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To evaluate different biomarkers for early detection of renal damage and arterial stiffness in adolescent 
type 1 diabetic patients. Seventy five type 1 diabetic patients and 50 healthy volunteers of the same age 
and sex were included in the study. Blood samples were taken for assessment of resistance, 
glycosylated hemoglobin (HbA1c), and lipid profile. Urine samples were taken for assessment of 
albumin/creatinine ratio, Neutrophil gelatinase-associated lipocalin (uNGAL), liver-type fatty acid binding 
protein (L-FABP) and kidney injury molecule-1(Kim-1). Doppler for assessment of carotid intimal medial 
thickness (cIMT) and resistivity index (RI) were also done. HbA1c, albumin/ creatinine ratio , lipid profile, 
NGAL, KIM-1, L-FAB, cIMT and RI were significantly higher while resistin were significantly lower in 
diabetic patients. uNGAL,  KIM-1, L-FAB  had a significant positive correlation with microalbuminuria, 
while resistin had a significant negative correlation with cIMT. uNGAL, KIM-1 and L-FABP were 
significantly higher in diabetic normoalbuminuric than controls.  Resistin and urinary L-FABP had a good 
diagnostic accuracy, area under the curve (AUC = 0.7) with patients with cIMT, on the other hand 
urinary NGAL and resistin had a good diagnostic accuracy of microalbuminuria. RI and tubular 
biomarkers precede the development of diabetic nephropathy even before the development of 
glomerular damage signs, i.e. micro- and macro albuminuria, so they represent early biomarkers of 
‘normoalbuminuric’ diabetic nephropathy (DN) with a good sensitivity and specificity. NGAL, KIM-1, L-
FAB and Resistin can be considered as early biomarkers of diabetic nephropathy and atherosclerosis 
.  
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INTRODUCTION 

Diabetic nephropathy (DN) is a progressive 
kidney disease due to alterations in kidney 
function and architecture, and considered one of 
the leading causes of end-stage renal disease 
(Carole et al., 2017). Urinary protein excretion is 
increased in DN, the early stage is characterized 
by a small increase in urinary albumin excretion, 

called microalbuminuria but in more advanced 
disease, macro albuminuria or proteinuria appear 
(MacIsaac et al., 2004). Glomerular damage as a 
complication of diabetes mellitus causes 
glomerular hyper filtration that is observed soon 
after the onset of diabetes resulting in 
microalbuminuria (Tolins et al., 2004). 

Researches have shown that not only 

http://www.isisn.org/
mailto:S_eldayem@Yahoo.com


Abd El Dayem et al,.                                                                         Biomarkers of renal damage of type 1 diabetics  

 

                                               Bioscience Research, 2018 volume 15(4): 4068-4078                                             4069 

 

glomerular but also tubulointerstitial damage is an 
important factor in the pathophysiology and 
progression of DN (Parving et al., 2008; Gilbert et 
al ., 1999). 

Recent studies show that different serum or 
urinary biomarkers have a role in predicting 
glomerular or tubular kidney injury (Looker et al., 
2015). 

Adipose tissue is an active endocrine organ 
leading  to regulation of nutrient homeostasis, fat 
mass and releases  of a large number of bioactive 
mediators (adipokines)  affecting modulation of  
homeostasis, blood pressure, lipid and glucose 
metabolism, inflammation, and inflammation-
related diseases such as atherosclerosis 
(Kershaw  and  Flier., 2004; Rabe  et al., 2008). 

Resistin is a low molecular-weight (12.5 kDa) 
adipokine that is a member of a cysteine-rich 
secretory protein family (Bokarewa et al., 2005),  
known as resistance -like molecules (RELMs).  

At first, resistance was suggested to be 
involved in insulin resistance and T2DM. 
Recently, it was reported to have a role in 
inflammation and inflammation-related diseases 
like atherosclerosis and arthritis (Reilly et al ., 
2005; Konrad et al., 2007; Lehrke et al., 2004). 

Type 1 diabetes mellitus (T1DM) is associated 
with excess inflammation independent of adiposity 
and glycemic control. Knowledge about the 
relationships between adipokines and T1DM is 
scarce (Geyikli et al., 2013). 

Tubular dysfunction can take place early in 
DN and it may precede glomerular injury. This 
finding highlights the fact that tubular biomarkers 
are early predictors of DN I comparison to 
microalbuminuria and other glomerular 
biomarkers. Neutrophil gelatinase-associated 
lipocalin (NGAL), kidney injury molecule 1 (KIM-
1), and liver-type fatty acid-binding protein (L-
FABP) are examples of promising diagnostic and 
prognostic tubular biomarkers for both acute and 
chronic kidney injury (Paapstel et al., 2016; 
Helanova et al., 2014) 

In the current study, different biomarkers were 
assessed for early detection of renal damage and 
arterial stiffness in adolescent type 1 diabetic 
patients. 
 
