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Abstract We assessed the prognostic accuracy of urinary N-
acetyl-3-D-glucosaminidase (NAG), an early proximal tubu-
lar damage marker for the onset of diabetic nephropathy. The
study included 491 eligible participants with 76 healthy con-
trols, 194 type 2 diabetes mellitus (T2DM) patients with 0-5,
5-10, 10-15, and 15-20 years of T2DM duration, 71
microalbuminuric patients, 100 diabetic nephropathy patients,
and 50 non-diabetic nephropathy patients. Fasting glucose,
serum fructosamine, HbA1C, urinary microalbumin, serum
creatinine, estimated glomerular filtration rate (eGFR), serum
NAG, and urinary NAG were estimated. We compared uri-
nary NAG activity with other well-established markers of di-
abetic nephropathy like microalbuminuria, eGFR, and serum
creatinine. Urinary NAG excretion was increased by 8 and 12
folds in T2DM patients of 1015 and 15-20 years of diabetes
duration (p<0.0001), respectively, without the appearance of
microalbuminuria. The urinary NAG activity increased 16 and
18 fold in moderately increased albuminuria and diabetic ne-
phropathy patients, respectively (p<0.0001), without any
change in non-diabetic nephropathy patients. A cutoff value
of 3 U/L of urinary NAG has demonstrated a sensitivity of
96.1 % and a specificity of 100 % discriminating healthy
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controls from patients with T2DM duration of 10-15 years
(AUC 1.000) and 15-20 years (AUC 0.999);
microalbuminuria (AUC 0.999), and diabetic nephropathy
(AUC 1.000). Urinary NAG excretion gradually increases
with the increase in duration of diabetes and appeared much
before the microalbuminuria, decreased eGFR, and increased
serum creatinine. Thus, the urinary NAG may be considered
as a potential site-specific early tubular damage marker lead-
ing to diabetic nephropathy.
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Introduction

Diabetic nephropathy leads to structural alterations, including
renal hypertrophy, thickening of basement membrane, and
progressive glomerular accumulation of extracellular matrix
components [1]. Ideally, urinary biomarkers of renal origin are
derived from two sources: (i) glomerular damage or (ii) tubu-
lar damage [2]. Progression of diabetic nephropathy has a
strong association with irreversible loss of renal function and
mesangial expansion including the proximal tubule injury,
which plays an important role in the pathogenesis of diabetic
nephropathy [3, 4]. Evaluation of enzymuria has served as a
sensitive and non-invasive method to measure the tubular in-
tegrity, and demonstrated its clinical application in the early
detection of tubular injury [5]. The most initial tubular struc-
tural alterations are characterized by excessive accumulation
of extracellular matrix at the glomerular basement membrane.
Long-standing hyperglycemia and lack of insulin triggered
these changes, especially in type 2 diabetes mellitus (T2DM)
[6, 7]. About 40 % of T2DM patients develop evidence of
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diabetic nephropathy, diagnosed to have moderately increased
albuminuria and severely increased albuminuria (albuminuria
>300 mg/g creatinine). Microalbuminuria, decreased creati-
nine clearance, and raised serum creatinine levels are widely
accepted as earliest clinical markers of diabetic nephropathy
but with some limitations [2, 8, 9]. This condition demands
further a more specific biomarker that can reflect the onset of
diabetic nephropathy at an early reversible stage to prevent
and worsen further.

Urinary enzymes are the valuable clinical tools for im-
paired renal function and help to assess the preclinical stage
and monitor the progression of diabetic nephropathy [5]. Uri-
nary N-acetyl-3-D-glucosaminidase (NAG) (E.C.3.2.1.30) is
a hydrolytic enzyme of 150 KDa involved in mucopolysac-
charide and glycoprotein metabolism of tubular basement
membrane, and is localized exclusively in lysosomes of prox-
imal tubules [2, 10, 11]. Normally, due to its high molecular
weight, it is unable to cross the glomerular filtration barrier.
Therefore, the increased excretion of urinary NAG may pre-
dict the early proximal tubular basement membrane damage in
diabetic patients [12]. The increased excretion of urinary
NAG and its efficiency has shown to detect tubular damage
in T2DM individuals with normal kidney functioning [13].

