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Urinary Neutrophil Gelatinase-Associated
Lipocalin Levels in Diabetics;
Correlation with Albuminuria

AABBSSTTRRAACCTT  OObbjjeeccttiivvee::  In this study, we aimed to investigate urinary neutrophil gelatinase-associated
lipocalin (NGAL) levels of type II diabetic patients with various degrees of albuminuria and compare it
with healthy controls. MMaatteerriiaall  aanndd  MMeetthhooddss::  The study included a total of 228 individuals; 153 type II di-
abetic patients and 75 healthy controls. Patients were divided into 3 groups as normoalbuminuric group
(group 1) with microalbumin/creatinine (mau/cr) ratio<20 mg/g cr, microalbuminuric group (group 2)
with mau/cr ratio 20-300 mg/g cr and macroalbuminuric group (group 3) with mau/cr ratio >300 mg/g cr.
Urinary NGAL levels were measured by chemiluminescent microparticule immunoassay at Architect
i400SR analyzer (Abbott, USA). RReessuullttss::  NGAL/cr levels of patient groups differed significantly from each
other (p=0.0005). No significant difference was observed between NGAL levels of normo and microalbu-
minuric patients while both groups differed significantly from macroalbuminuric group (p<0.05). NGAL/cr
levels were found to correlate better with protein/cr (r=0.4960, p<0.0001) than microalbumin/creatinine
(mau/cr) (r=0.2606, p=0.0011) in macroalbuminuric group. After adjusting for GFR, NGAL/cr showed no
association with mau/cr while it was even highly correlated with Protein/cr (r=0.6230,p<0.0001). A sig-
nificant negative correlation was found between NGAL/cr and GFR in macroalbuminuric patients (r=-
0.4045, p=0.0048). In macroalbuminuric group; serum creatinine, Protein/cr and BUN values were
independent predictors for NGAL/cr (R2=0.6690, p<0.001). CCoonncclluussiioonn::  Increase in urine NGAL levels
seems to be the result of tubular insufficiency added on glomerular damage in macroalbuminuric diabet-
ics. It doesn’t seem to be early marker in diabetic nephropathy.

KKeeyy  WWoorrddss::  Diabetic nephropathies; diabetes mellitus, type 2; LCN2 protein, human 

ÖÖZZEETT  AAmmaaçç::  Biz bu çalışmada, farklı düzeylerde albuminüri ve proteinürisi olan tip II diyabetli hastalarda
idrar nötrofil jelatinazla ilişkili lipokalin (NGAL) düzeylerini çalışıp sağlıklı kontrollerle karşılaştırmayı
amaçladık. GGeerreeçç  vvee  YYöönntteemmlleerr:: Çalışma; 153 tip II diyabetli hasta ve 75 sağlıklı kontrol olmak üzere top-
lam 228 olgudan oluşturuldu. Hastalar mikroalbuminüri düzeylerine göre 3 gruba ayrıldı. Mikroalbu-
min/kreatinin (mau/cr) oranı <20 mg/g cr olanlar normoalbuminürik grup (grup 1), mau/cr oranı 20-300
mg/g cr olanlar mikroalbuminürik grup (grup 2) ve mau/cr oranı >300 mg/g cr olanlar makroalbuminürik
grup (grup 3) olarak adlandırıldı. İdrar NGAL düzeyleri kemilüminesan mikropartikül immunassay yön-
temle Architect i400SR (Abbott, USA) cihazında çalışıldı. BBuullgguullaarr::  Üç grup hastanın NGAL/cr değerleri
birbirinden farklı bulundu (p=0,0005). İkili karşılaştırmalarda normo ve mikroalbuminürik hastalar
arasında anlamlı farklılık saptanmazken her iki grup da makroalbuminürik gruptan farklı bulundu
(p<0,05). Makroalbuminürik grupta NGAL/cr’nin protein/cr ile olan korelasyonu (r=0,4960, p<0,0001)
mau/cr’den (r=0,2606, p=0,0011) daha iyi düzeyde bulundu. GFR düzeltmesi yapıldıktan sonra NGAL/cr
ve mau/cr ilişkisi kaybolurken NGAL/cr ve Protein/cr uyum katsayısı arttı (r=0,6230, p<0,0001). Makro-
albuminürik hastalarda NGAL/cr ile GFR arasında anlamlı negatif korelasyon saptandı (r=-0,4045,
p=0,0048). Makroalbuminürik hastalarda serum kreatinin, Protein/cr ve BUN düzeylerinin NGAL/cr dü-
zeylerini belirleyici bağımsız değişkenler olduğu saptandı (R2=0,6690, p<0,.001). SSoonnuuçç::  Makroalbuminü-
rik hastalarda idrarda NGAL/cr artışı glomerular hasara eklenen tubular yetersizlik sonucu oluşur ancak
NGAL/cr testi diyabetik nefropatinin  erken belirteci gibi görünmemektedir. 