MATERIALS AND METHODS 

The study included 75 adolescents with type 
1DM among those attending to the endocrine 
clinic, National Research Centre. The control 
group consisted of 50 healthy volunteers, age and 
sex matched. Control group was the healthy 
friends or relatives of our patients.  

Inclusion criteria:   
Adolescents with type 1 DM, duration of 

disease > 5 years, patients age > 14 and < 19 yrs. 
old. 

 
Exclusion criteria were:  

patients during acute diabetic complications 
e.g. diabetic ketoacidosis (DKA) or hypoglycemia, 
patients suffering from cardiac diseases e.g. 
congenital, rheumatic heart, left ventricular 
dysfunction, patients on metformin or 
multivitamins and smokers.  

Study design and protocol:  
It is a cross-sectional observational study 

done after obtaining approval from the ethical 
committee of the National Research Centre, 
Cairo, Egypt. Registration number is 11052. 
Written informed consent was obtained from all 
participants or their parents after full discussion 
about the aim of the study. This study is a part of 
a project done in the National Research Centre for 
evaluation of cardiac, vascular and endothelial 
function in adolescent type 1 diabetic patients.  

All the studied patients were subjected to:  
Full history taking including: age of patients, 

sex, age of onset of diabetes, duration of 
diabetes, type, dose of insulin therapy, and family 
history of diabetes.  

We asked about presence of any symptoms 
of cardiac, renal, neurological affection or 
presence of any type of autonomic dysfunction. 
We also asked about history of taking drugs other 
than insulin.  

Clinical examination:  
I. Patients and controls were subjected to 

general, cardiac, chest and neurological 
examination.  

II. Blood pressure was measured three times 
for patients and controls after 5-minute rest in the 
sitting position on both upper limbs with the use of 
automatic manometer (Omron M4 Plus, Omron 
Health care Europe, Hoof drop, and Holland). The 
mean value of the second and the third 
measurement was calculated. The measurements 
taken on the dominant limb were analyzed.  

III. Anthropometric measurements in the form 
of weight, height, waist circumference (WC), and 
hip circumference (HC) were taken for each 
participant. The weight and height of the 
participants were measured up to 0.01 kg and 0.1 
cm using a Seca Scale Standing Balance and a 
Holtain Portable Anthropometer (Holtain, Ltd, 
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Crymmych, Wales, U.K.). Body mass index (BMI) 
(kg/m2) was calculated according to the standard 
formula BMI = weight (kg)/ [height (m)]2 .Waist 
circumference was measured at the level of the 
umbilicus with the participant standing and 
breathing normally; hip circumference was 
measured at the level of the iliac crest, using non 
stretchable plastic tape to the nearest 0.1 cm. The 
waist / hip ratio and waist / height ratio (cm/ cm) 
were calculated. Each measurement was taken as 
the mean of three consecutive measurements, 
using standardized equipment. The landmarks, 
instruments used, and techniques followed were 
those recommended by the international biological 
program (Tanner et al., 1969; Cameron 1986). 

Laboratory investigation:  

Simultaneously all patients and controls 
underwent the following tests:  

All patients and controls underwent the 
following tests: venous blood was sampled after a 
12-h fast for measurement  of  serum levels  of  
lipid  profile[total cholesterol (mg/dL) , high density 
lipoprotein( HDL) cholesterol (HDL-C, mg/dL), and 
triglycerides (mg/dL)] was performed on 
automated clinical chemistry analyzer (OLYMPUS 
AU400) . Low density lipoprotein cholesterol (LDL-
C) level was calculated using Friedewald formula: 
LDLc=TC-HDLc-TG/5 mg/dl (Friedewald et al., 
1972). 

Venous blood samples were obtained from 
each subject in a sterile EDTA vacutainer tubes 
for measuring glycated haemoglobin (HbA1c). It 
was measured using The NycoCard READER II 
(Alere Technologies AS, Kjelsåsveien 161, P.O. 
Box 6863 Rodeløkka, NO-0504 Oslo, Norway). 
Glycated hemoglobin (HbA1c) was done every 3 
months and the mean value was calculated per 
year. 

