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Diabetic nephropathy is one of the microvascular complications of diabetes mellitus. The study was
done to evaluate the diagnostic value of neutrophil gelatinase-associated lipocalin (NGAL) urine level as a
biomarker for the early detection of nephropathy in type 2 diabetic patients. This study was performed on
150 patients with type 2 diabetes mellitus classified into three equal groups according to their urine albumin/
creatinine ratio (ACR), including patients with normoalbuminuria (ACR < 30 mg/g creatinine), microalbumi-
nuria (ACR = 30-300 mg/g creatinine) and macroalbuminuria (ACR > 300 mg/g creatinine). Fifty apparently
healthy subjects were selected as a control group. Urine NGAL was estimated by a particle-enhanced turbi-
dimetric immunoassay using Hitachi 917 analyzer. The serum level of glucose and creatinine was also esti-
mated. The results showed that NGAL urine level was significantly elevated in diabetes patient groups with
microalbuminuria and macroalbuminuria when compared to the control group and diabetes patient group
with normoalbuminuria. The levels of urine NGAL correlated positively with microalbuminuria in patients
with diabetes. Receiver operating characteristic curves revealed that urine NGAL had a higher diagnostic
value for diabetic nephropathy early detection compared to ACR and microalbuminuria in patients with dia-
betes mellitus.
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iabetes is a common endocrine disorder
because of its worldwide increase in the

prevalence rate. It subsequently increases
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posed to be a better predictor of DN than glomerular
damage [5, 6].
The screening of DN is mainly based on assess-

incidence of macrovascular and microvascular com-
plications including diabetic nephropathy (DN) [1].

Diabetes is found to be the major cause of end
stage renal disease (ESRD) in patients who undergo
dialysis [2, 3]. In a study from India, 46% of diabetic
patients were found to have chronic kidney disease
(CKD) [4].

DN is characterized by hypertension, albu-
minuria and decrease in glomerular filtration rate
(GFR) leading to ESRD. DN is primarily a glomeru-
lar disorder but the decline in GFR is associated with
severity of tubulointerstitial fibrosis and it is pro-

ment of microalbuminuria which is due to diabetes
induced glomerular damage. The diagnostic accu-
racy of microalbuminuria in DN is being challenged
by a large number of studies worldwide and it is be-
ing proposed that alternative biomarkers are also re-
quired for earlier identification of DN. The reason
behind this is even diabetic patients with normoal-
buminuria can develop significant degree of renal
impairment [7, 8].

Recent studies have reported that the pathologi-
cal changes in DN are associated with derangements
in the glomerular and tubular compartments of the
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kidney. Renal tubular and glomerular injury plays
a major role in the development of DN and various
biomarkers have been assessed for earlier detection
of DN [9, 10].

Among them, neutrophil gelatinase-associated
lipocalin (NGAL) seems to be a promising biomarker
which is a 25 kDa protein with 178 aminoacids. It
belongs to the lipocalin family of proteins and it is
produced by renal tubules whenever there is struc-
tural injury to Kidney [11].

In comparison to routine markers of renal func-
tion such as serum creatinine, cystatin C or urea,
NGAL primarily reflects the structural damage of
renal tubular cells. Also, serum creatinine which is
done in most of the hospitals and considered to have
a major diagnostic value in CKD cannot be taken
solely as a marker since it is influenced by many
other factors like age, muscle mass, race etc [12].

NGAL was found to be effective in early
diagnosis of Acute Kidney Injury (AKI) following
nephrotoxic insults like sepsis, cardiac surgery and
following administration of contrast agents [13, 14].
Little research has been done about their role as early
markers in diabetic patients.

This study was conducted to assess the urinary
levels of NGAL in patients with type 2 diabetes
mellitus to detect early kidney damage and correlate
them with microalbuminuria.

Materials and Methods

This study was conducted in the Department
of Biochemistry at Karpagam faculty of medical
sciences and research. This study was approved
by the Institutional Ethics Committee, Karpagam
faculty of medical sciences and research, Coim-
batore

Study design. Hospital based cross sectional
study.

Sample size: 150 (calculated by 4pg/d2; where
p is prevalence).

Study group. Patients with type 2 diabetes mel-
litus attending diabetic clinic at Karpagam Medical
College during the study period.

