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ARTICLE INFO Abstract

Background: The WHO Global Report on Diabetes (2016) showed that the number 
of diabetic patients quadrupled between 1980 and 2016, while causing the death of 1.5 
million people. While the global prevalence of diabetes is 9%, the prevalence of diabetes 
in Qatar is between 17-20%, 45% of which developed diabetic nephropathy. Diabetic 
Nephropathy is the largest cause of End Stage Renal Disease, and it develops in 20% of 
diabetic patients. Currently, DN is diagnosed by the detection of microalbumin in urine 
samples. However, nephropathy can be present even in the absence of albuminuria, and 
the levels of microalbumin in urine does not correlate with the degree of nephropathic 
damage. Early detection can prevent total renal failure. Studies have shown that neu-
trophil gelatinase-associated lipocalin (NGAL) was highly expressed even before the ap-
pearance of pathological microalbuminuria in both type 1 and type 2 diabetic patients. 
The levels of NGAL in urine also correlates with the degree of nephropathic damage. 
However, currently no information exists about the presence of NGAL in diabetic pa-
tients of the Qatari population. 

Objective: This study aims to determine if there is a relationship between the con-
centrations of NGAL in urine and kidney function. 

Methodology: Urine samples of 123 patients were acquired from the Qatar Biobank. 
Of these, 38 were non-diabetic controls, while 85 were diabetic patients.  Type 1 dia-
betics, pregnant females, smokers, and kidney, liver and cardiovascular disease patients 
were excluded from the control and case population. Using Enzyme linked immuno-
sorbent assay (ELISA), all samples were tested for the presence of NGAL, and a select few 
were also tested for microalbumin through an external laboratory. The results obtained 
were analyzed using Statistical Package for Social Sciences (SPSS) version 24 and Micro-
soft Excel 2016. 

Results: No significant difference was found in mean values of uNGAL concentra-
tions in healthy patients, diabetic patients with HbA1c>6% and diabetic patients with 
HbA1c<6% (p>0.05). However, weak correlation was demonstrated between uNGAL 
concentrations with serum albumin, HbA1c, serum glucose concentration and albuminu-
ria in diabetic patients with HbA1c>6% (p<0.05). 

Conclusion: According to the current study uNGAL concentrations does not cor-
relate with any of the kidney function tests, such as glomerular filtration rate, serum 
creatinine and blood urea nitrogen. So, it cannot be used as a marker to detect diabetic 
nephropathy in the early stages

Introduction
According to the 2017 report of the International Diabetes 

Federation, about 16.5% of the adult population of Qatar is expected  

 
to be diabetic, while 513 deaths are estimated to be due to diabetes 
[1]. A 2012 survey carried out by the Supreme Council of Health 
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showed that about 17-20% of the Qatari population was diabetic, 
while 45% of them developed Diabetic Nephropathy (DN) [2]. 
DN is a microvascular complication of diabetes, and it is clinically 
characterized by persistent albuminuria, decline in glomerular 
filtration and function, and high risk of cardiovascular mortality 
and morbidity. DN, which is one of the microvascular complications 
of diabetes, is the largest cause of End Stage Renal Disease (ESRD) 
[3]. A kidney biopsy is the most accurate way of diagnosing DN, but 
since it is an invasive procedure, currently, DN is mainly diagnosed 
by testing the concentration of urine microalbumin. However, 
often, there is normoalbuminuria even though glomerular damage 
is observed under the microscope. In some laboratories, the 
serum creatinine and blood urea nitrogen [4], and the estimated 
glomerular filtration rate is also used as a diagnostic tool. However, 
these parameters are affected by various other physiological and 
pathological factors, such as pregnancy, exercise, dehydration, 
cardiovascular disease and inflammation, to name a few. 