Screening for microalbuminuria was assessed 
in fresh morning urine samples by measuring 
albumin/creatinine ratio. Urinary albumin was 
measured by NycoCard READER II (Alere 
Technologies AS, Kjelsåsveien 161, P.O. Box 
6863 Rodeløkka, NO-0504 Oslo, Norway). Urinary 
creatinine was assayed using automated clinical 
chemistry analyzer (OLYMPUS AU400) after 
dilution in ratio of 1:50. 

Serum Human Resistance was measured by 
ELISA (quantitative sandwich enzyme linked 
immunosorbent assay technique) (Assaypro LLC 
3400 Harry S Truman Blvd,St. Charles, MO 
63301, F (636) 395-7419Catalog No. ER1001-1). 

Carotid intima-media thickness (cIMT) 
assessment: 

A single experienced vascular sonographer, 
who was blind to the clinical and laboratory data 
of the study subjects, performed all imaging 
studies. The images were obtained using 
(General Electric medical ultrasonographic 
machine model: Vivid 7 Pro, GE Vingmed 
ultrasound AS-Nl90, Horton-Norway equipped 
with 7.5–10 MHz linear-array transducer). Imaging 
of the carotid arteries is performed in the 
cardiovascular ultrasound laboratory with the 
subject resting in the supine position with his/her 
neck extended, and the head turned 45° toward 
the contralateral side. Care was taken to have the 
vessel as perpendicular as possible to the plane 
of ultrasound beam to ensure optimal imaging of 
the vessel wall in its longitudinal axis with the 
least possible pressure in order not to compress 
the overlying jugular vein and to allow expansion 
of the carotid artery in all directions. A longitudinal 
section of the common carotid artery 1 cm 
proximal to the carotid bulb was imaged to 
achieve consistent site of measurement, and a 
resolution box function was used to magnify this 
part of the artery. Three maximal IMT 
measurements of the far wall of the artery at 3-
mm intervals were obtained starting at 1 cm 
proximal to the bulb and moving proximally. The 
reported IMT for each side is the average of these 
3 measurements and the reported IMT for each 
subject is the average of the 6 measurements (3 
measurements from the right and 3 from the left 
common carotid artery). Generally, images are 
recorded in the plane where the maximal cIMT 
can be visualized. Magnification of the vessel wall 
allows easy identification of the intimal-medial 
complex, defined by the border between the 
echolucent vessel lumen and the echogenic 
intima and the border between the echolucent 
media and echogenic adventitia. Image frames 
are selected on the basis of areas where the 
intima-media complex is best visualized and 
appears the thickest, irrespective of the cardiac 
cycle, with manual assessment by the 
sonographer using electronic calipers online 
(Singh et al., 2003). 

Renal Doppler: 
Renal color duplex ultrasound scans using 3-6 

MHz convex array transducer (Toshiba, Xario 
ultrasound machine). Patients were scanned in 
the supine position. The transducer was placed in 
longitudinal position just to the Lt. of the midline, 
recording color flow & Doppler spectrum from the 
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abdominal aorta where peak systolic velocity of 
the abdominal aorta was recorded. Then, the 
transducer was placed in transverse position just 
distal to the origin of superior mesenteric artery, to 
achieve transverse view of the aorta at the origins 
of both renal arteries where peak systolic velocity 
of both renal arteries was recorded, and renal 
artery stenosis was ruled out in all patients by 
tracing and examining different segments of both 
renal arteries form origin to renal hilum. Then, 
resistivity indices were recorded in the segmental, 
interlobar and arcuate arteries, on both sides. 

Statistical Analysis:  
Statistical analysis was conducted using 

Statistical Package for Social Science (SPSS) 
program version 15.0 (Chicago, Illinois, USA). t –
test or Mann Whitney-U (for non-symmetrically 
distributed data) for independent variables was 
done. Pearson's or spearman correlation was 

done. Receiver Operating Characteristic curve 
(ROC curve) was used for evaluating NGAL, KIM-
1, L-FABP  and Resistance for detecting cases of 
microalbuminuria and carotid intimal medial 
thickness. 
 
RESULTS 

Seventy five type 1 diabetics were included in 
the study (40 females and 35 males), their mean 
age was 17.99 ± 2.59 yrs., mean duration of 
disease was 10.91 ± 3.54 yrs. and mean age of 
onset of disease was 7.0 ± 3.28 yrs. Diabetic 
patients had a significantly higher HbA1c, 
albumin/ creatinine ratio, lipid profile, urinary 
NGAL, urinary KIM-1, urinary L-FABP, cIMT and 
resistivity index. On the other hand resistin was 
significantly lower in diabetics (table 1), and it had 
a significant negative correlation with cIMT (table 
2). 