Diabetes patients were classified into three
groups according to their albumin/creatinine ratio
(ACR) as follows. Group I (Normoalbuminuria): 50
diabetes patients with ACR < 30 mg/g of creatinine.
Group Il (Microalbuminuria): 50 diabetes patients
with ACR 30-300 mg/g of creatinine. Group Il
(Macroalbuminuria): 50 diabetes patients with
ACR > 300 mg/g of creatinine. Group IV (controls):
50 healthy subjects were selected as control group.
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Inclusion criteria. Patients with type 2 diabe-
tes mellitus (>5 yrs duration) according to American
Diabetes Association (ADA) criteria.

Exclusion criteria. Patients with cardiovascular
disorders (like CCF, H/o. CAD); pulmonary disor-
ders (like respiratory failure); infections (Urinary
tract infection) & inflammatory states; febrile ill-
ness; cancer; severe renal impairment (eGFR< 30 ml/
min) and vigorous exercise.

Subjects who fulfilled the inclusion and exclu-
sion criteria were included in the study. After ex-
plaining the nature of the study, written consent was
obtained from all subjects before collecting blood
sample.

Anthropometric measurements. Body mass
was measured to the nearest 0.1 kg, with the par-
ticipants dressed in light clothing. Barefoot standing
height was measured to the nearest 0.1 cm with a
wall-mounted stadiometer. Body mass index (BMI)
is used for the assessment of fat distribution and
obesity. Using standard measures of height and
weight, BMI was measured using Quetelet’s index
(BMI = weight (kg)/height (m?) [15].

Sample collection. First morning void urine
samples (mid-stream urine) was obtained to measure
urine albumin, microalbumin, creatinine and NGAL.

Two ml of whole blood was collected from the
subjects in fasting state. Then the serum was sepa-
rated after subjecting the collected blood to centrifu-
gation at 2500 rpm for 5min at room temperature.
The serum was divided into four aliquots and stored
at -20°C for analysis of creatinine and fasting plasma
glucose.

Estimation of biochemical parameters. Es-
timation of plasma glucose was done by glucose—
oxidase method using fully automated analyser
[16]. Estimation of creatinine was done by modi-
fied Jaffe’s method using fully automated analyser
[17]. Urine NGAL is estimated by a particle-en-
hanced turbidimetric immunoassay using Hitachi
917 analyzer. Microalbuminuria was estimated by
immunoturbidimetry method using Hitachi 917 ana-
lyser. ACR was measured by urine albumin (mg/dl)/
urine creatinine (mg/dl) x 1000.

Statistical analysis. Statistical Package for So-
cial Sciences (SPSS, USA) was used to do the sta-
tistical analysis. All parameters were presented as
mean = SD. Student’s t-test was used for comparing
the means of continuous variables.

One-way analysis of variance (ANOVA) was
done to compare the differences of parameters
among various groups. Post hoc testing was done to
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compare the difference among the studied groups.
The correlations between various variables were
calculated using the Pearsons correlation analysis. A
receiver operating characteristic (ROC) analysis was
done to calculate the area under the curve (AUC) and
find the best diagnostic efficacy of each parameter.
A linear regression analysis was performed to evalu-
ate interrelationship between urinary NGAL, ACR
and microalbuminuria. A P < 0.05 was taken as sta-
tistically significant.

Results

The comparison of demographic and baseline
characteristics of the study population are shown
in Table 1. Of 200 study participants, there were
50 normoalbuminuric with diabetes, 50 microalbu-
minuric with diabetes, 50 macroalbuminuric with
diabetes, and 50 control populations. The anthro-
pometric measures like height, weight, body mass
index showed no statistically significant difference
between the various diabetes groups and controls.

FBS were progressively higher among nor-
moalbuminuria, microalbuminuria, andmacroalbu-
minuria. Systolic blood pressure was significantly
higher in the marcoalbuminuria group compared
to the diabetes patients with normoalbuminuria and
normal healthy controls.

Urinary NGAL were significantly higher in
the diabetes groups compared to the control group.
Multiple comparisons indicated the significant dif-
ference in urinary NGAL values between the groups
(P < 0.05) (Table 2). Intergroup comparison among
three groups of diabetes patients showed that dif-
ference was significant with highest mean value in
macroalbuminuria group and lowest in normoalbu-
minuria group.

