grlllglc[:)ai\;g/le?glsmne Insights: Endocrinology ﬂ ibertas Acadermica

OPEN ACCESS
Full open access to this and
thousands of other papers at

ORIGINAL RESEARCH .
http://www.la-press.com.

Serum Cystatin C and Tubular Urinary Enzymes as Biomarkers
of Renal Dysfunction in Type 2 Diabetes Mellitus

Heba S. Assal’, Salwa Tawfeek', Enas A. Rasheed?, Dalia El-Lebedy? and Eman H. Thabet?

'Department of Internal Medicine, Medical Research Division, National Research Centre, Egypt. 2Department of Clinical
and Chemical Pathology, Medical Research Division, National Research Centre, Cairo, Egypt.
Corresponding author email: d_lebedy@yahoo.co.uk

Abstract: Renal tubulointerstitium plays an important role in the development and progression of diabetic nephropathy. The aim of this
study was to assess serum cystatin C and 2 renal tubular enzymes, neutrophil gelatinase associated lipocalin (NGAL) and N-acetyl-beta-
D-glucosaminidase (NAG), as screening markers for early renal dysfunction in patients with type 2 diabetes mellitus (T2DM). ROC
curve analysis showed that urinary NAG is the most sensitive marker of microalbuminuria and early renal damage with sensitivity of
83.3%, while serum cystatin C was the most sensitive and specific marker of macroalbuminuria and damage progress with sensitivity
of 70.8% and specificity of 83.3% versus 70.6% and 83.3% for uNGAL; and 64.7% and 66.7% for NAG, respectively. Our data indi-
cate that urinary NAG is the most sensitive marker for early renal damage in diabetic patients. However, for damage progress, serum
cystatin C is the most sensitive and specific marker for follow-up and monitoring renal dysfunction.
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Introduction

The appearance of pathological levels of urinary albu-
min excretion (UAE) represents the most common
clinical sign of early renal involvement in patients
affected by diabetes mellitus (DM). Pathological albu-
minuria and proteinuria represent the consequence
of diffuse diabetes-induced glomerular damage.
However, renal tubulointerstitium also seems to play
an equally important role in the pathogenesis of dia-
betic nephropathy as a consequence of persistent
exposure to a metabolic and hemodynamic injuring
factors associated with sustained diabetic disease.’
Persistent diabetic proteinuria constitutes another
important cause of tubular injury, as the sustained pas-
sage of plasmatic proteins within the tubular lumen
is harmful to the epithelial cells, due to progressive
intratubular complement cascade activation. This last
condition can lead first to tubular inflammation and
then to tubulointerstitial fibrosis, which ultimately
signals the appearance of an irreversible renal impair-
ment, leading to chronic kidney disease.?

Serum cystatin (CysC), a cysteine protease inhibi-
tor, is freely filtered through the glomerulus and
almost completely reabsorbed and catabolized by
tubular cells.? Therefore, serum CysC levels correlate
with glomerular filtration rate (GFR) and have been
proposed to be a superior marker for the evaluation of
renal function, in comparison to other markers such
as serum creatinine (S-Cr) or creatinine clearance
(Cecr). It is found to be a more sensitive and accurate
for the estimation of GFR than S-Cr, and less compli-
cated than Ccr.?

Previous studies have focused on the role of the
tubular tract in the pathogenesis and progression of
renal damage in diabetes and reported increased levels
of'several ‘tubular factors’. These include cathepsin B,
N-acetyl-beta-D-glucosaminidase (NAG) and mono-
cyte chemoattractant protein-1 (MCP-1).>° The levels
of these substances have been found to be correlated
to the severity of nephropathy, confirming the recent
hypothesis that the renal damage progress and the
long-term outcome in diabetic patients is more related
to the degree of renal tubulointerstitial impairment
than to the severity of glomerular lesions.¢

Neutrophil gelatinase-associated lipocalin (NGAL)
has emerged as one of the most promising tubular bio-
markers in the diagnostic field of acute and chronic
renal diseases. In patients undergoing treatments

potentially detrimental to the kidney, including con-
trast medium administration,” cardiac surgery® and
unstable nephropathies,” increased NGAL levels pre-
dictthe onset of acute kidney injury, which can advance
upcoming increases in serum creatinine levels. Also, in
chronic renal diseases, NGAL levels reflect the sever-
ity of the active damage associated with autoimmune
diseases,!®!" glomerular diseases,'>!"* and autosomal
dominant polycystic kidney disease.!'*

The aim of this study is to evaluate serum CysC
and tubular enzymes NGAL and NAG in T2DM
patients with different stages of nephropathy in order
to assess their significance as markers of early renal
dysfunction.