Table 1: Comparison between demographic, anthropometric, laboratory data, carotid intimal 
medial thickness and renal Doppler of adolescent type 1 diabetics and controls 

Variables 
Patients Controls 

P-value 
Mean SD Mean SD 

Age of patients (yrs) 17.99 2.59 17.50 2.67 0.60 

Duration of the disease (yrs) 10.91 3.54 -- -- -- 

Onset of disease (yrs) 7.00 3.28 -- -- -- 

Insulin dose (U/kg) 1.26 0.44 -- -- -- 

Systolic blood pressure (mmHg) 118.45 13.33 123.75 10.61 0.30 

Diastolic blood pressure (mmHg) 76.55 10.06 80.00 10.69 0.40 

Midarm circumference (cm) 75.14 379.53 25.79 4.41 0.30 

Waist circumference (cm) 82.83 11.21 74.56 11.23 0.04 

Hip circumference (cm) 94.60 10.32 85.19 13.32 0.02 

BMI (kg/m2) 24.44 3.89 21.86 6.47 0.20 

Waist/hip ratio 0.88 0.08 0.88 0.07 0.90 

Waist / height ratio 0.51 0.07 0.48 0.10 0.30 

HbA1c (%) 9.20 1.93 5.43 0.65 0.0001 

#Albumin/ creatinine ratio (µg/g creatinine) 71.94 73.49 20.53 26.27 0.02 

Cholesterol (mg/dl) 194.86 63.65 100.54 20.41 0.0001 

Triglyceride (mg/dl) 106.59 53.12 68.89 28.39 0.03 

HDL-c (mg/dl) 49.31 16.35 52.21 11.12 0.90 

LDL-c (mg/dl) 116.49 39.10 62.50 19.88 0.0001 

#Urinary NGAL (ng/ml) 98.04 104.22 58.22 38.30 0.03 

#Urinary KIM-1 (ng/g creatinine) 8.01 11.23 1.85 1.43 0.0001 

#Urinary L-FABP(µg/ g creatinine) 12.35 21.80 1.36 0.86 0.0001 

Resistin (ng/ml) 4.85 2.22 20.76 5.01 0.0001 

cIMT (mm) 0.52 0.06 0.41 0.03 0.0001 

Resistivity index 0.67 0.04 0.59 0.02 0.03 

t- test for independent variables,   # Mann  Whitney U test was used  ,Median, mean ± SD (range).  
BMI : body mass index, HbA1c: glycosylated   hemoglonin, LDL: Low density lipoprotein, HDL: high density lipoprotein, cIMT: 
carotid intimal medial thickness 
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NGAL : neutrophil gelatinase- associated lipocalin, L-FABP:  liver-type fatty acid binding protein ,  Kim-1: kidney injury molecule-1 
Table 2: Correlation of resistin with demographic, anthropometric, laboratory data, carotid intimal 
medial thickness and renal Doppler of adolescent type 1 diabetics 

Variables 
Resistin 

r P-value 

Age (yrs) 0.23 0.08 

Duration of disease (yrs) 0.12 0.36 

Onset of disease (yrs) 0.09 0.51 

Insulin dose (U/kg) 0.08 0.55 

Systolic blood pressure (mmHg) -0.11 0.40 

Diastolic blood pressure (mmHg) -0.16 0.23 

Mid arm circumference (cm) 0.10 0.44 

Waist circumference (cm) 0.07 0.57 

Hip circumference (cm) 0.11 0.40 

BMI (kg/m2) 0.07 0.60 

Waist/ hip ratio -0.04 0.79 

Waist / height ratio 0.06 0.66 

HbA1c (%) 0.07 0.59 

Albumin/ creatinine ratio (µg/gm creatinine) 0.17 0.29 

Cholesterol (mg/dl) 0.13 0.34 

Triglyceride (mg/dl) 0.12 0.39 

HDL-c (mg/dl) 0.16 0.28 

LDL-c (mg/dl) 0.07 0.66 

Urinary NGAL (ng/ml) -0.02 0.91 

Urinary Kim-1(ng/g creatinine) 0.13 0.35 

Urinary L-FABP (µg / g creatinine) 0.00 0.99 

cIMT (mm) -0.3 0.03 

Resistivity index 0.14 0.29 

  
Bold indicate significance 
BMI: body mass index, HbA1c: glycosylated   hemoglobin, LDL: Low density lipoprotein, HDL: high 
density lipoprotein, cIMT: carotid intimal medial thickness 
NGAL: neutrophil gelatinase- associated lipocalin, L-FABP:  liver-type fatty acid binding protein, Kim-1: 
kidney injury molecule-1 

 
Correlation of NGAL, KIM-1, and L-FABP with 

demographic, anthropometric, laboratory data, 
carotid intimal medial thickness and renal Doppler 
of adolescent type 1 diabetics is shown in table 3. 
All biomarkers showed a significant positive 
correlation with ACR. KIM-1 had a positive 
significant correlation with L-FABP. 

