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A R T I C L E  I N F O                              

INTRODUCTION 
 

Diabetes is a complex, chronic illness requiring continuous 
medical care with multifactorial risk-reduction strategies 
beyond glycemic control. Ongoing diabetes self
education and support are critical to preventing acute 
complications and reducing the risk of long
complications [1].Diabetic nephropathy (DN) is one of the most 
serious micro-vascular complications, which significantly 
impacts morbidity, mortality and quality of life. DN occurs in 
approximately one-third of all people with diab
considered the leading  cause of renal failure in developed and 
developing countries [2]. 
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                             A B S T R A C T  
 

 

Background: Diabetic nephropathy (DN) is a major cause of morbidity and mortality 
among adolescents with type 1 diabetes. Clinical management and therapeutic intervention 
from early stage of DN is of major importance to prevent progression to end
disease. Renal tubulointerstitium plays an important role in the development and 
progression of diabetic nephropathy. 
Aim: The aim of the present study was to assess 
Gelatinase-Associated lipocalin (uNGAL) as an early marker for diabetic nephropathy in 
type 1 diabetic adolescents. 
Methodology: This is a case control study that included ninety adolescents. They were 
divided according to albumin/creatinine ratio (ACR) in urine into three groups: group I 
included thirty type 1 diabetic adolescents without microalbuminuria (<30 mcg/mg), group 
II included thirty type 1 diabetic adolescents with microalbuminuria (30
group III included thirty healthy controls. In addition to urinary NGAL, urine 
albumin/creatinine ratio, serum creatinine, estimated glomerular filtration rate (eGFR), 
fasting blood glucose (FBG), glycated hemoglobin (HbA1c) and other common 
biochemical parameters were measured according to standard methods and were assessed 
to correlate their values with urinary NGAL. Data analysis was done by using (SPSS) 
version 20.0. P value was set significant if < 0.05. All graphs were analyzed with graph pad 
version 17.0. 
Results: Urinary NGAL was increased in diabetic patients compared to controls; 
interestingly, uNGAL was increased already in microalbuminuric patients (group II) and 
also in normoalbuminuric (group I) (p=0.000). It was increased proportionately to the 
severity of kidney function, poor glycemic control. Diabetic patients showed increased 
mean ACR values with respect to controls (p=0.000). Analysis of correlation revealed that 
urine NGAL was correlated with fasting blood glucose and blood pressure. 
CONCLUSION: Urinary NGAL was significantly elevated in micro
II) and some normo-albuminuric type 1 diabetes patients (GROUP I) compared with 
healthy controls (GROUP III) and it can predict diabetic nephropathy at early stage even 
before the development of microalbuminuria. 
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clinically characterized by persistent albuminuria, decline in 
glomerular filtration and function, and high risk of 
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 NGAL is a protein first identified in neutrophils but expressed 
at very low concentration in several tissues, including the lung, 
the gastrointestinal tract and the kidney upon inflammation and 
tissue injury. Circulating NGAL is filtered by the glomerulus
and captured by the proximal tubule and only a minimal 
amount is excreted in urine. It's small molecular size and 
protease resistance could render it an excellent biomarker of 
renal injury [4, 5]. 
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Diabetic nephropathy (DN) is a major cause of morbidity and mortality 
among adolescents with type 1 diabetes. Clinical management and therapeutic intervention 
from early stage of DN is of major importance to prevent progression to end-stage renal 

Renal tubulointerstitium plays an important role in the development and 
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Associated lipocalin (uNGAL) as an early marker for diabetic nephropathy in 
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NGAL is a protein first identified in neutrophils but expressed 
at very low concentration in several tissues, including the lung, 
the gastrointestinal tract and the kidney upon inflammation and 
tissue injury. Circulating NGAL is filtered by the glomerulus 
and captured by the proximal tubule and only a minimal 
amount is excreted in urine. It's small molecular size and 
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Interestingly, tubular biomarkers have shown that tubular 
dysfunction can be present early in DN, occasionally 
preceding glomerular injury. This observation underscores the 
fact that tubular biomarkers are early predictors of DN 
compared to microalbuminuria and other glomerular 
biomarkers. Examples of tubular biomarkers include NGAL, 
α-1-microglobulin, kidney injury molecule 1 (KIM-1), N-
acetyl-β-D-glucosaminidase (NAG), cystatin C, and liver-type 
fatty acid-binding protein (L-FABP) [6]. 
 