Moreover, the above-mentioned criteria often manifest only 
after the disease has progressed. Since early detection is the key 
to manage nephropathy patients, it is important to determine a 
suitable biomarker that is detectable in the earliest stages of DN. 
Neutrophil Gelatinase associated lipocalin (NGAL) is one such 
biomarker [5]. It is secreted when there is damage to tubular cells, 
which precedes glomerular damage, and is therefore seen in urine 
only in case of injury, and much earlier than the glomerular markers 
currently used. It also correlates with the degree of nephropathic 
damage [6]. Therefore; it is a promising biomarker to detect 
DN in the early stages to facilitate efficient patient management 
[7]. Based on previous publications, it is hypothesized that the 

Neutrophil gelatinase associated lipocalin (NGAL) is an early 
diagnostic biomarker of diabetic nephropathy. The aim of this study 
was to investigate the relationship between the concentration of 
neutrophil gelatinase associated lipocalin with kidney function. 

Epidemiology of Diabetes

Diabetes mellitus (DM) is a leading cause of mortality and mor-
bidity [8]. It is a common disease in Qatar. According to Hamad 
Medical Corporation [HMC] (2017), the prevalence of diabetes is 
17% and 11- 23% are at risk of having diabetes [2]. Moreover, Qa-
tar is considered to be one of the countries that have an increased 
rate of glucose intolerance in 17% of its population [9]. Further-
more, in 2012, it was reported that the prevalence of Qatari Type 
2 Diabetes mellitus (T2DM) patients was 16.7%, and by 2050, it is 
predicted to reach 24%, where most of T2DM are aged from 18 to 
64 years old. Additionally, the prevalence of physical inactivity, obe-
sity and active smoking were 45.9%, 41.4% and 16.4% respectively 
[9]. Obesity is considered to be a key factor that affects two-thirds 
of the incidence of T2DM Qatari patients. Therefore, evaluating the 
future of T2DM in Qatar is crucial to be notified to control the prev-
alence of the disease by addressing new preventive methods, early 
detection of the disease and therapeutic interventions [2]. More-
over, it is a worldwide metabolic disease in which its prevalence is 

rising to more than one million new cases annually in the USA [8]. 
T2DM incidence differs significantly from one geographical area to 
another according to the variation of environmental, lifestyle and 
genetic risk factors [10]. The prevalence of T2DM in adult patients 
is expected to rise in the next decades and to increase greatly in 
developing countries [11].

Novel Biomarkers – Neutrophil Gelatinase-Associated 
Lipocalin (NGAL)

It has been observed that the renal tubules, and especially 
the proximal tubules, play an important role in the development 
of DN, and this lead to finding that several tubular factors can be 
found in the urine (tubular proteinuria) even before the onset of 
glomerular damage or the appearance of microalbuminuria [12]. 
Neutrophil gelatinase-associated lipocalin (NGAL), a member of 
lipocalin family has generated a great interest to be a novel marker 
in the detection of diabetic nephropathy in its early stages [13]. 
It was initially identified by Allen and Venge in 1989 from human 
neutrophils [14]. It is not produced by just one cell type like many 
other endogenous biomarkers as many different pathologies can 
provoke the production and release of NGAL, such as inflammation, 
cardiovascular diseases and others [15,16]. It is also called 
lipocalin-2 [17], and it has a barrel shaped tertiary structure that 
binds to small lipophilic molecules [18]. Siderophores, small iron 
binding molecules, are the major ligands for NGAL. It is identified 
as a 25-kDa protein that exists in monomeric, dimeric and 
heteromeric forms. It covalently associates with human matrix 
metalloproteinase 9 (MMP-9) from human neutrophils  that is 
stored mainly in the specific granules of neutrophils [19]. It protects 
it from degradation.

Functions of NGAL

NGAL is expressed in very minimal levels in several human 
tissues, such as kidney, trachea, lungs, stomach, and colon. It is found 
to possess diverse functions such as transportation, activation of 
MMP-9, induction of apoptosis, tumourgenesis, and regulation of 
immune responses. NGAL also plays a renoprotective role through 
enhancing tubule cell proliferation in kidney injury, especially in 
ischemia-reperfusion injury. In fact, it is one of the most robustly 
expressed proteins in the ischemic or nephrotoxic injury of kidney 
[20,21]. In physiological process, recent researches have proved 
that NGAL can trigger nephrogenesis by stimulating the conversion 
of mesenchymal cells into kidney epithelia [22]. This is because 
it can work as an iron-transporting protein to deliver iron, which 
is crucial for cell growth and development, by forming a complex 
with iron-binding siderophores [23]. In pathological process, 
accumulating evidences have suggested that NGAL relates tightly 
with series of renal dysfunctions. 