Urinary NGAL, KIM-1 and L-FABP were 
significantly higher in diabetics with 
microalbuminuria (table 4).On looking at the 
normoalbuminuric patients, urinary NGAL, KIM-1 
and L-FABP were significantly higher, on the other 
hand, resistance was significantly lower when 

compared to controls (table 5).  
Urinary L-FABP was significantly higher, while 

resistance was significantly lower in diabetic 
patients with positive cIMT (table 6).  

In order to assess the significance of 
diagnostic value for each marker, sensitivity, 
specificity and AUC were calculated. Resistin and 
urinary L-FABP had a good diagnostic accuracy 
(AUC = 0.7) in patients with cIMT, on the other 
hand diagnostic accuracy among 
microalbuminuria patients was found to be good 
for urinary NGAL and resistin (table 7). 
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Table 3: Correlation of NGAL, KIM-1, and L-FABP with demographic, anthropometric, laboratory 
data, carotid intimal medial thickness and renal Doppler of adolescent type 1 diabetics 

Variables 
Urinary NGAL Urinary KIM-1 Urinary L-FABP 

r P-value r P-value r P-value 

Age (yrs) 0.11 0.40 0.10 0.44 0.3 0.01 

Duration of disease (yrs) 0.3 0.04 0.20 0.12 0.22 0.09 

Onset of disease (yrs) -0.12 0.39 -0.02 0.86 0.05 0.72 

Insulin dose (U/kg) -0.22 0.11 0.3 0.03 -0.13 0.31 

Systolic blood pressure (mmHg) -0.23 0.08 0.01 0.94 -0.03 0.83 

Diastolic blood pressure (mmHg) -0.20 0.13 -0.25 0.05 -0.10 0.43 

Mid arm circumference (cm) 0.01 0.96 -0.03 0.83 -0.07 0.61 

Waist circumference (cm) 0.08 0.55 -0.18 0.16 -0.10 0.42 

Hip circumference (cm) 0.11 0.42 0.12 0.34 0.03 0.80 

BMI (kg/m2) 0.12 0.37 0.03 0.84 0.01 0.93 

Waist/ hip ratio -0.01 0.94 0.4 0.0001 -0.15 0.24 

Waist / height ratio 0.14 0.30 -0.15 0.25 -0.11 0.39 

HbA1c (%) 0.03 0.84 0.02 0.89 0.19 0.14 

Albumin/ creatinine ratio (µg/gm 
creatinine) 

0.7 0.0001 0.3 0.03 0.3 0.05 

Cholesterol (mg/dl) 0.07 0.63 0.09 0.53 0.05 0.72 

Triglyceride (mg/dl) 0.09 0.53 0.07 0.64 0.10 0.46 

HDL-c (mg/dl) -0.05 0.76 -0.17 0.26 0.00 0.99 

LDL-c (mg/dl) 0.18 0.26 -0.09 0.56 -0.14 0.36 

Resistine (ng/ml) -0.02 0.91 0.13 0.35 0.00 0.99 

Urinary NGAL (ng/ml) --- --- 0.21 0.11 0.10 0.45 

Urinary Kim-1 (ng/g creatinine) 0.21 0.11 --- --- 0.5 0.0001 

Urinary L-FABP (µg / g creatinine) 0.10 0.45 0.5 0.0001 --- ---- 

cIMT (mm) 0.17 0.21 0.02 0.88 0.08 0.55 

Resistivity index 0.04 0.78 0.14 0.27 0.03 0.82 

 
Bold indicate significance 
BMI: body mass index, HbA1c: glycosylated   hemoglonin, LDL: Low density lipoprotein, HDL: high density lipoprotein, cIMT: carotid 
intimal medial thickness 
NGAL: neutrophil gelatinase- associated lipocalin, L-FABP:  liver-type fatty acid binding protein, Kim-1: kidney injury molecule-1 

 

Table 4: Comparison between NGAL, KIM-1, L-FABP and resistin in diabetic patients in relation to 
microalbuminuria 