Subjects and Methods

Study population

The study included a small cohort of 70 patients with
T2DM according to the American Diabetes Asso-
ciation criteria."> All patients were insulin-requiring
and hypertensive under treatment with angiotensin-
converting enzyme inhibitors or angiotensin II recep-
tor antagonists. Patients with cancer, infections,
inflammatory states, alterations in leukocyte count
and severe renal impairment GFR = 30 mL/min,
according to the Modification of Diet in Renal Disease
(MDRD) equation,'® were excluded from the study to
avoid potential confounding factors. 20 healthy vol-
unteers were included as a control group. Exclusion
critera were the presence of any medical treatment or
history of arterial hypertension, diabetes, neoplastic,
cardiovascular, inflammatory, renal, pulmonary and
endocrinal diseases. The study was approved by the
local ethical committee and informed consent was
obtained from every subject.

Patient’s history was carefully recorded. Clinical
examination and assessment of body mass index
(BMI) were performed. Blood pressure was mea-
sured 3 times, and the average value was considered
for data analysis.

Laboratory methodology

Samples collection

Serum and early morning urine samples were col-
lected, centrifuged, aliquoted and frozen at —20 °C.
Samples were thawed and mixed thoroughly just prior
to the assay to avoid erroneous results of repeated
freeze/thaw cycles.
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Assay of biochemical markers

Fasting plasma glucose (FBG) and 2-hour postpran-
dial plasma glucose (PPBG) were measured using
glucose oxidase enzymatic assay (Bio Merieux).!”
Glycosylated Haemoglobin (HbA ) was quanti-
tatively assayed by ion exchange chromatography
(Stanbio Laboratory).'® Blood urea, serum creatinine
(SCr), creatinine in urine and lipid profile (total cho-
lesterol, triglycerides, HDL-C, and LDL-C) were
measured by enzymatic colorimetry using Olympus
AU 400 auto analyzer (Olympus Diagnostics, GmbH,
Germany).

Albumin in urine was estimated by immuno-
turbidimetric method using Boerhinger reagents
(Germany)." To compensate for variations in urine
concentration in spot urine samples, we compared the
albumin in the sample against its creatinine concen-
tration and albumin/creatinine ratio was calculated.
Positive urine samples for albuminuria were repeated
3 to 6 months after the first positive test.

As serum creatinine was measured by enzymatic
method, the glomerular filtration rate (GFR) was cal-
culated based on the following isotope dilution mass
spectrometry (IDMS)-traceable MDRD study equa-
tion: GFR (mL/min/1.73 m?) = 186 x SCr 5% x
age 2% x (1.212 if black) x (0.742 if female).'®

Assay of serum Cystatin C, uNAG and uNGAL
Serum cystatin C was measured by latex particle-
enhanced turbidimetric immunoassay (PETIA) on
Hitachi 7600 auto-analyzer (Hitachi Co., Tokyo,
Japan) using HiSense kit (HBI Co., Anyang, Korea).?
NAG in urine was estimated kinetically using Sigma
reagents (USA).?! Urinary NGAL was measured by
Enzyme-linked immunosorbent assay’ using Human
NGAL ELISA kit supplied by BioVendor Laboratory
Medicine, Inc.; Cat. No. RD191102200R.

Statistical analysis

Data were statistically described in terms of mean t
standard deviation. Comparison of more than 2 vari-
ables was done using an ANOVA test. A Pearson
correlation between various variables was con-
ducted and significant correlations were presented
using graphs. A receiver operating characteristics
(ROC) analysis was employed to calculate the area
under the curve (AUC) to find the best cutoff values
providing the highest diagnostic specificity followed

by the best sensitivity. A probability value (P) less
than 0.05 was considered statistically significant. All
statistical calculations were done using the follow-
ing computer programs: Microsoft Excel version 7
(Microsoft Corporation, NY, USA) and SPSS version
16 (Statistical Package for the Social Science; SPSS
Inc., Chicago, IL, USA).