AAnnaahhttaarr  KKeelliimmeelleerr:: Diyabetik nefropati; diabetes mellitus, tip 2; LCN2 protein, insan  
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iabetic nephropaty (DN), is one of the most
common microvascular complications of
diabetes mellitus (DM) and the leading

cause of end stage renal disease.1,2 It occurs in 20-
40% of patients with diabetes.3 As prevalence of
type 2 DM is steadily increasing, the number of pa-
tients with DN is expanding day by day. Adverse
outcomes of renal failure can be prevented or de-
layed through early detection and treatment.2

Urinary albumin excretion (AER), is the most
frequently used marker for early detection of renal
damage. Clinically, diabetic nephropathy is char-
acterized by the onset of hyperfiltration and mi-
croalbuminuria that are followed by sustained
proteinuria with declining renal function.4 As an
indicator of renal damage, however, urinary albu-
min excretion has some limitations. First, some pa-
tients do not progress to macroalbuminuria but
remain at microalbuminuria or even regress to nor-
moalbuminuria.5 Second, some patients follow a
non-albuminuric pathway to renal impairment,
where the increases in AER and decreases in
glomerular filtration rate (GFR) are not closely re-
lated.6 Thus, more sensitive and specific renal bio-
markers than AER will be valuable in predicting
early kidney injury and the progression or regres-
sion of renal damage in type 2 DM patients. 

Recent studies have shown that not only
glomerular but also tubulointerstitial damage is an 
important factor in the progression of diabetic
nephropathy.7 The microalbuminuria and protein-
uria, in general, are reflectors of glomerular dam-
age. Interestingly, the pathophysiology of protei-
nuria and tubulointerstitial damage has been found
to be interwined. By reabsorption of increased
amounts of protein from the tubular lumen, proin-
flammatory and profibrotic responses are induced
in tubular cells leading to inflammation and fibrosis
in the tubulointerstitial compartment.4 Therefore,
markers of tubular damage could potentially be use-
ful in the evaluation of prognosis and for monitor-
ing the effectiveness of treatment in DN.8

Recently, several different markers of tubular
damage have been proposed. NGAL also known as
lipocalin 2 (LCN2), is a member of the lipocalin fam-
ily which consists of more than 20 low molecular

weight proteins. It is stored mainly in the specific
granules of neutrophils, but also expressed at very
low-levels in several human tissues, including kid-
ney, trachea, lungs, stomach, and colon.9 NGAL is
found to possess diverse functions such as trans-
porting and activating matrix metalloproteinase 9,
inducing apoptosis, regulating immune response and
so on. NGAL can be filtered and reabsorbed by kid-
neys and because of this characteristic it is thought
to serve as a marker for both glomerular filtration
rate (GFR) and proximal tubular function. NGAL is
hyperproduced in the kidney tubules within a few
hours after deleterious stimuli.10 Several studies on
acute kidney injury (AKI) have shown that both
serum and urine NGAL levels increase within a few
hours after the onset of AKI, before the increase in
serum creatinine. This makes NGAL a sensitive and
specific biomarker with significant potential for
early diagnosis of AKI.10 On the other hand, several
studies have also defined the role of NGAL in
chronic kidney disease (CKD) and showed that
serum and urinary NGAL levels are markers of kid-
ney disease and severity of CKD.11-14 It is now widely
accepted that in some CKD-associated diseases such
as DN, the rate of deterioration in renal function
and the overall outcome are more accurately associ-
ated with tubulointerstitial damage than glomerular
lesions whether the primary pathology is glomeru-
lar or not.15

In this study, we aimed to investigate urinary
NGAL levels of diabetic patients with various de-
grees of albuminuria/proteinuria and compare it
with healthy controls.