Variables 
Normoalbuminuric Microalbuminuria 

P-value 
Mean SD Mean SD 

Urinary NGAL (ng/ml) 75.38 60.24 170.31 179.77 0.03 

Urinary Kim-1 (ng/g creatinine) 6.108 11.57 9.15 12.98 0.04 

Urinary L-FABP (µg / g creatinine) 7.43 4.46 20.43 31.46 0.02 

Resistin (ng/ml) 4.94 1.62 4.44 2.12 0.4 
 
Bold indicate significance 
NGAL: neutrophil gelatinase- associated lipocalin, L-FABP:  liver-type fatty acid binding protein, Kim-1: kidney injury molecule-1 
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Table 5: Comparison between NGAL, KIM-1, L-FABP and resistin in normoalbuminuric diabetic 
patients and controls 

Variables 
Normoalbuminuric Control 

P-value 
Mean SD Mean SD 

Urinary NGAL (ng/ml) 183.031 180.430 58.215 38.295 0.020 

Urinary Kim-1 (ng/g creatinine) 6.100 11.571 1.854 1.427 0.020 

Urinary L-FABP (µg / g creatinine) 7.429 4.464 1.362 0.858 0.0001 

Resistin (ng/ml) 4.438 2.115 20.982 5.023 0.0001 
 
Bold indicate significance 
NGAL: neutrophil gelatinase- associated lipocalin, L-FABP:  liver-type fatty acid binding protein, Kim-1: kidney injury molecule-1 

 
Table 6: Comparison between NEGAL, KIM-1, L-FAB and resistin in relation to carotid intimal 

medial thickness 

Variables 

Carotid intimal medial thickness 

P-value Negative Positive 

Mean SD Mean SD 

Urinary NGAL (ng/ml) 91.00 82.06 138.87 190.02 0.2 

Urinary Kim-1 (ng/g creatinine) 4.19 5.43 8.17 11.31 0.09 

Urinary L-FABP (µg / g creatinine) 4.45 1.80 14.04 23.68 0.006 

Resistin (ng/ml) 7.18 3.72 4.61 1.91 0.006 

 
Bold indicate significance 
NGAL: neutrophil gelatinase- associated lipocalin, L-FABP:  liver-type fatty acid binding protein, Kim-1: kidney injury molecule-1 

 
Table 7: ROC curve of NGAL, KIM-1, L-FABP and resistin for detecting cases of microalbuminuria 

and carotid intimal medial thickness 

Variables AUC Cut off Sensitivity Specificity 
95% confidence 

 interval 

 cIMT 

Resistin (ng/ml) 0.7 < 6.1 78.6 66.7 0.6 – 0.8 

Urinary NGAL (ng/ml) 0.6 < 80.7 55.1 66.7 0.4 – 0.7 

Urinary Kim-1 (ng/g creatinine) 0.6 > 2.8 57.7 70 0.5 – 0.7 

Urinary L-FABP (µg / g 
creatinine) 

0.7 > 8 38.5 100 0.5 – 0.8 

 Microalbuminuria 

Resistin (ng/ml) 0.6 > 3.4 79.3 50 0.4 – 0.8 

Urinary NGAL (ng/ml) 0.7 < 114.8 83.3 53.8 0.5 – 0.8 

Urinary Kim-1 (ng/g creatinine) 0.5 > 5.8 39.3 84.6 0.4 – 0.7 

Urinary L-FABP (µg / g 
creatinine) 

0.5 > 3.4 79.3 50 0.4 – 0.8 

 
NGAL: neutrophil gelatinase- associated lipocalin, L-FABP:  liver-type fatty acid binding protein, Kim-1: kidney injury molecule-1 

 
DISCUSSION: 

In the last three decades, albuminuria or 
albumin / creatinine ratio (ACR) was regarded as 
the golden standard diagnostic and prognostic 
biomarker for DN onset and progression (Wang et 
al., 2013). Albuminuria has a diminished 
specificity for diagnosing progression of the 

disease when the urinary albumin excretion is less 
than 300 mg/day as structural damage may 
precede albumin excretion; also it has a low 
sensitivity as DN can progress without an 
increase in albumin excretion. So, albuminuria 
doesn’t provide an accurate measure for diabetic 
kidney disease progression (Al-Rubeaan et al., 
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2017). 
Microalbuminuria may develop also in non-

diabetic patients with progressive chronic kidney 
disease, so alone it’s not specific for the presence 
of diabetic nephropathy (Glassock et al., 2010). 