Results

According to the albumin/creatinine ratio, patients
were classified into normal albuminuric (n = 20)
with albumin/creatinine ratio <30 ug/mg, micro-
albuminuric (n = 25) with albumin/creatinine ratio
from 30 to 300 pg/mg (for males) and 400 pug/mg
(for females), and macro-albuminuric (n = 25) with
albumin/creatinine ratio =300 pg/mg (for males)
and =400 pg/mg (for females). Demographic and
laboratory data of patients and controls are summa-
rized in Table 1.

Our results showed that serum Cystatin C, uNGAL,
and NAG were significantly high in diabetic patients
compared with control subjects (Table 1). Correla-
tion studies revealed that the 3 studied parameters
showed significant positive correlations with urinary
albumin excretion (UAE; P < 0.001), serum creati-
nine (P < 0.001 for Cystatin and uNGAL; P = 0.002
for NAG), disease duration (P < 0.001 for NAG and
uNGAL; P =0.002 for Cystatin), and with each other
(P < 0.001). Both uNGAL and NAG showed posi-
tive correlations with poor glycemic control (HbA )
with P =0.03 and 0.02, respectively, and with disease
duration (P < 0.001) (Table 2).

Figure 1 shows the ROC curve analysis of serum
cystatin, uNGAL and NAG for prediction of microal-
buminuria in patients with diabetes. For cystatin C, the
area under the curve (AUC) was 0.727 with an optimal
cutoff value of 1423.0 ng/mL, sensitivity = 83.3% and
specificity =61.1%. ForuNGAL, the AUC was 0.759,
the cutoff value was 8.8 ng/mL, sensitivity = 66.7%
and specificity = 88.9%. Meanwhile, for NAG, the
AUC was 0.890, the cutoff value was 15.5 ng/mL,
sensitivity = 83.3%, and specificity = 77.8%.

Figure 2 shows the ROC curve analysis of the
3 studied parameters for prediction of macroalbu-
minuria. For cystatin C, the AUC was 0.797, the cut-
off value was 2450.0 ng/mL, sensitivity = 70.8% and
specificity = 83.3%. ForuNGAL, the AUC was 0.848,
the cutoff was 13.5 ng/mL, sensitivity = 70.6% and
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Table 1. Demographic and laboratory data of patients and control.

Control Normoalbuminuric Microalbuminuric Macroalbuminuric
(n=20) (n=20) (n =25) (n =25)

Age (years) 51.0+£5.6 51.3+£6.3 529+6.8 51.7+6.6
Sex [n (%)]

Female 8 (40%) 10 (50%) 14 (56%) 13 (52%)

Male 12 (60%) 10 (50%) 11 (44%) 12 (48%)
BMI (kg/m?) 23.8+4.1 22.7+3.4 24.1+4.1 23.2+3.9
Duration (years) 57+22 8.7+3.7" 10.2 £ 3.07
SBP (mmHg) 131.0+5.7 135.0+7.7 141.7 + 6.6%1 148.8 + 8.8%1
DBP (mmHg) 82.0+3.5 83.6+4.5 87.2+6.7* 95.0 £ 8.1%1+
FBG (mg/dL) 85.6 +4.1 159.9 + 40.0* 173.3 £+ 40.8* 189.9 + 62.4*
PPBG (mg/dL) 112.5+9.3 226.4 + 58.5* 244.8 + 57.5* 276.7 + 73.0%1
HbA, (%) 53+0.7 76+0.7* 8.0+1.3* 8.3+ 0.6%1
Urea (mg/dL) 252+4.5 34.0+5.3* 33.1+9.2* 46.4 + 13.7%1%
SCr (mg/dL) 0.6+0.2 1.1+0.2¢ 1.1+0.3* 1.6 £0.5%0#
UAE (mg/L) 11.0+£3.5 13.3+8.0 120.3 + 67.0*1 739.4 + 284 9%+
TC (mg/dL) 147.4 + 26.0 183.4 + 30.2* 176.8 + 32.8* 166.5+ 31.0
TGs (mg/dL) 99.5+13.7 98.8+13.6 125.6 + 34.7*1 122.7 + 13.2%1
LDL-C (mg/dL) 109.5+21.7 123.2+22.4 106.1 + 58.2 115.0+44.0
HDL-C (mg/dL) 34.3+6.5 36.9+4.38 36.4+5.3 36.3+7.1
uNGAL (ng/mL) 43+1.3 74+1.6" 10.1 £ 3.0%f 17.4 £ 6.6%+
CysC (ng/mL) 650 + 66.7 1438.9 + 654.5* 1932.3 £629.7%1 3347.1 + 1586.4* 1+
NAG (ng/mL) 6.9+3.7 11.2 £ 4.5* 18.5+ 3.7 22.7 £ 5.2%+