Tubular damage markers are considered to be more sensi-
tive and specific biomarkers for detecting early renal damage
in various kidney diseases. Bazzi et al. found NAG as a prom-
ising marker for detecting early tubular toxicity in patients
with idiopathic membranous nephropathy, minimal change
disease, and primary focal segmental glomerulosclerosis
[14]. The study carried out in acute kidney injury (AKI) pa-
tients demonstrated biomarkers like NAG, kidney injury mol-
ecule 1, and membrane metalloprotein 9, combined, could be
useful to identify early proximal tubule injury [15]. Many
clinical studies have supported the diagnostic and prognostic
utility of such tubular markers in predicting microalbuminuria
and diabetic nephropathy much before their appearance [16].
Tubular damage markers have gained the attention of many
investigators, but modestly, patients with varying duration of
diabetes are studied. Ouchi et al. showed a positive correlation
of NAG with renal tubular damage in pre-diabetic patients
[17]. Thus, our study intended to evaluate the efficacy of uri-
nary NAG for early detection of proximal tubular damage
leading to diabetic nephropathy in T2DM patients with vary-
ing duration of diabetes, and to compare it with other
established markers of renal damage. The diagnostic accuracy
and cutoff value of urinary NAG was calculated in susceptible
T2DM patients prone to develop diabetic nephropathy.

Subjects

In our cross-sectional study, we analysed data of total 491 age-
matched patients, attending OPD of Muljibhai Patel
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Urological Hospital, Nadiad, Gujarat, India. The cross-
sectional study design was approved by the human ethical
committee. The study comprised of total eight groups, where
all T2DM patients were on oral hypoglycemic agents (OHA)
like metformin or glibenclamide, on insulin or on both OHA
along with insulin to maintain their glycemic index.

1. Healthy controls (N=T6; female/male: 36/40)
(Mean age in years; mean=SE: 58.4+1.2)
2. Normoalbuminuria with T2DM duration of 0-5 years
(N=81; female/male: 35/46)
(Mean age in years; mean+SE: 56.9+1.3)
(Therapeutic module: OHA 19.2 %, OHA +insulin
62.34 %, insulin 18.46 %)
3. Normoalbuminuria with T2DM duration of 5—10 years
(N=38; female/male: 20/18)
(Mean age in years; mean+SE: 59.1£1.8)
(Therapeutic module: OHA 14.3 %, OHA +insulin
68.2 %, insulin 17.3 %)
4. Normoalbuminuria with T2DM duration of 10—15 years
(N=45; female/male: 13/32)
(Mean age in years; mean+SE: 56.8+1.8)
(Therapeutic module: OHA 12.2 %, OHA+insulin
66.5 %, insulin 21.2 %)
5. Normoalbuminuria with T2DM duration of 15-20 years
(N=30; female/male: 12/18)
(Mean age in years; mean+SE: 57.6+1.8)
(Therapeutic module: OHA 19.5 %, OHA+insulin
49.6 %, insulin 30.8 %)
6. Microalbuminuria with T2DM duration of > 15 years (N=
71; female/male: 38/33)
(Mean age in years; mean+SE: 57.9+1.1)
(Therapeutic module: OHA 22.5 %, OHA+insulin
41.9 %, insulin 35.6 %)
7. Diabetic nephropathy with T2DM duration of > 15 years
(DN) (N=100; female/male: 42/58)
(Mean age in years; mean+SE: 57.4+1.1)
(Therapeutic module: OHA 29.1 %, OHA+insulin
32.4 %, insulin 38.5 %)
8. Non-diabetic nephropathy (N=>50; female/male: 29/21)
(Mean age in years; mean+SE: 60.2+1.4)
[IgA nephropathy (N=22), focal segmental
glomerulosclerosis (N=12), minimal change disease
(N=9), nephrotic syndrome (N=7)]

We distributed our study groups according to the duration
of diabetes, microalbuminuria, and patients having proximal
tubule damage as a primary consequence of nephropathy other
than diabetes (non-diabetic nephropathy group). The patients
were grouped to study earliest excretion of urinary NAG.