MATERIAL AND METHODS 
 

This is a case control study which involved 90 adolescents (44 
males and 46 females) divided into three groups according to 
Albumin/Creatinine Ratio: group I included 30 type 1 diabetic 
adolescents without microalbuminuria (<30 mcg/mg) with 
mean age 13±2.7 years, group II included 30 type 1 diabetic 
adolescents with microalbuminuria (30–300 mcg/mg) with 
mean age 13.5±2.7 years and group III included 30 healthy 
controls with mean age 12.9±2.0 years. Urinary NGAL was 
measured using NGAL Enzyme-linked immunosorbent assay 
(ELISA) method. Urinary Albumin and Creatinine were 
estimated on fully automated chemistry analyzer. Albumin 
Creatinine Ratio (ACR) was calculated as mcg Albumin/mg 
Creatinine. Data analysis was done by using SPSS version 
20.0. and graph pad. All T1DM adolescents are less than 3 
years diabetes duration, T1DM adolescents with urinary tract 
infection, renal diseases and any inflammatory or chronic 
diseases were excluded from this study to avoid any 
interference in the NGAL measurement. 
 

RESULTS 
 

The demographic and disease-related characteristics of the 
patients which analysed by using ANOVA test are presented in 
Table 1. This study involved sixty patients with Type 1 
diabetes mellitus adolescents and thirty healthy controls. They 
were categorized into (Group I) normoalbuminuria (N=30), 
(Group II) microalbuminuria (N=30), and (Group III) healthy 
controls (N=30), depending on their albumin/creatinine ratio in 
urine. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

There was no significant difference between three groups for 
the gender, BMI, height, age and age on set between three 
groups but there was a significant longer duration in group II 
than Group I (p=0.003) which represent a risk factor for 
development op micro-albuminuria. 
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Figure 1 Estimated ACR in Group I, Group II and Group III (Controls) 
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Figure 2 Estimated NGAL in Group I, Group II and Group III (Controls) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 Demographics and disease-related characteristics 
 

Variables 
(Group I) 

Normoalbuminuria T1DM 
(Group II) 

Microalbuminuria T1DM 
(Group III) 

Controls 
ANOVA 
(P value) 

Sex 
Male % 19 (63.3%) 11 (36.7%) 14 (46.7%) 

0.8 
Female % 11 (36.7%) 19 (63.3%) 16 (53.3%) 

Age (years) (mean±SD) 13±2.7 13.5±2.7 12.9±2.0 0.589 
Age of onset of DM (years) (mean±SD) 7.9±2.4 7±3 - 0.2 
Duration of diabetes (years) (mean±SD) 5.06±1.4 6.5±2.16 - 0.003 

BMI (kg/m2) (mean±SD) 20.6±4.4 22.06±6.2 19.3±2.4 .073 
Height (cm) (mean±SD) 146±15 147.1±14.5 149.9±8.6 0.503 

SBP (mmHg) (mean±SD) 119.5±19a** 119±17b** 103.3±13.2 0.000 
DBP (mmHg) (mean±SD) 79.2±12.7a** 79±10b** 65±9.4 0.000 
FBG (mg%) (mean±SD) 236±124a** 269±117b** 77.9±9.9 0.000 
HbA1c(%)(mean±SD) 10.9±3a** 12±2.6b** 5.36±0.3 0.000 

Insulin dose (u/kg/day) (mean±SD) 1.132±0.3 1.355±0.4 - .031 
AST U/L (mean±SD) 34±33.2 28.2±4.3 25.5±5.69 0.4 
ALT U/L (mean±SD) 29.3±27.3 29.1±24.9 18.3±4.6 0.08 

TC (mg/dl) (mean±SD) 176±30.3 194.7±55.9b** 158.1±22.1 .002 
TG (mg/dl) (mean±SD) 123.6±83.1a** 116.1±62.9b* 75.3±11 .006 

HDL-C (mg/dl) (mean±SD) 43.6±10.5 50.6±11.9b*c** 43.4±5.7 .007 
LDL-C (mg/dl) (mean±SD) 110.1±24.5 125.8±46.4b* 104±17.9 .029 