MATERIAL AND METHODS

The study included a total of 228 subjects; 153 type
II DM patients followed by the diabetes clinic of our
hospital and 75 healthy control subjects. Fasting
serum creatinine and BUN levels were measured.
Morning first urine samples were collected on the
same day. Routine urine examinations were done
and microalbumin, protein and creatinine levels
were measured from the same specimen. Portions
of urine samples were stored at -80° C until the day
of analysis for NGAL. The healthy population con-
sisted of people who visited the hospital for peri-
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odic medical checkups and proved to have no spe-
cific clinical or laboratory problems. Diabetics with
accompanying chronic diseases, infections or in-
flammatory conditions and renal disease other than
diabetic nephropathy were excluded. The mean of
three microalbumin values measured during last six
months with 2 months intervals were calculated
and these mean values were used instead of a single
microalbumin value. Patients were divided into 3
groups as normoalbuminuric group (group 1) with
microalbumin/creatinine (mau/cr) ratio <20 mg/g
cr, microalbuminuric group (group 2) with mau/cr
ratio 20-300 mg/g cr, macroalbuminuric group
(group 3) with mau/cr ratio >300 mg/g cr. GFR of
the patients were calculated with Modification of
Diet in Renal Disease (MDRD)  formula:
MDRD=186 × [serum creatinine (mg/dL)-1.154]×age-

0.203. A correction factor of 0.742 was used for
women.16

NGAL levels were measured by chemilumi-
nescent microparticule immunoassay with urine
NGAL kit (ref: B1P37T) at Architect i400SR (Ab-
bott, USA). Urine albumin levels were measured by
immunoturbidimetric method with urine albumin
kit (ref: OSR6167) and urine creatinines with urine
creatinine kit (ref: OSR6578) at AU 2700 (Beckman
Coulter, USA) Serum creatinine and BUN levels
were measured at AU 2700 (Beckman Coulter,
USA) autoanalyzer with routine methods.

Statistical analysis were carried out using Med-
Calc (Medical Calculation Version 12.4.0; Bel-
gium). Mann Whitney U, Kruskal-Wallis,
Spearman correlation and multiple regression

analysis were used. Concentrations were expressed
as median (2.5-97.5 percentile). Study was ap-
proved by our institute’s scientific commitee and
all patients signed an informed consent.

RESULTS

The inter-assay CV’s of our method for NGAL
were; 2.86% for 250 ng/mL and 5.8% for 12.3
ng/mL.

NGAL/cr values of healthy controls were
found significantly different from total diabetics
(p=0.0014) (Table 1).

153 patients were classified as; 54 normoalbu-
minuric (35%), 52 microalbuminuric (34%) and
47(31%) macroalbuminuric. Mau/cr values of
Group 1 was 4.9 (1.857-17.848); Group 2: 90.2
(20.5-246); Group 3: 670 (334-1677) mg/g cr.
NGAL/cr levels of patient groups differed signifi-
cantly from each other in multiple comparisons
(p=0.0005). Group 1 and 2 both differed signifi-
cantly from group 3 in post hoc comparisons
(p<0.05) But there were no significant difference
between group 1 and group 2 (Table 2).

There was no significant correlation between
NGAL/cr and GFR in total diabetic group while a
significant negative correlation was found  in
macroalbuminuric patients (r=-0.4045, p=0.0048).
There was no significant correlation between pa-
tient ages and NGAL/cr or patient ages and GFR in
total diabetic group. Urine NGAL/cr levels signifi-
cantly correlated with urine protein and urine mi-
croalbumin levels in both total diabetics and
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Characteristics Healthy Control Diabetic Group P Value

Number of patients 75 153 -

Age (years) 40(21.7-61.6) 62(46-74.6) <0.0001

Gender (women/men) 46/29 78/75 0.0879

Diabetes duration (years) - 14(5.3-29.6) -

GFR (ml/min) 114(74.5-202) 85(23.6-186) <0.0001

Serum creatinine (mg/dL) 0.64(0.39-1.05) 0.82(0.44-2.434) <0.0001

Protein/cr (mg/g cr) 25(2.3-163) 137.3(14.45-4070) <0.0001

BUN (mg/dL) 11.4(6-19.9) 15.100(7.165 - 48.11) <0.0001

NGAL/cr (ng/g cr) 10.8(1.20-100) 12.785(1.030-275.884) 0.0014

TABLE 1: Study group characteristics.



macroalbuminuric patients.  In both cases (total di-
abetics and Group 3 patients) correlation was bet-
ter with protein levels than with microalbumin
levels; besides it was better in group 3 than in total
group (Table 3). In Group 3 no association with
mau/cr was found after adjusting for GFR. 

We investigated the association of age, weight,
diabetes duration, GFR, serum creatinine, mau/cr,
protein/cr and BUN levels with NGAL/cr values in
macroalbuminuric patients. Serum creatinine, Pro-
tein/cr and BUN values were independent predic-
tors for NGAL/cr (R2=0.6690, p<0.001).