Microalbumin was significantly high in dia-
betes patients with microalbuminuria and macroal-
buminuria compared to the controls. Urinary ACR
was significantly increased in diabetes patients with
normoalbuminuria, microalbuminuria and macroal-
buminuria compared to normal controls.

Table 1. Comparison of demographics and baseline characteristics among various groups

Variables Group | Group Il Group 11 Control group P Value
Age (years) 42.16 £ 3.96 43.02 +3.71 43.36 + 3.65 43.18 + 3.48 0.74
Height (m) 1.58 + 0.08 1.56 + 0.07 1.58 + 0.08 157 £0.07 0.80
Weight (kg) 56.94 + 6.00 56.52 + 6.71 59.12 + 6.38 56.04 £ 4.37 0.98
BMI (kg/m?) 22.82 +2.04 23.03+2.16 23.74 + 2.62 2276 £1.76 0.96
Systolic Bp (mm/Hg)  117.88 £6.64  119.44 + 7.86 12392 £5.75 111.68 £ 9.64 0.01*#
Diastolic Bp (mm/Hg) 7136 +7.21 72.36 £7.98 83.80 + 15.84 70.04 £ 6.93 0.00*
FBS(mg/dl) 96.44 £ 6.18 102.04 +9.69 12344 +1570  87.04+9.30 0.001*"*

Data are presented as mean £ SD. *P < 0.05 is statistically significant. ANOVA test was used to analyse the data. BMI —
body mass index, FBS — fasting blood sugar, BP — blood pressure. *Significant difference between Group III and controls
(P < 0.05). 'Significant difference between Group III and Group II (P <0.05). *Significant difference between Group II1

and Group | (P < 0.05)

Table 2. Comparison of clinical parameters among various groups

Parameters \ Group | Group 11 Group 111 Control group | P Value
Serum creatinine (mg/dl)  0.89 £ 0.17 1.25+0.21 173+£0.32 0.83+0.15 0.001*"*
Microalbumin (mg/l) 18.96 £7.66 9176 £ 60.98 508.66 £ 156.56  14.04 + 6.42 0.001*"*
ACR (mg/g) 2511 #5.67  120.60 +41.18 71519 £ 143.21 6.64 £ 1.56 0.001*"*
UNGAL (ng/ml) 415741484  97.32+31.26  290.50 + 92.98 12,26 £6.78  0.001*"*

Data are presented as mean + SD. P < 0.05 is statistically significant. ANOVA test was used to analyse the data. ACR —
Albumin creatinine ratio, uNGAL — urinary neutrophil gelatinase associated lipocalin. *Significant difference between
Group I11 and controls (P < 0.05). 'Significant difference between Group IIT and Group II (P < 0.05). *Significant differ-

ence between Group Il1 and group I (P < 0.05)
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Association of urinary NGAL with microal-
buminuria, ACR and serum creatinine in type 2
diabetes patients. Pearson’s correlation was done to
find the correlation of urinary NGAL with micro-
albuminuria, ACR and serum creatinine in patients
with diabetes. The urinary NGAL showed good
(P < 0.001) positive correlation with Microalbumi-
nuria (r = 0.876), ACR (r = 0.833) and with serum
creatinine (r = 0.724) (Table 3).

Linear regression analysis to find the effect
of microalbuminuria on urinary NGAL and ACR
among the diabetes patients. Linear regression
analysis was performed to find the interrelationship
between urinary NGAL, ACR and microalbumi-
nuria. Regression analysis with urinary NGAL as
dependent variable expressed a significant linear
positive relationship with microalbuminuria (Ta-
ble 4 and Fig. 1). Regression analysis with ACR as a
dependent variable showed a significant relationship
with microalbuminuria (Table 4 and Fig. 2).

Receiver operating characteristics curve
analysis of urinary NGAL, microalbuminuria and
ACR. Receiver operating characteristics (ROC)
curve analysis was carried out to find the diagnostic
efficacy of urinary NGAL, microalbuminuria and
ACR in identifying the patients with DN (Table 5
and Fig. 3). The urinary NGAL showed a very good
diagnostic profile, describing an AUC of 0.942 (95%
Cl: 0.902-0.981, P < 0.001) with a best cutoff value
of 86.29 ng/ml (sensitivity 85%; specificity 72%).
This is followed by ACR, showing an AUC of 0.855
(95% CI: 0.793-0.916, P < 0.001) and a best cutoff
value of 114.6 (sensitivity 84%; specificity 79%). Mi-
croalbuminuria had an AUC of 0.874 (95% CI. 0.82—
0.92, P <0.001) and a best cutoff value of 72.4 mg/dl
(sensitivity 82%; specificity 70%).