Creatinine (mg%) (mean±SD) 0.8±0.2 a** 0.76±0.1 0.69±0.12 0.002 
Urea (mg%) (mean±SD) 26.8±11.2 25.6±7.2 24.6±4.67 0.6 

eGFR (ml/min/1.73m2) (mean±SD) 111.1±25.6 a** 116.3±23.3 b* 132.3±25.5 0.004 
ACR (mg/g cr) (mean±SD) 15.5±7.5a** 102.7±73.5b** 2.3±1.1 0.000 
uNGAL (ng/ml) (mean±SD) 265.4±168.8 340.5±222.7b,c** 132.8±52.1 0.000 

 

* P-value < 0.05 is significant; **P-value < 0.005 is highly significant; a Significant between Group I and Group III; b Significant between Group II and Group III; c Significant 

between Group II and Group I; Appreviations: TC; Total Cholesterol; TG; Tri-Glycerides; HDL-C; High density lipoprotein cholesterol ; LDL-C; Low density lipoprotein 
cholesterol. 
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Figure 3 Correlation between Blood Pressure and NGAL in Group I 
 

 

 
 

 
 

Figure 4 Correlation between Diabetes markers and NGAL in Group II 

This study showed there was a highly statistically significant 
increase in the mean±SD of Albumin Creatinine Ratio (ACR) 
in (Group II) T1DM patients with nephropathy compared to 
(Group III) controls as shown in Fig.(1). 
 

This study showed there was a highly statistically significant 
increase in the mean±SD of uNGAL in (Group II) T1DM 
patients with nephropathy patient groups than (Group III) 
control as shown in Fig. (2). This is an interesting finding and 
supports the hypothesis that uNGAL can be used as a marker 
for the early detection of diabetic nephropathy. 
 

This study showed there was a highly statistically significant 
difference in the mean±SD of eGFR between T1DM patient 
Groups I, II compared to preserved renal function in controls 
(p 0.004) as shown in Table (1) which represent the impact of 
DM on renal function.  
 

This study showed there is a highly significant difference 
between Group I and Group II for SBP and DBP (p=0.000) as 
shown in table (1), which means that elevated BP represents a 
risk factor for development of microalbuminuria. Also there is 
significant positive correlation between SBP, DBP and  
uNGAL in Group I T1DM patient without microalbuminuria 
as shown in Fig. (3), this may suggest an indirect predictive 
role of uNGAL as a cardiovascular morbidity marker. 
Undoubtedly, further studies investigating the endothelial 
dysfunction will further delineate the extent of microvascular 
damage in DN. 
 

This study showed there is significant positive correlation 
between elevated FBG and uNGAL in Group II T1DM patient 
microalbuminuria, which support that uNGAL  is strongly 
correlated with poor glycemic control which preceding DN as 
shown in Fig.(4). 
 

This study showed there is statistical difference between the 
diabetic patient groups I or II and controls as regards 
glycosylated hemoglobin (HbA1c) and FBG as it was higher in 
group II (p=0.000). Also, there was a statistically significant 
difference in the mean±SD between the T1DM patients groups 
I and II for Insulin Dose u/kg/day (p=.031) which indicates 
that there are many risk factors for development of 
microalbuminuria in Type 1 diabetic patients as poor glycemic 
control, long duration of diabetes, high insulin dose and high 
blood pressure as shown in Table 1. 
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Figure 5 NGAL in relation to family history of Renal Disease in type 1 
diabetics Group I and Group II 
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Figure 6 NGAL in relation to family history of diabetes mellitus in patients 
with type 1 diabetes mellitus Group I and Group II 

 

The mean values of NGAL are higher in Group I and Group II 
diabetics with positive family history of Renal disease and DM 
compared with diabetics with negative family history for each 
disease in the same group as shown in fig. (5) and fig. (6) 
which supports the hypothesis that urine NGAL can be used as 
an early marker for early detection of diabetic nephropathy in 
presence of positive family history of renal disease or DM. 
 

In diabetics with positive family history of diabetes mellitus 
than in Group I and Group II diabetics with negative family 
history of diabetes and the difference is statistically significant.    
The mean value of NGAL is higher in diabetics with positive 
family history of Renal disease than in Group I and Group II 
diabetics with negative family history of diabetes and the 
difference is statistically significant. 
 