All eligible participants gave written and informed consent.
Physicians at the hospital examined the patients. Study partic-
ipants belonged to same economic status, food habits, and
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physical activity. Exclusion criteria consisted of malignant
disease, infectious disease, liver disease, chronic renal failure,
renal surgery, renal transplantation, urinary tract diseases, use
of nephrotoxic drugs, and lactating and pregnant females. The
study protocol was according the guidelines approved by the
Local Human Research Ethics Commiittee. Fasting blood sam-
ples were collected in plain, as well as EDTA-coated pre-ster-
ile Vacutainers obtained from BD-Biosciences. Clean mid-
stream urine samples were collected during morning period
in pre-sterile containers obtained from Tarson. The samples
were transported to the laboratory at 4 °C. Serum/plasma was
separated from whole blood at 4 °C at 3000 rpm and aliquots
of urine samples (with 0.05 % sodium azide) were stored at
—20 °C until further analysis.

Materials and methods

Serum and urinary creatinine were measured by Jaffe’s kinetic
method using alkaline picrate reaction [18]. Glomerular filtra-
tion rate (¢GFR) was calculated by Cockroft and Gaults equa-
tion [19]. The glycated hemoglobin was quantified as a long-
term glycemic index by the method of Parker et.al [20].
Fasting blood glucose was estimated based on GOD-POD
enzymatic reaction using Automatic Random Access Bio-
chemistry Analyzer XL-300 (Erba Diagnostics, Mannheim).

The urinary and serum NAG activity was determined fol-
lowing the protocol of Horak et al., with some modifications
[21]. Cellular debris and nucleic acid contamination were re-
moved from the fresh urine samples (5 ml) by 5 min centrifu-
gation process at 10,000xg, and clear supernatant was
desalted using 3 KDa cutoff Millipore Amicon Ultra® centrif-
ugal filters (Merck, Germany). Further, the supernatant was
used for enzyme activity. 0.5 ml of urine sample/serum
(1:100) working standard of freshly prepared 100 pmol/L p-
nitrophenol in 0.15 mol/L NaCl was mixed with 0.5 ml of
substrate (10 mmol/L p-nitrophenyl-N-acetyl-f3-D-
glucosaminide in 0.2 mmol/L citrate buffer pH 4.4) and incu-
bated for 15 min at 37 °C. The enzymatic hydrolysis was
terminated by adding 0.5 ml AMP buffer (2-amino-2-meth-
yl-1-propanol hydrochloride, 0.75 mol/L, pH 10.25), and op-
tical density was measured at 405 nM. The absorbance of
NAG activity was proportional to the liberated p-
nitrophenylate ion, after correction for absorbance of a urine/
serum “blank” sample. One unit (U) of NAG activity was
defined as amount of enzyme required to produce 1 pumole
of p-nitrophenylate ion (substrate p-nitrophenyl-N-acetyl-[3-
D-glucosaminide) per minute under optimum test conditions
(temperature 37 °C and pH 4.4).

Urinary microalbumin was estimated using ELISA-based
method following the instructions manual of bovine albumin
ELISA kit provided by Biovendor Research Diagnostics (Eu-
ropean Union). 100 pl of bovine serum albumin (standard

series of 0.78-50 ng/ml) or diluted urine samples (1:100—
1:1000) were incubated in monoclonal anti-albumin anti-
body-coated 96-well plate to capture albumin with incubation
of 1 hat 25 °C, 100 pl of HRP-conjugated anti-albumin anti-
body was added and incubated for 1 h. The remaining HRP
complex was reacted with 100 pl of TMB for 30 min. 100 ul
1 M H,S0, stopped the reaction, and absorbance was mea-
sured at 450 nm within 30 min. The microalbumin concentra-
tions of unknown samples were determined using the standard
curve plotted for standard series.

Statistical analysis

Mean=standard error (SE) was used for data representation.
Categorical data are expressed in percentages of total popula-
tion for the particular study group. ANOVA followed by
Kruskal-Wallis test following post hoc analysis by Dunn’s test
analysed the differences between the groups. p<0.05 was as-
sumed statistically significant. Receiver operating characteris-
tics curve (ROC) analysis was employed to calculate the areca
under curve, cutoff value, specificity, and sensitivity for uri-
nary NAG activity, and significance was assumed at
p<0.0001. Multiple regression analysis was done to investi-
gate the correlation of some independent variables with uri-
nary NAG excretion as a dependent variable. Youden’s index
was used for calculating cutoff value of urinary NAG and
plotted via Youden’s plot taking into consideration the formu-
la sensitivity +(1-specificity). All these analyses were carried
out using GraphPad Prism version 6.00 software and SPSS
version 11.5 software compatible with windows.