Notes: Data are presented as mean = SD. *P < 0.05 versus control; TP < 0.05 microalbuminuric and macroalbuminuric versus normoalbuminuric;

+P < 0.05 macroalbuminuric versus microalbuminuric.

Abbreviations: BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG, fasting blood glucose; PPBG, post prandial
blood glucose; HbA, , glycated hemoglobin; SCr, serum creatinine; UAE, urinary albumin excretion; TC, total cholesterol; TGs, triglycerides; LDL-C, low
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; uNGAL, urinary neutrophil gelatinase-associated lipocaline; Cys C, cystatin C;

NAG, N-acetyl-beta-D-glucosaminidase.

specificity = 83.3%. For NAG, the AUC was 0.722,
the cutoff was 19.5 ng/mL, sensitivity = 64.7%, and
specificity = 66.7%.

Discussion

In diabetic nephropathy, tubular involvement may
precede glomerular involvement, as several tubular
proteins and enzymes are detectable even before the
appearance of microalbuminuria or rising in serum
creatinine.*

Cystatin C has been identified as a promising
marker of renal failure® and has been demonstrated to
be an early renal marker in patients with diabetes.* In
our study, serum cystatin C was significantly high in
diabetic patients and correlated positively with serum
creatinine, NAG, uNGAL, urinary albumin, and dis-
ease duration. Our findings agree with results from
previous studies.?*® These findings are in contrast to
one previous study, in which increased serum cystatin
level was found to be significant in overt nephropathy
but not in early nephropathy.?’

NGAL is a 25-kDa molecule known to be hyper
produced in kidney tubules within few hours after
damaging experimental stimuli. Tubular secretion of
NGAL correlates with the severity of chronic renal
impairment; for instance, in autosomal dominant
polycystic kidney disease or glomerulonephritis.?®
In this study, uNGAL was significantly higher in
patients than in controls, and in micro- and macro-
albuminuric than in normoalbuminuric patients. Also,
uNGAL positively correlated to the disease duration,
urinary albumin, and poor glycemic control (HBA ).
In accordance with our findings, NGAL was 5-10-fold
higher in normo- or micro-albuminuric patients
compared to controls, indicating that tubular injury
(proximal and distal) occurs early and perhaps before
albumin excretion in patients with emerging diabetic
nephropathy. In addition, NGAL increased 2—4-fold
further when the injury progressed to become diabetic
nephropathy; ie, serum NGAL showed an almost
identical relationship with progression of diabetic
nephropathy.”’
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Table 2. Correlation studies of Cystatin C, uNGAL and NAG in T2DM patients.

Cystatin C uNGAL NAG

r P r P r P
CysC 0.533 <0.001* 0.488 <0.001*
uNGAL 0.533 <0.001* 0.522 <0.001*
NAG 0.488 <0.001* 0.522 <0.001*
UAE 0.703 <0.001* 0.707 <0.001* 0.598 <0.001*
Duration 0.422 0.002* 0.446 <0.001* 0.434 <0.001*
SBP 0.394 0.003* 0.500 <0.001* 0.380 0.005*
HbA, 0.228 0.100 0.286 0.038* 0.311 0.023*
SCr 0.511 <0.001* 0.524 <0.001* 0.410 0.002*
TC -0.160 0.254 0.040 0.774 -0.237 0.087
TGs 0.114 0.415 0.220 0.113 0.330 0.016*
LDL-C -0.088 0.529 -0.038 0.787 -0.109 0.437
HDL-C -0.098 0.483 0.007 0.962 -0.003 0.981

Note: r = Pearson correlation test. *Significant.

Abbreviations: Cys C, cystatin C; uNGAL, urinary neutrophil gelatinase-associated lipocaline; NAG, N-acetyl-beta-D-glucosaminidase; UAE, urinary
albumin excretion; SBP, systolic blood pressure; HbA, , glycated hemoglobin; SCr, serum creatinine; TC, total cholesterol; TGs, triglycerides; LDL-C, low
density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol.