Liver enzymes have been tested for all groups to ensure that 
they have not liver disease.  According to ALT and AST 
results, the patients with highly ALT and AST were excluded 
from this study so that there is no significant difference 
between patients Group I, Group II and Group III normal 
control.  
 

DISCUSSION 
 

Classically, albuminuria is regarded as the consequence of 
diabetes-induced glomerular damage. The onset of elevated 
levels of urinary albumin excretion is an early sign of diabetic 
nephropathy. Various studies have shown that in patients with 
diabetes, microalbuminuria predicts the occurrence of 
macroalbuminuria and renal function decline. As a result, high 
albuminuria has become an established marker of CKD in 
these patients [7].  
 

More recently, it is increasingly appreciated that the renal 
tubule interstitium plays a role in the pathogenesis of diabetic 
nephropathy with prolonged exposure to a variety of metabolic 
and hemodynamic injuring factors that are associated with 
sustained hyperglycemia as contributing factors [8].  
 

Markers of tubular damage are discovered and extensively 
investigated in predicting the occurrence of acute kidney injury 
after various nephrotoxic insults, such as ischemia during 
cardiac surgery, sepsis, and administration of contrast agents. 
Little research has been done about their role as early markers 
in patients with CKD [9].  
 

The aim of this case control study was to assess urinary 
Neutrophil Gelatinase Associated lipocalin (uNGAL) and to 
evaluate as an early marker for diabetic nephropathy in type 1 
diabetic adolescent. This study involved 60 patients with 
diabetes and 30 controls. It demonstrated that urine NGAL 
does not correlate with other diabetic indices; such as HbA1c 
and dermographic factors such as (age, gender, and Age of 
onset of DM. These findings are in accordance with reports 
from Bolignano et al. [10]. However, urine NGAL was noted 
to be correlating significantly with urine albumin/creatinine 
ratio and FBS. Few studies have reported the same findings in 
patients with chronic kidney disease [11–14], hence supporting 
idea that urine NGAL may be used as a marker for 
nephropathy. 
 

In current study, there was no significant difference between 
three groups for BMI between all groups but there was a 
significant difference in SBP and DBP in Group I and Group II 
as it was higher as compared with controls (p=0.000). 
 

Similarly, Alleyn et al. reported no difference in BMI with 
respect to the occurrence of microalbuminuria [15].  
 

This study showed the statistical difference between the 
diabetic patient groups I or II and the control group as regards 
glycosylated hemoglobin (HbA1c) and FBG as it was higher in 
group II (p=0.000). Also, there was a highly statistical 
significant difference in the mean±SD between the collective 
patient groups I and II for Insulin Dose u/kg/day (p=.031).   
 

Similarly, in a study conducted by Tandon et al., patients 
without any proteinuria showed HbA1c up to 7.0%. Amongst 
the microalbuminuric patients, they had HbA1c in the range of 
8.1-10%. macroalbumin positive patients had HbA1c in the 
range of 10.1- 12%. A positive correlation was seen between 
degree of glycaemic control and development of proteinuria (p 
value <0.05) [16].  
 

This study showed there was a highly statistical significant 
difference in the mean±SD of creatinine and eGFR between 
T1DM with nephropathy patient groups and control. On the 
other hand, there is no a significant difference between the 
diabetic patient groups and the healthy group in the mean±SD 
urea or between patients groups. 
 

This was supported by Sasso et al., study, showed that, In 
comparison with microalbuminuric patients, those with 
macroalbuminuria were characterized by a larger prevalence of 
greater renal impairment (57.8 ± 26.2 versus 68.2 ± 22.8 
mL/min/1.73m 2 , P < 0.0001).HbA1c and haemoglobin 
values were influenced by both GFR and albuminuria [17].  
This study showed there was a highly statistical significant 
increase in the mean±SD Albumin Creatinine Ratio (ACR) and 
NGAL in Group II T1DM with nephropathy patient groups 
than control.  
 

This finding may support the hypothesis of a “tubular phase” 
of diabetic disease preceding overt diabetic nephropathy and 
hence the use of these markers, especially U.NGAL 
measurement for early evaluation of renal involvement even 
before appearance of microalbuminuria [18].  
Similarly, Siddiqi et al., results showed that U.NGAL levels 
were significantly high in cases as compare to controls [19].  
Also, Al-Rubeaan et al. concluded that, NGAL had 
significantly increased in patients with microalbuminuria and 
marcoalbuminuria [20].  
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The association between the early tubular lesions in non-
albuminuric patients with type 1 diabetis and NGAL was 
further supported by published studies [21, 22, 23]. 
 