NGAL, Diabetes and Diabetic Nephropathy 

Studies have successfully investigated that the messenger 
RNA (mRNA) expression of NGAL is significantly higher in 
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diabetic/obese human beings, and associated closely with insulin 
resistance and hyperglycemia, which  implies that NGAL may play 
an important role in type-2 diabetes [12]. It is speculated that NGAL 
in DN is produced principally by the injured tubule cells to prevent 
kidney from early injury for various reasons by upregulating 
its mRNA within a few hours after the harmful stimuli of kidney 
tubules. It belongs to stress induced renal biomarkers involved in 
the pathophysiology of diabetic nephropathy. Firstly, since injury of 
renal tubule is unavoidable in the process of DN, repair mechanisms 
must be started by the body. As an iron-transporting protein, NGAL 
may be expressed by the damaged tubule to induce regeneration 
since iron is necessary for re-epithelialization. Besides, the complex 
of NGAL/siderophore/Fe2+ can up-regulate heme-oxygenase 1 (HO-
1), which could limit oxidant-mediated apoptosis of renal tubule 
cells through limiting iron-driven oxidant stress [23].  Second, 
it is well known that the pathological changes of DN involve 
accumulation of extracellular matrix, which is degraded mainly by 
matrix metalloproteinases (MMPs). 

The activities of MMPs depend on metal ions and are limited 
by tissue inhibitors of metalloproteinase-1 (TIMP-1), and NGAL is a 
universal activator of the MMPs family [21]. Studies have found that 
the metabolic disorder in the process of DN usually destroys the 
balance of MMPS/TIMP: the degradation ability of MMP-9 declines 
and the expression of TIMP-1 is up-regulated, and therefore, 
extracellular matrix accumulates [12]. NGAL is capable of protecting 
MMP-9 from degradation [1] Moreover, NGAL can activate the MMP-
9 precursor directly, and counteract the inhibiting effect of TIMP-1 
[12]. Thus, it is presumed based on a body of evidence that NGAL 
is activated to delay the progression of renal fibrosis in DN through 
preservation of the enzymatic activity of MMP-9 [24]. Thirdly, an 
expanding body of data now strongly suggests that inflammation 
contributes to diabetes mellitus and DN [14,25]. The disorder 
of glycometabolism stimulates the expression of inflammatory 
factors, and these could not only ruin the kidney tissue directly, but 
also provoke the secretion of type IV collagen, fibrin and others, 
thereby accelerating kidney sclerosis. It is suggested that NGAL acts 
as an immuno-modulator by binding to lipophilic inflammatory 
mediators like neutrophil tripeptide chemoattractant and clearing 
them [12]. It has also been proposed that NGAL plays a role in 
cell apoptosis via autocrine and paracrine pathways [26]. Thus, it 
contributes to the protection of diabetic kidney through restraining 
inflammation reactions and activating apoptosis of affected cells in 
the tubules and interstitium.  

Advantages of Using NGAL to Diagnose Diabetic Ne-
phropathy 

It has been known that plasma NGAL is filtered by the glomerulus 
and largely reabsorbed by the proximal tubules by an efficient 
megalin-dependent endocytosis mechanism. Thus, the excretion of 
NGAL in the urine happens only when the reabsorption by proximal 
renal tubule is blocked due to an injury that stimulates the synthesis 
of NGAL. The size of NGAL must be taken into consideration as 

it is smaller than albumin, which explains its rapid filtration by 
the glomeruli and its appearance in urine of normoalbuminuric 
diabetic patients [26,27]. It is detected within 2-4 hours of renal 
injury, even before the appearance of albumin in urine [28]. 
It correlates with severity of renal impairment via expressing 
different concentrations according to the degree of chronic failure 
condition. It has been found that urine NGAL corresponds positively 
with major parameters used currently in evaluating DN and renal 
impairment (autosomal polycystic kidney and glomerulonephritis) 
such as cystatin C, blood urea nitrogen and serum creatinine [29]. 
In fact, it was observed by Liu et al. [30] that when diabetes was 
induced in rats, following the development of lesions in the kidney 
tubules, urine NGAL levels increased significantly earlier when 
compared to other biomarkers [30]. Serum NGAL increases in the 
very early stage of diabetic nephropathy and drops down as the 
disease develops. In other words, serum NGAL relates inversely 
with the amount of albuminuria. 

