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Abstract

Renal complications develop in about 40% of all type
IT diabetic patients, characterized by persistent albu-
minuria, leading towards end stage renal disease. N-
acetyl-pf-D-Glucosaminidase (NAG) a large protein is
released in the tubular lumen after proximal tubular
damage thus considered as a tubular injury marker. Its
raised levels were observed even in normoalbuminu-
rics as the onset of microalbuminuria was considered a
late finding. With the objective of comparing urinary
NAG between normoalbuminuric and microalbumi-
nuric type II Diabetes Mellitus patients, this study was
planned.

Methods: This comparative cross-sectional study was
conducted from January to June 2014 at Shaikh Zayed
Hospital Lahore on 86 type-II diabetic patients. Out of
known type-II diabetic patients from both genders
coming to diabetic clinic for routine checkup, those
having duration of diabetes for less than 10 years
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since its diagnosis made and aged 45 — 65 years, were
selected through convenient sampling except those
with any co-morbidity involving kidneys, pregnancy
or history of nephrotoxic drug intake. After taking
consent, their spot urine samples were collected. Those
having urinary ACR (albumin creatinine ratio in mg/g
creatinine) > 300 on dipstick termed ‘macroalbumi-
nuria’ were also excluded. The albumin, creatinine and
NAG assays were performed in the selected spot urine
samples. On the basis of urinary ACR, patients were
divided into normoalbuminurics (ACR < 30) as group
1 (n = 42) and microalbuminuric (ACR 30 — 300) as
group 2 (n = 44). Urinary NAG level was measured in
U/L and also expressed as NAG to creatinine ratio (U/
gram creatinine). Data were analyzed through SPSS
(v: 21.0) and described as tables and graphs for age,
gender, duration of diabetes and urinary NAG. Five
point pictorial comparison of NAG to creatinine ratio
in both groups was presented through box-plot.

Results: Out of 86 subjects, mean age was 50.79
years in group 1 while it was 51.89 years in group 2.
Majority subjects presented with disease history of 5 —
8 years, with male predominance (64% n = 55). Mean
urinary NAG level was 18.69 U/L in group 1 and
42.36 U/L in group 2 and difference was significant
(p = 0.01). Similarly NAG to creatinine ratio values
revealed small sized box-plot in group 1 with lower
minimum, maximum, median and interquartile range
values as compared to group 2.

Conclusion: Among uncomplicated type-II diabetic
patients in the first decade of their illness, the excret-
ion of the urinary enzyme, ‘N-acetyl-p-D-Glucosami-
nidase’ was observed. Ifs levels were lower in normo-
albuminurics with less variation as compared to micro-
albuminurics.
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Introduction

Diabetes mellitus (DM) is one of the most challenging
health issues of this century.' Renal complications in
DM develops in about 40% of all type II diabetic
patients, characterized by persistent albuminuria, in-
creased blood pressure and gradual decline in kidney
function that leads towards end stage renal disease
(ESRD).” By the end of 2013, there were 661,648 pre-
valent cases of ESRD and the prevalence was 2,034
per million in the US population.” Renal function im-
pairment occurs in both type I and IT DM. Creatinine
excretion shows renal filtering ability, as it has a lot of
reserve so it is not sensitive to acute or chronic kidney
injury until it is sufficient enough to compromise the
filtering capacity.” Renal tubulointerstitium plays ma-
jor role in the development and progression of kidney
disease in diabetes mellitus.”The start of microalbumi-
nuria may be considered as a late finding in type II
diabetes  patients.® N-acetyl-B-D-Glucosaminidase
(NAG) a large protein, is the most active of lysosomal
exoglycosidases 'with large size (130-150 kDa)cannot
be filtered by glomerulus and it is released in the tubu-
lar lumen after damage of proximal tubule.*Urinary
excretion of NAG is constant with minimal diurnal
changes and it also remains stable against changes in
temperature and pH.” Due to this it is considered as a
tubular injury marker. Urinary NAG activity is incre-
ased in DM, renal lithiasis, tubulointerstitial nephropa-
thies, pregnancy, drug induced nephrotoxicity, and
renal allograft rejection.'” Even in patients with nor-
moalbuminuria level of urinary NAG was reported
higher than healthy control subjects.'’ Renal compli-
cations in diabetes are affected by duration of DM and
these renal changes tend to start after 5 to 10 years
duration of illness.”” Current study was conducted to
find out NAG levels in urine of microalbuminuric and
normoalbuminuric patients of DM in 1% decade of
their illness. It will be helpful in detecting renal injury
at earlier stage in such diabetic patients and indirectly
in reducing morbidity and mortality.