This study showed,  the mean value of ACR is higher in 
diabetics with positive family history of renal disease than in 
Group I and Group II diabetics with negative family history of 
diabetes and the difference is statistically significant. 
 

Similarly, Arar et al., Fifty-three percent of diabetic relatives 
presented with a high urinary albumin/creatinine ratio (≥0.03) 
and were unaware of having DN (P ≤0.05). Although an 
overwhelming majority of participants perceived diabetes as 
running in their family, only 36% of respondents felt that DN 
ran in their family or believed that a family history of diabetes 
or having a sibling with DN were important risk factors for 
developing DN [24]. 
 

This study showed, there are a significant positive correlation 
of SBP, DBP, and NGAL. On the other hands, there was non-
significant positive correlation between Urea and NGAL and 
negative non-significant correlation between Liver Function, 
eGFR and NGAL.  
 

The Mahfouz et al., study showed a significant correlation 
between the urinary levels of NGAL with the presence of high 
SBP [25]. 
 

CONCLUSION 
 

Urinary NGAL is rapidly emerging as a very promising 
predictive tool in a variety of renal and non-renal conditions. 
The horizons for its applications are rapidly expanding. It can 
be used early to predict many disorders, especially diabetic 
nephropathy in future. The present study supports these 
findings by showing an association between higher urinary 
NGAL levels and greater progress in diabetic nephropathy. 
 

References 
 

1. American Diabetes Association (2020), 
Introduction:Standards of  Medical Care in Diabetes 
d2020 Diabetes Care;43(Suppl. 1):S1–S2 | 
https://doi.org/10.2337/dc20-SINT 

2. Fiseha T. (2015), Urinary biomarkers for early diabetic 
nephropathy in type 2 diabetic patients. Biomarker 
research 3: 16. 

3. Oltean S, Coward R, Collino M, Baelde H (2017) 
Diabetic Nephropathy: Novel Molecular Mechanisms 
and Therapeutic Avenues. BioMed Research 
International p. 1. 

4. Ding H, He Y,Li K, Yang J, Li X, Lu R, Gao W (2007) 
Urinary neutrophil gelatinase-associated lipocalin 
(NGAL) is an early biomarker for renal 
tubulointerstitial injury in IgA nephropathy. Clin 
Immunol. May; 123(2):227-34. 

5. Parravicini E, Nemerofsky SL, Michelson KA, Huynh 
TK, Sise ME, Bateman DA, Lorenz JM, Barasch JM 
(2010) Pediatr Res. Jun; 67(6):636-40. 

6. Uwaezuoke SN. (2017) the role of novel biomarkers in 
predicting diabetic nephropathy: a review. International 
journal of nephrology and renovascular disease 10: 221-
231. 

7. Tziomalos K and Athyros VG. (2015) Diabetic 
nephropathy: new risk factors and improvements in 
diagnosis. The review of diabetic studies: RDS 12: 110. 

8. Zeni L, Norden AG, Cancarini G, et al. (2017) A more 
tubulocentric view of diabetic kidney disease. Journal 
of nephrology 30: 701-717. 

9. Assal HS, Tawfeek S, Rasheed EA, et al.(2013) Serum 
cystatin C and tubular urinary enzymes as biomarkers of 
renal dysfunction in type 2 diabetes mellitus. Clinical 
Medicine Insights: Endocrinology and Diabetes 6: 
CMED. S12633. 

10. Bolignano D, Lacquaniti A, Coppolino G, Donato V, 
Fazio MR, Nicocia G, Buemi M. (2009) Neutrophil 
gelatinase-associated lipocalin as an early biomarker of 
nephropathy in diabetic patients. Kidney Blood Press 
Res.;32:91–8. 

11. Xu SY, Pauksen K, Venge P. Serum measurements of 
human neutrophil lipocalin (HNL) discriminate between 
acute bacterial and viral infections. Scand J Clin Lab 
Invest. 1995;55:125–31. 