Results

Table 1 summarizes details of baseline parameters, serum and
urinary biochemical and tubular activity parameters estimated
in control and various test groups. Basal metabolic index
(BMI) was found slightly higher but statistically non-
significant in all groups of patients as compared to healthy
controls. All T2DM patients showed higher fasting blood glu-
cose level, glycated hemoglobin (the marker of a long-term
glycemic index) as compared to healthy controls (p<0.0001).
Serum creatinine, used for assessing renal function, showed
no significant changes in T2DM patients with diabetes dura-
tion of 0-5, 5-10, 10-15, and 15-20 years, whereas, elevated
levels were observed in diabetic nephropathy (DN) and non-
diabetic nephropathy (NDN) patients, which were at advanced
stages of renal deterioration. cGFR commonly used to assess
the renal efficiency was found normal in healthy control,
whereas, the increased eGFR was observed in patients with
0-5, 5-10, and 10-15 years of diabetes duration which was
further declined in T2DM patients with 15-20 years of dura-
tion, and moderately increased in albuminuria (MIA) group.
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The patients with DN (p<0.0001) and NDN (p<0.0001)
showed further significant decline in eGFR. The patients with
0-5, 5-10, 10-15, and 15-20 years of diabetes duration
showed the same urinary microalbumin excretion as that of
healthy controls (normoalbuminuria), whereas, significantly
increased microalbumin excretion was observed in MIA pa-
tients (albuminuria ranging in 30-299 mg/g creatinine). The
DN and NDN patients showed severely increased albuminuria
(with albuminuria >300 mg/g creatinine).

Urinary NAG activity showed a slight non-significant in-
crease in early years of T2DM (0-5 and 5-10 years) which
was significantly increased by 8 and 10 folds in 10-15 and
15-20 years of diabetes duration, respectively (p<0.0001)
(Fig. 1a), however, serum creatinine and microalbuminuria
were still within the normal limits without decrease in eGFR
during this period in T2DM patients (Table 1). Further, urinary
NAG activity was gradually increased by 16 and 18 folds in
patients with MIA and DN, respectively (p<0.0001) (Fig. 1a).
Furthermore, the serum NAG activity was not altered in any of
the studied groups (Table 1). Therefore, the urine and serum
ratio of NAG activity showed a similar pattern as that of uri-
nary NAG activity with significant increase at 10-15 years
onwards of diabetes duration (p<0.0001) as shown in Table 1.

The cutoff value of urinary NAG activity was 3 U/L, as
calculated by Youden’s index and plotted via Youden’s plot
considering the formula sensitivity+(1-specificity) (Fig. 1b).
This cutoff value has demonstrated a sensitivity of 96.1 % and
a specificity of 100 % discriminating healthy controls from
patients with T2DM duration of 10-15 years (AUC 1.000)

N
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54

Enzyme Concentration in U/L

a- Compared with control

b- Compared with 0-5 yrs Type 2 Diabetes Mellitus
c- Compared with 5-10 yrs Type 2 Diabetes Mellitus
d- Compared with 10-15 yrs Type 2 Diabetes Mellitus
e- Compared with 15-20 yrs Type 2 Diabetes Mellitus
f- Compared with Microalbuminuria