Discussion

Diabetic nephropathy is a metabolic syndrome
characterized by presence of macroalbuminuria, a

Table 3. Correlation analysis of NGAL with Micro-
albuminuria, ACR and serum creatinine in type 2
diabetes patients

Variables R value P Value
Microalbumin 0.876 0.001
ACR 0.833 0.001
Serum creatinine 0.724 0.001

Pearson correlation analysis was performed to analyze
the data. *P < 0.05 is considered statistically significant.
ACR - albumin creatinine ratio, UNGAL — urinary neu-
trophil gelatinase associated lipocalin

slow and progressive decline in glomerular filtration
rate, elevated blood pressure, and increased cardio-
vascular mortality. Renal histopathologic changes
in diabetes include glomerular basement mem-
brane thickening, glomerular hypertrophy, mesan-
gial cell expansion, podocyte injury, hyalinosis, and
thickening of the afferent and efferent arterioles [18].

Diabetes patients are constantly exposed to
hemodynamic and metabolic stress. Hemodynamic
stress mainly leads to hypertension. Metabolic stress
is closely related to hyperlipidemia and hyperglyce-
mia. Hypertension, hyperglycemia and hyperlipi-
demia together leads to tubulointerstitial damage,
endothelial dysfunction and atherosclerosis. En-
dothelial dysfunction progresses to albuminuria in
patients with diabetes whereas tubular damage of the
kidney leads to increase in the tubular biomarkers
[29].

A study by Yagoob M et al. showed that tubular
injury and endothelial dysfunction may precede the
onset of microalbuminuria in patients with diabetes
mellitus. Diabetes patients with even normal eGFR
are at greater risk for AKI compared to normal
healthy subjects [20]. Renal tubular markers such as
NGAL, MCP (Monocyte chemoattractant protein-1),
KIM-1 (Kidney injury molecule 1), urinary liver

Table 4. Linear regression analysis to find the effect of Microalbuminuria on urinary NGAL and ACR

among the diabetes patients

Nonstandardised

Standardised

Independent variables coefficients ) R square value P value
B value coefficients f3

UNGAL 0.488 0.876 0.767 0.001

ACR 1.162 0.866 0.749 0.001

*P <0.05 is considered statistically significant. ACR — albumin creatinine ratio, uNGAL — urinary Neutrophil gelatinase

associated lipocalin
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urinary NGAL

o Observed —Linear
400 4 ® & o
5 8
0
@ 5 0
(o] 0 g
300 -
o 6o 00 O
o] o] ¢}
° o
0 (o]
200 ~ o O
0 (o]
0
€8
100 { A&
| 1 ] ]
0 200 400 600 800

Microalbuminuria

Fig. 1. Linear regression analysis between microalbu-
minuria and urinary NGAL among the diabetes cases
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Fig. 2. Linear regression analysis between microal-
buminuria and ACR among the diabetes cases
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Fig. 3. ROC curve of urinary NGAL, Microalbumi-
nuria, and ACR

type fatty acid binding protein (ULFABP) are used
to predict the onset and progression of DN [21-24].

NGAL is a 25 kDa protein consisting of a poly-
peptide chain of 178 amino acids and belongs to the
‘lipocalin’ superfamily. It is expressed by neutrophils
and various epithelial cells. This protein is released
in blood and urine following ischemic and nephro-
toxic injury from the tubular cells. Variable degrees
of NGAL gene expression is demonstrated in human
tissues like uterus, prostate, salivary glands, lung,
trachea, stomach, colon, and kidney [25].

NGAL is currently considered as one of the
most promising biomarkers in clinical nephrolo-
gy and has been extensively studied in acute kid-
ney disease. A few studies have demonstrated that
NGAL might also be elevated in some other con-
ditions other than renal injury. Therefore, we have
excluded those patients with infection, neoplasia and
inflammation [25, 26].