In a cohort of 56 patients with type 2 DM, Lu-Yang
and coworkers demonstrated increased levels of
NGAL in both serum and urine, which correlated
with the severity of renal damage.*® Being elevated
in serum and urine, even before albumin appears
in urine, NGAL has been reported as a useful non-
invasive tool for the evaluation of renal involvement
in diabetes, accelerating the early diagnosis of diabetic
nephropathy.?*3° Nielsen and colleagues®! reported
that elevated uNGAL in Type 1 diabetes patients with
or without albuminuria indicates tubular damage at
an early stage. Furthermore, NGAL showed a good
correlation with GFR in diabetic patients and was a

sensitive and accurate marker of early diagnosis of
nephropathy.*

The urinary enzyme NAG is found in the lyzo-
zomes of the proximal tubule epithelial cells. A
high NAG activity in urine during the course of ill-
ness or toxic insult is a consequence of tubule cell
damage in renal diseases, or can be due to neph-
rotoxic effects (drugs, proteinuria, diabetes and
pregnancy) and represents an early sign of tubule
disorder.** According to our results, urinary NAG
was significantly higher in all patient groups than in
controls and in microalbuminuric than in normoal-
buminuric patients. Also, NAG correlated posi-
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Figure 1. Receiver operating characteristic (ROC) curve analysis of
cystatin C, uNGAL and NAG concentrations for prediction of microalbu-
minuria in T2DM patients.

Figure 2. Receiver operating characteristic (ROC) curve analysis of
cystatin C, uNGAL and NAG concentrations for prediction of macroalbu-
minuria in T2DM patients.
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tively with albuminuria, duration of diabetes, poor
glycemic control, serum cystatin, and uNGAL.
Similar findings were reported by Manal et al.** In
a previous study of type 2 diabetes, NGAL showed
positive correlations with cystatin-C, blood urea
nitrogen (BUN), serum creatinine and albuminuria,
and negatively with GFR;* our results confirmed
these findings.

The catalytic activity of urinary NAG in type
2 diabetes patients has been reported as the most
sensitive parameter for the early discovery of the
tubular damage.*® The enzyme activity in diabetes
patients without microalbuminuria was increased
1.5-fold and 3-fold in patients with microalbuminu-
ria. Meanwhile, in macroalbuminuric patients, there
was a 2-fold increase. These findings point to the
great importance of NAG in discovering the renal
tubule cell damage, especially at the early stage
before the appearance of microalbuminuria.’® Nauta
et al*® reported increased urine NAG by 9-fold in
normoalbuminuric diabetic patients compared to
controls, correlating with the development and prog-
ress of microalbuminuria. In another study of type
1 diabetic patients, regression of microalbuminuria
was associated with a highly significant reduction in
urine NAG excretion.”’

ROC analysis showed that urinary NAG was as
sensitive as serum Cystatin for the prediction of
microalbuminuria (83.3%), but had much higher
specificity (77.8% versus 61.1%, respectively).
Meanwhile, uNGAL showed poor sensitivity (66.7%)
albeit higher specificity (88.9%). However, for mac-
roalbuminuria and diabetic nephropathy progress,
serum cystatin C was the most sensitive and spe-
cific marker (70.8% and 83.3%, respectively) versus
uNGAL (70.6% and 83.3%, respectively) or NAG
(64.7% and 66.7%, respectively).

In conclusion, in diabetic nephropathy, urinary
NAG is the most sensitive marker for early renal dam-
age superior to cystatin C and uNGAL. However, for
damage progress, serum cystatin C is the most sen-
sitive and specific marker for follow up and clinical
monitoring of renal dysfunction.

Author Contributions

Conceived and designed the experiments: HSA, ST.
Analyzed the data: HSA, ST, EAR. Wrote the first
draft of the manuscript: HSA, EAR. Contributed

to the writing of the manuscript: DE. Agree with
manuscript results and conclusions: HSA, ST, EAR,
DE, EHT. Jointly developed the structure and argu-
ments for the paper: HSA, ST, EAR, DE, EHT. Made
critical revisions and approved final version: SA, ST,
EAR, DE, EHT. All authors reviewed and approved
of the final manuscript.

Funding

Author(s) disclose no funding sources.