g-Compared with Diabetic Nephropathy

Significance at p<0.0001

Ns- Non Significant

#kp < 0.001; **¥p < 0.0001

Diabetic Nephropathy

and 15-20 years (AUC 0.999), MIA (AUC 0.999), and dia-
betic nephropathy (AUC 1.000). ROC curves were plotted to
quantify the ability of cutoff value of urinary NAG to discrim-
inate between healthy controls and T2DM patients with vary-
ing duration of diabetes with normoalbuminuria and normal
kidney functioning as indicated by serum creatinine and
eGFR. Specificity, sensitivity, and calculated cutoff value of
NAG distinguished healthy controls from T2DM patients of
10-15 and 15-20 years of diabetes duration, MIA and DN
with sensitivity 100 % and specificity 96.1 %, and AUC
1.000 (p<0.0001) (Fig. 2a and Table 2). The cutoff value of
NAG was unable to distinguish the healthy controls from
T2DM patients with 05 years of diabetes duration (AUC
0.738) and 10-15 years of diabetes duration (AUC 0.678)
(Fig. 2a). The cutoff value for NAG also discriminated
T2DM patients with 0-5 and 5-10 years of diabetes with
T2DM duration of 10-15 and 15-20 years, MIA, and DN
(Figs. 2b, c and Table 2). Urinary NAG cutoff value also
discriminated 10-15 years of T2DM duration with 15-20-
year duration of T2DM, MIA, and DN (AUC 0.756, 0.855,
and 0.946) (with sensitivity 43.3, 87.8, and 92 %; specificity
86.6, 86.6, and 86.6 %) (»<0.0001) (Fig. 2d). Even the pa-
tients with 15-20 years of T2DM duration showed significant
urinary NAG activity and was able to discriminate MIA group
and DN group (AUC 0.806 and 0.916; with sensitivity 87.8
and 92 %, specificity 56.6 and 56.6 %) (Fig. 2¢e) (p<0.0001).
The urinary NAG excretion in NDN patients discriminated
T2DM patients with 15-20 years of diabetes duration, MIA
group, and DN group (AUC 0.951, 0.972, and 0.993;
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Cutoff Value was calculated 3 U/L was calculated with ROC curve analysis and Mean+3SD
was plotted on Youden Graph for discriminating patients having diabetic nephropathy and
control group

Fig. 1 a Comparison of urinary N-acetyl-{3-D-glucosaminidase activity in study groups. b Youden plot for calculating cutoff value
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(A) Control Vs Other study groups

(B) 0-5 yrs T2DM Vs Other study groups

(C) 5-10 yrs T2DM Vs Other study groups

=3
e[ g __Fd,IZTZTITIT:? Sk _‘.__(_I
2 g[ =H
=28 [ ” z e £ gk
ZE i b Z r z -
g FH E o A <
%] L L Sils
&0 Sy Ay
bl u iR R Y R N | < PRI BETE BN BrErEr B | B £ e e e s e e |
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
100% Specificity 100% Specificity 100% Specificity
=== Control V5 0-5 yrs of T2DM = 0-5yrs T2DM Vs 5-10 yrs of T2DM = 5-10 yrs T2DM Vs 10-15 yrs of T2DM
Control Vs 3-10 yrs of T2DM ——  0-5yrs T2DM Vs 10-15 yrs of T2DM — . — . 5-10yrs T2DM Vs 15-20 yrs of T2DM
Control Vs 10-15 yrs of T2DM 0-5 yrs T2DM Vs 15-20 yrs of T2DM —— ++ 5.10 yrs T2DM Vs Microalbuminuria
— . = Control Vs 15-20 yrs of T2DM — . = 0-5yrs T2DM Vs Microalbuminuria 5-10 yrs T2DM Vs Diabetic nephropathy
— + Control Vs Microalbuminuria —— .. 0-5yrs T2DM Vs Diabetic nephropathy ~ ssessesses 5-10 yrs T2DM Vs Non diabetic nephropathy
—— Control Vs Diabetic nephropathy ... 0-5 yrs T2DM Vs Non diabetic nephropathy
"""" Control Vs Non diabetic nephropathy
(D) 10-15 yrs T2DM Vs Other study groups (E) 15-20 yrs T2DM Vs Other study groups (F) Microalbuminuria Vs DN and NDN
gF gt _
s g
P s
£t z g°F
= B 2 =
Z r g 2
8 St g i%F
: [177]
]F sk
i reiSTE B B SRR B R St e byl e PPN EPEPETEN BPRTETE BPETErE SR
0 20 40 60 80 100 0 20 0 60 80 100 0 20 0 60 80 100

100% Specificity

— 10-15 yrs T2DM Vs 15-20 yrs of T2DM
"""" 10-15 yrs T2DM Vs Microalbuminuria

=+ = 10-15 yrs T2DM Vs Diabetic nephropathy
= = 10-15 yrs T2DM Vs Non diabetic nephropathy