The objective was to compare the urinary levels of
N-acetyl-p-D-Glucosaminidase between normoalbu-
minuric and microalbuminuric type II diabetic pati-
ents.

Patients and Methods

In this comparative cross-sectional study carried out in
the Biochemistry & Chemical Pathology Department
of Shaikh Zayed Hospital, Lahore from January to

June 2014, after approval of institutional review board.
Out of known type II diabetic patients coming to
diabetic clinic of Shaikh Zayed Hospital, Lahore for
routine check-up, 86 study subjects were selected
through non-probability convenient sampling. This
sample size was calculated at 5% level of significance,
keeping power of test at 80% and estimated diabetes
cases having increased NAG level, with 34% showing
normoalbuminuria and 63.7% showing microalbumi-
nuria on urinalysis."* Patients aged 45 to 65 years from
both genders with less than 10 years duration of type IT
diabetes mellitus since its diagnosis made were inclu-
ded in the study except those with any co-morbidity
(acute and chronic kidney injury, renal transplant, hy-
pertension, infections of urinary tract, any systemic
disease, malignancy) or Pregnancy or with drug intake
history (Angiotensin Converting Enzyme inhibitors or
angiotensin receptor blocker and other nephrotoxic
drugs i.e. cyclosporine, aminoglycosides, antibiotics,
cisplatin, amphotericin B, beta-lactam antibiotics and
indomethacin). Those having urinary ACR (albumin
creatinine ratio in mg/g creatinine) =300 on dipstick
termed ‘macroalbuminuria® were also excluded from
the study. After taking consent, the spot urine samples
were collected in aseptic plastic containers from selec-
ted subjects. The biochemical tests performed in urine
samples were albumin and creatinine quantitative esti-
mation. They were divided into two groups (based
upon albumin to creatinine ratio') i.e. normoalbumi-
nurics (ACR < 30) as group 1 (n = 42) and microalbu-
minuric (ACR 30 — 300) as group 2 (n = 44). NAG
assay was performed on all selected urine samples.
The method for determination of microalbuminuria®
was based on an immunoassay (particle enhanced
turbidimetric inhibition) that allowed direct quantifi-
cation of urinary albumin in samples. Creatinine was
estimated by Jaffe’s kinetic method.'® Utilizing ELISA
plate washer (PW-40 model of BIORAD, USA) and
ELISA absorbance reader (Multiskan EX, Germany)
NAG assay'’ was performed. ELISA kit was provided
for Human NAG estimation by Glory Science Co.
Ltd., USA. Urinary NAG level was determined in U/L
and also expressed as NAG to creatinine ratio (U/gram
creatinine).The values of the above variables and ass-
ays were then entered in pre-tested Performa. Statisti-
cal analysis was done by SPSS version 21.0 and MS
Excel. Distribution of patients was described separa-
tely on sex and age basis for each group. The data for
age, duration of diabetes and urinary NAG were com-
pared after finding minimum and maximum values,
their mean with + standard deviation (sd). The frequ-
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ency of data in the groups was pictorially displayed
through bar graphs for selected variables. The statisti-
cal difference was also found out through applying
t-test where required. Five point pictorial comparison
of NAG to creatinine ratio in both groups was pre-
sented through box-plot.

Results

In group 1 mean (+ sd) age of study subjects was
50.79 (= 4.12) years with minimum age of 45 to maxi-
mum age of 60 years while it was 51.89 (+ 5.39) years
in group 2, with similar minimum age of 45 to maxi-
mum age of 64 years. Additionally more cases in age
of 50 and 55 years were recorded in both groups

(Figure 1).
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Figure 1: Group-wise comparison of frequency of cases according to their age
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Figure 2: Group-wise comparison of frequency of cases according to Gender

Male cases (64% n = 55) were observed more
in both groups. In the group 1, male subjects were
66.66% (n = 28) and in the group 2 they were 61.36%
(n = 27) (Figure 2). This difference was not statisti-
cally significant (p value = 0.292).