Competing Interests
Author(s) disclose no potential conflicts of interest.

Disclosures and Ethics

As a requirement of publication the authors have pro-
vided signed confirmation of their compliance with
ethical and legal obligations including but not lim-
ited to compliance with ICMJE authorship and com-
peting interests guidelines, that the article is neither
under consideration for publication nor published
elsewhere, of their compliance with legal and ethi-
cal guidelines concerning human and animal research
participants (if applicable), and that permission has
been obtained for reproduction of any copyrighted
material. This article was subject to blind, indepen-
dent, expert peer review. The reviewers reported no
competing interests.

References

1. Thomas MC, Burns WC, Cooper ME. Tubular changes in early diabetic
nephropathy. Adv Chronic Kidney Dis. 2005;12:177-86.

2. Abbate M, Zoja C, Remuzzi G. How does proteinuria cause progressive renal
damage? J Am Soc Nephrol. 2006;17(11):2974-84.

3. Morii T, Fujita H, Narita T, et al. Association of monocyte chemoattractant
protein-1 with renal tubular damage in diabetic nephropathy. J Diabetes
Complicat. 2003;17(1):11-5.

4. Piwowar A, Knapik-Kordecka M, Fus I, Warwas M. Urinary activities of
cathepsin B, N-acetyl-beta-D-glucosaminidase, and albuminuria in patients
with type 2 diabetes mellitus. Med Sci Monit. 2006;12(5):CR210-4.

5. 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.

6. Phillips AO. The role of renal proximal tubular cells in diabetic nephropathy.
Curr Diab Rep. 2003;3:491-6.

7. Hirsch R, Dent C, Pfriem H, et al. NGAL is an early predictive biomarker
of contrast-induced nephropathy in children. Pediatr Nephrol. 2007;22(12):
2089-95.

8. Mishra J, Dent C, Tarabishi R, et al. Neutrophil gelatinase-associated lipoc-
alin (NGAL) as a biomarker for acute renal injury after cardiac surgery. Lan-
cet. 2005;365:1231-8.

9. Trachtman H, Christen E, Cnaan A, et al; Investigators of the HUS-
SYNSORB Pk Multicenter Clinical Trial. Urinary neutrophil gelatinase-
associated lipocalcin in D + HUS: a novel marker of renal injury. Pediatr
Nephrol. 2006;21(7):989-94.

12

Clinical Medicine Insights: Endocrinology and Diabetes 2013:6


http://www.la-press.com

Biomarkers of renal dysfunction in type 2 diabetes

11.

20.

21.

22.

23.

24.

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

Suzuki M, Wiers KM, Klein-Gitelman MS, et al. Neutrophil gelatinase-

associated lipocalin as a biomarker of disease activity in pediatric lupus

nephritis. Pediatr Nephrol. 2008;23(3):403—-12.

. Ding H, He Y, Li K, et al. Urinary neutrophil gelatinase-associated lipoc-
alin (NGAL) is an early biomarker for renal tubulointerstitial injury in IgA
nephropathy. Clin Immunol. 2007;123(2):227-34.

. Bolignano D, Coppolino G, Campo S, et al. Urinary neutrophil gelatinase-
associated lipocalin (NGAL) is associated with severity of renal disease in
proteinuric patients. Nephrol Dial Transplant. 2008;23(1):414—6.

. Bolignano D, Coppolino G, Campo S, et al. Neutrophil gelatinase-associated
lipocalin in patients with autosomal-dominant polycystic kidney disease.
Am J Nephrol. 2007;27:373-8.

. Olson DE, Rhee MK, Herrick K, Ziemer DC, Twombly JG, Phillips LS.
Screening for diabetes and pre-diabetes with proposed A1C-based diagnos-
tic criteria. Diabetes Care. 2010;33(10):2184-9.

. National Kidney Foundation. K/DOQI clinical practice guidelines for
chronic kidney disease: evaluation, classification, and stratification. Am J
Kidney Dis. 2002;39(2 Suppl 1):S1-266.

. Varley H, Gowenlock AH, Bell M. Practical Clinical Biochemistry, Vol. 1,
5th ed. Great Britian; Willian Heinmann Medical Books Ltd; 1980:388-400.

. Pecoraro RE, Graf RJ, Halter JB, Beiter H, Porte D. Comparison of
a colorimetric assay for glycosylated hemoglobin with ion-exchange
chromatography. Diabetes. 1979;28(12):1120-5.