100% Specificity

....... 15-20 yrs T2DM Vs Microalbuminuria
= 15-20 yrs T2DM Vs Diabetic nephropathy
— ... 15-20 yrs T2DM Vs Non diabetic nephropathy

100% Specificity

= Microalbuminuria Vs Diabetic nephropathy
— -+ - Microalbuminuria Vs Non diabetic nephropathy
"""" Diabetic nephropathy Vs Non diabetic nephropathy

Fig. 2 ROC curve analysis to determine specificity and sensitivity at cutoff value of urinary N-acetyl-{3-D-glucosaminidase activity in different

study groups

sensitivity 74, 85.3, and 100 %; specificity 96.6, 96, and 76 %)
(Fig. 2e and Table 2) (Fig. 2f and Table 2) (»p<0.0001).

Multiple regression analysis (curves not shown) has indi-
cated that urinary NAG activity was independent of factors
like age, fasting blood glucose, serum creatinine, and eGFR
(Table 3). Urinary NAG activity was dependent on duration of
diabetes (»p<0.0001) and with varying degree of
microalbuminuria (p<0.0001) (Table 3).

Discussion

Hyperglycemia induces functional and structural changes like
hyperfiltration-hyperperfusion, thickening of basement mem-
brane, and mesangial layer expansion of nephrons. These al-
terations appear much before the onset of measurable clinical
changes [1]. Amadori products and advanced glycation end
products (AGE) play a pivotal role in developing renal
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deterioration [22]. Such functional and structural changes are
reversible up to the certain extent and accelerated by uncon-
trolled hyperglycemia [3]. Hyperglycemia-induced
hyperfiltration was indicated by elevated eGFR in our study
groups of up to 10 years of T2DM without any complication,
which was observed as the earliest clinical marker and signif-
icant risk factor in developing diabetic nephropathy [23]. The
clinical manifestations like microalbuminuria, increased se-
rum creatinine, decreased creatinine clearance, and urinary
IgG were reported as markers of well-established renal dam-
age as a consequence of hyperglycemia-induced glomerular
damage [2, 24]. Recently, high urinary IgG creatinine ratio has
shown a significant association with decreased eGFR possibly
due to glomerulopathy and a threat for rapid progression of
diabetic nephropathy [25]. The urinary IgG creatinine ratio
was associated with faster deterioration of renal function in
T2DM patients than urinary microalbumin creatinine ratio
[26].
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Table2  Specificity, sensitivity, and area under curve in study groups at cutoff value 3 U/L for urinary N-acetyl-3-D-glucosaminidase (NAG) activity
Groups Specificity Sensitivity Area under 95% Confidence Significance
(%) (%) curve (AUC) interval level
Control vs. 0-5 years of T2DM 97.4 40.7 0.738 0.658-0.818 NS
Control vs. 5-10 years of T2DM 96.1 36.8 0.678 0.558-0.799 NS
Control vs. 10-15 years of T2DM 96.1 100 1.000 1.000-1.000 ok
Control vs. 15-20 years of T2DM 96.1 100 0.999 0.996-1.001 Hork
Control vs. microalbuminuria 96.1 100 0.999 0.997-1.001 ok
Control vs. diabetic nephropathy 96.1 100 1.000 1.000-1.000 ok
Control vs. non-diabetic nephropathy 97.4 34.0 0.589 0.477-0.700 NS
0-5 vs. 5-10 years of T2DM 59.2 36.8 0.505 0.381-0.629 NS
0-5 vs. 10-15 years of T2DM 59.2 100 0.994 0.987-1.002 ok
0-5 vs. 15-20 years of T2DM 61.7 100 0.988 0.964-1.012 ok
0-5 years of T2DM vs. microalbuminuria 61.7 100 0.988 0.970-1.006 wokk
0-5 years of T2DM vs. diabetic nephropathy 59.2 100 1.000 1.000-1.000 oAk
0-5 years of T2DM vs. non-diabetic nephropathy 38.2 70 0.560 0.450-0.669 NS
5-10 vs. 10-15 years of T2DM 60.5 100 0.982 0.962-1.003 ok
5-10 vs. 15-20 years of T2DM 63.1 100 0.987 0.963-1.012 ok
5-10 years of T2DM vs. microalbuminuria 63.1 100 0.977 0.951-1.004 HAE
5-10 years of T2DM vs. diabetic nephropathy 60.5 100 1.000 1.000-1.000 HAE
5-10 years of T2DM vs. non-diabetic nephropathy 36.8 70 0.539 0.415-0.663 NS
10-15 vs. 15-20 years of T2DM 86.6 433 0.756 0.634-0.877 koK
1015 years of T2DM vs. microalbuminuria 86.6 87.8 0.855 0.759-0.951 oAk
1015 years of T2DM vs. diabetic nephropathy 86.6 92 0.946 0.902-0.990 ok
1015 years of T2DM vs. non-diabetic nephropathy 11.11 96 0.527 0.368-0.686 NS
15-20 year of T2DM vs. microalbuminuria 56.6 87.8 0.806 0.701-0.911 oAk
15-20 years of T2DM vs. diabetic nephropathy 56.6 92.0 0916 0.870-0.962 HoAk
15-20 years of T2DM vs. non-diabetic nephropathy 96.6 74 0.951 0.902-0.999 oAk
Microalbuminuria vs. diabetic nephropathy 14 100 0.642 0.556-0.727 NS
Microalbuminuria vs. non-diabetic nephropathy 853 96 0.972 0.946-0.999 Rk
Diabetic nephropathy vs. non-diabetic nephropathy 100 76 0.993 0.983-1.002 Ak