12. Mitsnefes MM, Kathman TS, Mishra J, et al. Serum 
neutrophil gelatinase associated lipocalin as a marker of 
renal function in children with chronic kidney disease. 
Pediatr Nephrol. 2007;22:101–08. 

13. Suzuki M, Wiers KM, Klein-Gitelman MS, et al. 
Neutrophil gelatinase-associated lipocalin as a 
biomarker of disease activity in pediatric lupus 
nephritis. Pediatr Nephrol. 2008;23:403–12. 

14. Bolignano D, Coppolino G, Campo S, et al. Urinary 
neutrophil gelatinase-associated lipocalin (NGAL) is 
associated with severity of renal disease in proteinuric 
patients. Nephrol Dial Transplant. 

15. Alleyn CR, Volkening LK, Wolfson J, et al. (2010) 
Occurrence of microalbuminuria in young people with 
Type 1 diabetes: importance of age and diabetes 
duration. Diabetic medicine 27: 532-537. 

16. Tandon RK, Khare A, Gupta M, et al. (2015) 
Relationship Between Glycosylated Hemoglobin and 
Risk of Microalbuminuria in Patients with Type 2 
Diabetes Mellitus. People’s Journal of Scientific 
esearch.    

17. Sasso FC, Chiodini P, Carbonara O, et al. (2011) High 
cardiovascular risk in patients with Type 2 diabetic 
nephropathy: the predictive role of albuminuria and 
glomerular filtration rate. The NID-2 Prospective 
Cohort Study. Nephrology Dialysis Transplantation 27: 
2269-2274. 

18.  Hafez MH, El-Mougy FA, Makar SH, et al. (2015) 
Detection of an earlier tubulopathy in diabetic 
nephropathy among children with normoalbuminuria. 
Iranian journal of kidney diseases 9: 126. 

19.  Siddiqi Z, Karoli R, Kaul A, et al. (2017) Evaluation of 
neutrophil gelatinase-associated lipocalin and cystatin C 
as early markers of diabetic nephropathy. Ann Afr Med 
16: 101-106. 

20. Al-Rubeaan K, Siddiqui K, Al-Ghonaim MA, et al. 
(2017) Assessment of the diagnostic value of different 
biomarkers in relation to various stages of diabetic 
nephropathy in type 2 diabetic patients. Sci Rep 7: 
2684. 

21. Thrailkill KM, Moreau CS, Cockrell GE, et al. (2010) 
Disease and gender-specific dysregulation of NGAL 
and MMP-9 in type 1 diabetes mellitus. Endocrine 37: 
336-343. 

22. Carvalho JAMd. (2014) Investigação laboratorial da 
nefropatia diabética: avaliação de marcadores tubulares 



Evaluation of Urinary Neutrophil Gelatinase Associated Lipocalin as an Early Marker of Nephropathy in Type 1 Diabetic 
Adolescents 
 

 

21297 

e do impacto da correção pela creatinina urináriA. 
Universidade Federal de Santa Maria. 

23. Papadopoulou-Marketou N, Skevaki C, Kosteria I, et al. 
(2015) NGAL and cystatin C: two possible early 
markers of diabetic nephropathy in young patients with 
type 1 diabetes mellitus: one year follow up. Hormones 
(Athens) 14: 232-240. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

24. Arar NH, Hazuda HP, Plaetke R, et al. (2003) Familial 
Clustering of Diabetic Nephropathy: Perceptions and 
Risk Recognition Among Mexican-American Patients 
With a Family History of Diabetes. Diabetes Spectrum 
16: 136-142. 

25. Mahfouz MH, Assiri AM and Mukhtar MH. (2016) 
Assessment of Neutrophil Gelatinase-Associated 
Lipocalin (NGAL) and Retinol-Binding Protein 4 
(RBP4) in Type 2 Diabetic Patients with Nephropathy. 
Biomark Insights 11: 31-40. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

How to cite this article:  
 

Hayam K. Nazif et al (2020) 'Evaluation of Urinary Neutrophil Gelatinase Associated Lipocalin as an Early Marker of 
Nephropathy in Type 1 Diabetic Adolescents', International Journal of Current Advanced Research, 09(02),  
pp. 21292-21297. DOI: http://dx.doi.org/10.24327/ijcar.2020. 21297.4180 

******* 