It has been investigated that serum NGAL changes in this way in 
a variety of renal dysfunctions such as ischemia-reperfusion injury, 
drug- induced acute interstitial nephritis, kidney transplantation 
and so on. However, urine NGAL is directly related to the amount 
of albumin in urine. Therefore, as the disease progresses, and 
the functions of kidney become poorer, excretion of NGAL in 
urine increases day after day, the absorptive function of nephric 
tubule decreases, and urine NGAL reaches the highest levels in 
macroalbuminuric patients [31]. The amount of NGAL secreted 
into the urine is also correlated with the degree of kidney damage 
[6].  This is mainly because NGAL acts as a repair protein, and is 
secreted into the serum, as explained earlier. As the injury worsens, 
there will be leakage into the urine, which increases with disease 
progression. Therefore, NGAL is a promising biomarker to detect 
DN in the earliest stages, as it is secreted within a few hours of 
nephropathic damage, even before glomerular involvement. It is 
also demonstrative of the degree of nephropathic damage and is 
easily detected by non-invasive procedures.

Methods and Materials

Samples and Study Population

This research study is a cross-sectional study. Urine samples 
were obtained from Qatar Biobank (QBB), under the project 
number: QBB_IRB_Ex-2017- RES-ACC-0091-0038. The samples 
collected were random midstream clean-catch specimen. The 
case population comprised of Qatari Type 2 diabetic patients of 
both genders. The study was excluded Type 1 diabetics, pregnant 
females, smokers, and kidney, liver and cardiovascular disease 
patients. The control population comprised of Qatari healthy, non-
diabetic individuals who weren’t pregnant, smokers or patients 
of kidney, liver or cardiovascular diseases. Sample inclusion and 
exclusion are summarized in Figure 1. QBB also provided some 
additional clinical data of the study subjects that were used to 
conduct the statistical analysis.
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Figure 1: Flowchart summarizing methodology.

ELISA for Measuring NGAL

Enzyme-linked immunosorbent assay (ELISA) was performed 
using anti-human lipocalin 2 antibody (R&D Systems, Minnesota, 
USA) to detect NGAL in the urine samples of both diabetic and 
healthy patients [32].

Sample Preparation

Centrifuged urine samples were allowed to warm to room 
temperature, and then used in the assay.

Assay Procedure 

100uL of assay diluent (provided with the kit) was added 
to each well. 50 uL of standard, control or sample was added to 
each well, covered with adhesive strip, and incubated for 2 hours 
at 2 °C. After incubation, an automatic washer and the prepared 
wash buffer was used to wash the wells four times, after which 

the plates were inverted and blotted against paper towels. 200uL 
of cold Human Lipocalin-2 conjugate was added to each well, and 
incubated for 2 hours at 2 °C. After incubation, the washing process 
was repeated four times. Then, 200uL of the substrate solution was 
added, and incubated for 30 minutes at room temperature while 
protecting from sunlight. 50uL of stop solution was then added 
to each well. Then, within 30 minutes, the optical density was 
measured at 450nm. 

Analytical Technique 

Calculation of uNGAL Concentration: First, the corrected 
optical densities of the standards were calculated by subtracting 
the OD of the zero standard from the standard solutions. These 
values were then used to generate a 4-PL standard curve (Figure 2). 
Then, using the standard curve, the concentrations of NGAL in all 
samples and controls were calculated. 

Figure 2: Standard curve of NGAL ELISA assay.
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Calculation of eGFR: The modification of diet in renal disease 
(MDRD) equation was used for estimating the glomerular filtration 
rate. It was calculated as follows:

1.154 0.23 1.73186.3 0.742( )
min
mLMDRDeGFR SCr Age forwomen

BSA
− −  = × × × × 

 

Body Surface Area ( )( )2

3600
height weightBSA m ×

=

Calculation of Urine Microalbumin Concentration: 30 
samples were chosen from the group of patients having HbA1c>6%, 
and these were tested for microalbuminuria through an external 
laboratory (Al-Arabi Laboratory & Radiology).