Cutoff value 3 U/L was calculated by Youden’s index
NS non-significant
**%p<0.0001 is considered significant

Table 3 Multiple regression analysis of urinary N-acetyl-f3-D-
glucosaminidase (NAG) as dependent variable against independent
variables

Independent variable Regression coefficient Standard error p

Age 0.006 0.012 NS
Duration of diabetes ~ 0.843 0.030 <0.0001
Fasting blood glucose 0.291 0.003 NS
Serum creatinine 0.335 0.080 NS
Urinary microalbumin 0.742 0.001 <0.0001
eGFR 0.016 0.004 NS

Age, duration of diabetes, fasting glucose, serum creatinine, urinary
microalbumin, and eGFR are considered as independent variable

NS non-significant

p<0.05 is considered significant

The tubular damage has a central role in the pathogenesis of
diabetic nephropathy [4]. The excretion of renal cell origin en-
zymes in urine had shown to evaluate sensitively the tubular cell
integrity, as they appeared much before the increased excretion of
microalbumin and decreased creatinine clearance [2]. Elevated
levels of enzymuria and low molecular weight proteinuria has
reported due to deficient reabsorption of proteins by tubular ep-
ithelial cells or their increased urinary excretion by damaged or
regenerating tubular epithelial cells [2, 27]. Urinary enzymes are
high molecular weight and cannot cross the glomerular barrier,
hence their excretion in urine indicates renal tubular damage [2].
Hence, in the study, we investigated the efficacy of urinary NAG
as early tubular damage marker and established a cutoff value for
validating its efficiency in differentiating diabetic patients who
can develop diabetic nephropathy.
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The present study has shown the gradual increase in NAG
excretion with the duration of T2DM and MIA, indicating that
the hyperglycemia-induced tubular damage eventually leads
to glomerulopathy [12, 13, 28]. The altered urine/serum NAG
ratio was the same as the changes observed in urinary NAG
activity in different groups of the present study. This change
was due to unaltered serum NAG activity in any of the studied
groups, supporting the fact that the presence of urinary NAG
activity was primarily due to tubulopathy. It can be depicted
from Fig. 1 that NAG excretion was parallel with the degree of
urinary albumin, which was also reported elsewhere [29].
Abbate et al. has reported that the tubulointerstitium damage
was due to tubulotoxic effects of albumin and other proteins
[30]. Furthermore, our study has indicated the NAG excretion
in patients with normoalbuminuria and disagrees with the as-
sumption made by Abbate et al. [30]. The urinary excretion of
NAG could be due to early hyperglycemia-induced structural
changes, which were due to T2DM rather than tubulotoxic
effects of albumin. The tubular injury was also evident in
patients with intact glomerular function. These results sup-
ported the fact that in pathogenesis of type 2 diabetic nephrop-
athy, tubular injury precedes to glomerular damage [2, 31],
whereas in the present study, the glomerular damage was pre-
dicted by elevation in microalbuminuria and serum creatinine
and decreased creatinine clearance.

