steroid Responsiveness in Iraqi Children with 

Idiopathic Nephrotic Syndrome. J Fac Med Baghdad 

[Internet]. 2023 Oct. 1 . Available 

from: https://iqjmc.uobaghdad.edu.iq/index.php/19JFac

MedBaghdad36/article/view/2049 

 

https://doi.org/10.1159/000109396
https://doi.org/10.21608/geget.2019.38030
https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/2049
https://iqjmc.uobaghdad.edu.iq/index.php/19JFacMedBaghdad36/article/view/2049


A Cross-Sectional Study of Urinary Neutrophil Gelatinase-Associated Lipocalin and its                    Ali M AbdAlridha et al 
Association with Steroid Responsiveness in Iraqi Children with Idiopathic Nephrotic Syndrome 

 

J Fac Med Baghdad                                                       172                                                Vol.65, No.3, 2023 

 

رانها مع الإستجابة للأدوية دراسة مقطعية للمستويات البولية لللايبوكالين المرتبط مع انزيم الجيلاتينيز لخلايا الدم النيوتروفيل واقت

التناذر الكلويالستيرويديةلدى عينة من الأطفال العراقيين المصابين بمتلازمة  
 

، بغداد، العراقالكوفةالسريرية، كلية الصيدلة، جامعة  فرع الصيدلة \علي محمد عبدالرضا  

العراقفرع الصيدلة السريرية، كلية الصيدلة، جامعة بغداد، بغداد،  \ضياء جبار كاظم  

مستشفى بابل للنسائية والأطفال، بابل، العراق. \اياد حسين الخزرجي  

 

 

 الخلاصة

لدراسات عن ادأبلغت متلازمة التناذر الكلوي المقاومة للأدوية الستيرويدية ترتبط بمضاعفات صحية خطيرة وعبء مالي كبير. وقخلفية البحث:

لكلوي مجهولة امة التناذر ن بمتلازبانزيم الجيلاتينيز لخلايا الدم النيوتروفيلفي الأطفال المصابيزيادة في المستويات البولية لللايبوكالين المرتبط 

 السبب.

قاومة السبب والم ر محددةتهدف هذه الدراسة الى تقييم إمكانيةاللايبوكالين على تمييز المرضى المصابين بمتلازمة التناذر الكلوي غي الأهداف:

 في الأطفال العراقيين. الستيرويديةمتلازمة المستجيبة للأدوية عن الالستيرويديةللأدوية 

وية الستيرويدية ومجموعة ( الذين يعانون المتلازمة المستجيبة للأد32تم في هذه الدراسة المقطعية جمع مجموعة من الأطفال )المرضى:المنهجية و

سائية فى بابل للنفال في مستشويدية من العيادة الإستشارية لأمراض كلى اللأط( المصابين بالمتلازمة المقاومة للأدوية الستير31أخرى من الأطفال )

مناعي بر الفحص الكالين عم قياس تركيزاللايبوة ووالأطفال لمدة ثلاثة أشهر. في هذه الدراسة، جمعت بيانات المرضى السريرية والتحاليل البولي

 ( والمتوفر تجارياً. ELISAالإنزيمي )

لمتلازمة المقاومة للادوية ا( في مجموعة الأطفال الذين يعانون من p<0.001لوحظ بأن متوسطالمستويات البولية لللايبوكالين أعلى بكثير )النتائج:

ة يبن من المتلازمة المستج( نانوغرام / مل[ مقارنة بمجموعة الأطفال الذين يعانو30.28)131.512]الوسيط )مدى الربعيات البينية( = الستيرويدية

بيبين المستويات البولية . كما وقد كان هناك إرتباط سل]( نانوغرام / مل41.6) 88.45]الوسيط )مدى الربعيات البينية( =  الستيرويديةللادوية 

راكيز كانت هناك ت [. وعلى الرغم من ذلك، فقدp<0.001، 0.599 -( ]معامل رو سبيرمان=eGFRلللايبوكالين ومعدل الترشيح الكبيبي المقدر )

ديهم بأكثر من ح الكبيبي لالترشي عالية نسبياً من اللايبوكالين لدى مرضى متلازمة التناذر الكلوي المقاومة للأدوية الستيرويدية والذين قدرت معدلات

ذر الكلوي تلازمة التنام .و بينت هذه الدراسة أيضًا أن القوة التمييزية للمستويات البولية لللايبوكالين على تشخيص2م 1.73مل / دقيقة /  60

ة القطع المثالية [. وقد كانت قيم0.899،p<0.0001( =AUCعالية وبشكل ملحوظ ]المساحة تحت منحني التنبؤ )الستيرويديةالمقاومة للأدوية 

تفريقهم عن و ستيرويديةالنانوغرام / مل قادرة على الكشف التشخيصي للأطفال الذين يعانون من المتلازمة المقاومة للأدوية  111.091والبالغة 

 ٪. 87.5٪ وبمستوى نوعية قدره   87.1بمستوى حساسية قدره  الستيرويديةاولئك الذين يعانون منالمتلازمة المستجيبة للأدوية 

عانون الذين يفال ن اللأطاستنتجت هذه الدراسة أن اللايبوكالين له قدرة عالية على التشخيص التفريقي، وبدون اي وخز أو حقن، بي الإستنتاجات:

 ستيرويدية.الدوية وتمييزهم عن اولئك الذين يعانون من المتلازمة المستجيبة للأالستيرويديةمنمتلازمة التناذرالكلوي المقاومة للأدوية 

ية، التناذر الكلوي الستيرويد ةللأدوي مؤشر، لايبوكالين مرتبط بإنزيم الجيلاتينيز لخلايا الدم النيوتروفيل، التناذر الكلوي المقاوم الكلمات المفتاحية:

 المستجيب للأدوية الستيرويدية.

 