Statistical Analysis

Data obtained from the experimental analysis and provided 
by QBB was entered into the statistical software, IBM SPSS for 
Windows, version 24 and Microsoft Excel 2013. Then, the means 
and the standard deviations were calculated for the normally 
distributed continuous data, and one-way analysis of variances 
(ANOVA) was carried out to detect any significant differences in 
the mean values of each group. The count with the percentage was 
calculated for the categorical data. Then, Pearson’s correlational 
analysis was carried out to determine the correlation between 
uNGAL concentrations and other parameters, keeping NGAL 
concentration as the dependent factor. If significant correlation was 
found, then the R2 value was also calculated to determine the degree 
of correlation, and regression analysis was conducted to determine 
the dependency of uNGAL concentration on the correlated factors.

Results

General Study Characteristics

Since prolonged hyperglycemia precedes DN, HbA1c was con-
sidered as a factor to predict probable damage to the kidney. There-

fore, the samples were divided into three groups: non-diabetic 
healthy patients, diabetic patients with HbA1c>6, and diabetic pa-
tients with HbA1c<6. As shown in Figure 3. Out of 123 samples, 38 
were non-diabetic, 14 were diabetic with HbA1c<6%, and 71 were 
diabetic with HbA1c>6%.

Figure 3: Distribution of patients based on status of 
diabetes.

Phenotypic Characteristics 

This sample was comprised of 123 subjects having a mean age 
of 48.24 with an average BMI of 30.57kg/m2 and weight of 84.16kg. 
An analysis was made using statistical methods (ANOVA) between 
the three groups. As shown in Table 1, the data demonstrated that 
there is a statistically significant difference between the mean 
HbA1c levels of the three groups (p=0.00). It can also be observed 
that there is a significant difference in the mean glucose levels 
(p=0.00) and age of the patients (p=0.00) in each group. However, 
no statistically significant difference was observed between the 
mean levels of the other investigated parameters: NGAL, BMI, 
weight, serum total protein and albumin, eGFR, BUN, SCr and 
c-peptide of insulin (p>0.05). 

Table 1: Comparison of mean values of different parameters in each group. 

Variable Non-Diabetic Patients Diabetic Patients with HbA1c 
< 6%

Diabetic Patients with HbA1c 
> 6% p-value (2-tailed)

HbA1c (%) 5.33 (± 0.31) 5.54 (± 0.29) 7.85 (± 1.64) 0.00*

NGAL (ng/mL) 14.5 (± 8.48) 17.2 (± 8.51) 13.0 (± 7.51) 0.18

Age (years) 36.5 (± 10.8) 42.5 (± 11.0) 49.5 (± 9.37) 0.00*

Weight (kg) 82.4 (± 21.1) 77.7 (± 14.3) 85.2 (± 17.8) 0.35

BMI (kg/m2) 26.8 (± 9.68) 26.2 (± 8.38) 29.2 (± 8.65) 0.29

Glucose (mmol/L) 5.19 (± 0.61) 5.56 (± 1.00) 9.88 (± 4.39) 0.00*

Serum Total Protein (g/L) 73.2 (± 4.20) 71.0 (± 3.26) 72.4 (± 3.98) 0.18

Serum Albumin (g/L) 45.4 (± 2.62) 44.0 (± 1.75) 44.6 (± 2.81) 0.14

SCr (u/L) 69.1 (± 14.7) 61.8 (± 14.5) 62.7 (± 13.4) 0.06

BUN (mmol/L ) 4.18 (± 1.13) 3.87 (± 0.85) 4.37 (± 1.1) 0.26

eGFR (mL/min) 103.8 (± 23.9) 109.7 (± 27.7) 100.9 (± 22.9) 0.4

c-peptide of Insulin (ng/mL) 2.47 (± 1.55) 2.52 (± 2.31) 2.93 (± 1.89) 0.4

Note: * - Represents statistical significance (p<0.05)

The data shown here represents the mean and standard deviation. 

http://dx.doi.org/10.26717/BJSTR.2019.22.003692


Copyright@ Elham Sharif | Biomed J Sci & Tech Res | BJSTR. MS.ID.003692.