. Comper WD, Osicka TM, Jerums G. High prevalence of immuno-unreactive

intact albumin in urine of diabetic patients. A4m J Kidney Dis. 2003;41(2):

336-42.

Hossain MA, Emara M, El Moselhi H, Shoker A. Comparing measures

of cystatin C in human sera by three methods. Am J Nephrol. 2009;29(5):

381-91.

Vaidya VS, Waikar SS, Ferguson MA, et al. Urinary biomarkers for sensi-

tive and specific detection of acute kidney injury in humans. Clin Trans! Sci.

2008;1(3):200-8.

Uslu S, Efe B, Alatas O, et al. Serum cystatin C and urinary enzymes as

screening markers of renal dysfunction in diabetic patients. J Nephrol.

2005;18(5):559-67.

Choe JY, Park SH, Kim SK. Serum cystatin C is a potential endogenous

marker for the estimation of renal function in male gout patients with renal

impairment. J Korean Med Sci. 2010;25(1):42-8.

Rigalleau V, Beauvieux MC, Le Moigne F, et al. Cystatin C improves the

diagnosis and stratification of chronic kidney disease, and the estimation of

glomerular filtration rate in diabetes. Diabetes Metab. 2008;34(5):482-9.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Shlipak MG. Cystatin C as a marker of glomerular filtration rate in chronic
kidney disease: influence of body composition. Nat Clin Pract Nephrol.
2007;3(4):188-9.

Nauta FL, Boertien WE, Bakker SJ, et al. Glomerular and tubular damage
markers are elevated in patients with diabetes. Diabetes Care. 2011;34(4):
975-81.

Ogawa Y, Goto T, Tamasawa N, et al. Serum cystatin C in diabetic patients.
Not only an indicator for renal dysfunction in patients with overt neph-
ropathy but also a predictor for cardiovascular events in patients without
nephropathy. Diabetes Res Clin Pract. 2008;79(2):357-61.

Naicker S. Biomarkers of renal disease. South Afir J Anaesth Analg. 2011;17:
118-9.

Bolignano D, Lacquaniti A, Coppolino G, et al. Neutrophil gelatinase-
associated lipocalin as an early biomarker of nephropathy in diabetic
patients. Kidney Blood Press Res. 2009;32(2):91-8.

Jiao LY, Guo Q, Song Z, Lucy G. Diagnostic value of urinary neutro-
phil gelatinase associated lipocalin and serum cystatin C on diabetic
Nephropathy, Journal of Xinxiang Medical College. 2011;5:21.

Nielsen SE, Schjoedt KJ, Astrup AS, et al. Neutrophil Gelatinase-Associated
Lipocalin (NGAL) and Kidney Injury Molecule 1 (KIM1) in patients with
diabetic nephropathy: a cross-sectional study and the effects of lisinopril.
Diabet Med. 2010;27(10):1144-50.

Tong JR, He F, Luo Z. Value of serum NGAL and Cystatin C in diagnosing
early phase of diabetic nephropathy. Chinese General Practice. 2010;8:009.
Basturk T, Altuntas Y, Kurklu A, Aydin L, Eren N, Unsal A. Urinary
N-acetyl B glucosaminidase as an earlier marker of diabetic nephropathy
and influence of low-dose perindopril/indapamide combination. Ren Fail.
2006;28(2):125-8.

Manal MA, El-Naggar S, El-Aasar A, Barakat Khlood I. Bioremediation
of crystal violet using air bubble bioreactor packed with Pseudomonas
aeruginosa. Water Res. 2005;39(20):5045-54.

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

Vlastimir V, Stojimirovi¢ R. Damage of tubule cells in diabetic nephropathy
type 2: urinary N-acetyl-beta-D-glucosaminidasis and gamma-glutamil-
transferase. Vojnosanit Pregl. 2007;64(2):123-7.

Vaidya VS, Niewczas MA, Ficociello LH, et al. Regression of microal-
buminuria in type 1 diabetes is associated with lower levels of urinary
tubular injury biomarkers, kidney injury molecule-1, and N-acetyl-B-D-
glucosaminidase. Kidney Int. 2011;79(4):464-70.

Clinical Medicine Insights: Endocrinology and Diabetes 2013:6

13


http://www.la-press.com