Duration of diabetes mellitus considered in select-
ion criteria was recorded as 3 to 9 years in both gro-
ups. Out of this recorded range, maximum cases had 5
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Figure 3: Comparison of Distribution of Urinary NAG in
Both Groups.
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Figure 4: Comparison of Box-Plots of Urinary NAG fo
Creatinine Ratio in Both Groups.
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to 8 years of duration in both groups. In group 1, mean
(£SD) duration of diabetes mellitus was 6.81 (£ 1.58)
years while it was 6.52 (£ 1.61) years observed in
group 2. This difference was also not statistically sig-
nificant in both groups (p value = 0.406).

Mean (= sd) of urinary NAG level was 18.69
(+ 25.14) U/L in group | as compared to 42.36
(= 41.25) U/L in group 2. Cases with lesser NAG val-
ues were more in group 1, making distribution to be
negatively skewed. Moreover, the increased NAG lev-
el in group 2 as compared to group 1 was statistically
significant (p = 0.01) (Figure 3).

On graphic comparison of NAG to creatinine ratio
values through box-plot, more variability or dispersion
was observed in group 2 with higher median (40.69
U/gram creatinine) and interquartile range (33.28
U/gram creatinine) values as compared to group 1
(Figure 4).

Discussion

The type II diabetic patients of age 45 — 65 years were
included in our study which was similar to a study
done by Vlatkovic et al.'®

Out of total cases in both groups, maximum num-
ber of study subjects (n = 13) was with 50 years age
and (n = 10) with 55 years of age. Moreover, cases of
these age groups were more in group | than in group
2. But no statistically significant difference was noted.
This showed no confounding role of age between these
groups. Such findings were reported in an Indian stu-
dy'* where mean age of study subjects in both groups
was observed 54 years.

In our study male cases were more in number
(64%, n = 55) than female cases in both groups (66.6%
cases were male in group 1 and they were 61.3% in
group 2). This finding was similar to another research
work done in Japan' in which 56.1% type II diabetic
study cases were male, and they were observed in a
cohort study for 5 years to identify renal changes thro-
ugh determination of their urinary NAG levels.

Those type II diabetic patients were included in
this study whose duration of disease was less than 10
years and in both groups majority cases were with 5 to
8 years duration of type II diabetes. However, there
was no statistically significant difference. The cases of
such duration were included in this study with the pur-
pose to identify early renal changes before onset of
microalbuminuria in type II Diabetes Mellitus. This
was according to observation of the researchers’> who

reported that renal changes mostly occur after 5 to 10
years of diabetes mellitus history. In group 1 mean
(£ sd) duration of diabetes mellitus was 6.81 (= 1.58)
years whereas it was6.52 (£1.61) years in group 2.This
finding was almost same as that of work done by some
researchers in 2013,” in which they assessed urinary
NAG levels of type II diabetic patients grouped into
normoalbuminurics, microalbuminurics and macroal-
buminurics to evaluate the enzyme as screening mar-
ker for early identification of renal complications in
diabetes. They found average duration of diabetes mel-
litus as 5.7 years, 8.7 years and 10.2 years respectively
in the above mentioned groups. In our study urinary
NAG level in group 1 was lower (p < 0.01) signifi-
cantly than in group 2.Urinary NAG level was also
recorded in the form of ratio with creatinine level as
NAG to creatinine ratio. This ratio decreased the vari-
ation produced in excretion of enzyme related to time
or volume. Similar findings related to both urinary
NAG levels and urinary NAG to creatinine ratio, were
observed by other researchers.'’**!8

Conclusion

Among uncomplicated type-II diabetic patients in the
first decade of their illness, the excretion of the urinary
enzyme, ‘N-acetyl-B-D-Glucosaminidase® was obser-
ved. Its levels were lower in normoalbuminurics with
less variation as compared to microalbuminurics. Ex-
cretion of this enzyme in normoalbuminuric study sub-
jects may indicate the onset of renal complications
before microalbuminuria in type-II diabetes mellitus.

References

1. Matheson A, Willcox MDP, Flanagan J, Walsh BJ. Uri-
nary biomarkers involved in type 2 diabetes: a review.
Diabetes Metab. Res. Rev. 2010; 26 (3): 150-71.

2. Rossing K, Christensen PK, Hovind P, Tarnow L, Ros-
sing P, Parving HH. Progression of nephropathy in type
2 diabetic patients. Kidney Int. 2004; 66 (4): 1596-605.

3. Bethesda MD. Annual Data Report: Epidemiology of
kidney disease in the United States. National Institutes
of Health, National Institute of Diabetes and Digestive
and Kidney Diseases. United States Renal Data System,
2015.