Volume 22- Issue 1 DOI: 10.26717/BJSTR.2019.22.003692

16350

Microalbuminuria 

Of the 30 samples selected from the group of diabetic patients 
having HbA1c> 6 g% and tested for albuminuria, 5 patients 

(17%) tested positive for micro/macroalbuminuria, while the 
rest (83%) were normoalbuminuric, as demonstrated in Figure 4.  
Microalbuminuria was characterized as the presence of more than 
30mg of albumin/g of creatinine in urine.  

Figure 4: Distribution of patients based on albuminuria. 
Note: * 30 patients were chosen from the group of diabetic patients with HbA1c>6%

Correlational Analysis 

To study the correlation between uNGAL and kidney 
function, Pearson’s correlation factor was calculated, with uNGAL 
concentration being the dependent factor, and the results are 
tabulated in Table 2. In the non-diabetic group, no significant 
correlations were found between uNGAL concentrations and any 
of the investigated parameters (p>0.05), except serum albumin 
(p<0.05).  Similar to the non-diabetic group, in the Diabetic patients 

with HbA1c<6% group there was no significant correlations were 
found between uNGAL concentrations and any of the investigated 
parameters (p>0.05) (Figures 5-7). In Diabetic patients with HbA1c 
> 6% group, there was a significant correlation between uNGAL 
concentrations and glucose (p=0.023), HbA1c (p=0.026) and serum 
albumin (p=0.001). Since significant correlation was discovered, the 
R2 value was also calculated to determine the degree of correlation, 
and the results are demonstrated in Figures 8 & 9. It was observed 
that the degree of correlation was weak (R2 values closer to 0). 

Table 2: Correlational analysis between uNGAL concentration and other parameters.  

Variable Non-Diabetic Patients Diabetic Patients with HbA1c < 6% Diabetic Patients with HbA1c > 6%

Age (years) 0.636 0.455 0.863

Weight (kg) 0.692 0.611 0.709

BMI (kg/m2) 0.415 0.56 0.329

Glucose (mmol/L) 0.201 0.373 0.023*

HbA1c (%) 0.563 0.491 0.026*

Serum Total Protein (g/L) 0.876 0.529 0.509

Serum Albumin (g/L) 0.038* 0.094 0.001*

SCr (u/L) 0.082 0.164 0.209

BUN (mmol/L) 0.75 0.663 0.72

eGFR (mL/min) 0.248 0.681 0.982

c-peptide of Insulin (ng/mL) 0.119 0.904 0.979

c-peptide of Insulin (ng/mL) 2.47 (± 1.55) 2.52 (± 2.31) 2.93 (± 1.89)

Note: * - Represents statistical significance (p<0.05)

http://dx.doi.org/10.26717/BJSTR.2019.22.003692


Copyright@ Elham Sharif | Biomed J Sci & Tech Res | BJSTR. MS.ID.003692.

Volume 22- Issue 1 DOI: 10.26717/BJSTR.2019.22.003692

16351

Figure 5: Biomarkers assessing renal function at different stages.

Note: Proposed paradigm of kidney injury with subclinical damage detected by Novel Biomarkers prior to progressing to 
functional hange; Neutrophil Gelatinase Associated Lipocalin (NGAL) is secreted soon after renal injury. If the injury persists, 
it leads to the secretion of other damage markers causing functional loss. However, if it gets treated, normal renal function will 
be restored.

Figure 6: The secretion of NGAL and window of change from kidney injury to kidney failure. 
Note: The different anatomical structures of the nephron; Neutrophil Gelatinase Associated Lipocalin (NGAL) is secreted by 
the distal convoluted tubule in the early stages of diabetic nephropathy (DN) and Serum Creatinine (SCr) is secreted by the 
glomerulus later. Both are secreted because of kidney damage.
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Figure 7: Comparison of mean uNGAL concentrations across the chosen groups.

 0 - Healthy non-diabetic subjects 

>6 - Diabetic patients with HbA1c>6%

<6 - Diabetic patients with HbA1c<6%

Figure 8: Scatterplot and correlational analysis between serum glucose concentrations and uNGAL concentrations.
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Figure 9: Scatterplot and correlational analysis between HbA1c % and uNGAL concentrations.