Many histological studies illustrated a “Classical” lesion of
diabetic nephropathy predominantly found with an initial in-
volvement of tubulointerstitial changes. The later involve-
ments of glomerular basement membrane damage were the
landmark of hyperglycemia-induced damage in renal tissue
[32], whereas, this situation was not observed in NDN pa-
tients. Our study group of non-diabetic nephropathy includes
patients with IgA nephropathy, focal segmental
glomerulosclerosis, minimal change disease, and nephrotic
syndrome to rule out the early involvement of proximal tubu-
lar damage in such NDNs with primary tubulopathy. In pa-
tients characterized with primary glomerular lesions followed
by tubulointerstitial changes such as IgA nephropathy, the
urinary NAG levels often lack to depict the morphologic
changes due to tubulointerstitial injury. Regardless to this,
Bazzi et al. showed that in patients with focal segmental
glomerulosclerosis, minimal change disease and nephrotic
syndrome urinary NAG can prove as a non-invasive repeat-
able early biomarker [14]. Our results show no alteration of
urinary NAG level in patients with primary glomerulonephri-
tis that may be due to our smaller study population. Urinary
neutrophil gelatinase-associated lipocalin (NGAL) level holds
promise as a non-invasive more sensitive and specific marker
than NAG for early detection of submicroscopic
tubulointerstitial injury of IgA nephropathy [33]. Unaltered
NAG activity in NDN patients might be indicative of normal
or undetected damage of proximal tubular injury. It may also
indicate glomerular damage accompanied by proximal tubule
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damage in the later stage. In NDN, there was either activation
of antibodies or various immune complexes, which binds di-
rectly to the mesangial layer of the glomerular region, acti-
vates cytokines, and initiates fibrotic growth that leads to
mesangial layer degradation, instigate hematuria along with
proteinuria [34-36].

In IgA nephropathy patients where tubulointerstitial chang-
es follow primary glomerular lesions, the urinary NAG levels
often lack the ability to detect morphologic changes due to
tubulointerstitial injury [14]. The urinary neutrophil
gelatinase-associated lipocalin (NGAL) level holds better
promise as a non-invasive, sensitive, and specific marker than
NAG for early detection of submicroscopic tubulointerstitial
injury in IgA nephropathy [33]. Thus, the urinary NAG activ-
ity was not elevated in patients with non-diabetic nephropathy,
indicated the normal or undetected damage of proximal tubu-
lar cell injury in patients of the presently studied group. In
non-diabetic nephropathies, activation of antibodies or vari-
ous immune complexes binding directly to the mesangial lay-
er of the glomerular region. Furthermore, it activates cytokines
and initiates fibrotic growth and mesangial layer degradation,
instigate hematuria along with proteinuria [34-36].

In our cross-sectional study, we found a pathological link
between urinary NAG and T2DM patients with varying dura-
tion of diabetes. Further, longitudinal study with number of
patients can help us better understand the role of NAG in the
pathology of long-standing diabetes leading to diabetic ne-
phropathy. Such study would help in therapeutic interventions
for such patients. Our results suggest that urinary NAG plays
an important role in the early diagnosis and monitoring of
renal disease in T2DM patients even before the onset of mod-
erately increased albuminuria or decrease in eGFR. Urinary
NAG might be useful as a non-invasive surrogate test of in-
cipient diabetic nephropathy and in monitoring disease pro-
gression. Analyzing urinary NAG can enlighten the dark side
of the clinical silence where the significant structural alter-
ations take place.

In conclusion, our data suggested that increased excretion
of urinary NAG be a sign of the site-specific early tubular
manifestations of diabetic nephropathy in T2DM patients
due to long-standing hyperglycemia. The urinary NAG with
the cutoff value of 3 U/L may be taken into consideration as a
promising prognostic marker of diabetic nephropathy in
T2DM patients.
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