DISCUSSION

In this study, we investigated whether a tubular
damage marker urine NGAL could contribute to
early diagnose of DN compared with recently used
markers urine microalbumin and protein. Urine
NGAL/cr levels of diabetic patients with different
stages of albuminuria were evaluated. NGAL/cr
values of healthy controls were found significantly
different from total diabetics. NGAL/cr levels were

found to correlate better with protein/cr than
mau/cr in total diabetics and macroalbuminuric pa-
tients. After adjusting for GFR the association with
NGAL/cr with Protein/cr still remained significant
while no association with mau/cr was present. We
thought that urinary NGAL/cr levels seemed to be
a result of tubular injury and increased as DN pro-
gresses.

Several studies investigated renal injury in
pathogenesis of DM. mRNA expression of NGAL
was found significantly higher in diabetic/obese
mice or obese human beings, and associated closely
with insulin resistance and hyperglycemia.17 It is
claimed that NGAL is produced principally by the
injured tubule cells to prevent kidney from early
injury. It was found to be able to induce cell apop-
tosis through an autocrine/paracrine pathway.
NGAL may protect the diabetic kidney through re-
straining inflammation reaction and inducing
apoptosis of neutrophil granulocytes in the renal
tubules and interstitium.18 The injured tubules
likely resulted in both increased production and re-
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Characteristics Group 1 Group 2 Group 3 P value 

Number of patients 54 52 47 -

Age (years) 58 (41.7-71.4) 62 (49.8-74.2) 65 (44.7-79.6) 0.0203

Gender (women/men) 33/21 27/25 18/29 0.07

Weight (kg) 80 (51.7-100) 82.5 (57.6-116) 82 (59.6-103) 0.6892

Diabetes duration (years) 12 (3.8-23.4) 15.5 (4.8-29.6) 14(6-33.9) 0.0071

GFR (ml/min) 96 (35.8-152.7) 95 (25.4-197.8) 64 (9.67-145.8) < 0.0001

Serum creatinine (mg/dL) 0.78 (0.47-1.64) 0.76 (0.41-2.70) 1.04 (0.54-5.89) < 0.0001

Protein/cr (mg/g cr) 52 (10-296) 133 (39.5-1359) 899 (160-6428) < 0.0001

BUN (mg/dL) 13.5 (8.8-29.4) 14.95 (7-50.8) 17.6 (2.17-64.6) 0.0004

NGAL/cr (ng/g cr) 10.6 (0.46-125) 8.83 (1.11-340.5) 30.9 (1.123-446) 0.0005

TABLE 2: Characteristics of diabetic group.

Variables Diabetic group Group 3 Group 3

(n=75) (n=47) (GFR adjusted)

r p r p r p

GFR (ml/min) -0.08576 0.2919 -0.4045 0.0048 - -

Mau/cr (mg/g cr) 0.2606 0.0011 0.2930 <0.0001 0.1883 0.2102

Protein/cr (mg/g cr) 0.4960 <0.0001 0.6230 <0.0001 0.5838 <0.0001

TABLE 3: Correlation of  NGAL/cr with GFR,  Mau/cr and protein/cr  in total diabetics and in Group 3.



duced reabsorption of NGAL. Consistent with
these reports, results of our study showed that uri-
nary NGAL levels were significantly elevated in di-
abetic patients compared to the normal control
group. In our study, patients with macroalbumin-
uria showed higher NGAL levels than all the other
groups demonstrating presentation of tubular dam-
age with worsening glomerular functions. Similarly
in Yang’s study, urine NGAL levels of macroalbu-
minuric group were found higher than normo and
microalbuminuric groups, although no differences
were found between normo and microalbuminuric
groups.18 A few studies found high levels of NGAL
in normo and microalbuminuric patients groups
and introduced urine NGAL as an early marker of
tubular damage in diabetics.19,20 We were unable to
show an early increase in NGAL/cr levels in normo
and microalbuminuric patients thus we can not re-
gard NGAL as an early predictor; but it seemed to
closely relate with tubular injury as indicated by
high correlation with proteinuria in later stages of
DN. Proteinuria is a clinical situation with both
glomerular and tubular aspects. Sustained passage
of plasma proteins into tubular lumen is a source of
injury to epithelial cells. This leads to tubular in-
flammation, tubular function loss and then to tubu-
lointerstitial fibrosis which ultimately signals the
appearence of an irreversible renal impairment,
leading to chronic renal failure.21 In diabetic kid-
ney disease, progression to chronic kidney disease
is attributed not only to glomerular lesions but also
on tubulointerstitial damage.22,23 In Bolignano
study, urine NGAL/cr concentrations were found
directly correlated with the extend of protein loss