 On the other hand, not all diabetic patients 
with microalbuminuria progress to end stage renal 
disease (ESRD). This raises the need for 
biomarkers with good specificity and sensitivity 
that may predict patient’s susceptibility to DN (Al-
Rubeaan et al., 2017). 

Therefore, we decided to assess the 
diagnostic properties of NGAL, KIM-1, L-FABP 
and resistin as biomarkers for early detection of 
renal damage and arterial stiffness in adolescent 
type 1 diabetic patients. 

In the current study, urinary NGAL, KIM-1 and 
L-FABP had significantly increased in patients 
with microalbuminuria, except for resistin which 
had a significantly lower level when compared to 
controls. Our results denote the presence of early 
DN in the absence of albuminuria. They were 
comparable with the results of many previous 
studies of diabetic patients that have shown that 
urinary levels of the tubular markers NGAL, KIM-1 
and L-FABP were increased in T1D patients, even 
before they develop signs of glomerular damage, 
i.e. micro- or macro albuminuria (Abd El Dayem et 
al., 2016; Nielsen et al., 2009). 

In the present study, the renal tubular 
biomarkers’ values were increased even before 
the appearance of pathological albuminuria, the 
earlier measurable sign of renal diabetic 
involvement. Our findings support the hypothesis 
of a tubular phase of DN that precedes the 
manifestation of classic glomerular lesions and 
consequently, the increase in renal tubular 
biomarkers’ values could express the degree of 
subclinical tubular impairment preceding the 
classic glomerular signs (Phillips., 2003). 

L-FABP has a role not only in the diagnosis of 
DN but also in disease progression, as it predicted 
the initiation and progression of DN, 
independently of urinary albumin excretion rate 
(Nielsen et al., 2010). Also Nicolae et al. stated 
that L-FABP was an independent predictor of 
progression at all stages of DN (Panduru et al., 
2013). 

In our study, diabetic patients had a significant 
higher level of HbA1c, albumin/ creatinine ratio, 
lipid profile, urinary NGAL, urinary KIM-1, urinary 
L-FABP, cIMT and resistivity index. On the other 
hand resistin was significantly lower in diabetics. 
Previous studies revealed that urinary levels of 
the tubular markers NGAL and KIM- 1 (Abd El 

Dayem  et al., 2016; Nielsen et al., 2010; Panduru  
et al., 2013) and urinary L-FABP [23-28-26] were 
high in type 1 diabetics, even before the 
occurrence of glomerular damage diagnosed by 
the presence of micro- or macro albuminuria. It 
was found that u-NGAL is high in type 1 diabetics 
and it increases with increasing levels of 
albuminuria (Nielsen et al., 2010). 

 In the current study, uNGAL had a significant 
positive correlation with duration of disease and 
microalbuminuria. It was significantly higher in 
normoalbuminuric patients and it had a good 
sensitivity and specificity (83.3 and 53.8 
respectively) and the area under the curve was 
0.7. U NGAL was higher in patients with positive 
cIMT but it was not statistically significant and it 
had a good sensitivity and specificity (55.1 and 
66.7 respectively) and the area under the curve 
was 0.6.  This coincide with the result of 
(Lacquaniti et al., 2013), who reported that,  
NGAL increases in patients with type 1 DM, even 
before diagnosis of microalbuminuria representing 
an early biomarker of ‘normoalbuminuric’ DN with 
a good sensitivity and specificity. NGAL 
measurement could be useful for the evaluation of 
early renal impairment in the course of diabetes. 

The current work showed a significant positive 
correlation between the urinary level of u KIM-1 
with insulin dose, waist / hip ratio, 
microalbuminuria and u L-FABP. u L-FABP had a 
significant positive correlation with age of patients, 
microalbuminuria and u KIM-1 and it was 
significantly high in patients with microalbuminuria 
and patients with positive cIMT.  u KIM-1 had a 
sufficient sensitivity and specificity,  while u L-
FABP had a good sensitivity and specificity for 
diagnosis of diabetic nephropathy and 
atherosclerosis. This coincides with the results of 
the previous studies (Nielsen et al., 
2009;Lacquaniti et al., 2013; Abd El Dayem  et al., 
2017). 