4. Wu I, Parikh CR. Screening for kidney disease: older
measures versus novel biomarkers. Clin ] Am Soc
Nephrol. 2008; 3: 1895 - 901.

5. Assal HS. Tawfeek S. Rasheed EA, Lebedy DE and
Thabet EH. Serum Cystatin C and Tubular Urinary En-
zymes as Biomarkers of Renal Dysfunction in Type 2
Diabetes Mellitus. Clin Med Insights Endocrinol Dia-
betes 2013; 6: 7-13.

304

ANNALS VOL 22, ISSUE 4, OCT.-DEC. 2016



URINARY N-ACETYL-B-D-GLUCOSAMINIDASE EXCRETION IN TYPE — Il DIABETES MELLITUS

10.

11.

Valmadrid CT, Klein R, Moss SE. Klein BE. The risk
of cardiovascular disease mortality associated with
microalbuminuria and gross proteinuria in persons with
older-onset diabetes mellitus. Arch Intern Med. 2000;
160: 1093-100.

Popko J, Marciniak J, Ilendo E, Knas M, Guszczyn T,
Stasiak-Barmuta A et al. Profile of exoglycosidases in
synovial cell cultures derived from human synovial
membrane. Cell Biochem Biophys. 2008; 51 (2-3): 89-
95.

Basturk T. Altuntas Y, Kurklu A, Aydin L. Eren N,
Unsal A. Urinary N-acetyl- B glucosaminidase as an
early marker of diabetic nephropathy and influence of
low dose perindopril/indapamide combination. Renal
Failure 2006; 28 (2): 125-8.

Skalova S. The diagnostic role of urinary N-Acetyl-p-
D-Glucosaminidase (NAG) activity in the detection of
renal tubular impairment. Acta Medica 2005; 48 (2):
75-80.

Petrica L, Gluhovschi A, Gluhovschi C, Gadalean F.
Balgradean C, Groza C et al. Proximal tubule dysfunct-
ion in renal diseases — Diagnostic significance of prote-
omics and biomarkers. Revista Romandde Medicinade
Laborator 2012: 20: 97-107.

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

Warram JH, Scott L], Hanna LS, Wantman M, Cohen
SE. Laffel LM et al. Progression of Microalbuminuria

13.

14.

15.

16.

17.

18.

19.

to proteinuria in type I diabetes: non-linear relationship
with hyperglycemia. Diabetes 2000; 49 (1): 94-100.
Ambade V, Singh P, Somani BL, Basannar D. Urinary
N-acetyl beta glucosaminidase and gamma glutamyl-
transferase as early markers of diabetic nephropathy.
Indian J Clin Biochem 2006; 21 (2): 142-148.

Chavan VU, Sayyed AK. Durgawale PP, Sontakke AV,
Nilakhe SD .Practical Aspects of Calculation, Express-
ion and Interpretation of Urine Albumin Measurement
NJIRM. 20115 2 (1): 29-34.

Incerti I, Zelmanovitz T, Camargo JL, Gross JL, Aze-
vedo MJ. Evaluation of tests for microalbuminuria scre-
ening in patients with diabetes. Nephrol. Dial. Trans-
plant 2005; 20 (11): 2402-2407.

Vaishya R, Arora S, Singh B, Mallika V. Modification
of Jaffe’s kinetic method decreases bilirubin inter-
ference: A preliminary report. Indian J Clin Biochem.
2010:; 25 (1): 64—66.

Cricka LIJ. Principles of immunochemical techniques.
In: Burtis CA, Ashwood ER. Bruns DE, editors. Tietz
textbook of clinical chemistry and molecular diagnos-
tics. 4% ed. Elsevier 2006. p. 235.

Vlatkovi¢ V. Stojimirovic B. Obrenovi¢ R. Damage of
tubule cells in diabetic nephropathy type 2: urinary N-
acetyl-beta-D-glucosaminidasis and gamma-glutamil-
transferasis. Vojnosanit Pregl. 2007; 64 (2): 123-7.
Okazaki K. Oba K, Nakano H, Suzuki T. Urinary N-
Acetyl-beta-D-glucosaminidase activity predicts deve-
lopment of diabetic nephropathy. Geriatrics and Geron-
tology International 2005; 5 (1): 22-28.

ANNALS VOL 22,

ISSUE 4, OCT.-DEC. 2016

305