in nephritic patients.21 Patients with higher
NGAL/cr levels were shown to have a greater risk
of developing a severe decrease in renal function
compared to others. The augmented urine NGAL
excretion in our patients may be the consequence
of an increased loss of circulating NGAL through
the damaged glomerular membrane, as happens
for other blood proteins. This suggestion would be
partially confirmed by the finding that urine
NGAL levels correlate well with the extent of pro-
teinuria.

In macroalbuminuric patients with a de-
creased GFR, we found a correlation between
NGAL and urinary excretion of protein and albu-
min. Albuminuria, resulting from glomerular dam-
age didn’t significantly correlate with NGAL, when
adjusted for GFR. But proteinuria levels still corre-
lated with levels of NGAL. Increase in urine NGAL
levels was because of the same pathophysiologic
mechanism that caused proteinuria; that is the tu-
bular function loss following primary glomerular
injury.This direct correlation between proteinuria
and urinary NGAL levels are shown in previous re-
ports.11,13,21 Whether tubular injury presenting after
glomerular lesions  may be a result of the tubulo-
toxic effect of albumin and other proteins that are
leaked into the tubular lumen is still debated.12,24-26 

CONCLUSION 

Urinary NGAL/cr levels seemed to be a result of tu-
bular injury and increased as DN progresses. But it
doesn’t seem to add more information as an early
marker of DN in current clinical practice.

Turkiye Klinikleri J Nephrol 2013;8(2) 51

URINARY NEUTROPHIL GELATINASE-ASSOCIATED LIPOCALIN LEVELS IN DIABETICS... Zeynep ARIKAN et al.

1. Güney İ, Tonbul HZ. [Diabetic nephropathy].
Turkiye Klinikleri J Int Med Sci 2007;3(38):38-
46.

2. Krolewski M, Eggers PW, Warram JH. Magni-
tude of end-stage renal disease in IDDM: a 35
year follow-up study. Kidney Int 1996;50(6):
2041-6.

3. American Diabetes Association. Standards of
medical care in diabetes--2007. Diabetes Care
2007;30(Suppl 1):S4-S41.

4. Abbate M, Benigni A, Bertani T, Remuzzi G.
Nephrotoxicity of increased glomerular protein
traffic. Nephrol Dial Transplant 1999;14(2):
304-12.

5. Vaidya VS, Niewczas MA, Ficociello LH,
Johnson AC, Collings FB, Warram JH, et al.
Regression of microalbuminuria in type 1 
diabetes is associated with lower levels of
urinary tubular injury biomarkers, kidney 
injury molecule-1, and N-acetyl-β-D-

glucosaminidase. Kidney Int
2011;79(4):464-70.

6. Jerums G, Panagiotopoulos S, Premaratne E,
MacIsaac RJ. Integrating albuminuria and
GFR in the assessment of diabetic nephropa-
thy. Nat Rev Nephrol 2009;5(7):397-406.

7. Gilbert RE, Cooper ME. The tubulointerstitium
in progressive diabetic kidney disease: more
than an aftermath of glomerular injury? Kidney
Int 1999;56(5):1627-37.

REFERENCES



Turkiye Klinikleri J Nephrol 2013;8(2)52

Zeynep ARIKAN et al. URINARY NEUTROPHIL GELATINASE-ASSOCIATED LIPOCALIN LEVELS IN DIABETICS...

8. Tramonti G, Kanwar YS. Tubular biomarkers
to assess progression of diabetic nephropa-
thy. Kidney Int 2011;79(10):1042-4.

9. Cowland JB, Borregaard N. Molecular char-
acterization and pattern of tissue expression
of the gene for neutrophil gelatinase-associ-
ated lipocalin from humans. Genomics
1997;45(1): 17-23.

10. Mishra J, Ma Q, Kelly C, Mitsnefes M, Mori K,
Barasch J, et al. Kidney NGAL is a novel
early marker of acute injury following trans-
plantation. Pediatr Nephrol 2006;21(6):856-
63.

11. Mitsnefes MM, Kathman TS, Mishra J, Kartal
J, Khoury PR, Nickolas TL, et al. Serum neu-
trophil gelatinase-associated lipocalin as a
marker of renal function in children with
chronic kidney disease. Pediatr Nephrol
2007;22 (1):101-8.