Discussion
Diabetes is a growing global epidemic that is expected to affect 

more than 366 million people (4.4%) by the year 2030. DN is one 
of the major complications of diabetes, and it is the largest cause of 
chronic kidney diseases and end stage renal diseases. To prevent 
renal failure, it is important to identify a biomarker that can be 
used to predict the occurrence of DN in its earliest stages. NGAL is 
considered to be one such promising biomarker. Belonging to the 
lipocalin family, the monomeric form of this protein is secreted by 
injured tubular cells of the kidney. In this study, the relationship 
between urine NGAL concentrations and kidney function was 
assessed. The uNGAL concentration was measured in 123 subjects, 
divided into 3 categories: healthy non-diabetic patients (group 
1), diabetic patients with HbA1c<6% (group 2), and diabetic 
patients with HbA1c>6% (group 3), as tabulated in Table 1. It was 
observed that the mean uNGAL concentration was 14.5 (± 8.48)ng/
mL, 17.2 (± 8.51)ng/mL, 13.0 (± 7.51)ng/mL in groups 1, 2 and 3 
respectively, although the difference between the groups was not 
statistically significant (p>0.05). It is difficult to compare these 
results to existing literatures discussing uNGAL concentrations 
in type 2 diabetes, since all the studies have been conducted by 
comparing nephropathic and non-nephropathic groups [32]. 

For instance, a study was conducted by Al-Refai and colleagues 
in 2014 about Egyptian acute-kidney injury subjects, and they dis-
covered a significant difference between healthy subjects and albu-
minuric patients , but no significant difference was found between 
normoalbuminuric, microalbuminuric and macroalbuminuric 
groups [18]. Moreover, a study conducted by Lacquaniti and col-
leagues in 2013 on Italian Type 1 diabetic patients demonstrated a 
significant difference in the mean levels of uNGAL between healthy 
patients and normoalbuminuric type 1 patients [33]. The difference 

in results may be due to the difference in sample size, the type of di-
abetes, the type of kidney injury or the difference in ethnicities. To 
investigate the relationship between uNGAL concentrations and the 
kidney function, correlational analysis (Pearson’s correlation) was 
conducted between uNGAL concentrations and the kidney function 
tests: SCr, BUN and eGFR, along with the HbA1c, and fasting glu-
cose concentration. It was observed that in groups 1 (healthy) and 
2 (diabetic, HbA1c<6%), uNGAL concentrations showed no signifi-
cant correlation with any parameter. However, in group 3 (diabetic, 
HbA1c>6%), significant correlation was observed between uNGAL 
concentrations with HbA1c and glucose concentration (p<0.05), 
and it was a weak positive correlation (R2=0.06 and 0.07 respec-
tively). This implies that uNGAL concentrations are secreted in 
larger amounts following prolonged hyperglycemia, which may be 
related to the pathogenesis of DN. 

Moreover, significant weak negative correlation was observed 
between uNGAL and serum albumin concentrations (p<0.05 and 
R2=0.0007), which means that as serum albumin decreases, uNGAL 
concentration increases. Decrease in serum albumin is often due to 
its increased loss in urine. Therefore, it can be inferred that there 
might be positive correlation between uNGAL and urine albumin 
concentrations, which has been reported by Papadopoulou-Marke-
tou and colleagues (2017), among others [34]. The discrepant re-
sults could be attributed to the small sample size in this study and 
the variation in age, ethnicity and stage of the disease, and no con-
clusion can be drawn from these results. Moreover, it should be tak-
en into consideration that the complications of diabetes and pro-
longed hyperglycemia can be other microvascular complications, 
such as retinopathy and neuropathy, or macrovascular complica-
tions, such as atherosclerosis, cardiovascular disease and coronary 
heart disease, among others. Since enough clinical information 
about the patients were not available, it was difficult to confirm the 
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status of the other patients in group 3 (diabetic; HbA1c>6%). Since 
this study tries to correlate disease development with structural 
involvement through secretion of a protein, it would be more bene-
ficial if the study design was of the observational or prospective for-
mat, instead of the cross-sectional format used. Moreover, it would 
prove useful to test the hypothesis on a larger sample size.
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