High glucose levels and diabetic substrates, in-
cluding advanced glycation end-products, carbonyl
intermediates, and growth factors, promote renal
tubular hypertrophy and fibrosis. Therefore, tubular
biomarkers may be crucial as glomerular markers
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Table 5. Receiver operating characteristics curve analysis of urinary NGAL, Microalbuminuria, and ACR

. . Asymptotic 95% confidence interval
Variables Area Standard error | Asymptotic Sig Lower Bound Upper Bound
UNGAL 0.942 0.020 0.001* 0.902 0.981
ACR 0.855 0.031 0.001* 0.793 0.916
Microalbumin 0.874 0.027 0.001* 0.821 0.927

*P < 0.05 is considered statistically significant. ACR — albumin creatinine ratio, uNGAL — urinary Neutrophil gelatinase

associated lipocalin

for early diagnosis of renal impairment in patients
with diabetes [27, 28]. As NGAL is a marker of dis-
tal tubular injury, it is not going to be affected by
albuminuria or proteinuria, which suggests that tu-
bular injury may occur before glomerular injury in
patients with type 2 diabetes [10]. Markers of tubular
injury predicting onset of alouminuria and progres-
sion of diabetes have been observed in various other
studies using other biomarkers such as uLFABP,
MCP, KIM-1 [22-24].

But a study by Kim et al. suggested that there
was no significant difference in NGAL levels among
normoalbuminuria, microalbuminuria and control
group which contradicts the role of NGAL as an
early biomarker of DN [29].

In our study, the urinary NGAL levels were
significantly elevated in microalbuminuria and mac-
roalbuminuria diabetes patient groups when com-
pared to the control. Urine NGAL showed a positive
correlation relationship with microalbuminuria in
diabetic patients which indicates urinary NGAL was
positively correlated with the progression of DN.

Bolignano et al found that serum and urinary
NGAL were significantly elevated in diabetic pa-
tients compared to the control group and that NGAL
levels were elevated in diabetic patients without ear-
ly signs of glomerular damage [30].

Nielsen et al reported that elevated urine NGAL
in type 1 diabetic patients with or without albuminu-
ria indicates tubular damage [24]. A study by Jiao et
al showed increased levels of NGAL in both serum
and urine, which correlated with the severity of renal
damage in patients with diabetes mellitus. He also
suggested that NGAL is elevated both in serum and
urine, even before albumin appears in urine [31].

Nauta et al showed that NGAL is increased in
diabetes patients with normoalbuminuria when com-
pared to the controls [10]. Lacquaniti et al. suggested
that NGAL is elevated in diabetes patients even be-
fore diagnosis of albuminuria and hence NGAL can
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be used for the detection of early kidney involvement
of normoalbuminuric DN [32].

Zachwieja et al. found that urine and serum
NGAL were significantly increased in diabetes chil-
dren with normoalbuminuria, and also suggested
that normoalbuminuria does not exclude DN [33].

Normoalbuminuric diabetes patients had
significantly greater mean urinary NGAL levels
than the controls which suggests that tubular injury
may occur before the onset of glomerular injury in
patients with diabetes. This suggests that tubular
dysfunction is due to hemodynamic and metabolic
stress which is secondary to chronic hyperglycemia
in patients with diabetes mellitus [34, 35].

This finding supports the hypothesis that urine
NGAL can be used as a marker for the early detec-
tion of diabetic nephropathy. Besides, the mean value
of urine NGAL was also observed to be increased
according with the degree of renal impairment. This
finding indicates that urine NGAL can also be used
in determining the severity of renal disease.

ROC curve analysis was done to compare the
diagnostic performance of NGAL, microalbumi-
nuria and ACR and to find which is more sensitive
and specific in the diagnosis of DN. Urinary NGAL
had a higher diagnostic performance of diabetic ne-
phropathy compared to ACR and microalbuminuria.

Microalbuminuria is considered as the earli-
est marker of development of diabetic nephropathy
and is usually associated with significant glomerular
damage. However, recent studies showed that micro-
albuminuria does not necessarily reflect permanent
renal impairment. In addition, several studies sug-
gest that early structural damage in both glomerular
and tubular compartments may be even present in
subjects with normoalbuminuria.