In the current study, Resistivity index (RI) was 
significantly higher in diabetics and it had no 
correlation with uNGAL, uKIM-1 and uL-FABP. 
Our study coincide with other previous studies on 
type I diabetic patients, which demonstrated that 
RI values were significantly greater in diabetic 
children with a preclinical stage of diabetic 
nephropathy (DN) (Youssef et al., 2012; Abd El 
Ghaffar et al., 2010). They found no correlation 
between increased RI and microalbuminuria. On 
the other hand, Abd El Dayem et al., 2017 and 
Saif et al ., 2010 revealed a significantly positive 
correlation between the RIs in the intrarenal 
arteries and the albumin/creatinine ratio in type I 
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diabetic patients. 
Abd El Dayem et al., 2017, reported after a 

longitudinal study of resistivity index , u NGAL, u 
KIM-1 and u L-FABP at base line and three years 
later that,  RI  and renal tubular biomarkers are 
increased before the appearance of pathological 
albuminuria, which is the earliest measurable sign 
of renal diabetic dysfunction, supporting the 
hypothesis of a tubular phase of  DN preceding 
the glomerular phase and consequently, the 
increase in R.I. and renal tubular biomarkers' 
values may express the degree of subclinical 
tubular impairment preceding the classic 
glomerular signs. R.I. and these new tubular 
biomarkers offer an advantage to urinary albumin 
in early detection of DN. 

In the current study, resistance was 
significantly lower in diabetic patients with a 
negative correlation with cIMT and it had a 
significant lower level in patients with positive 
cIMT. Resistance had a lower level in 
microalbuminuric patients but this was not 
statistically significant. Resistance had a good 
sensitivity and specificity for detection of cIMT and 
microalbuminuria. AUC for cIMT and 
microalbuminuria were 0.7 and 0.6 respectively.  

Fehmann et al ., 2002, found no differences in 
resisting level among type 1 diabetes, type 2 
diabetes and healthy individuals. However, 
Schaffler  et al., 2004, in a large study of 555 adult 
patients with type 2 diabetes, 114 patients with 
type 1 diabetes, and 216 healthy subjects, 
revealed significantly increased resistin 
concentrations in the control group than in the 
other two groups, without a significant influence of 
age and sex on the results . 

Martos-Moreno et al., 2006,  assessed resistin 
level in newly diagnosed  children with  type 1 
diabetes before treatment with insulin, and after 
one and four months of treatment. They found no 
difference, while the levels were close to those 
obtained in the control group at all-time points. 
Celi  et al., 2006 and Majewska  et al., 2014, 
reported that resistin levels is lower in children 
with type 1 diabetes than in healthy controls.  

 The main physiological role of the resistin is 
to maintain the blood glucose level during hunger 
(Skowrońska et al., 2005).  Uncontrolled diabetes 
and hyperglycemia are a common phenomenon in 
type 1 diabetic patients. At high glucose 
concentrations, the redundant hyperglycemic 
effect of resistin may be subject to inhibition by 
suppressing its secretion. The mechanisms 
controlling resistin secretion and production in the 
adipocytes aren’t clear, Haugen et al. recorded a 

significant decrease in the amount of resistin 
mRNA under the effect of high insulin 
concentrations in adipocytes cultured in vitro 
(Haugen et al., 2001).  This goes hand with hand 
with the results of Liu et al. (2008),  thus 
hyperinsulinaemia that appears frequently in 
patients with type 1 diabetes might also cause an 
inhibitory effect on the resistance secretion, 
resulting in reduction of its concentrations in these 
patients. 

However, Geyikli et al., 2013, observed that 
resistin levels were significantly increased in the 
diabetic group and higher levels were found in 
patients with high HbA1c levels. Increased 
inflammation in T1DM is due to hyperglycemia 
and poor glycemic control. Resistance is thought 
to have a role in inflammatory pathways as it is 
produced by mononuclear cells in peripheral 
blood, and monocyte/ macrophage activation 
induced by hyperglycemia may lead to excess 
secretion of resistance. It is thought that 
Resistance may interfere with the capability of 
insulin in disposing of glucose from the blood 
stream. Studies on type 1 diabetes are deficient 
and we need further studies for better evaluation 
of the relationship of resistance with type 1 
diabetes. 

Limitation of the study is that the number of 
patients is small and we need a follow up study to 
detect the accuracy of the markers in the 
diagnosis of diabetic nephropathy and 
atherosclerosis. 

CONCLUSION 
In conclusion, increase in RI and tubular 

biomarkers precede the development of diabetic 
nephropathy and microalbuminuria even before 
the development of glomerular damage signs, i.e. 
micro or macro albuminuria, thus they represent 
early biomarkers of ‘normoalbuminuric’ DN with a 
good sensitivity and specificity. NGAL, KIM-1, L-
FAB and Resistance can be considered as early 
biomarkers of diabetic nephropathy and 
atherosclerosis.  
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