12. Bolignano D, Coppolino G, Campo S, Aloisi C,
Nicocia G, Frisina N, et al. Urinary neutrophil
gelatinase-associated lipocalin (NGAL) is as-
sociated with severity of renal disease in pro-
teinuric patients. Nephrol Dial Transplant
2008;23(1):414-6.

13. Bolignano D, Lacquaniti A, Coppolino G,
Campo S, Arena A, Buemi M. Neutrophil
gelatinase-associated lipocalin reflects the
severity of renal impairment in subjects af-
fected by chronic kidney disease. Kidney
Blood Press Res 2008;31(4):255-8.

14. Bolignano D, Lacquaniti A, Coppolino G, Do-
nato V, Campo S, Fazio MR, et al. Neutrophil
gelatinase-associated lipocalin (NGAL) and

progression of chronic kidney disease. Clin J
Am Soc Nephrol 2009;4(2):337-44.

15. Woo KS, Choi JL, Kim BR, Kim JE, An WS,
Han JY. Urinary neutrophil gelatinase-associ-
ated lipocalin levels in comparison with
glomerular filtration rate for evaluation of renal
function in patients with diabetic chronic kidney
disease. Diabetes Metab J 2012;36(4): 307-13.

16. Myers GL, Miller WG, Coresh J, Fleming J,
Greenberg N, Greene T, et al.; National Kid-
ney Disease Education Program Laboratory
Working Group. Recommendations for im-
proving serum creatinine measurement: a re-
port from the Laboratory Working Group of the
National Kidney Disease Education Program.
Clin Chem 2006;52(1):5-18.

17. Wang Y, Lam KS, Kraegen EW, Sweeney G,
Zhang J, Tso AW, et al. Lipocalin-2 is an in-
flammatory marker closely associated with
obesity, insulin resistance, and hyperglycemia
in humans. Clin Chem 2007;53(1):34-41.

18. Yang YH, He XJ, Chen SR, Wang L, Li EM,
Xu LY. Changes of serum and urine neutrophil
gelatinase-associated lipocalin in type-2 dia-
betic patients with nephropathy: one year ob-
servational follow-up study. Endocrine
2009;36(1):45-51.

19. Nauta FL, Boertien WE, Bakker SJ, van Goor
H, van Oeveren W, de Jong PE, et al.
Glomerular and tubular damage markers are
elevated in patients with diabetes. Diabetes
Care 2011;34(4):975-81.

20. Fu WJ, Xiong SL, Fang YG, Wen S, Chen ML,
Deng RT, et al. Urinary tubular biomarkers in

short-term type 2 diabetes mellitus patients: a
cross-sectional study. Endocrine  2012;41(1):
82-8.

21. Bolignano D, Coppolino G, Lacquaniti A, Nic-
ocia G, Buemi M. Pathological and prognostic
value of urinary neutrophil gelatinase-associ-
ated lipocalin in macroproteinuric patients with
worsening renal function. Kidney Blood Press
Res 2008;31(4):274-9.

22. Brito PL, Fioretto P, Drummond K, Kim Y,
Steffes MW, Basgen JM, et al. Proximal tubu-
lar basement membrane width in insulin-de-
pendent diabetes mellitus. Kidney Int 1998;53
(3):754-61.

23. Fioretto P, Mauer M, Brocco E, Velussi M,
Frigato F, Muollo B, et al. Patterns of renal in-
jury in NIDDM patients with microalbuminuria.
Diabetologia 1996;39(12):1569-76.

24. Piwowar A, Knapik-Kordecka M, Fus I, War-
was M. Urinary activities of cathepsin B, 
N-acetyl-beta-D-glucosaminidase, and albu-
minuria in patients with type 2 diabetes melli-
tus. Med Sci Monit  2006;12(5):CR210-4.

25. Mohammadi-Karakani A, Asgharzadeh-
Haghighi S, Ghazi-Khansari M, Hosseini R.
Determination of urinary enzymes as a marker
of early renal damage in diabetic patients. J
Clin Lab Anal 2007;21(6):413-7.

26. Bolignano D, Lacquaniti A, Coppolino G, 
Donato V, Fazio MR, Nicocia G, et al. Neu-
trophil gelatinase-associated lipocalin as an
early biomarker of nephropathy in diabetic pa-
tients. Kidney Blood Press Res 2009;32(2):91-
8.