Urinary NGAL measurement is more sensi-
tive than microalbumin and can be a useful tool for
evaluating early renal involvement in patients with
diabetes.
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Limitations of the study. Major limitation of
our study was small sample size. It is a single centre
study with cross-sectional design. We did not collect
24 hour urine sample due to technical difficulties in
collecting sample.

Conclusion. Urinary NGAL has a positive as-
sociation with microalbuminuria and it can be a
noninvasive tool for diagnosis and monitoring the
progression of diabetic nephropathy. Urinary NGAL
measurement is more sensitive than microalbumin
and can be used as an important tool for detecting
early renal involvement in patients with diabetes
mellitus even earlier to incipient nephropathy.
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HEUTPO®LJIBbHUM KEJATUHA30-
ACOILIIMOBAHUM JINOKAJIIH
CEUIL, SIK BIOXIMIYHU

MAPKEP MIKPOAJIBBYMIHY PIi
JJIS1 PAHHBOI'O BUSIBJIEHH SI
HE®POIIATII Y HAIIEHTIB I3
LHYKPOBUM JIABETOM 2 TUITY
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HiaGetnyna Hedpomaris € OOHUM i3
MIKPOCYAMHHHX YCKJIQIHEHb LIYKPOBOTO AiabeTy.
Mertoro gociiKeHHs OyJI0 OLIHUTH A1arHOCTUYHY
LWIHHICTh PIiBHS HEHTPOQIIBHOTO JKEIaTUHA30-
acouifioBanoro usinokamny (NGAL) y ceui sk
Olomapkepa JJisi paHHBOT'O BUSIBJICHHS Hedpomarii
y TAaIi€HTIB i3 WIYKpoBUM aiabetom 2 Tumy. Y
JOCTIJKeHH] B3si  y4yacTh 150 marieHTiB 13
niabetoM 2 THIy, SKUX PO3ALNHMIN Ha 3 piBHI rpy-
A BIINOBIAHO 0 ajdbOyMiH/KpEaTHHIHOBOTO
cuiBBiHomeHHss B ceui (ACR), y Tomy wuwmcni
namieHTu 3 HopmoansOyminypiero (ACR < 30 mr/r
KpeaTHHiHY), MikpoanbOyminypieto (ACR = 30-
300 Mr/r KpeaTWHiHy) Ta MaKpOaJIbOYMiHYPI€IO
(ACR > 300 mr/r kpearuniny). Jlo KOHTpOIBHOL
rpymu Oyno BimgiOpano 50 3mopoBux oci6. NGAL
y cedl BHM3HAYaJId METOIOM TypOOAMMETPHYHO-
ro imyHoaHanizy Ha aHamizaropi Hitachi 917. Ta-
KOXX OL[IHIOBAJM PiBEHb IIIOKO3M Ta KpEaTHHIHY

y cupoBarii KpoBi. BusBieHo, 10 piBeHb
NGAL y ceui OyB 3HaYHO WiABHIICHUH y Tpy-
max XBOpPHX Ha Jia0eT 13 MiKpoalbOyMiHYypi€ro
Ta MakpoalbOyMiHYpi€l0 y TOpIBHSAHHI 3 KOH-
TPOJIBHOIO I'PYIOI0 Ta I'PYINOI0 XBOPUX Ha Jiader
3 HopMmoanbOyMinypieto. Pienb NGAL y ceui mo-
3UTHUBHO KOPENIOBAB 13 MIKpOaJbOyMiHYpIEHD Yy
namieHTiB 13 miaderom. IlokazaHo, 10 BHU3HAYEH-
a1 NGAL y cedi marfieHTiB i3 giabeToM Mae BHUIITY
JarHOCTUYHY IIHHICTH I PAaHHBOTO BUSIBICHHS
niabetnyHoi Hedponarii y MopiBHSAHHI 3 BU3HAYCH-
HSIM anbOyMiH-KPEaTHHIHOBOTO CITiBBITHOIICHHS
Ta MIKpoaJL0yMiHYpI€O.

Knmouoni cinoBa: KeJIaTUHA30-
acoliioBaHUH JiMOKaNiH, JiabeTHyHa HeppomaTis,
anpOyMiH/KpEaTHHIHOBE CIiBBIJIHOIIEHHS, MIKpO-
aTBEOyMIHYPISL.
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